- 1 - Description Title of Invention: HETEROATOM-CONTAINING CYCLIC COMPOUND Technical
Field.[0001] The present invention relates to a heteroatomcontaining cyclic compound or a
pharmacologically acceptable salt thereof useful for the prevention or treatment of diseases associated
with bone metabolism, for example, osteoporosis; ostettis fibrosa (hyperparathyroidism), osteomalacia,
and Paget's disease. Background Art [0002]  Generally in normal bone metabolism, bone resorption
by osteoclasts and osteogenesis by osteoblasts are balanced, whereby homeostasis is maintained. It
is presumed that diseases associated with bdres metabalism develop when the balance between bone
resorption and osteogenesis is disrupted. Such diseases include osteoporosis, osteitis fibrosa
(hyperparathyroidism), osteomalacia, Paget's disease, and the like. Particularly, osteoporosis often
develops in postmena al women an Ilg % le v [ ain such as
low back paingjbtton}h% f?gfiwuf}%‘,%{é? Particu gryg, %ﬁggﬁtc%g#g %%a%;gz%%%%%&e%ause it
leads to generalizag: waakness and dementia. For such diseases associated with bone -2 metabolism,
hormone replacement therapies with estrogen and therapeutic agents such as bisphosphonates and
calcitonins, bathCdfwhich inhibit the activity of osteoclasts, have been employed.  However,
although many of these therapeutic agents are reported to have a bone resorgtion-inhibiting action,

etc., none of them has%et Bgé@ﬁréﬁaajr SHoWrPto F&ve?drt 8steB8géndsis-préthotifly action. Particularly,
impaired osteogenic; ahility due o reduced bone turpover s reported; to be-the;main cause of senile

osteoporosis (Non Patent Literature 1), and thus a medicinal agent promoting osteogenesis is
considered te=be effective: [G003] «Hamew of thefaliovi, develepment eha highly elinically effective,
orally administrable osteogenesis promoter is demanded.  Recently, benzothiepine derivatives
having an alKalifié phBBphatasetimRR RS adiAyIPalet Litdratures 1%ame 2R M giitblinylanthranilic
acid derivativ% éPgttenI;[1 L'iterature 3 triazolopyridoaszjcnee. erivagv S gPatent Literature 4), and

thienopyridiné derivatives @fatébnﬁiltgpaotarqesé)sére repo?ted1L Yo b& “Gsetil for promotion of osteogenesis

and for the treatmant;of diseases assesiatedwith- benre metabolispy Hawever stheirLlinical utility
remains unknown. Citation List Patent Literature - 3 - [0004] Patent Literature 1: U.S. Patent No.
6346521 Patent Literature 2: U.S. Patent No. 6632807 Patent Literature 3: Japanese Patent
Laid-Open N%a%??gﬁid Art

(00021

Generally in normal bone metabolism, bone resorption

by osteoclasts and osteocgenesis by osteoblasts are

balanced, whereby homeostasis is maintained. It is

presumed that diseases associated with bone metabolism

develop when the balance between bone resorption and

osteogenesis 1s disrupted. Such diséases include

osteoporosis, osteitis fibrosa (hyperparathyroidism),

osteomalacia, Paget's disease, and the like.

Particularly, ostecporosis often develops in

postmenopausal wemen and elderly people with accompanying

symptems of pain such as low back pain, bone fracture,

etc. Particularly, bone fracture in elderly pecple is

gserious because 1t leads to generalized weakness and

dementia. For such diseases associated with bone



Patent Literature 4: U.S. Patent No. 7173033 Patent Literature 5: Japanese Patent Laid-Open No.
2007-131617 Non Patent Literature [0005]  Non Patent Literature 1: New Eng. J. Med. 314, 1976
(1986) Summary of Invention Technical Problem [0006] In order to reduce pain and risk of bone
fracture in diseases associated with bone metabatis@ such as osteoporosis, bone mass and bone
strength need to be increased. As means of increasing bone mass and bone strength, it is considered
to be important to promote osteogenesis by osteoblasts as this is considered to be definitely effective.
Accordingly, arethjectidfihe presentrigventionds tonprovide @ highlyesafe L okally aidmigistrable novel
low molecular weight compound exhibiting an osteogenesis-promoting action. -4 - [0007] The

present inve_n?d?g cBHBﬁ&@ﬁ%Wiﬁt&%%tﬁuay orsRr fo-G8MEISH AtheapRufie thedication with an
osteogenesis;promoting action, A% 4 rgsulf,they, hays found an excellent,campound of the present

invention that exhibits a potent osteogenesis-promoting action and is potentially capable of serving as
a therapeutic medieationfok the:preyentien oetipatment of diseases associated with bone metabolism,
thereby completing the present invention. [0008]  That is, the present invention is as follows. (1) A
compound having tHecgeiEs &l foprmtlecdPér &pharmdcologieallytaceeprdiié S8t BERESE [Chemical
formula 1] [0009 re Vgh reeciin Egc% g%gStQU%”tpié deg%%d as E%III?Y"% EA e.pcresentg a 3§L to
10-membered" ﬁeteroc[i/ci:y group optionally substituted wﬁ?group@) selected frond S\E and'the 3- to

10-membered:heterogysiyl grguR: rRpresens aaroup selested.fram the geupR: eonsisting:ef an
azetidinyl group, a pyrrolidinyl group, a piperidinyl group, a morpholinyl group, a 1,4-dioxanyl group, a

piperazinyl groap sary azemanyt group, el 1 4-diazepamy| gieup; acpyreohlgroapyse thirazbly 1 group, a
pyridyl group, a tetrahydropyridyl group, a tetrahydropyranyl group, a tetrahydrofuranyl group, a

tetrahydroisoGRihEAEF Gréup antid ety draisEGGHHGIRTYI Gr3tD, TOTT8] Bt a hdroxyl group, a

halogen ato”&é‘p%’@&&@?%%% Ntk groLpy,a carha ‘&? 95%3& fediocélE%%?MJJC hamgylgroup, a
CI-C6 alkyl group optionally substituted with group(s) selected from A2, a CI-C6 alkoxy group

optionally substitited withtgredp(s) selectedhframeAzia €1-eédalkylearbonylgroup optionally
substituted with group(s) selected from A2, a CI-C6 alkoxycarbonyl group optionally substituted with
group(s) seleBtedTeomh A2, asCSTR: Bysldalkylgreap eptieraly substitited With 'gkadp(s) selected from
A2, a C6-C10 th roup optionally substituted with group(s) selected from A2, a C6-C10 aryloxy group
optionally sub@@f gc] with group(s) selected from A2, a C6-C10 arylcarbonyl group optionally

substituted with groap(sy selected from A2,a-3- to@@;g@%g@gg k@gergcyﬁl)ﬁlrg{?up optionally
substituted with group(s) selected from A2, - 6 - a 3- to 10-membered heterocyclyloxy group optionally
substituted with grau3) selectéedftomad2, @ndlly administrable costeogenesis
promoter is demanded.
Recently, benzothiepine derivatives having an
alkaline phosphatase-inducing activity (Patent .
Literatures 1 and 2), N;quinolinylanthranilic acid
derivatives (Patent Literature 3), triazoclopyridazine
derivatives (Patent Literature 4), and thienopyridine
derivatives {Patent Literature 5) are reported toc be
useful for promotion of osteogenesis and for the

treatment of diseases assoclated with bone metabolism.

However, their clinical utility remains unknown.
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Patent Literature



a 3- to 10-membered heterocyclylcarbonyl group optionally substituted with group(s) selected from A2.
[0011] A2: a hydroxyl group, a halogen atom, a cyano group, a nitro group, a carbamoyl group, a di
CI-C6 alkylcarbamoyl group, a di CI-C6 alkylaminosulfonyl group, a carbamoyloxy group optionally
substituted with group(s) selected from A3, a CI-C6 alkylamino group optionally substituted with
group(s) selected from A3, a CI-C6 alkyl group optionally substituted with group(s) selected from A3, a
CI-C6 cycloalkyl group optionally substituted with group(s) selected from A3, a CI-C6 alkoxy group
optionally substitbted with group(s) selected from A3, a C3-C6 cycloalkoxy group optionally substituted
with group(s) selected from A3, a CI-C6 alkylcarbonyl group optionally substituted with group(s)

I
selected from A3, a haiogeh ¢i:cé Jéﬁ&ﬁlﬁl%u%f a'hatbgend CHE6 Bfkoxy gréUls. & 3- to 10-membered
heterocyclyl group optienally substituted with-groyp(s) selected.from A3; 5345 33- to 10-membered

heterocyclyloxy group optionally substituted with group(s) selected from A3, a 3- to 10-membered
heterocyclylcarbonypgrospropiionaliy substittited Wthegroap(s) selected ffom-A3andia 3- to
10-membered heteroc%/clylsulfonyl group optionally substituted with group(s) selected from A3. [0012]
A3: a halogen®atéRt @h~amino group, a hydroxyl group, a cyano group, a CI-C6 alkyl group, a 01-06
alkoxy group, a halogeno 01-C6.aiko roup, .a Cl-C6 alkoxycarhonylami up, a 3-to
10-membered heterggy?c?ﬂtgr(g\&g,eg %Xé/tbglI fo-%n'en?begr:éda%eé e%%%%éx%%%gg% carbamoyl group, a

di 01-06 alkylcarbamay greup, and-a &6 alkylsulfonyk geoups + =B representscanyene substituent
selected from the following group of substituents: an amino group optionally substituted with group(s)

selected fromBiIdand al3+-ité 10-membered heterocyclyl group optionally substituted with group(s)
selected from El. El: a hydroxyl group, an amino group, a CI-C6 alkyl group, a CI-C6 alkoxy group, a
hydroxy CI-C6'&fkyFGrotipt ahid S réprédénts -N= or -CH=. [0013]  Further, preferred examples of
the present inY%@?%ﬂ are as follows: 8 (2) The compound or the pharmacologically acceptable
salt thereof according to (1), wherein A is a piperidinyl group optionally substituted with group(s)
selected from Al, a piperaziygd group eptionally suhstitited withygrawp(s)selected frompAk or a
morpholinyl group optionally substituted with group(s) selected from Al. (3) The compound or the
pharmacologidalRf&dceptable salt thereof according to (1) or (2) wherein Al is the following group of
substituents: a hydroxyl group, a halogen atom, a cyano group, a dimethylcarbamoyl group, a
diethylcarbamoyl group, an ethylmethylcarbamoyl group, a 01-03 alkyl group optionally substituted

with group(s) selested frem AZxaRLQ3alkoxy group optionally substituted with group(s) selected from
Az Technical Problem |
[0006]

In order ftc reduce pain and risk of bone fracture in
diseases associated with bone metabolism such as
csteoporosis, bone mass and bone strength need to be
increasad. As means of increasing bone mass and bone
strength, it is considered tc be important to promote
ostecgenesis by osteoblasts as this 1s considered to be
definitely effective. Accordingly, an object of the
present invention 1s to provide a highly safe, orally
administrable novel low molecular weight compound

exhibiting an osteogenesis-promoting action.

Solution to Problem



a 01-03 alkylcarbonyl group optionally substituted with group(s) selected from A2, a CI-C3
alkoxycarbonyl group optionally substituted with group(s) selected from A2, a cyclohexyl group
optionally substituted with group(s) selected from A2, a phenyl group optionally substituted with
group(s) selected from A2, a phenoxy group optionafly substituted with group(s) selected from A2, a
benzoyl group optionally substituted with group(s) selected from A2, -9 - a 3- to 10-membered
heterocyclyl group optionally substituted with group(s) selected from A2, a 3- to 10-membered
heterocyclyloxy gfolp optionally substituted with group(s) selected from A2, and a 3- to 10-membered
heterocyclylcarbonyl group optionally substituted with group(s) selected from A2. [0014] (4) The
compound or the phiarfacbfogically aeéEptaBleSsdhtRerof aecrint to iy oife Séleetéd from (1) to
(3), wherein A2 is_the following gr f substituents: a hydroxyl group, a halogen atom, a cyano
group, a nitrolgnroaﬁ,S a ﬁir%gth%i%é%ggzrﬁoé g;%%%%aé %é%hjy%ca%beﬁrﬁg&%%gj?gap,wér? gthay methylcarbamoyl
group, a dimefhylamijresitfonylbgrodpra sarhamaylexy groupoptiogally substisyteg:with group(s)
selected from A3, a 01-03 alkylamino group optionally substituted with group(s) selected from A3, a
01-03 alkyl grovproptivhafty: SaBstitited Wil §roup (3) SeldttedifemEAs, ol Tre3blkoxytdratp optionally
substituted with group(s) selected from A3, a cyclopropyloxy group optionally substituted with group(s)
Ray SUbSRTTE Wi GrBaRCy:

selected fromA3. & tySloRe RIS Grotip Optidhaiy d bt tey Wit Sefétted ffom A3, a 01-03

alkylcarbonyl group optienally, 'guet_eq)witgegj_rglip(g) selegtedhfrom A3, +-:10 - a halogeno 01-06
alkyl group, a halogeno 01-06 alkoxy group, a 3- to 10-membered heterocyclyl group optionally
substituted with ditoup(s) selécte dtfrem #AS; w3t o I0-membesed: hetetocytlyideegrosp optionally
substituted with group(s) selected from A3, a 3- to 10-membered heterocyclylcarbonyl group optionally
substituted with $P645(5F Seféeted o AT ARERP3-1t8w0- AeRilsered Fietdro&ycyigulféiyl group
optionally subsgit%tggtwigr}l%ro#g%sgnselected from A3. [00151 (5) The compound or the
pharmacologﬁ:aﬁy acceptable salt thereof according to any one selected from (1) to (4), wherein A3
represents thedgliewing group of substituents:

That is, the present invention is as follows.
{1}y A compound having the general formula (I) or a
pharmacologically acceptable salt thereof:

[Chemical formula 1]

A 0
X
X X B
[
Ne  _F =
[0009]

wherein each substituent is defined as follows:
"A represents a 3- te l0-membered heterccyclyl group
optionally substituted with group(s) selected from Al,
and
the 3- to 10-membered heterocyclyl group represents a
group selected from the group consisting of an azetidinyl

group, a pyrrolidinyl group, a piperidinyl group, a



a halogen atom, an amino group, a hydroxyl group, a tbutoxycarbonylamino group, a 01-06 alkyl
group, a 01-03 alkoxy group, a halogeno 01-03 alkoxy group, a 3- to 10- membered heterocyclyl
group, a 3- to 10-membered heterocyclyloxy group, a dimethylcarbamoyl group, a diethylcarbamoyl
group, an ethylmethylcarbamoyl group, and a methylsulfonyl group. (6) The compound or the
pharmacologically acceptable salt thereof according td’any one selected from (1) to (5), wherein B is
an amino group optionally substituted with 01-06 alkyl group(s). (7) The compound or the

pharm_acologicalIM@g}ggg@glgéa@yggﬁpf gcggg:l_igg &%QFMP” rsoqlgcted frchm e(%)ﬁ%oin 52 wherein B is
an amino group, a methylamino group, or an ethylamino group. (8) The gompoun or the

pharmacologicall§*&eéeptable sakaenebf aceoming ta. aay dhe-sglected from (2) ta:(7), wherein X is

-N=. [0016] ( Q(Thg1 ound or the pharmacaqlogically acceptable salt thereof according to any
one selected fror§ o C\(’%n\%vﬁg%?ﬁ tﬁe%g%%%%ﬁ?%amgﬁoﬁ% is tRe Geret8IformaIs a-48): [Chemical

formula 2] whezein¢ach-systitdent eprasents the same, mesning asin gi%ggper&gl formula (1), -
12 - A1-1 and A1-2 are the same or different and represent a hydrogen atom or a group selected from
the group of subStRUSAEYAIT 2AG 2 FopreS8RIE-CH-, CEHR2LYRFRL A 0 201 1001 73 €10 The

compound or theaq{@r@qy@&g{g@%@g@}q}gg@sﬂt},@eé%%fll%qcording to (9), wherein A1-2 is a

hydrogen atom. (11) The compound or the pharmacologically acceptable salt thereof according to (9)
or (10), wherein A®L1igla group selected from the following group of substituents: a hydroxyl group, a
halogen atom, a cyano_ group, a dimethylcarbamoyl group, a 01-03 alkyl group optionally substituted

. with group(s) selected from A2, a 01-03 alkoxy group optionally substituted with group(s) selected from

A2, a 01-03 alkylgarbemybgroup;eptignally %qgggtgdé@iQ%gr%uQ(jgggle ;:qglggmaAgi@pol-OS
alkoxycarbonyl group optionally substituted with group(s) selected from A2, a cyclohexyl group
optionally substitBige with yregpiaiserected fram AR, AipHemyt gredrpptiemillyrsybistifutedyith

group(s) selected fram A2, a gggpo rou tionally substituted with group(s) selected from A2, -
13 - a benzoyl group optionaﬁy subé(t%(tcgtlgd gf?lé)r%%%({éﬁ sselfé&%ﬁtf%ne]dpﬂ Jagé B P8 &hbered

heterocyclyl groep bptiondlly substiteited with group(s) selected from A2, a 3- to 10-membered
heterocyclyloxy grou%o tionally substituted with group(s) selected from A2, and a 3- to 10-membered
r

heterocyclylcarbényi grotp dptioHHiy SaBERRsd With ‘grouprd) Seiéciba drom wp. joo1s] (=)

selected from A2,

a C1-C6 alkylcarbonyl group optionally substituted with
group(s) selected from A2,

a Cl-C6 alkoxycarbonyl group optionally substituted With
group{s) selected from AZ,

a (03-C6 cycloalkyl group opticnally substituted with
group({s) selected from A2,

a C6-Cl0 aryl group opticnally substituted with group (s)
selected from A2,

a C6-Cl0 aryloxy group optionally substituted with
group(s) selected from A2,

a C6-C10 arylcarbonyl group optionally substituted with
group (g} selected from A2,

a 3- te l0-membered heterocyclyl group optionally

substituted with group (s} selected from AZ,



(12) The compound or the pharmacologically acceptable salt thereof according to (9) or (10), wherein
Al-1is a group selected from the following group of substituents: a dimethylcarbamoyl group, a 01-03
alkoxy group optionally substituted with group(s) selected from A2, a 01-03 alkoxycarbonyl group
optionally substituted with group(s) selected from-A2&aphenyl group optionally substituted with
group(s) selected from A2, a phenoxy group optionally substituted with group(s) selected from A2, and
a 3- to 10-membered heterocyclyl group optionally substituted with group(s) selected from A2. (13)
The compoungd @3 -the phannacelbgically aeceptabie sali thereobaeaasding te any bne selected from
(9) to (12), wherein A2 is the following group of substituents: - 14 - a hydroxyl group, a halogen atom,

a cyano groups Eenitrd 'grdgs adinhettyREmainoyt Brctpt actimetsyldminostifonyl group, a
carbamoyloxy group optignally substitufed with group(s) selected frqm A3, a 01-03 alkylamino group
optonally sutATTUted Wit 31 SE) St . L OE0s A drotb sty Supatdhec wit
group(s) selecigd from A3ea 01:03, alkexy graup aptionally gubstiteghwith group(s) selected from A3,
a cyclopropyloxy group optionally substituted with group(s) selected from A3, a cyclohexyloxy group
optionally subsfituiteld with group(s) selected from A3, a 01-03 alkylcarbonyl group optionally
substituted with group(s) selected from A3, a 3- to 10-membered heterocyclyl group optionally
substituted with gronfgés') selected from A3, a 3- to 10-membered heterocyclyloxy group optionally
substituted with g[}p&lp&%}?ﬁ%@%@ r’onéAﬁaﬁ 35 Etm,‘gllg-ggﬁmbgre%%gro&yglg{gar%oqﬂg&qyp optionally
substituted with group(s) selected from A3, an(%I a 3- to 10-membered héterocyclylsulfonyl group
optionally subgtitited with greupis) selegtesifirom A3 [0010} (k4)=The,cempaurd ot theroup,
pharmacologically acceptable salt thereof according to any one selected - 15 - from (9) to (12),
wherein A2 reépréserfts tHebfofldWing group i stibstithe B8 ”limethylcarbamoyl group, a
dimethylaminosulfonyl group, a carbamoyloxy group.aptionally substituted with group(s) selected from
A3, 2 01-03 Ao IR B0 BN o it N ore) SEBcHorh A% B B1L55 ally

group optionally substituteg with group(s) selected from A3, a 01-03 alkoxy group optionally
substituted with group(s) selected from A3, a cyclopropyloxy group optionally substituted with group(s)
selected fromeAZlandé alkylamino group optionally substituted with

group (s) selected from A3,

a Cl-C6 alkyl group optionally substituted with group{s)
selected from A3,

a Cl-C6 cycloalkyl group optionally substituted with
group (s} selected from A3,

a C1-Ch alkoxy group optionally substituted with group(s)
selected from A3,

a C3-Cb cycleoalkoxy group optionally substituted with
group (s) selected from A3, .

a C1l-C6 alkylcarbonyl group optionally substituted with
group (s) selected from A3,

a halogeno Cl-C6 alkyl group,

a halogeno Cl-Cb alkoxy group,

a 3~ to 10-membered heterccyclyl group optionally

substituted with group(s) selected from A3,



a cyclohexyloxy group optionally substituted with group(s) selected from A3. (15) The compound or the
pharmacologically acceptable salt thereof according to any one selected from (9) to (14), wherein A3 is
the following group of substituents: a halogen atom, an amino group, a hydroxyl group, a
tbutoxycarbonylamino group, a 01-06 alkyl group;a ©1-03 alkoxy group, a halogen 01-03 alkoxy
group, a 3- to 10- membered heterocyclyl group, a 3- to 10-membered heterocyclyloxy group, a
dimethylcarbamoyl group, a diethylcarbamoyl group, an ethylmethylcarbamoyl group, and a
methylsulfony groug: J0020mertg=r@6) Theconyioth orilve pharpacuidgicalylacceptable salt
thereof accordi?% to any one selected from ?9) to (14), wherein A3 is_the following group of

substituents: & Hafogen-atom, Hhamo grolp, a A§droxyifgtoap * nikthyl group, a methoxy group, a
difluoromethoxy group, & sbutgxyearbanylamine graup, a3; 1o 10ymempsred heteracyeivl group, a 3-
to 10-membered heterocyclyloxy group, a dimethylcarldamoyl group, and a methylsulfonyl group. (17)
The compoungh:arsthephasmagalogicatly asceptableisalittberedf aacorgljingztocany one selected from

(9) to (14), wherein A3 is the following group of substituents: a 3- to 10-membered heterocyclyl group,

a 3- to 10- mémBereerhetBrat§EifgYroap oa AretnAsiifony Egrvp, drRethoRy bicip hhY a
difluoromethoxy.group. (18), The compound or.the pharmacolqgically acceptable salt thereof according
to any one seTc’egcl%g f%ﬁ%fg% t0 J(f%l) 3ffélricglrgO iss-%ﬂ-ﬁ,c - Zf%%ﬁﬂ-,Agr'-N-. [0021] (19) The compound
or the pharmacpiqgigally acceptable salt thereof according to (9) or (10), wherein Al-1 is a group
selected from the following group of substituents: a phenyl group, a methoxy group, a methoxymethyl
group, a 2-(tetrahydta-2H-pyran-4-yloxy)ethoxy group, a 2- (cyclopropyloxy)ethoxy group, a
2-(dimethylamino)-2- - 17 - oxoethoxy group, a dimethylcarbamoy! group, a 2-

[methyl(meth§isTRdRARMIAGEHoRF grolip i 29 EtHbRyethoRy GFoUD! & ZFRBYtefalifbfiran-3-
yloxylethoxy group, a 2-[(33)-tetrahydrafuran:3- yloxylethoxy graup, .a 2-(tetrahydrofuran-3-
yImethoxy)etr%ox%rbup, a thiazolyl gr%%p%-f(ﬁ- methoxytetrghy rofuéan-gg/'l)oxylethoxy group, and
a 2- (tetrahydse-2btypyrancA-ylogyethexygathenyt graupe [0022] 2 1 k429)-Ehe campaund r the
pharmacologically acceptable salt thereof according to any one selected from (9) to (19), wherein B is
an amino grotip@ptionallydsubstitdtedRRPEIEs digH group(s) Yyl 429 Phe @ompotfid or the
pharmacolog'%lu%gc epj):tgglghsea%tetggreof C ordingﬁ;[o any one sele%ted fqum§9) to (19), wherein B is

an amino group, a me ﬁylamlno groupc,:%(r:a e?ﬁ?/la o™ r’ou%. car fﬁ)o“?/he (:)fﬁBBOn or the

pharmacologjgally: gcgegatg@l;@yspétatpggq@@gc%rp@%tp anyone seleeted-fign) (9),t0-(21),\wherein X'is
-N.. [0023] (23) A compound selected from the following group of compounds or a
pharmacologizatiyacceptable salt thereof: 8-piperidin-l-y1-1,6-naphthyridine-2-carboxamide,
8-morpholin-4-y1-1,6-naphthyridine-2-carboxamide, 8-(4-phenylpiperazin-I- 19%1,6-na hthyridine-2-
carboxamide, - 18 58%2%@6”1‘6&%pé%-@%ﬂ)ﬂ?@-ﬁ’ébﬁfﬁ?‘b&n@-@%S afigg: the

8-[3-(methox hyDpiperidin-1-y1]-1,6- thyridine-2- carboxamide,

8-{4-[2-(tetra§y@d?r%%f-%§ ra%&%x%/ etﬁgg\%%%%{%%iglqn% y11-1,6-naphthyridine-2-carboxamide,
N-ethyl-8-{4-2r(tetrabysire25:pyraprd-ofexy) ethoxylpiperigine &-ywldch 6 naphthidine-2-
carboxamide, 8-{4-[2-(cyclopropyloxy)ethoxy]piperidin-1-y1)-1,6- naphthyridine-2-carboxamide,
8-(4-[2-(dimetiBdamire)-2toxpetEdxydpigeridin-l-y11-1,6- naphthyridine-2-carboxamide,
8-[4-(dimethylcarbamoygpiperazin-;-Yljfé-lz_G- na htr;i}/ridine-z-carboxamide,

8-(4-(2-[meth§ 1 (meth§ 130 TIBRTDaRTo[ethoxy Higer K-1-915156-RBAAYAdhE-2-carboxamide,
8-[4-(2-ethoxyethoxy)pipe.ding1-ydl-1.6-naphthyridines2: carboxamide, _
8-(4-12-[(3R)-tetrahydrofuran-3-yloxY]ethoxY)piperidin-ly1)-1,6-naphthyridine-2-carboxamide,
N-ethyl-8-(4-(2-[(3Ry-tetrahydrofuran-3- yloxy]ethoxylpiperidin-1-y1)-1,6-naphthyridine-2- carboxamide,
8-(4-12-[(3S)-tetrahydrofuran-3-yloxy]ethoxylpiperidin-ly1)-1,6-naphthyridine-2-carboxamide,

a hydroxyl group, an aminc group, a Cl-Cé alkyl group, a
Cl=-C6 alkoxy group, a hydroxy Cl-C6 alkyl group, and

X represents -N= or -CH=,
[(0013]

Further, preferred examples of the present invention

are as follows:



- 19 - N-ethy1-8-(4-(2-[(3S)-tetrahydrofuran-3- yloxy]ethoxy)piperidin-I-Y1)-1,6-naphthyridine-2-
carboxamide, 8-(4-[2-(tetrahydrofuran-3-y1methoxy)ethoxy]piperidin-1-
y11-1,6-naphthyridine-2-carboxamide, N-ethy1-8-[4-[2-(tetrahydrofuran-3-
ylmethoxy)ethoxy]piperidin-1-y11-1,6-naphthyridinef2-tarboxamide
4-piperidin-1-yl-isoquinoline-6-carboxamide, 4-(4-phenylpiperazin-1-Y1)isoquinoline-6-carboxamide,
4-morpholin-4-ylisoquinoline-6-carboxamide, 4-[(3S)-3-(methoxymethy1)piperidin-I-yllisoquinoline-6-
carboxamide, 4-[(3R):3-(ifethexymiathyd) piperidire|-pHbogainoling-6= cathoxantdetable
4-[4-(1,3-thiazol-2-y1)piperazin-1-y1]i50quln0llne-6- carboxamide, . , L.
4-14-[2-(tetrahydio-2 ‘%ﬁﬁr’?—ﬁ?f@@?éfﬁ%xﬁbip@r?din-W@BG&?ﬁoﬁné-%-caarBéb?a%ih%,lny L
4-[4-[2-(Cyc1%%99518@9%3195!19@%@@5%9911%%%'ragle@)efs-xca;;r_gq Mides ected from
trans-8-(4-(2-[(4-methoxytetrahydrofuran-3- yl)oxy]ethoxylpiperidin-1-Y1)-1,6-naphthyridine-2-
carboxamidepand 2-(etralrydra-2At pyyransg-yixy ety 41(2-carbamoyit+k6- with
naphthyridin-8-y1)piperazine-1-OarbOxylate. [0024] - 20 - (24) A pharmaceutical composition
comprising tHEC€sRpEUNG B el Sithrmadlotically acéeptab fihetedt&eeédrding to any one
selected from (1) (0.(23) as anactive Ingredient., . (28) The pharmaceutical somppsition according to

5.T
(24), wherein” elp%arma%eﬁt]‘llc% composf%ion IS us ?ogrpp 0 g osteogenesis. (26) The

pharmaceutical compgsitiop.accarding:ia (24), whereindhe.phammaceutical,cormpesitian issused for
improving bone metabolism. (27) The pharmaceutical composition according to (24), wherein the
pharmaceutical composition{is aised forithe prevertioncor treatmentofa disehsé assbeiated with bone

metabolism. 28) The pharmaceutical composition according to (27), wherein the disease
associated With-boéimetabbidin iS bsBIpdrdsiE S 29) A method for improving bone metabolism,
comprising adminjstering-an ive h mageutical co ition.,according to (24) to a
mammal. ggd})ag én%%oﬁ%%évéﬁ%@r%éa&%gg disaépasgey %%ggc%%q(%\'/ithrhbone metabolism,
comprising admigisteyingar-effestive @moipit of the pharpmacedtieal.cpmpasitian aceording to (24) to a
mammal. (31) A method for preventing or treating osteoporosis, comprising administering an
effective amauirt v ifs piiararacedti€al -coiiposition according to (24) to a mammal. - 21 -
Advantageous Effects of Invention [00251 . The_compound of the present invention is highly safe
and exhibits Fav%iéftﬁg d?sgqo%ijgio F&Fs%, ﬁ%%lsoélnaéiéfeIlgg‘r#ossttégélgrged;éﬂﬁ%mgﬁr?gugcf?o)n, and thus is
useful for thepreyention ek-tigatinent of metabolic bone disease associated with reduced osteogenic
ability relative to bone resorption ability. Examples of such metabolic bone disease include
osteoporosisa osteitisSfirdsa thy perparathyroitisna) | ostesniatdciavardifurthien, Raget!s disease, which
affects systemic parameters of bone metabolism. Particularly, the compound of the present invention
is useful for SEhIBUREbPr68is A¢sociated with impaired osteogenic ability. Further, application of the
osteogenesis promoter 0 t invention.in the field of glo ics.t ofi f healing of
bone fracturea, a%%gdgﬁesgﬁla%%%%%\%%sgi%sg 31?5%{3?5‘98%% rtF%?t%cgé} gvgﬁ%% i%iL Qtr?'éq field of
dentistry to tr@@@@gr@tsqf perindentayd diseasenstabilization of artificial tooth root, etc. is anticipated.
Description of Embodiments [0026)  The present invention will be described in detail hereinbelow. -
22 - The sulstitights inkthe eferebweritionedganeral forpmaa Ly wilkbe teixplainet w1 tA represents a
3- to 10-membered heterocyclyl group optionally substituted with group(s) selected from Al, and

the 3- to 10-AEMRIEd h@?eﬁ@&ﬁ:ﬁﬁ gF&L%“r ésents a group selected from the group consisting of an
azetidinyl groun, a-Rystalidiny! groun., apiperidinyl-groun, A, morpholiayl, giguipg ad,4-glioxanyl group, a
piperazinyl group, an azepanylgroup, a 1,4-diazepanyl group, a pyrrolyl group, a thiazolyl group, a
pyridyl groups altetrabydrépyidyh group, a tetrahydropyranyl group, a tetrahydrofuranyl group, a
tetrahydroisoquinolinyl group, and a decahydroisoquinolinyl group.  Preferably, A is a piperidinyl
group option@lyPBahstituted With GBbpE) Selectéd Ad M AL aF5ipathzihy §rotp [Gptionally substituted
}/;/(i)trr;‘%?up(s)sseﬁlg%tgg Jro%’g: éld (}{é’;\, morpholinyl group optionally substituted with group(s) selected

a phenoxy group opticnally substituted with group(s)
selected from AZ,
a benzoyl group opticnally substituted with group(s)

selected from AZ,



[0027] Al represents the following group of substituents: a hydroxyl group, a halogen atom, a cyano
group, a nitro group, a carbamoy! group, a di CI-C6 alkylcarbamoyl group, a CI-C6 alkyl group
optionally substituted with group(s) selected from A2, a CI-C6 alkoxy group optionally substituted with
group(s) selected from A2, - 23 - a 01-06 alkylcarbchyt group optionally substituted with group(s)
selected from A2, a 01-06 alkoxycarbonyl group optionally substituted with group(s) selected from A2,
a 03-06 cycloalkyl group optionally substituted with group(s) selected from A2, a 06-010 aryl group
optionally sulsstituted withgroaplsy setbcted fronrAZ, 1oy 06-010uwEryloRy geoap- optionally substituted

with group(s) selected from A2, a 06-010 arylcarbonyl group optionally substituted with group(s)
selected fronPA25% 3t T -rﬁ"érﬁgel%ﬁoﬁl&g%cy%@? r%bﬁ‘%pﬁéﬂglllféubstituted with group(s)

selected from,A2, a 3 to 0;membered heteracyclyloxy group gptionally substitted with group(s)

selected from A2, and a 3- to 10-membered heterocyclylcarbonyl group optionally substituted with
group(s) selestedsframuiA2:dPrefetably rAlis thé felloiviag grouprafsubsiituents: a hydroxyl group, a
halogen atom, a cyano group, a dimethylcarbamoyl group, a 01-03 alkyl group optionally substituted

with group(s)sefecté® frofi RSk D158 AkbRy grotp optiohaiiy SibstRtedRvit §rotpts) ‘sélected from
A2, a 01-03 alkylcarbony! grou tionally. substifuted with graup(s) selected from A2, - 24 - a 01-03
aIkoxycarbon@%ﬁ%ﬁgouéi%affgggbgﬁg% v%tl){h é%%%g;%%;ﬁgo fr%?n’AZ, a cyclohexyl group
optionally substituted with group(s) selected from A2, a phenyl group optionally substituted with
group(s) selected from A2, a phenoxy group optionally substituted with group(s) selected from A2, a
benzoyl group optiohally Stisstitgredavittigroup{s)eseldntat from. A2 a3l iy 18membeketeheterocyclyl

group optionally substituted with group(s) selected from A2, a 3- to 10-membered heterocyclyloxy
group optiona?l%%ub@ﬁﬁﬁ?&’ Ritﬂ%@Sﬁﬁ%s%%efé%t@djﬁforﬂr}@Z,sa%ﬁegjé?% 13- Henbered®

heterocyclylc%tpny‘l\r.ggaﬂ.@iqpt;gga@é s%gtitgggprg%g&u&@&gl%q_{eg from A2, More preferably, Al
represents the following group of substituents: a dimethylcarbamoyl group, a 01-03 alkoxy group
optionally substittedanitn gronp(s) setected frpem A2 -0om, a cyano group, a nitro

group, a dimethylcarbamoyl group, a diethylcarbamoyl

group, an ethylmethylcarbamoyl group, a

dimethylaminosulfonyl group,

a carbamoyloxy group optionally substituted with group(s)

selected from A3,

a Cl-C3 alkylamino group optionally substituted with

group (s} selected from A3,

a Cl-C3 alkyl group opticnally substituted with group(s)

selected from A3,

a Ci=-C3 alkoxy group optionally substituted with group(s)

selected from A3,

a2 cyclopropyloxy group optionally substituted with

group{s) selected from A3,

é cyclohexyloxy group optionally substituted with

group{s) selected from A3,

a C1-C3 alkylcarbonyl group optionally substituted with

group (s) selected from A3,



a 01-03 alkoxycarbonyl group optionally substituted with group(s) selected from A2, a phenyl group
optionally substituted with group(s) selected from A2, a phenoxy group optionally substituted with
group(s) selected from A2, and - 25 - a 3- to 10-membered heterocyclyl group optionally substituted
with group(s) selected from A2. [0028] A2 represenis’the following group of substituents: a hydroxyl
group, a halogen atom, a cyano group, a nitro group, a carbamoyloxy group, a di CI-C6 alkylcarbamoyl
group, a di 01-C6 alkylaminosulfonyl group, a carbamoyloxy group optionally substituted with group(s)
selected fromsA3,zal Cir&6oalkylafine gioub optiomally substituted with group(s) selected from A3, a
CI-C6 alkyl group optionally substituted with group(s) selected from A3, a CI-C6 cycloalkyl group
optionally sub%tigﬁe{)@%ﬁﬁ‘logr%hﬁ@ SRIEtd r8APA% a CI-C6 alkoxy group optionally substituted with

group(s) selegteg _erCm AI% 3 f%b%@:8&‘3'?1%%%)3%%?8939?“89%%5%%3%%S%js ey\icitgdgroup(s) selected

t
from A3, a CI-C6 alkyﬁ:arbony group optionally substituted with group(s) se from A3, a halogeno
CI-C6 alkyl greupsa halogenoCl-66 akoxy group,ea 3cto=10-membered heterocyclyl group optionally
substituted with group(s) selected from A3, a 3- to 10-membered heterocyclyloxy group optionally
substituted with grouits) Seleeraiasic i A3 L2 CH 3l Yo 28-memberedoirdtéfseyélyicarbonyl group
optionally substituted with ou&(y selected frzm %,e%r]g 3-.to 10-membered heterocyclylsulfonyl
te !

A
group optiona?llflbs% Jsﬁf‘ﬁj &0 wit grogﬁf@y%élse ol fron référab y,"A2 is the following group of

substituen.ts: & hydroxyl 9%@9@@&9%@%&9@"591@9980@3@%9&%” @p@ﬁmsﬁm rbamoy!
group, a diethylcarbamoyl group, an ethylmethylcarbamoyl group, a dimethylaminosulfonyl group, a

carbamoyloxy ghouipiaptionally substitutedowith geaupés)tsefedted frohB A3aad1-03 alkylamino group
optionally substituted with group(s) selected from A3, a 01-03 alkyl group optionally substituted with

group(s) sele@tetlTrori A AETHRHKoRLIOHE OptioHAIR Uit ted WhRyrBER(ET Rétetted from A3,
a cyclopropylg{%g%u(%lﬁ]%@pwl%gige%é%%witg gg%uﬂ%)dseégﬁ%tsd strg_m A3, a cyclohexyloxy group

optionally substitute group rom A3,
[0015]

(S)JThe compound or the pharmacologically acceptable
salt thereof according to any one selected from (1) to
{4y, wherein A3 represents the following group of
substituents:

a halogen atom, an amino group, a hydroxyl group, a t-
butoxycarbonylamino group, a Cl-Cé alkyl group, a Cl-C3
alkoxy group, a halogeno Cl1-C3 alkoxy group, a 3- to 10-
membered heterocyclyl group, a 3= to l0-membered
heterocyclyvloxy group, a dimethylcarbamoyl group, &
diethylcarbamoyl group, an ethylmethylcarbamoyl group,
and a methylsulfonyl group.

(6) The compound or the pharmacclogically acceptable
salt thereof according to any one selected. from (1) to
{5), wherein B is an amino group opticnally substituted
with Cl-C6 alkyl group{s}.

(7) The compound or the pharmacologically acceptable

salt thereof according to any one selected from (1) to



a 01-03 alkylcarbonyl group optionally substituted with group(s) selected from A3, a halogen 01-06
alkyl-group, a halogeno 01-06 alkoxy group, a 3- to 10-membered heterocyclyl group optionally,
substituted with group(s) selected from A3, - 27 - a 3- to 10-membered heterocyclyloxy group
optionally substituted with group(s) selected from A3l a-3- to 10-membered heterocyclylcarbonyl group
optionally substituted with group(s) selected from 213, and a 3- to 10-membered heterocyclylsulfonyl
group optionally substituted with group(s) selected from A3.  More preferably, A2 is the following
group of substitlientsha dirmethylcasbamoyigroap Ja diafethylamiidsulfemyigrodp cagarbamoyloxy
group optionally substituted with group(s) selected from A3, a 01-03 alkylamino group optionally
substituted with oty Eeletét i A3, a 01-03 alkyl group optionally substituted with group(s)
selected from 213, ?&1'%@'@5M§5%%OB@@'¥ Synatit%@owim?gwi selected from 213, a
cyclopropyloxy group optionally substituted with group(s) selected from 213, and a cyclohexyloxy
group optionally1substituted svith-groud(s) setectechfpormrizd 3s §0029} 24 3 fepreseénis the following group
of substituents: a halogen atom,an amino group,a hydroxyl group,a cyano group,a 01-06 alkyl group, a
01-06 alkoxy gfoup,daiégéna‘01-D6dlkoxy group, a 01-06 alkoxycarbonylamino group,a 3- to
1O-membere1ﬁ85re6ra?cyclyl group,a 3- to 10-membered heterocyclyloxy group, a carbamoyl group, a -
28 - di 01-06 alkylcarbamoyl group, and a 01-06 alkylsulfonyl group. Preferably, A3 is the following
group of substituentss a halagen Aok an JNINGArOYRaa hyewxyLAreNp: & thutexysarborylamino
group, a 01-06 alkyl group, a 01-03 alkoxy group, a halogeno 01-03 alkoxy group, a 3- to 10-
membered hetetacychd group cec3ctodio:mentherad heterosychoyegrobpra dimethydcarbamoyl

aroup, a dethyarbamoy] group, an ey mefyicarbamey| gioup, e & metyisulony!group

formula (I-a):

[Chemical formula 2]

i

)_— A1-2
N O
X
X X B
(I-a)
N /// ///

wherein each substituent represents the same meaning

as in the general formula (I),



More preferably, A3 is the following group of substituents:  a 3- to 10-membered heterocyclyloxy
group; a methylsulfonyl group, a methyl group, and a difluoromethoxy group. [0030] B represents
the following group of substituents: an amino group optionally substituted with group(s) selected from
~ B1 and a 3- to 10-membered heterocyclyl group-optiénally substituted with group(s) selected from BI.
Preferably, B is an amino group optionally substituted with group(s) selected from Bl.  More
preferably, B is an amino group, a methylamino group, or an ethylamino group. B1 represents the
following group of stibsdertsd - 29~2 hydrokylgreapicarramifiofdronpna 04r@6 alkyl group, a 01-06

alkoxy group, a hydroxy 01-06 alkyl group. Preferably, El is a 01-06 alkyl group. [0031] The
substituents MTRE EFGreméntiohied Yentrd Fda (13) MiFbE eXSl ﬁ\%%je% }:JIE e fBfmula, each

substituent represents the, same meaning as-in the,gereral formula, (), Alck and Al;2 are the same or

different and represent a hydrogen atom or a group selected from Al. Preferably, Al-2 is a hydrogen
atom. Preferably;1d,-1ds-a-gbeup selected from the following group of substituents: a hydroxy!
group, a halogen atom, a cyano group, a dimethylcarbamoyl group, a 01-03 alkyl group optionally
substituted witA4tdup(s) selected from A2, a 01-03 alkoxy group optionally substituted with group(s)
selected from A2, a Sﬁljlgl%arbo% ,%O%Prol%%‘a”}{ ésgbstltgied with ?rﬁoup(s) selected from A2, a

01-03 alkoxycarbong/oltjayoup optloonrgﬁy Substituted wﬂt?grou%?sﬁ selected from A2, a cyclohexyl group

optionally substitutednith- geup(s)selacted fronr-A2.a pheny greyp optienallyrsubstituted with
group(s) selected from A2, - 30 - a phenoxy group optionally substituted with group(s) selected from
A2, a benzoyk grouproptionay @ubstituted with group(s) selected from A2, a 3- to 10-membered

heterocyclyl group optionallﬁ substituted with group(s) selected from A2, a 3- to 10-membered
heterocyclyloxy grotip optioR&ly-STRsitited %thtd%uﬁf’s‘? LBRCRPHTR A2 %ANnd a 3- to 10-membered

heterocyclylcarhonyl group aptionally, subsfituted withigroun(s) seigoted fromA2. .1, More, preferably,

Al-1is a group selected from the following group of substituents: a dimethylcarbamoyl group, a CI-C3
alkoxy groupzoptionally subsiibuted sithegros () setected: framl A28 4 C3tatkaxyearbonyl group

optionally substituted with group(s) selected from A2,
substituents:
a hydroxyl group, a halogen atom, a cyano group, a
dimethylcarbamoyl group,
a Cl1-C3 alkyl group optionally substituted with group(s)
selected from AZ,
a Cl-C3 alkoxy group coptiocnally substituted with group(s)
selected from AZ,
a Cl1-C3 alkylcarbonyl group optionally substituted with
group (s} selected from AZ,
a Cl-C3 alkoxycarbonyl group optionally substituted with
group{s) selected from AZ,
a cyclohexyl group optionally substituted with group(s)
selected from AZ,
a phenyl group opticnally substituted with group(s)
selected from AZ,

a phenoxy group opticnally substituted with group(s)

selected from AZ,



a phenyl group optionally substituted with group(s) selected from A2, a phenoxy group optionally
substituted with group(s) selected from A2, and a 3- to 10-membered heterocyclyl group optionally
substituted with group(s) selected from A2. Particularly and further preferably, A1-1 is a group
selected from the following group of substituents:a phenyl group, a methoxy group, a methoxymethyl
group, a 2-(tetrahydro-21-i-pyran-4-yloxy)ethoxy group, a 2- (cyclopropyloxy)ethoxy group, a
2-(dimethylamino)-2- - 31 - oxoethoxy group, a dimethylcarbamoy! group, a 2-
[methyl(methylsiiforsdamigsletioxgrgroap 2a 2¥ etheryéthoxy grbup! Bi2-f(8RYetrahydrofuran-3-
yloxy]ethoxy group, a 2-[(3S)-tetrahydrofuran-3- yloxy]ethoxy group, a 2-(tetrahydrofuran-3-
ylmethoxy)et}’?(%gyed:rgﬁ& %260 I'group, a 2-[(4- methoxytetrahydrofuran-3-yl)oxy]ethoxy group, and
a 2- (tetrahydro-2H-pyran-A-yloxylethoxycarbonyl.group; [0032],, A compound haying the general
formula (I) having each substituent as specified below is preferagle: A is a piperidinyl group
optionally substitited withegroup(s) selected romsAl) a pipetaZingkgranp optionally substituted with
group(s) selected from Al, or a morpholinyl group optionally substituted with group(s) selected from Al,
Al is the followinggroGp of STBEHEERE: BhyBFGY§rovibOd hafgemFatBRt Ja%%g group, a
dimethylcarbamoyl.group, a diethylcarbamoyl group, an.ethylmethylcarbamoyl group, a CI-C3 alkyl
group optionaﬁﬁgs%égtﬁ%ee(% w‘ﬁﬁ%}ogﬁ@‘f%é%&esd %oerﬁ ‘i\ezr‘},*ya%‘? S%alaﬁ(ox§%¥oup optionally
substituted with grou(s) seleeieddiarm A2 eeCL03;alkylcahonyhgroup:optionay. substitated with
group(s) selected from A2, a CI-C6 alkoxycarbonyl group optionally substituted with group(s) selected
from A2, - 3zuazydlohéryl grotd optionally=substitltert with Group(8Pselected from A2, a phenyl
group optionally substituted with group(s) selected from A2, a phenoxy group optionally substituted
with group(s)[s fected from A2, a benzoyl group optionally substituted with group(s) selected from A2,

a3-to 10-memberegl%teﬁqggclgb&%(gpt[%al%gql%;gg%gg %Mg&g@felected from A2, a 3-to

10-membered heterocyclyloxy group optionally substituted with group(s) selected from A2, and a 3- to
10-membered hetaraeyclycarhonykgrevpoptionalty-slibstituted with greup(s) selected-fiam A2, A2 is
the following group of substituents: a hydroxyl group, a halogen atom, a cyano group, a nitro group, a
dimethylcarb@rhoyl group, & BirstRyIESHFFTGH gfcUP? ahtethyifetkyléaBamcyrgrotp, a

dimethylaminosglf(%nly% group, a carbamoyloxy group optionally substituted with group(s) selected from

A3, a CI-C3 aﬁf(ly Smino group optionally substituted with group(s) selected from A3, a 01-03 alkyl

group optionallysubstituad withgreyp(s) selested from A3, a CI-C3 alkoxy group optionally
substituted with group(s) selected from A3, - 33 - a cyclopropyloxy group optionally substituted with

group(s) seleztédlfréin A3, reyclohexyfoxyrgroap apiignallysubstituted with grogp(sksdietted from
A3, selected from A2,
a Cl-C3 alkoxycarbonyl group opticnally substituted with
group(s) selected from AZ,
a phenyl group optionally substituted with group (s)
selected from AZ,
a phenoxy group optionally substituted with group(s)
selected from AZ, and
a 3- to l0-membered heterocyclyl dgrcocup optionally
substituted with group{s) selected from AZ.
(13) The compcund or the pharmacologically
acceptable salt therecf according to any one selected

from {(9) to (l2), wherein AZ is the follcwing group of

substituents:



a 01-03 alkylcarbonyl group optionally substituted with group(s) selected from A3, a halogeno 01-06
alkyl-group, a halogeno CI-06 alkoxy group, a 3- to 10-membered heterocyclyl group optionally
substituted with group(s) selected from A3, a 3- to 10-membered heterocyclyloxy group optionally
substituted with group(s) selected from A3, a 3- to 10¢membered heterocyclylcarbonyl group optionally
substituted with group(s) selected from A3, and a 3- to I0-membered heterocyclylsulfonyl group
optionally substituted with group(s) selected from A3, A3 is the following group of substituents: a
halogen atomz ah a@¥ing grogp cathydioxegrogpna Butdiy carstmlsminbgibup,2a 0106°alkyl group,
a 01-03 alkoxy group, a halpgeno 01-03 alkoxy group, a 3- to 10- membered heterocyclyl group, a 3-
to 10-membef‘%w&eroacy%wg Gprx %Wﬁglt%yl%g%ﬁi}noﬁ g dﬁbe,%gé’ieéﬁ?ﬁ}f‘c%?ﬁélri%ﬁl}{d/r%up, an
ethylmethylcat;r,tg%rggyl group, and a methylsulfonyl group, B is an amino group, a methylamino
group, or an ethylamino group, and X is -N=. [0033] - 34 - A compound haying the general formula
(1a) haying eachcsutistitueritcas,specified belowds: pieferapler X1 2 i adydiogencatony (s)Al-1is a
group selected from the following group of substituents: a dimethylcarbamoyl group, a 01-03 alkoxy
group optionaﬂ?%ﬁ%ﬁﬁte@r\ﬂﬁ%h oup(s) selected from A2, a 01-03 alkoxycarbonyl group optionally

substituted with Zgaoy(pgs)aiq{legtgg if%oom_Arzé ? )th ¥Ii%rr01§9 o tigﬂ%llsyﬁ#l{ﬁi%egi fwgtl}g group(s)

selected from A a phenoxy group optionally substituted with group(s) selected from A2, and a 3- to

10-membered;heterocyclyd greup egticnadly substituted with group(s) selected from A2,  A2is a
group selected from the following group of substituents: a dimethylcarbamoyl group, a
dimethylamines@lforyBgrouigy & @itbamoyioky grauploptionaily Sbbstitdtediwith grosup?d)pdelected from
A3, a 01-03 alkylamino graoup optignally substituted with group(s) selected from A3, a 01-03 alkyl
group optionail§ stbshitted With'group(s) selected from A3, a 01-03 alkoxy group optionally

substituted Wit BroUp(c) SGIeclpUIaM A% 26 eYgioBaRYloy araup pptonalbsybstjuted with

group(s) selected from A3, and a Cyclo oxy group optionally substituted with group(s) selected
from A3, A3isagedpietactad from the following group of substituents: a 3- to 10-membered
heterocyclyl group, a 3- to 10- membered heterocyclyloxy groug, a methylsulfonyl group, a methoxy
group, and a AiflGEFOMRERBRY Heup, ¥ RUCHRPIGIGPA INK- Spef- 1 tuted with

group (s} selected from A3,
a cyclohexyloxy group optionally substituted with
group(s) selected from A3,
a Cl1-C3 alkylcarbonyl group optionally substituted with
group(s) selected from A3,
a 3~ to 1l0-membered heterocyclyl group optionally’
substituted with group (s} selected from A3,
a 3~ to 1l0-membered heterocyclyloxy group opticnally
substituted with group(s) selected from A3,
a 3- to 10-membered heterocyclylcarbonyl group optionally
substituted with group(s) selected from A3, and
a 3- to l0-membered heterocyclylsulfonyl group optionally
substituted with group(s) selected from A3.
[0018]

{14) The compound or the pharmacologically

acceptable zsalt thereof according to any one selected



B is an amino group, a methylamino group, or an ethylamino group, and X is -N=. [0034]  As the
compound having the general formula (I), ones demonstrated in Examples are particularly preferable.
Particularly, the following compounds are more preferable.
8-piperidin-l-y1-1,6-naphthyridine-2-carboxamide, 8:morpholin-4-y1-1,6-naphthyridine-2-carboxamide,
8-(4-phenylpiperazin-1-y1)-1,6-naphthyridine-2- carboxamide,
8-(4-methoxypiperidin-l-y1)-1,6-napnthyridine-2- carboxamide,
8-(3-(methoxymethyhpiperidin:1/1]- 1 6:naphthyAdine-s caroxamides following
8-{4-[2-(tetrahydro-2H-pyran-4-yloxy)ethoxy]piperidin-1y1}-1,6-naphthyridine-2-carboxamide, - 36 -
N-ethyl-8-{4-[2eetEalydré-2RE pyran st §foxy)ethoxy]piperidin-l-y11-1,6-naphthyridine-2- carboxamide,
8-{4-[2-(cyclopropyloxy)ethoxylpiperidin-l-y -1,6- naphthyridine-2-carboxamide

8-(4-[2-(dime yfggﬁﬁ%g%—lét?gx%gﬁ%&o p%p %&Hﬁ-ﬁ/l?—l%l-}é\%p Yh%?%%n%gf-%ggr Oo},1 %ni g,oup'
8{4%dWn@hygaﬁ%¥BQW$¥@@%y"ngHpL@pB&@M@Wﬂ#n%@bgﬂb@&ﬂ@wewith group (s}
8-(4-{2-[methyl(methylsulfonyl)amino]ethoxy}piperidin-lyl)-1,6-naphthyridine-2-carboxamide,
8-[4-(2-ethoxyethexy)pipefidinal-§0-1,6-naphthyridine-2- carboxamide,
8-(4-(2-[(3R)-tetrahydrofuran-3-yloxy]ethoxy}piperidin-1- y1)-1,6-naphthyridine-2-carboxamide,
N-ethyl-8-(4-(?-ﬁRﬁl%tr%%%H%%%ﬁé’kﬁﬁet%%lBi{b%?ig%-I%%-%%% bR y"r‘riﬁ%ke-z- carboxamide,
8-(4-{2-[(38)-%1[155%3((3%fu%%gggéy]gm%yﬁperidin-Iyl)-l,6-naphthyridine-2-carboxamide,
N-ethyl-8-(4-{2-[(38)-tetrahydrofuran-3- onxy]etﬁoxyIpiperidin-I-yl)-1,6-naphthyridine-2- carboxamide,
8-{4-[2-(tetrahydrofuran-3iymethmey)ethexy] pipeddinyl -y lidst, 6nephihyridime -2 anpdxamide,
N-ethyl-8-{4-[2-(tetrahydrofuran-3- yimethoxy)ethoxy]piperidin-lI-y1}-1,6-naphthyridine-2- carboxamide,
- 37 - 4-piperldi-Eyitiseqdinsiheéi8-carboxamide,
4-(4-phenylpiperazin:l-yl)ispquinoline-6-carbgxamide . 4-morpholin-4-ylisoguingline-6-carhoxamide,
4-[(38)-3-(megno ﬁrw%e%h;%l)%o(lg%{ﬁdiﬁ-lf-cflﬁi%oaginjdﬁr?éa- ?“Xar%%ggr%#e%tea LR ngeréﬁg(lgq
4-[(3R)-3-(methaxymethyhpipgridin-1-yllisoquincline-6- carboxamide,
4-[4-(1,3-thiazol-2-yl)piperazin-l-yllisoquino ne-6- carboxamide,
4-(4-[2-(tetrahydrg-2H:pyranyA-yioxyiethoyy] pipetidinayllisoguinsliie-6 ioafboxapmide,
4-(4-[2-(cyc|opropyloxyZ(ethoxy]piperidip-l- yllisoquinoline-6-carboxamide,

trans-8-(4-(2-{AaNBtHoXy ftrahy dffuraho® Vb fEibxylpiperidin-l-y1)-1,6-naphthyridine-2-
carboxamide, and 2-(t ydro-2H- -4- |.4-(2-car, 1,6+

naphthyridin-§-y'f) Fp]égﬁg%%gﬁd%gaﬁ)%%{a% %%%)%)gﬂl}ih% é%llr%%g) J'?g;)&t)%%%llg Jéﬁgstituted with preferably
refers to eithey.heing unsukstituied ©r being sustituted with one to three substituents. The "3- to
10-membered heterocyclyl group” refers to an azetidinyl group, a pyrrolidin%/I group, a 1,4-dioxanyl

group, a hexahydrofUk6[3.Z bFueRPGI&UP, &piperRlimy ysiHs: almdiphvlinyl group, a piperazinyl
group, an azepanyl grqup, a 1,4-diazepanyl group, a pyrroly| group, a thiazo roup,.a pyridyl group,
a tetrahydrop?ﬁ&%pgé%uf%rgﬁ a éf‘rgﬁ%rfogp%agn?ﬁgr}%% ,Jé eﬁﬁﬁycﬁgﬁrgr%/ﬁl%?&%f a
tetrahydroisoguiggling group, or & decahydraisoquinalinyt geoups 1 1 oThe 3-gedidmembered
heterocyclyloxy group" is the aforementioned 3- to 10-membered heterocyclyl group to which an
oxygen atom isabetind, .and:refers to an azetidinyloxy group, a pyrrolidinyloxy group, a piperidinyloxy
group, a morpholinyloxy group, a piperazinyloxy group, an azepanyloxy group, a 1,4- diazepanyloxy
group, a pyrrélyloxy QF6tn - tHiaz oy éréftipd APyHdy XY §rou: EtettaRYdrop§ridyloxy group, a
tetrahydropyranyloxy group, a tetrahydrofuranyloxy grou tetrahydroj inoliny{loxy.group, or a
decahydroiso}aiﬁiy’n%ﬁ )gl%%/%? Lt%mlx?heg ;FSS-‘%é ’10¥m§n§é§e§ %e%o%ﬁ@%&rbgnﬁ%%gp" is the
aforementiongdl ;3; 1o 19-pambered,heteresysiyt graup tomdich agasbenyl group isdbaund, and refers
to an azetidinylcarbonyl group, a pyrrolidinylcarbonyl group, a piperidinylcarbonyl group, a
morpholinylcarbobylgroup ea pipetazinyitabonybgrodp 2a 14 didkangeafiong! group, an

azepanylcarbonyl group, a 1,4-diazepanylcarbonyl group, a pyrrolylcarbonyl group, a thiazolylcarbonyl
group, a pyridﬁgé?%ﬁﬁcg]réf&ﬁxéf t&@‘ﬁ%re@riﬁi};@g%&%gﬁﬁ gﬁtrghlyyodggpyrgnylcarbonyl group,
a tetrahydroflg{gg;{'ﬁgﬁb@ 1.group: ag%@%v,drg&?ogtaﬁ@gﬂ%wp@ex&gj%%ﬂf roup,

decahydroisoquinolinylcarbonyl group. -
"~ and a methylsulfonyl group.

[0020]



The "3- to 10-membered heterocyclylsulfonyl group” is the aforementioned 3- to 10-membered
heterocyclyl group to which a sulfonyl group is bound, and refers to an azetidinylsulfonyl group, a
pyrrolidinylsulfonyl group, a piperidinylsulfonyl group, a morpholinylsulfonyl group, a piperazinylsulfonyl
group, an azepanylsulfonyl group, a 1,4-diazepanyis@lfonyl group, a pyrrolylsulfonyl group, a
thiazolylsulfonyl group, a pyridylsulfonyl group, a tetrahydropyridylsulfonyl group, a
tetrahydropyranylsulfonyl group, a tetrahydrofuranylsulfonyl group, a tetrahydroisoquinolinylsulfonyl
group, or a decahydrésbqliinelinyispifonyd geoup: [B038) 2 ruFike e ¢iCE alkyl group” is a linear or
branched alkyl group having a carbon number of 1 to 6, and is preferably a methyl group, an ethyl
group, a pro@?ﬁ?&%%ﬁs@ﬁgﬁylﬂ}gﬁﬁ? r REBAGFgroEptC e “EI-C6 Zﬁ%%% group" is the
aforementioned GI-G6 alkylgreup;to which an pxygen atom is baund, and is preferably:a methoxy
group, an ethoxy group, a propoxy group, an iSopropoxy group, or a t-butoxy group.  The "01-06
alkoxycarbonyl:geatpt ig:thiesaforementioned CI-C6 alkoxy group to which a carbonyl group is bound,
and is preferably a methoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl group, an
isopropoxycatbériyi Y6, B At-b RBxFERBENE oy, f40Y Fhe* Tk CHralkFicarbonyl group” is the
aforementioned, CI-C6 alkyl group to which a carbonyl group. is-bound, and is preferably an acetyl
group, an ethnfl?ct;l;%ggnﬂ lé%)l of agp%%);é/%%}r{tyon%/fa}}c%b, an ﬁ%o%lréiﬁﬁé’g} %%Wgrogﬁ? gnﬁéi batylcarbonyl
group. The "Gl=66 adksulfonyl-grodp isdthe aferementigned £1-CH-alkl-group to which a sulfonyl
group is bound, and is preferably a methylsulfonyl group, an ethylsulfonyl group, a propylsulfonyl
group, an isopesmasutfonyt/droapoora batydsulfonylgrouprofewhkich laerhethydsutforylagisup or an
ethylsulfonyl group is more, preferable. The "h drox;g CI-C6 alkyl group” is the aforementioned CI-C6
alkyl group t&Which a ﬁy@&ﬁ@@&ﬁ%%ﬁﬁ&%n‘ﬁ 8 Prafefdbly & HYarSRnTathylgtsap, a
hydroxyethylégj_tglgl;gj -and a hydroxypropyl group, of which a hydroxymethyl group and a hydroxyethyl
group are more preferable.  The "C3-C6 cycloalkyl group” is a cyclic alkyl group having a carbon
number of 3 to 6, and 5 preferablya eyclaprepykgroupha eyelabatybdraupl. @ cyclopentyl group, or a
cyclohexyl group.  The "C3-C6 cycloalkoxy group” is the aforementioned C3-C6 cycloalkyl group to
which an oxygea<rbmtis DoaAd fand RisreferaBly A cyiclshropylaRy gfotd, accyefobtyloxy group, a
cyclopentylo roup, or a cyclohexyloxy group. [0037] -.41 - _ The "06-010 aryl group” is a phenyl
group, an inﬁ%%ﬁngrg%g, gr?d Z\%%?phtfﬂﬁ %ggliﬁ? oif’%whjl“clh ;E?) eﬁ)?llgyrgﬁjﬁ ?sqp|gdellﬂ‘(ce)ré{:agi?>Ie(.)%J The "06-010
aryloxy group,js 4he aforementioned 06010 aryl group to which an oxygen atom is bound, and is a
phenoxy group, an indenyloxy group, and a naphthyloxy group, of which a phenoxy group is -
preferable. The 306404 0drylcarbonyt drdupt és-thevaforementiomed 06-010 aeyl HPoup to which a
carbonyl group is bound, and is a benzoyl group, an indenylcarbonyl group, and a naphthylcarbonyl

group, of whitREPE&RAYIGictpIS Preférabi¥. 97 THE rdif0TI66 kyRiarbamdyl FbapPis the
aforementio - oup. ic i d, and is preferably a
dimethylcart?a?%c%/j?g%ﬁ%?ég iéthﬁ‘rgg?lt})gan@éfj\fyI(f1 gggl?r%%ggr{gggy%?e%ﬁ%éarbamoyl group.  The "di
01-06 alkylaminosutfepy! graep'dsrpeaferementinneg 01 H6:alkylgroun 10 which an aminosulfonyl
group is bound, and is preferably a dimethylaminosulfonyl group.  The "01-06 alkoxycarbonylamino
group" is theztorahaitibhed DILO6 BBRY Hrégs rwhicH a-carbbiylantde §ratbisBound, and is
preferably a tbutoxycarbonylamino group. . The "01-06 alkylamino group is an aming, group to which
one of the afgfe?ﬁlen(t%weﬁ 1{35 grky\“’éﬁorueplsris %oﬁlﬁd,_aﬁés is p—ré}g?rébly%q%é‘thﬁgmﬁ%)_g'roup, an -
42 - ethylamip@gggr@tjlp, a propylamino group, an isopropylamino group, or a butylamino group. [0038]
The "halogeno CI-C6 alkyl group” is the aforementioned CI-C6 alkyl group that is substituted with
halogen atom(s). Examplestherenfiinclude afluoremethyt-graup,lagiftwrdmethyl group, a
trifluoromethyl group, a fluoroethyl group, a difluoroethyl group, a trifluoroethyl group, a fluoropropyl
group, a difl #F6EPYFGrRBUP 2a FriffustepropyPGrotip Ja ftiofobutyt hrétp, B difluordbEif gfoup, a
trifluorobutyl group, laﬂl:IaOI’O %nt I%ré)f%b% dg‘lu&[%%ergxl egrﬁg S tr%fl}flljoro ent Igcg%up, a fluorohexyl
group, a difluorohexy?gro&), A thflioro ex;?l group, a penta uoroe‘fﬁyl ar p, ahexafluoropropyl
group, a nonafluarobutyl geaup, a chloromethyl group, a dichloromethyl group, a trichloromethyl group,
a chloroethyl group, a dichloroethyl group, a trichloroethyl group, a chloropropyl group, a
dichloropropyl grioapydndiatrichloropregytgrou roup, a methoxymethyl group, a

2—(tetrahydro—2ﬁ~pyran~4—yloxy)ethoxy group, a 2-

(cyclopropyloxy)ethoxy group, a 2Z-(dimethylamino)-2-



The "halogeno CI-C6 alkoxy group” is the aforementioned CI-C6 alkoxy group that is substituted with
halogen atom(s). Examples thereof include a fluoromethoxy group, a difluoromethoxy group, a
trifluoromethoxy group, a fluoroethoxy group, a difluoroethoxy group, a trifluoroethoxy group, a
fluoropropoxy group, a difluoropropoxy group, a - 43 5 trifluoropropoxy group, a fluorobutoxy group, a
difluorobutoxy group, a trifluorobutoxy group, a fluoropentyloxy group, a difluoropentyloxy group, a
trifluoropentyloxy group, a fluorohexyloxy group, a difluorohexyloxy group, a trifluorohexyloxy group, a
pentafluoroethoxy, grauih &HexafiugropEOROXY-GRYR & Aonafiuerehuoxy group, a chloromethoxy
group, a dichloromethoxy group, a trichloromethoxy group, a chloroethoxy group, a dichloroethoxy
group, a trichlorodthekygrols, - chibte prspoyagronp, & dichisrapropexy groéup, or a trichloropropoxy
group.  The "halogen atom' can he, for example, .a_flugrine atom, a chlorine_.atom, a bromine atom,
or an iodine atomae?%%év}ﬁfc %3? uor%pfedélt%m or %]Eéhlcc?;ﬁfe %ﬁo%?s%l Br?eb?gra%lfg.ﬁoaég] The term
"treatment” refersytoccur ing:trimproving:diseased 0B Sympiamsh 98 Suppressing-symptoms. The
"pharmacologically acceptable salt thereof" refers to a salt that can be used as a medicine (for

example, ones listed T3 SRS, §E8821-19 A0775)" THeSompouAd of the present invention having
an acidic group ogg,@gi@g@mg@&pegq@@g\,edaa%gp@mﬁltgf@unggciqlic salt through reaction with
a base or an acid, respectively; therefore, such a salt is referred to as the "pharmacologically
acceptable salt thepedfoxyt sopetbpgbie Bxanipiés bla pharaiacotagically acceptable "Basic salt" of the
compound of the p(&%sﬁegégn\@rrgL%ipclug% an al CI}i}{m@'%:atllr?alt scuc:@b%s afodium - 44 - salt, a
potassium salt, and a ithium salt; an Aikaline earth etal salt such asréymaaﬁgéﬁm salt and a calcium
salt; an organic bdsic:sajt such as an N-methylmorpholine salt, a triethylamine salt, a tributylamine

salt, a diisopropylethylamine salt, a dicyclohexylamine salt, an N-methylpiperidine salt, a pyridine salt,
a 4- pyrrolidinopyridine <&,/ and'a FEBRREALDT dr&miiG aERFSAHPEIATAd ¥ glycine salt, a lysine
salt, an arginine salt- ap.argithine.salt, a.gltamic.acid salt, and anaspartic agid salt, of which an alkali
metal salt is preferable. [0040] Preferable examples of a pharmacologically acceptable "acidic salt" of
the compound of fhepresent ivetition. inehelesa hyératrligle suchnas bydrofluoride dadroghloride,
hydrobromide, and @/droiodide an ir’g)r anic ac‘iiﬁ salf such as nitrate, perchlorate, sulfate, and
phosphate; an or§3Hie atid* S5 SHEhasTbwe alkAhesufbRER Slch as methanesulfonate,
trifluoromethanesulfonate; gndrethanesyionate, arysulfonatessuch as;benzenesulfonate and
ptoluenesulfonate, an organic acid salt such as acetate, malate, fumarate, succinate, citrate,
ascorbate, tartraté.coeitarD hpdishhlediecare anarnimecacid sait suth asa ghgcisesaft, a lysine salt,
an arginine salt, ap ornithg’se ',as%lt, <a_w*uta%ga %gignsaét, and an g%[gagic acid salt, of which a hydrohalide
457

IS most preferable.T@Bﬁf] - He compound of]tﬁeapnresenfllnvgﬁﬁélr?()r the pharmacologically

acceptable salt theegofyma aksos-water, £oniain Lyeraseenie water;;or form a hydrate, when left in
the atmosphere or subjected to recrystallization. The present invention also encompasses compounds
in such various forms of {ydratés: seweresrghderysta paipronstes.qod42E 1y The compound of the
present invention,aaC galt tg%rfgf,s Qra splvate Ct)i%ergg!: {rjnaé/iple p{%s%rlllt aso\éaeriougliggznee(gs such as
geometric isomers mc?g(%ng a ms-f%?m, a trans-form, el’fc., tgutomers, of &naritioniers such as a D-form
and an L-form, depeadingeon the kind andwwombination ef sybstituents. Unless otherwise specifically
restricted, the compound of the present invention encompasses all of these isomers and
stereoisomers, anb’4 friikture containing these isomers and stereoisomers in any ratio. A mixture of
these isomers can be sepprpiad byublicly Kovn means of patitoniog: Jhe.compaund gt the
present invention also encompassesa labeled compound, nhamely the compound of the present
invention in whichcene-otumbreatomare-sihsiitutetdasith yadioaetive bl soariovativedsotopes (for
example, 2H, 3H,13c, 140, and 15S). [0043] Further, the present invention also encompasses
pharmacologicallfaéteapieso-caidd brédrretorthe Tohisound BFthersresaat invention. A
pharm_acologlcalIya;rgr rb%%%%%gglmr@rgg ﬁ%gwqﬂ%g_@glpga%gg%@% can be c_onvert_ed into
an amino group, a hydroxyl group, a carboxyl group, and the like of the compound of the invention by
hydrolysis or under-physiolegicat conditions - Exgmples, ef-agraup fartdingsueh a prodrug include ones
described in Prog. Med., Vol. 5, pages 2157 to 2161, 1985; lyakuhin no kaihatu (literal translation:
development of pirErRREEEIRRAF product) (Hirokawa Shoten Ltd.) Vol. 7, Bunshi Sekkei (literal
translation: molecular design) pages 163 to 198; Advanced Drug Delivery Reviews (1996) 19(2): 115
to 130, etc. More specifically, examples of the prodrug of the compound of the present invention
having an amino group include the compound in which the amino group is acylated, alkylated, or
phosphorylated (for example, the compound in which the amino group is converted into eicosanoyl,
alanyl, pentylaminocarbonyl, (5-methyl-2-oxo-1,3-dioxolen-4- yl)methoxycarbonyl, tetrahydrofuranyl,
pyrrolidylmethyl, pivaloyloxymethyl, and tert-butyl). Also, more specifically, examples of the prodrug of
the compound of the present invention having a hydroxyl group include the compound in which the
hydroxyl group is acylated, alkylated, phosphorylated, or borated (for example, the compound in which
the hydroxyl group is converted into acetyl, palmitoyl, propanoyl, pivaloyl, succinyl, fumaryl, alanyl, and
dimethviaminomethvliearbonvl Alen more ecnecificallyy evambplecec of the nrodriia of the comnnirind of



[0044] (Production method) The compound of the present invention can be produced by applying
various publicly known production methods, while taking advantage of the characteristics based on the
basic structure of the compound or the kind of the substituent. Examples of the publicly known method
include methods described in "ORGANIC FUNCTIQN@%@ROUP PREPARATIONS", second edition,
ACADEMIC PRESS, INC., 1989, and "Comprehensive Organic Transformations”, VCH Publishers
Inc., 1989, and the like.  Upon production of the compound of the present invention, depending on
the kind of the functional group, it may be effective fr9m the progygtion.t chniggg point of view, to
protect the function' Grolp ot & e materiat o ntérmediate SSMBGURd With AR appropriate protective
group or replacecgggggg%r@égroup by a readily-convertible group in advance. = Examples of the
functional group include an amino group, a hydroxyl group, and a carboxyl group, and examples of the
protective groupahereof irctide:gnes: describieddn ' Rrotedtivel Groupsin Qrganic Syhnthesig — 48 -
(third edition, 1999)" written by T.W. Greene and P.G. Wuts. These protective groups can be
appropriately selettePirPaccdfdance with their reaction conditions. According to these methods, a
desired compougd ean pe gbtained kydnroducing ie sybsfituanh and. caring putthasgagtion, and
then removing a protective group or converting the substitient into a desired group, as needed.
Further, a prodrug of-thegsanapounekofithe presentdnvention aan,be produced by, similarly to the
aforementioned protective groups, introducing a specific group into a raw material or intermediate
compound, or catnig put-the réadionstsing thie eempduRd B fie*present invention produced. The
reaction can be carried out by applying a metho _puﬂi)gl kpown tgose killed in the art such as
methods normalWéWdr%te%‘,g?éf%z%%pﬁér,gésﬂegﬁé/ai n?/émiélaat%tgl? gﬁ)}(ﬁs’}éﬁgn,%nd hydrogenation.
Hereinbelow, the.praduction method of the compound of the present invention will be described.
However, the production method is not limited to the below-described methods in any way. [0045],

An overview of the prediction ymdthpd @f the sompoling of thepresdatinventionis shown below. That
is, the compound of the present invention (I) can be produced, using a compound (I') as a raw
material, by a meHod iRGARG NGRS S0t (EFintroducing a - 49 - heterocyclyl group "A" in the

presence of paII%(IJI_i Léglzﬁglyagsm%n&é;g 3%%‘2@)9_% (%?O%@Miwﬁ(%?%t%%ag‘ B, [Ghegnical

Formula 3] A0 {I) alogen or 0-'RP: alkyl, aryl, aralkyl B-H: ammonia, primary or

secondary aming, » pruttherdhe productionsmethogin which the heterocyclyl group "A" contains a
nitrogen atom as a hetero atom will be described in detail below. [0046] [Chemical formula 4] Synthetic

Method toward Naphthyritine Devilatives:MetHodAHategénoHalvgenOest o 1INiOHI.ORa --.OR'

A-IN.".1.A-2N".."). t/ RaOHN --- ,--Pd catalytic (alcohol)amination
naphthyridine-2-carboxamide,

8—(4—{2—{methyl(methylsulfonyl)amino}ethox?}piperidin—l—
yli-1,6-naphthyridine-2-carboxamide,

8§-{4- (2-ethoxyethoxy)piperidin-1-y1l]}-1, 6-naphthyridine-2~
carboxamide,

8- {4-{2~](3R)-tetrahydrofuran-3-yloxylethoxylpiperidin-1-
y1)-1, 6-naphthyridine~2-carboxanide,
N-ethyl-8-(4-{2-[(3R)-tetrahydrofuran-3-
vloxylethoxylpiperidin-1-yl)-1, é-naphthyridine-2-
carboxamide,

8- (4-{2-1(38)-tetrahydrofuran-3-yloxylethoxylpiperidin-1-

yl)-1, 6~naphthyridine-2-carboxamnide,



(2)(2)(3) Re: alkyl group, aryl gorup or aralkyl group (4)  The production method A is a method for
producing a naphthyridine compound (4) of the present invention, including the following steps: - 50 -
A-1: converting a compound (1) into a compound (2) by an esterification reaction of a carboxyl group
using an acid catalyst and the like in an alcohol solvent, A-2: reacting a cyclic amine compound with
the compound (2) in the presence of a palladium catalyst to replace the halogen group on the
naphthyridine ring of the compound (2) by a cyclic amino group to produce a compound (3), and A-3:

performing an amiiatizh TéactibnBetwéén thé ekl yrddp P compound (3) and an amine to

produce the compound (4), the compound, of the present inventi [Chemical formula 5]
Synthetic Meth&? %vﬁr%tl)\?g[ﬂﬁ?ﬁcﬁ ne JD%elrllf\lla%vgjsf : Blﬂrt)%l]i'»-gi%LQ(}i]J %&ﬁ{%%%gériﬂti%i@) The
production methqd-Bds a4ngthod for producing a naphthyridine compound (6) of the present invention,
including the following steps: B-la or B-Ib: producing an amide compound (5), and B-2: performing a
coupling reactidh-ieétwben & eycliearsine torpoutaime tHecaricR iEaiipeund &) 17 156 presence of a

quaternary ammonium salt such as teI@P#M%@&%”A%@ iodige and a base such as potassium
carbonate to pré)’c}dé'”e1 LB Jﬁ%hyrldlne compoun& , fHe compound of the present invention.

B-lais a step ofl\pp@gﬁ{;gng_tqlg comppupd (1), pith aming to produce the amide compound (5).

B-lb is a step of reacting the compound (2) with an amine to replace the ester group by an amide
group to producelthetamige compounty5pd0048{Chenidal formuad] SyrtistieMethod toward
Isoqutholthe Derivatives Method C The production method C is a method for producing an
isoquinoline corﬁﬁéﬁ’ﬁ’d‘%ﬁ)‘j& the compound of the present invention, including the following steps:

monoxide and &1 ASERGL it he domacUnd (3) i the proccace of o paladium caralyt o produce an

ester compoundy(9)4-phenylpiperazin-1l-yl)isoquinoline-é-carboxamide,
4mmorpholin—4—ylisoquinolineﬂ6—carboxamide,
4—[(38)~3—(methoxymethyl)piperidin—l—yl]isoquinoline—6—
carboxamide,
4—[(3R)m3—(methoxymethyl)piperidinwl—yl}isoquinoline—6—
carboxamide,
4*[4—(l,3ﬂthiazol—2wyl)piperazin~1—yl}isoquinoline—6a
carboxamide,
4—{4—[2—(tetrahydro—ZH—pyran—4—yloxy)ethoxy}piperidin—lm
vl}isoquinoline-6-carboxamide,
4-{4-[2-(cyclopropylory)ethoxy]piperidin-1-
yl}isoquinoline—6~carboxamide,
trans—8-(4-{2-[{4-methoxytetrahydrofuran-3-
yl)oxy}@thoxy}piperidin—l—yl)—1,6—naphthyridine—2~
carboxamide, and
72— (tetrahydro-2H-pyran-4-yloxy)ethyl 4-(2-carbamoyl-1l,6-
naphthyridinw8—yl)piperazinewl—carboxylate.

[0024]



C-3: trifluoromethanesulfonylai_ing the phenolic hydroxyl group of the compound (9) to produce a
compoUnd (20), - 52 - 0-4: similarly to A-2, performing a reaction on the compound (10) in the
presence of a palladium catalyst to produce a compound (11), and 0-5: hydrolyzing the ester group of
the compound (11) to generate a carboxyl group; ahl performing a condensation reaction between an
amine and the carboxyl group to produce the isoquinoline compound (12), the compound of the
present invention.  The coupling reaction performed in the presence of a palladium catalyst in the
steps A-2 and 0-4 wilk be expidirednbelewt: {6649] {ChemicalformutacTr i fVRg) thewherein Al-1,
Al-2, B, X, and Y refer to the same %roups as described above. R7 refers to a hydrogen atom or a

protective gr&iERA Earbokyi"group 2 TERFS (9 Gréup-thaf E57BERR S & Tedvirig'grotp during the
coupling reaction, rdif%go@cgn%rﬁg?"&?é’ ailable compognd, or a;compoyndspraduiced in accordance

with the method describéd in the literature (for example, Journal of Medicinal Chemistry, - 53 - 42, 16,
1999, 3023 ta 3025 Jaurnalaf Medicinal Chemistry, 40, 18, 1997, 2910 to 2921, Bioorg. Med. Chem.
11 (2003) 1451 to 1464, and Tetrahedron, 61 (2005) 8282 to 8287) is used as a compound having the
general formula (I1-d§ & commeréiaiyraralablieéompeunsr-d £8mpdtRt Préddcdd’in accordance

with a publicly known Eethod canhbe used as a compound havin%glcei%%nelrgl fggrgglafgl}lf-a). A

t : .
compound ha&nrélld the'gen ee?épfoFmﬁlap &) ¢can elb:r% uced' ﬁﬁough a coupling reaction between the

compound h@%%g@nq@k@b@g@e@i@.am the compound having the general formula (lll-a). This
coupling reaction is carried out while heating in the presence of a palladium catalyst, a ligand, a base,

and a solvent. This ¢8éplirtreactienrnan etperformednip ascdrdance adthrthérmethods described
in,for example,Journal of Organic Chemistry, 71, 10, 2096, 3816 to 3821, Chemistryc/1 AfEuropean

Journal, 12, 192006542 16’5148, BRfame C&ters = ition 1 or

compesition 13 use
improving bone metabolism.

(27) The pharmaceutical composition according to
(24), wherein the pharmaceutical composition is used for
the prevention or treatment of a disease associated with
bone metabolism.

(28} The pharmaceutical composition according to
(27), wherein the disease associlated with bone metabolism
is osteoporosis.

(29) A method for improving bone metabolism,
comprising administering an effective amount of the
pharmaceutical composition according tol(24) to a mammal.

{30) A method for preventing or treating a disease
associated with bone metabolism, comprising administering
an effective amount of the pharmaceutical composition
according to (24) to a mammal.

(31) A method for preventing or treating
osteoporosis, comprising administering an effective
amount of the pharmaceutical composition according to

(24} to a mammal.



5,6, 2003, 815 to 818,and Journal of Organic Chemistry, 73, 4,2008, 1429 to 1434. [0050] The
amidation reaction in the steps A-3, B-la, B-lb, and C-S will be explained below. [Chemical formula 8] -
54- B-H NN (IV-a)  The amidation reaction is carried out using a compound having the general
formula (IV-a) and B-H. This amidation reaction car¢Be carried out in accordance with the methods
described in, for example, Chem. Rev., 1948, 45, 203, J. Am. Chem. Soc., 1950, 72, 1888, Org. Biol.
Chem., 1962, 84, 4457, J. Am. Chem. Soc., 1973, 95, 875, and J. Am. Chem. Soc., 1981, 103, 7090.
[0051] The coupling reaction in the step B-2 will be explained below. [Chemical formula 9]

Advantageous Effects of Invention
[0025]

The compound of the present invention is highly safe
and exhibits favorable disposition. Also, it has an
excellent osteogenesis-promoting action, and thus is
useful for the prevention or treatment of metabolic bone
disease associated with reduced osteogenic ability
relative to bone resorption ability. Examples of such
metabolic bone disease include osteoporosis, osteitis
fibrosa (hyperparathyroidism), osteomalacia, and further,
Paget's disease, which affects systémic parameters of
bone metabolism. Particularly, the compound of the
present invention is useful for senile cstecoporosis
associlated with impaired osteogenic ability. Further,
application of the osteogenesis promoter of the present
invention in the field of crthopedics to promotion of
healing of bone fracture, a bone defect, and bone

" diseases such as ostecarthritis as well as in the field
of dentistry to treatment of periodontal disease,
stabilization of artificial tooth rcot, etc. is

anticipated.

Description of Embodiments

[00Ze]

The present invention will be described in detail

hereinbelow.



wherein Al-1, Al1-2, B, X, Y, and Z refer to the same groups as described above. -55- A
commercially available compound or a compound produced in accordance with the methods described
in the literature is used as a compound having the general formula (lI-b). A commercially available
compound or a compound produced in accordancenwi'tp a publicly known method can be used as a
compound having the general formula (Ill-a). A compound having the general formula (I-a) can be
produced through a coupling reaction between the compound having the general formula (lI-b) and the

compound having the aggerg) formula, lka). Tis.saLRlng sAction s gairiegiutyyhile heating in the

presence of a base, a quaternary ammonium salt, and a solvent, or in the absence of a solvent. This
coupling reaction fanvbe petformediih deeordanceiwith the method described in, for example, Journal
of Medicinal Chemistry, 48, 7, 2005, 2388 t9_24é)6. oﬁThek?O{»“eDcP”{‘d %fltggfrrfs%nt ipggntion
produced by the aforementidted metod can be isalafed and purified by a publicly Khowr method, for
example, extractign: pragipitation;sistillatier.chvomatogeaphys fragticralcrystadtization, and
recrystallization.  Also, in the case that the compound having the general formula (I) of the present
invention or a prodigtion intermediate thereof contains asymmetric carbon, enantiomers exist. Each of
these enantiomers can bg isglated, and nyrified by.a standard method such.as fiactionalgrystallization
(salt fractionation) in which - 56 - an enantiomer is recrystallized with an appropriate salt, and column
chromatography. &Examptes:efrefererdce literattre farawpethodof sepatating am enantiomer from
racemates include J. Jacques et al., "Enantiomers, R .cenihates and Resolution \;jor}ln YViIey And Sons,

Inc." [0052]  TRETomMpotid 8f & predeht’ hvention < ighly $&fe &nd’ &Xhibna favorabie
disposition, and als@,\ias angxeelientasieogenasis-promoling astien,Hegeeuthe eompound of the
present invention can be used for the prevention or treatment (particularly, treatment) of diseases
associated with beriesretabalibnosgstivras o5tcdpresiE] PaetS distase df BoheSBfdYosteoarthritis,
and thus is useful. [0053] When.administering the com n? Q resent invention or a
pharmacologicalIﬁz[ggggpta%lep ggﬁ?ﬁg?g;%og ar%r%aﬁl(%gﬁ%ﬂ aré%%%%m%nr}%}i}t@\égﬁ; %Je administered
systemically or logally By the pealenpaentevalroute.J0654] o The debage formrafithe
pharmaceutical composition of the present invention is selected depending on the administration
method, and is préd@GeMie By $tEparaich ThEmhdHs nGHTIRr efployed for various kinds of
formulations.  Exam %9&988%%%%%@£ aéJI%r% pharmageutical composition include a tablet, a
pill, a powder, a granuﬁe, - 57 - a capsule, a liquid medicine, a suspension, an emulsion, a syrup, and
an elixir. Medicinesdndhesedosage formd cah berprepared by standard methods, using any agent
appropriately selected as needed from among those normally em |Oéed as additgvﬁs such as an

excipient, a binder, a diSHEGTART Blubficartt, & SWwalfifd Syeht, £ Eweiing2id A toating agent, a
plasticizer, a stabilizer, an, antseriic. Ananigiant o3 colaraat, Asplufilizing aidea suspepding agent
an emulsifier, a sweetener, a preservative, a buffer, a diluent, and a humectant. [0055] Examples
of dosage forms feraparenteiatplidrmamenticalcomposition igclade a&ninfeetiontad dititient, a gel, a
cream, a poultice, an aerosol, an inhalant, a spray, an ege dr%E%%nas I drog, QQQ a&viggpository.

Medicines in thesédosa§eFolAS AN be Freparéd By &tanta 150 sy ahy Agent
appropriately sele%tg%s( Qgegggggq{g amang.those normally employed as additives such as a
stabilizer, an antiséptic, a solubilizing aid, a humectant, a preservative, an antioxidant, a fragrance, a
gelling agent, a negtr@dizér, a solubilizing aid, a buffer, an isotonic agent, a surfactant, a colorant, a
buffer, a viscosity enhancer, a humectant, a filler r}ﬂabsor tion promcl)%er sus %nedljlré% agent, and a
binder [0056] - 58 - ;I\”hercféﬁéegfefﬁtésco‘fﬁﬁo%% 3‘\"7/ilr11-19[51Ft)h%r{fél erdiformaa (yora
pharmacologically g%gwlsaitr@@ﬁofé/m%@ﬁ}er@ag onghe-symptams. agea bady seeight, and
the kind, dose, etc. of a drug to be administered in combination. However, normally, the compound
having the generaldormula ) orebpharriacsioyically aéée prable salt thekégfis PieteraBhPd@ministered
in a range of from 0.001 mg ta 1000 mg, in terms, of the amount of the campou déﬂacy e general
formula (1), per adit Edr'ég??n%él( ¥§ vv%lrg-hugpﬁr%%rﬁgfaeé%osﬁlg Sptejf%f)s%%sf?sitégni allyﬁ%a I%}cally, once
to several times a month, @ace o seyeral times a week, or once to several times a day, orally or
parenterally, or via the intravenous route continuously for one to 24 hours a day. [0057] Further,
other active ingrediertts cah bé ksat igtonbiratiorrwithlthespiembeetfcaltomp64itioh of the
present invention as needed as long as such active ingredient does not impair the efficacy of the
present invention. Se}’leffetﬁ derithvention also encompasses a method for preventing/treating the
aforementioned diseases, comprising administering the compound of the present invention or a
pharmacologically acceptable salt thereof. = The present invention further encompasses use of the
compound of the present invention or a pharmacologically acceptable salt thereof for the production of
the aforementioned pharmaceutical composition. - 59 - [0058] (Formulation example 1) Powder

Five grams of the compound of the present invention, 895 g of lactose, and 100 g of corn starch are
mixed by a blender to give a powder.



(Formulation example 2) Granule Five grams of the compound of the present invention, 865 g of
lactose, and 100 g of low-substituted hydroxypropylcellulose are mixed, followed by addition of 300 g
of a 10% aqueous solution of hydroxypropylcellulose. The resulting mixture is kneaded and granulated
using extrusion granulation equipment, and then-dried to give a granule. (Formulation example 3)
Tablet Five grams of the compound of the present invention, 90 g of lactose, 34 g of corn starch, 20 g
of crystalline cellulose, and 1 g of magnesium stearate are mixed by a blender, followed by tabletting
using a tabletamachiné te givela powvder: [005F estrexiarmpie ). (Testexample: £ Osteohlast
differentiation test ST2 cells, murine bone marrow-derived stromal cells, (obtained from RIKEN)
were used. INARRISIESE BMEM et Tobtained from GIBCO BRL Cat. No. 10370-021) containing
10% (v/v) of inactiv calf serum (obtained from Hyclone tories, %.(v4y) of
PeniciIIin-Streaptg%%%dﬁ%&%ﬁ%gﬁa%%eof ﬁnéemg ﬁr?? OCQBD%%EZ%&?MN : 1%%%%%?2%@?53%&9&3{30%
abbreviated g§@u@$s1_)00/gé:l&§;@ytEM);wera$ed. In this test, all culturing was performed in a 002
incubator (37C, 95% humidity, 5% 002)- [0060] The aforementioned cells were detached with 2 mL of
a 0.25% trypsin €8tufion¢ubtkiretkirdmaG IBGO BRI1 Cat Ny 150581065) &rid dispérsed in 10 mL of
10%-FES-aMEM. Subsequently, the cells were collected by centrifugation (25C, 800 rpm, five
minutes). Theft A'&&lFduspensioh n%ﬁlrﬁg 000 of the cells/mL of 10%-FES-aMEM was pTepared.
The cell suspensipnavas tiepdispensoddato. 90yl plates (he-nreductof Fialeont0d 4L per well, at
a density of 4000 cells/well, Tollowed by culturing for 24 hours. To the wells except for the
below-described well eantairing A2control group, the compound was dispensed at final concentrations
of 0.01, 0.03, 0.1, and 0.3 4g/ml. To the well of a.control group, DMSO was dispensed at a final
concentratiorfofd 164 i) AlEFIoUI ERYE oPRRGHHY: He SEfRt o Wiefing DHosphatase (ALP) was
measured in each group. [0061 The measurement of ALP activity was performed as follows. That
is, the mediur%ﬁﬁuegaf# e%F%fet E%ﬂltgrreogla?tgs{was completely removed. Each well was then washed
by dispensing; 10@ 44 ; of Bulbesee’s phpsphatehufier (abiatmed fromkxBCQ BRE Gat. No.
14190-144) and then removing it. A cell lysate solution containing 10 mM MgCI2 and 2% (v/v)
TritonX-100 (Sigma) (was prepared androBlAdispensed at 50 Hi/well, followed by stirring at room
temperature for five minutes. An ALP substrate soluftgn containing 50 mM difglanolamine (Wako pure

chemical inditrics, 13d.1 CHNE TRF 03 EEH AHI 20 M PhittephRyrsHEsphite (Wako pure
chemical industries, Lid., Cat, NQ147-02343)was prepased anddispensed at 50 pl/well, and the
plates were left to stand at room temperature ?or 10 minutes. Subsequently, absorbance was
measured by a mpicreplale reade £BiodRad t aboraperies] dngy). Setting thetrheasurement value of the

control group of each plate at 100%, the increase (%) in alkaline phosphatase activity in the test
compound-adtitisit gietpaWay ealeuRESHRVIReh fadHssBEsed 98 tHef degre@ of osteoblast

differentiation. [Q06 1 this test, the.compounds of Examples 1 tg 5 23,24, 28, 32, 34
1050, 52 10 57, 53 1418537 53 51 1008 67798 100, 10510 1087 and 10810 7 SHREH ar
increase of 2Q0%.qrirore.in alkalinephagphatase-activity at @ 03Ra/mL. (Test example 2) Osteoclast

formation-inhibition test  Eighteen day-old ICR mice are purchased from Japan SLC, Inc. and used
in the following expérimaént: Mite aré $adrificedsbyfeelicalidislogation; and the left and right femur and
the tibia are excised. After removal of surrounding tissues, the femur and the tibia thus excised are
minced with sti¥3dFs. S theSfemur and the tibia - 62 - thus minced, 10 mL of 15%-FBS-aMEM is
added, followed.by stirring for one minute. u the s tant is collected, which is filtered
through a celiastl? i%rO @g:tgriog%kin%]ogl g?ll(éj) omggl%f Tf%er%g)ag gﬁ%ﬁ%@'o? 500 thousand
cells/mt of 1544-F8SaMEM isiprepared-chiie, cell suspension is then dispensed into 96-well
microplates, 100 pi, per well, at a density of 50000 cells/well, followed by culturing for 24 hours.
Activated vitamifi DZ Siginay Ca o rD 2530)is dispensed fitd ‘eabh dvellidtta fival €dnéentration of 20
nM. To the wells except far the below-described well containing a control group, the compound is
dispensed at fifidP&ieentratiBné 6 0.01, 0.03, 0.1, and 0.3 ig/ml. To the well of a control group,
DMSO is dispensed.at a.final concenjration of-0,1%(viv) Afterfive days ofqultugjng, the-activity of
tartrate-resistant acid phosphatasé (TRAP) is measured in each group. [0063]  The measurement of
TRAP activitysis performedasifolaws. That is, the medium in each well of the culture plates is
completely removed. Each well is then washed by dispensing 100 p.L of Dulbecco's phosphate buffer
(obtained from GIBCE ERKChE NG M0 IR rRFtheREMbYiIng b Hint &Et6 e Btfidhol mixture

(1:1) is added 'E:oot&le W IISS%qd [:e:{tefgr %Q%zﬁni te for fixation. The fixation mixture is then removed and
staining is pe(rjformgcj using a Eeukocy e acid phosphatase kit (Sigma, Cat. No. 387-A) at 37C for 30

minutes. After removing



- 63 - the staining liquid, 100 [IL of 10% sodium dodecyl sulfate (Wako pure chemical industries, Ltd.
Cat..No. 191-07145) is dispensed, followed by stirring for five minutes. Subsequently, absorbance is
measured by a microplate reader (Bio-Rad Laboratories, Inc.). Setting the measurement value of the
control group of each plate at 100%, the decrease (24) ir TRAP activity in the test compound-addition
group is calculated, which is assessed as the osteoclast formation-inhibiting activity. [0064] (Test
example 3) Effect on bone density Eight to 12 week old female F344 rats were purchased from
Charles RiverzLatorateries apduseddn ihe fallowing expervnent) Rats.were; angstietizeehwith an
intraperitoneal administration of 40 mg/kg of Somnopentyl (Kyoritsu Seiyaku Corporation), and then
oophorectomy v¢ $kdra 'sutgaryGrasipérerméd. From the day after surgery, a suspension of the test

compound in a 0.5%. methyl cellulose solution (Wako pure chemical industries, Ltd. Cat. No.
133-14255) s B SR EF B c & Ry i g S 2 medt St B ESHS L
administration, the rats yere gythanized by removal of whole blood from the lower abdominal aorta
under Somnopentyl anesthesia, and the left and right femur was excised. [0065]  After removal of
soft tissues, the hore dénsitycoftherfemurdfdy excised-was neeasured: by addXAapparatus,
DCS-600R (Aloka Co., Ltd.). The bone density was - 64 - assessed in the whole femur as well as in
three equal &S oF the- WHBI femur, namely the proximal end, the shatft, and the distal end. [0066]
In this test, th ounds 2 &, an ignificantly i d the bone density
at 3 mg/kg. ( eg%qe%%rﬁ%g g%%ze&g?gﬁiﬁegﬁéé %ﬁfgé}tﬁ;sequl}gﬁe vqemvvctee}gkgd}l%?ffgrzg?e F344 rats are
purchased froya Gharles Rivesl atoratories and used in the following experiment. Under anesthesia
with Somnopentyl, bone surgery is performed in accordance with the method of Li et al. (J. Bone
Miner. Res 199%:<14z 969 t@ 979 Frbinithiesdayvaffeiisairgeiyt& duspénsiciretthédest compound in a
0.5% methyl cellulose solution (W,'z-lko pure chemical industries, Ltd. Cat. N0.133-14255) is orally
administered n S%tfafg,%&o&ﬁ d week. Six to 86 weeks after administration, the rats are
euthanized by, removal of whole, blopd from the lower abdominal aosta-under Somnopentyl anesthesia,
and the femur is excised.  After removal of soft fissues, the bone density of the femur thus excised
is measured by:adonestredgthi measuring irstruseent MZ<500 tMaguto Instrument Co., Ltd.) A
three-point bending test is performed, and the strength is assessed at the maximum load. Examples -
65-  <Exafphs 13 8-[4{20aeoR§ethoRy isstidint by PEY 6 Hepifen Vitine2iéarboxamide (1)
Ethy1-8-[4-(2-methoxyethoxy)piperidin-1- 1% ,6-naphthyridine-2-carboxylate [Chemical formula 10]
Moy S e (3 e 6 e A e Hissbhh BTG AN (L0 mLy. 1o which
ethy1-8- bromo-4,6-paphtbyridine=2-earbexyate €281 poe 1000 s roup optionally
tris(dibenzylideneacetone)dipalladium (91.6 mg, 0.100 mmol),
2-dicyclohexyiphesphino-2t- (N Ndintetyiarsnio)bipheayl#8 xwig, 8200 mmol), and potassium
carbonate (powder, 415 mg, 3.00 mmol) were then added, followed by stirring at 100C for three hours

under a nitrogen athigdphere &1 S AR Loofiny, Té Festithg readfior fiquid WatSiler ¥ Einder suction

while washing with gichloromethane. The resulting organic layer was concentrated under reduced
pressure. The residue thus obtained was purified by silica gel column chromatography (hexane : ethyl
acetate, 30 : 04 DrickQ0y VA retirybacetagterumethanol, 100 : 0 - 95 : 5, V/V) to give the desired title
compound (159 mg, yield 44%). - 66 - 111-NMR (CDC13) 6: 1.47 (3H, dt, J = 12.8, 5.8 Hz), 1.96- 2.05
(2H, m), 2.1532 92121, @) KB2B-JFBPPHOR) 1272 {3M, §)13TB8L8 1@ H iYL 3BICTBTILH, m),

3.69-3.72 (2H, m), 3.91:3.97 (2H, m), 4.49 (2H, q, J = 7.0 Hz), 8.25 (1H, d, J = 8.5 Hz), 8.33 (1H, s),
8.37 (1H, d, f@%ﬁ%ﬁ@.g’%ﬁgﬁkg

a Cl-C3 alkoxycarbonyl group optionally substituted with
group({s) selected from AZ,

a phenyl group optionally substituted with groupis)
selected from AZ,

a phenoxy group optionally substituted with group(s)

selected from AZ, and



[0068], (Ib) 8-[4-(2-Methoxyethoxy)piperidin-l-y1]-1,6- naphthyridine-2-carboxamide [Chemical
formula 11] To ethyl-8-[4-(2-methoxyethoxy)piperidin-I-y1]-1,6- naphthyridine-2-carboxylate (158
mg, 0.440 mmol) produced in Example 1 (la), a 7M ammonia/methanol solution (25 mL, 175 mmol)
was added, followed by stirring at 65C for one hourZ > After cooling, the resulting reaction liquid was
concentrated under reduced pressure, and the residue thus obtained was purified by basic silica gel
column chromatography (hexane : ethyl acetate, 30 : 70 - 0 : 100, V/V, ethyl acetate : methanol, 100 :
0 - 95: 5, V/\§. Biethyl etttemwadadded te theramprphpls substance thgsebtained. A solid precipitate
was collected by - 67 - filtration to give the desired title compound (126 mg, yield87%).
1H-NMR(DMSERB5Y6- 1 724 81 521 @BCHR2RAIMSS 28@HE B.66@H, /5,3.59-3.63(2H, (2H, s), m),
m),2.05-2.12§ A@;%;Q(ZH, 3.74-3.81(2H, (2H, m), m), m), 3.53- 7.82 (1H, br s), 8.00 (1H, br s), 8.23
(1H, d, J = 8. ?—|z , 8.31 (IH, s), 8.67 (1H, d, J = 8.3 Hz), 9.00 (1H, s). MS (FAB+) m/z: 331 (M+H)4
[0069] <Example 2> 8- Ethoxyethoxyiperidind - yill<due-naphthyiidines2-<carboxamide
[Chemical formula 12] Using 4-(2-ethoxyethoxy)piperidine (1.66 g, 9.56 mmol) and :
ethyl-8-broma 1 6¢riapshithiyridine ecarb oxGaEs 10 2§ 7 85 Mo theddésired title"domiound (1.3

g, Yield 52%) was obtained by the sagme method as in Exam a) and Example 1 (Ib). 1H-NMR
(DMSO-DO 52 19AP@H! t°F 2RI N 1 7297 8552H °m ,Jz.gée—“z%?lgz )i’zﬁgy k 83%%‘-%‘? (2H, m), 3.47

(2H.q,J= 7-%?@2@%-5%%@2 &%H@:@w)ﬁ@?&ﬁ;rﬁ%@uﬁw@a (L ohes), 8.00 (1H, brs), 8.24 (IH, d, J
- 8.5 Hz), 8.31 (1H, s), 8.68 (1H, d, J = 8.5 Hz), 9.00 (1H, s).” - 68 - MS (FAB+) m/z: 345 (M+H)+ *

[0070] <Example3smoyloxy group optionally substituted with group(s)
8-(4-(2-[(3R)-Tetrahydrofgran-3-yloxy]ethoxy}piperidin-1y1)-1,6-naphthyridine-2-carboxamide
[Chemical forffl& E8F6Uterom A3,

a C1-C6 alkylaminc group opticnally substituted with
group (s) selected from A3,

a C1L-C6é alkyl group optionally substituted with group(s)
selected from A3,

a C1-C6 cycloalkyl group optionally substituted with
group (s} selected from A3,

a C1-C6 alkoxy group opticnally substituted with group(s)
selected from A3,

a C3-C6 cycloalkoxy group optionally substituted with
group(s) selected from A3,

a C1-C6 alkylcarbonyl group optionally substituted with
group{s) selected from A3,

a halogeno Cl-C6 alkyl group,

a halogeno C1-C6 alkoxy group,

a 3- to 1l0-membered heterocyclyl group optionally
substituted with group(s) selected from A3,

a 3- to 1C-membered heterocyclyloxy group optionally

substituted with group(s) selected from A3,



Using 4-{2-[(3R)-tetrahydrofuran-3- yloxy]ethoxylpiperidine (1.56 g, 7.27 mmol) and ethyl-8-
bromo-1,6-naphthyridine-2-carboxylate (1.57 g, 5.59 mmol), the desired title compound (838 mg, yield
38%) was obtained by the same method as in Example | (Ia) and Example 1 (Ib).
1H-NMR(DMSO-D6) 6: 1.73-1.81 (2H, m), 1.85-1.99¢2H, m), 2.05-2.11 (2H, m), 3.11-3.17 (2H, m),
3.50-3.81 (11H, m), 4.14-4.18 (1H, m), 7.82(1H, brs),8.00(1H,br s), 8.24 (1H, d, J - 8.6 Hz), 8.31 (1H,
s), 8.67 (1H, d, J = 8.6 Hz), 9.00 (1H, s).

a 3- to 10-membered heterocycivlcarbonyl group optionally

substituted with group(s) selected from A3, and
a 3- to 10-membered heterccyclylsulfonyl group optionally
substituted with group(s) selected from A3.

Preferably, AZ is the following group of
sukbstituents:
a hydroxyl group, a halcgen atom, a cyano group, a nitro
group, a dimethylcarbamoyl group, a diethylcarbamoyl
group, an ethylmethylcarbamoyl grcup, a
dimethylamincsulfonyl group,
a carbamoyloxy group optionally substituted with group(s)
selected from A3,
a Cl-C3 alkvlamino group cpticnally substituted with
group(s) selected from A3,
a Cl-C3 alkyl group optionally substituted with group(s)
selected from A3,
a Ci-C3 alkoxy group optionally substituted with group(s)
selected from A3,
a cyclopropyloxy group optionally substituted with
groupi{s) selected from A3,
a cyclohexyloxy group optionally substituted with
group (s) selected from A3,
a Cl-C3 alkylcarbonyl group optionally substituted with
group (s} selected from A3,
& halogenoc C1-C6 alkyl group,
a halogeno Cl-C6 alkoxy group,
a 3- to 10—memberéd heterocyclyl group optionally.

substituted with groupi{s) selected from A3,



MS (FAB*) m/z: 387 (M+H)f [0071] <Example 4>
8-(4-{2-[(35)-Tetrahydrofuran-3-yloxy]ethoxylpiperidin-ly1)-1,6-naphthyridine-2-carboxamide [Chemical
formula 14] -69- 0 - Using 4-{2-[(3S)-tetrahydrofuran-3- yloxy]ethoxylpiperidine (1.52 g, 7.07
mmol) and ethy1-8- bromo-1,6-naphthyridine-2-earb@xylate (1.53 g, 5.44 mmol), the desired title
compound (842 mg, yield 40%) was obtained by the same method as in Example 1 (la) and Example 1
(Ib). 1H-NMR (DMSO-D5) 8: 1.73-1.81 (2H, m), 1.85-1.98 (2H, m), 2.05-2.11 (2H, m), 3.11-3.17 (2H,

m), 3.50-3.80(14H, 48), #014r48(23 4, MY+ 28241H 1 b1 e)x 8.0}, brs),i&R4 (1K, d, J = 8.6 Hz),
8.31 (1H, s), 8.67 (1H, d, J = 8.6 Hz), 9.00 (1H, S). MS (FAB+) m/z: 387 (M+H)' [0072]  <Example
5> 8-{4-[2-(Tetraindrbfikanl 3uyi e tHosgYathexy]pipefdinet YAy a6 haphthyridine-2-carboxamide

[Chemical formula 15 (lg 5 Usin (L% tetrah rofuran;3- ethlgxxi)éathow pi eri%me (1.52 g,
6.16 mmol) ahd-ethyl8-b rﬁ‘g%b§ﬁg hyFidines é’ %ox?la?e dr&%% 4 Ph dsired title
compound (688,/0g. Yigld.37%) was 9b Fgez@ by {he same nethod asdn Example 1 and Example 1(1b).
(la) 1H-NMR (DMSO-DO 5: 1.48-1.5 m), 1.73-1.82 (2H, m), 1.87-1.95 (1H, m),

a 3~ to 10- membered heterocyclylsulfonyl group opticnally

substituted with group(s) selected from A3.

More preferably, A2 is the following group of

substituents:

a dimethylcarbamoyl group, a dimethylaminosulfonyl group,

a carbamoyloxy group opticnally substituted with group(s)

selected from A3, |

a C1-C3 alkylamino group cptionally substituted with

group{s) selected from A3,

a C1-C3 alkyl group optionally substituted with group(s)

selected from A3,

a C1-C3 alkoxy group optiocnally substituted with group(s)

selected from A3,

a cyclopropyloxy group opticonally substituted with

group(s) selected from A3, and

a cyclohexyloxy group opticnally substituted with

group(s) selected from A3.

[06029]

A3 represents the following group of substituents:

a halogen atom, an amino group, a hydroxyl group, a Cyano

group, a C1-C6 alkyl group, a Cl-Ce6 alkoxy group, a

halogenc C1-Cé alkoxy group, a Cl-Cé alkoxycarbonylamino

group, & 3—- to 10-membered heterocyclyl group, a 3- to

1C-membered heterocyclyloxy group, a carbamoyl group, a



2.05-2.12 (2H, m), 2.40-2.47 (1H, m), 3.15-3.21 (2H, m), 3.31-3.36 (1H, m), 3.38-3.44 (2H, m),
3.53-3.63 (6H, m), 3.67-3.72 (2H, m), 3.76-3.82 (2H, m), 7.83 (1H, hr s), 8.02 (1H, hr s), 8.26 (1H, d, J
= 8.5 Hz), 8.32 (1H, s), 8.71 (1H, d, J = 8.5 Hz), 9.04 (1H, s). MS (FAB+) m/z: 401 (M+H)" [0073]
<Example 6> - 28 -
8-(4-[2-(Tetrahydro-2H-pyran-4-yloxy)ethoxy]piperidin-1y1}-1,6-naphthyridine-2-carboxamide
[Chemical formula 16] 01  Using 4-[2-(tetranydro-2H-pyran-4- yloxy)ethoxy]piperidine (1.00 g, 4.37
mmol) and ethy1-+81 brinalkg-haphthyridine-2-carhoxylatel (61 2omgc 2. Aimpial)t thesdesired title
compound (48%2% .yield 34%) was - 71 - obtained by the same method as in Example 1(la)
Preferably, A3 is the following group of
substituents:
a halogen atom, an aminc group, a2 hydroxyl group, a t-
butoxycarbonylamino group, a C1-C6 alkyl group, a C1-~C3
alkoxy group, & halogeno Cl-C3 aLkoxy group, a 3~ to 10~
membered heterccyclyl group, a 3- te 10-membered
heterocyclyloxy group, a dimethylcarbameoyl group, a
diethylcarbamoyl group, an ethylmethylcarbamoyl group,
and a methylsulfonyl group.
More preferably, A3 is the feollowing group of
substituents:
a 3- to 10-membered heterocyclvloxy group, a
methylsulfonyl group, a methyl group, and a
difluoromethoxy group.
[0030]
B represents the following group of substituents:
an amino group optionally éubstituted with group({s)
selected from Bl and
a 3~ to 10-membered heterocyclyl group opticonally
substituted with group(s) selected from BIl.
Preferably, B 1s an amino group optionally
substituted with group({s) selected from BIl.
More preferably, B 1s an amino group, a methylamino
group, or an ethylamino group.

Bl represents the following group of substituents:



Example1(lb). and 1H-NMR(DMS0-D6).5:1.35-1.44 (2H, m), 1.73-1.89 (4H,m), 2.05-2.11
(2H,m),3.10-3.19 (2H, m), 3.29-3.36 (2H,m), 3.49-3.63 (6H,m),3.73-3.83 (4H, m), 7.82(1H, brs),

7.99(1H, brs),8.23(1H,d, J = 8.5 Hz),8.31 (1H,s), 8.67(1H, d,J=8.5Hz),9.00(1H,s).

MS (FAB+) m/z:

401 (M+H)+ [0074] <Example 7> 8-{4-[2-(Tetrakydro-2H-pyran-4-yloxy)ethoxy]piperidin-1-

y11-1,6-naphthyridine-2-carboxamide hydrochloride [Chemical formula 17] 0 "----

----- "ANH2 Nw- Hu

a hydroxyl group, an amino group, a Cl-Cé6 alkyl group, a

C1-C6 alkoxy group, a hydroxy Ci1-C6 alkyl group.
Preferably, Bl is a Cl~C6 alkyl group.

[0031]

The substituents in the aforementioned general

formula (Ia) will be explained.

In the formula, each substituent represents the same

meaning as in the general formula (I).

21-1 and Al~2 are the same or different and

represent a hydrogen atom or a group selected from Al.

Preferably, Al-2 is a hydrogen atom.

Preferably, Al-1 is a group selected from the

following group of substituents:
a hydroxyl group, a halcgen atom, a cyano group,

dimethylcarbamoyl group,

a C1-C3 alkyl group optionally substituted with group(s)

selected from AZ,

a Cl-C3 alkoxy group optionally substituted with group(s)

selected from AZ,

a C1-C3 alkylcarbonyl group opticonally substituted with

group (s} selected from AZ,

a Cl-C3 alkoxycarbonyl group optionally substituted with

group(s) selected from AZ,

a cyclohexyl group opticnally substituted with group(s)

selected from AZ,

a phenyl group optionally substituted with group(s)

selected from AZ,



8-(4-[2-(Tetrahydro-2H-pyran-4- yloxy)ethoxy]piperidin-1-y11-1,6-naphthyridine-2- carboxamide (400
mg,.1.00 mmol) produced in Example 6 was dissolved in ethanol (8 mL), to which a 4M hydrochloric
acid/dioxane solution (1.0 mL, 4.0 mmol) was then slowly added, followed by stirring at room
temperature for 10 minutes. The resulting reaction Fduid was concentrated under reduced pressure,
and the residue thus obtained was crystallized from ethanol and diethyl ether to give the desired title
compound (368 mg, yield 84%). - 72 - 1H-NMR(DM50-D6)6: 1.32-1.47(2H,m),1.74-1.90 (4H,m),
2.04-2.16 (2Hym)13.26:3:38@Hm) 34 2-8r6OL(6HH, w3 76384 (RH )R 3 B5-31942H,m),7.90(1H,
brs), 8.11(1H, s),8.34 (1H,brs),8.35(1H,d,J = 8.5Hz), 8.84(1H, d,J=8.5Hz),9.22(1H,s). MS (FAB+)
m/z: 401 (M+E5+F0075} Lr&Exdimple 8> 8-14-[2-(Dimethylamino)-2-oxoethoxy]piperidin-l-y1)-1,6-

naphthyridine-2-c rhox [ hemi 1 ' .
4-[2-(dimethy?arﬁi%o%—%f){;oge%téog@]pi ﬁﬁgﬁ(@% gé;lé%?fﬁn%ﬁ%? Sng R groupls)

ethy1-8-bromegsl,6-naphthyridine-2. carboxylate (4 g, 14.2 mmol), the desired title compound (1.05 g,
yield 21%) was obtained by the same method as in Example 1 (la) and Example 1 (Ib). 111-NMR
(DM50-D6) 621.75-£.88 0HnaNk2 080 17 (2HMomy, 283 (3M o8P 287 (BHM:3},13.09-3.20 (2H, m),

3.58-3.68 (IH, m), 3.71-3.84 (2H. m), 4.21 (2H. s), 7.81 (1H, b s). 7.99 (1H, br s), 8.23 (1H, d, J = 8.5
Hz), 8.32 (1H?§¥,§3%.6'F ﬁéd?jg%.gﬁ&y,pg%éé (T58° (F{ I[}n%?z’ 358 (M+H)+ - 73 - [0076]

<Example 9>; 3. +5 10-membered heterocyclyloxy group optionally
8-(4-(2-[Methyl(methylsulfony)amino]ethoxy)piperidin-1y1)-1,6-naphthyridine-2-carboxamide [Chemical
formula 19] CH®stituted with group(s) selected from A2, and
a 3~ to 1lC-membered heterocyclylcarbonyl group optionally
substituted with group(s) selected from A2Z.
More preférably, Al~1 is a group selected from the
following group of substituents:
a dimethylcarbamoyl group,
a C1-C3 alkoxy group éptionally substituted with group(s)
selected from AZ,
a C1-C3 alkoxycarbonyl group cpticnally substituted with
group{s) selected from AZ,
a phenyl group optionally substituted with group(s)
selected froﬁ AZ,
a phenoxy group optionally shbstituted with group({s)
selected from AZ, and
a 3- to 1l0-membered heteroccyclyl group optionally
substituted with group(s) selected from AZ.
Particularly and further preferably, Al-1 1is a grocup
selected from the follewing group of substituents:
a phenyl group, a methoxy group, a methoxymethyl group, a
2-(tetrahydro-2H-pyran-4-yloxy)ethoxy group, a 2-

(cycleopropyloxy)ethoxy group, a 2-{dimethylamino)-2Z-



00 Using 4-{2- [methyl(methylsulfonyl)amino]ethoxy)piperidine (1.0 g, 4.25 mol) and
ethy1-8-bromo-1,6-naphthyridine-2- carboxylate (600 mg, 2.14 mmol), the desired title compound (115
mg, yield 13%) was obtained by the same method as in Example 1 (la) and Example 1 (Ib).
1H-NMR(DMSO-D6)6: 1.74-1.85 (2H,m),2.05-2.16_(2H,m), 2.85 (3H, s),2.91 (3H, s), 3.11-3.22 (2H,
m), 3.27-3.34 (2H, m), 3.56-3.68 (3H, m), 3.74-3.83 (2H, m), 7.82(1H, br s), 7.98 (IH, br s), 8.23 (1H,
d, J=8.5Hz), 8.32 (1H, s), 8.67 (1H, d, J = 8.5 Hz), 9.00 (1H, s). MS (FAB%) m/z: 408 (M+H)% [0077]
<Example 10> 8d4d&imethyleabapoy) pipelazin 1askrk f-napbthyridines2-carboxamide - 74 -

[Chemical formula 20
[methyl (methyleulfonyl}amino]ethoxy group, a 2-
sthoxyethoxy group, a 2-[(3R)-tetrahvdrofuran-3-
vloxylethoxy grous, a 2-[(38) -tetrahydrofuran-3-
vioxylethoxy group, a 2-{(tetrahydrofuran-3-
vimethoxy) ethoxy group, a thiazolyl group, & 2-{(4-
metheoxytetrahydrofuran-3-vi)oxyl ethoxy group, and a 2-
{tetrahydro-2H-pyran-4-yloxy)ethoxycarbonyl group.
[0032]

A compound having the general formula (I) having
each substituent as specified below is preferable:

B is a piperidinyl group optionally substituted with
group (g} selected from Al, a piperazinyl group opticnally
substituted with group(s) selected from Al, or a
morpholinyl group optionally substituted with group (=)
selected from Al,

A1l is the following group of substituents:

a hydroxyl group, a halogen atom, a cyanc group, a
dimethylcarbameyl greoup, a diethylcarbamoyl group, an
ethylmethylcarbamoyl group,

a CL-C3 alkyl group optionally substituted with group(s)
gselected from AZ,

a C1-C3 alkoxy group optionally substituted with group(s)
selected from AZ,

a C1-C3 alkylcarbonyl group opticnally substituted with
group(s) selected fLrom AZ,

a C1-C6 alkoxycarbonyl group optionally substituted with

groupi{s} selected from AZ,



CH3O0NO Using 4-(dimethylcarbamoyl)piperazine (560 mg, 3.56 mmol) and
ethyl-8-bromo-1,6-naphthyridine-2-carboxylate (500 mg, 1.78 mmol), the desired title compound (97
mg;, yield 17%) was obtained by the same method as in Example 1 (la) and Example 1 (Ib). 1H-NMR
(DMSO-D6) 3: 2.80 (6H, s), 3.39-3.50 (8H, m), 7-833(@AH; br s), 7.96 (1H, br s), 8.32 (1H, s), 8.69 (1H,
d, J MS (FAB+) m/z: 329 (M+H)+ [0078] <Example 11>
8-[3-(Methoxymethyl)piperidin-1-y1]-1,6-naphthyridine-2- carboxamide [Chemical formula 21] 0,,CH3 0

Using 3-(methoxymstbyl}piperidine (416 mg, S22 mnal):ard ituted with group!s)
ethyl-8-bromo-1,6-naphthyridine-2-carboxylate (600 mg, 2.13 mmol)-, the desired title compound (160
mg, - 75 - yield 259 Svasiéltaired: by the same method as in Example 1 (la) and Example 1 (Ib).

14-1-NMR (BM506D6 : 1.0%-1.31@5@& m%, 11.72-1. 1 (3H, ,5.15-%.’57 1H, m) €.64-2.74 (1H, m),
2.91-3.06 (LH: M) 327 (3H LJ3.56:3:38(2A ™), 3 8 %ﬁf%%f, WES -%.z?éi%, m),7.94(11-1,br s),
8.06 (1H, br eiected from L2,
a phenoxy group optionally substituted with groupis)
selected from AZ,
a benzoyl group optionally substituted with group(s)
selected from AZ,
a 3- to l0-membered heterocyclyl group optionally
substituted with group(s} selected from A2,
a 3~ to 10-membered heterccyclyloxy group optionally
substituted with group(s) selected from A2, and
a 3- to l0-membered heteroccyclylcarbonyl group optionally
substituted with group(s) selected from AZ,
AZ 1is the following group of substituents:
& hydroxyl group, a halogen atom, a cyanc group, a nitro
group, a dimethylcarbamoyl group, a diethylcarbamoyl
group, an ethylmethylcarbamoyl group, a
dimethylamincsulfonyl group,
a carbamoyloxy group cptioconally substituted with group(s)
selected from A3,
a C1-C3 alkylamino group optionally substituted with
groué(s) gselected from A3,
a Cl-C3 alkyl group optiocnally substituted with group{s)
selected from A3,

a Cl-C3 alkoxy group optionally substituted with group(s)

selected from A3,



8.25(1H, d,J =8.5 Hz),8.27(1E, s), 8.67 (1H, d, J = 8.5Hz), 8.97 (1H, s). MS (FAB+) m/z: 301
(M+H)+ [0079] <Example 12> 8-Piperidin-1-y1-1,6-naphthyridine-2-carboxamide (12a)
8-Bromo-1,6-naphthyridine-2-carboxamide [Chemical formula 22]
8-Bromo-1,6-naphthyridine-2-carboxylic acid (25:0 ¢ 38-8 mmol) was suspended in dichloromethane
(900 mL), to which 1,1'-carbonyldiimidazole (24.0 g, 148 mmol) was then added. The resulting mixture
was stirred for six hours until homogeneous. To the resulting reaction liquid, a 0.5 M ammonia/dioxane
solution (988 mLy wascaddesl; fallowerd:-by: stirsing iab neam tempeeaitre foed 24otirs.  The solvent
was distilled off under reduced pressure, and water (400 ml) was added. A solid precipitate was
collected by fiffizfioR (Fhe F83WfH§ Solid Wasitied - 76 - and then suspended in methanol (400 ml) to
give a powder. The powder was collected b fg:tr.ation ain, and.then dried to give the desired title
compound (ZE.SCﬁfcﬁe%%ﬁy&ffo-Wﬁp(Dﬁ 0 %’g}éééla%ﬁglt?rus ,e .1%1(? , brs), 8.38 (2H, d, J
= 8.4 Hz), 8.8§42tpded =24 4342):=9.14-(3H, 5% ,9.50 (1H, s). MS (El) m/z: 251, 253 (M)+ (12b)
8-Piperidin-I-y1-1,6-naphthyridine-2-carboxamide [Chemical formula 23] :
8-Bromo-1,6-paphthiridiné-2vdarbolramide 2241y, 9% himol} pioducedsn Example 42%12a) was
dissolved in piperidine 3152 , 1.78 mal), to which potassium carbonate (36.9 g, 267 mmol) and
tetrabutylamnfdifium 6 idé?%?%??ll%é%‘%@?ﬁmol) were then added, followed by stirring at 110C for
four hours. Pigeggi@gg\ée}%diétiu_%ognggr %Bq pressure. Toluene and water were added to the
residue thus obtained, and the resulting mixture was partitioned (the pH of the agueous layer was
adjusted to bexweaklydasic)cThe aguerus layer was extracted with dichloromethane again, and then
combined with the toluene layer. The resulting mixture was dried over anhydrous sodium sulfate and
the solvent wés distifiéd &ff URRRP FEGitelpresaTECTHE résid® this bBtafdedrwas sequentially
~purified by normal phase silica column chromatography ((after letting hexane : ethyl acetate, 50 :
50, flow throuaﬁgggﬁyilﬁaee h;vflga%c&étgtjé?urﬁetﬁ%ngﬁ 86% gd- %r “To, V), basic silica gel column
chromatography+hexane yethyhaeetate, 1000 =0 100 VAV) gabd fevsarse phase silica gel column
chromatography (water : acetonitrile, 90 : 10 - 60 : 40, V/V) to give the desired title compound (15.7 g,
yield 69%). substituted with group(s) selected from A3,

a 3= to 10-membered heterccyclylcarbonyl group optionally
substituted with group(s) selected from A3, and
a 3- to i0-membered heterocyclylsulfonyl group optionally
substituted with groupis) selected from A3,

A3 1s the following group of substituents:
a halogen atom, an amino group, a hydroxyl group, a i-
butoxycarbonylamino group, a Cl-~Cé alkyl group, a C1-C3
alkoxy group,.a halogeno C1-C3 alkoxy groué, a 3- to 10~
membered heterocyclyl group, a 3- to i{-membered
heterocyclyloxy group, a dimethylcarbamoyl group, a
diethylcarbamecyl group, an ethylmethylcarbamoyl group,
and a methylsulfonyl group,

B is an amino group, a methylamino group, or an
ethylamine group, and

X is =-N=.

[0033]



1H-NMR (DMSO-D6) 8: 1.60-1.69 (2H, m), 1.76-1.85 (4H, m), 3.37-3.45 (4H, m), 7.80 (1H, br s), 8.03
(1H,br s), 8.23 (1H, d, J = 8.5 Hz), 8.29 (1H, s), 8.67 (1H, d, J = 8.5 Hz), 8.99 (1H, s). MS (Er') m/z:
256 (M)'. [0080] <Example 13> 8-Morpholin-4-y1-1,6-naphthyridine-2-carboxamide [Chemical
formula 24] Using 8-bromo-1,6-naphthyridine32tcarboxamide (2.02 g, 8.0 mmol) produced in
Example 12 (12a), the desired title compound (1.10 g, yield 53%) was obtained by the same method
as in Example 12 (12b). - 78 - 1H-NMR (DMSO-D6) 6: 3.43-3.49 (4H, m), 3.88-3.93 (4H, m), 7.82
(1H, br s), 7.96 (1HrbESMBRE (L H 0y ey 8zl z )y 8r3drE@ H, 8px8169419,1d3 )] 18 Hg), 9.05 (1H, s).
MS (FAB+) m/z 259 (M+H)+ [0081] <Example 14> .
8-(Azepan--EHoh6 PR FARE2 TarsBEntidé Feh&RitarformuRr S5 T 2P tsing
8-bromo-1,6-naphtt]¥{ig' e.—%-caar o?midergzgijtgnng, 0.8 mmol) produced in Example 12 (12a), the
desired title compound g§mg, yleiy 265b) was obtained by the same method as in Example 12 (12b).
1H-NME (DMSO-Dg); 8:11.53-1:66; ¢4Hdmy,eh.83+1e96 (@i 11).3.88 (4wt - §o/ckdz), 7164 (1H, br
s), 7.96 (19, br s), 8.15 (19, d, J = 8.6 Hz), 8.19 (19, s), 8.55 (1H, d, J - 8.6 Hz), 8.69 (19, s). MS
(FAB+) m/z 25%:(#4H)22[0082]  <Example 15> :
4-(4-Phenylpiperazin-l-yl)isoquinoline-6-carboxamide (15a) 6-Bromo-4-hydroxyisoquinoline [Chemical
formula 26] 27885 1Y~ CEBPEMBYZ: (FHehyiEulfony1)-2,3-dihydroisoquinoline4(1H)-one (29 g, 79.2
mmol) was prpquced frarm é&gpg%w%@m&qgm accordance withdhe methed desaribed in
Tetrahedron 61 (2005) 8282 to' 8287, and then suspended in ethanol (300 ml). To the resulting
mixture, a 21%e seditierethoxideZsthanol solution (88.6 ml, 238 mmol) was added, followed by stirring
at room temperature for one hour. To the resulting reaction liquid, 5M hydrochloric acid (approximately
50 ml) was addéd forhettrafizatich: 2R the s BEENOPRES eistiliéd offthttfet FadR@dPreBsure. A solid
precipitate was colle(ctczd gﬁiltrcagigg. ¥her§o}%g was dried and then purified by silica gel column
chromatogragﬁffd?crﬁ romethane : methano ,100:0-50: 50, V/V) to give the desired title
compound (13.2 geyigld 5% g HDMMBABMSORS) B 778 B afdick ) 81k 8492), 8.03 (1H, d, J =
8.7 Hz), 8.11 (1H, s), 8.25-8.27 (1H, m), 8.82 (1H, s), 10.62 (1H, s). (15b) 2-(Trimethylsilyl)ethyl
4-hydroxyisogeiheline®é- Earboxiate [Chemical formula 27] - 80 -

6-Bromo-4-hydroxyisoguinoline (15.7 g, 70.0.mmol) produced in Example 15 (15a) was dissolved in
dimethylforménﬁ&‘és?fﬁbymﬁ&%’/vtﬂ&g ?Qﬂﬁ%&ﬁy%}fﬁéﬁhﬁkﬁcﬁ%o%fﬁ d‘ﬁggﬁr%gélbthylamine (27.1 g,

210 mmol), 1$%-PéséQnge@¥J8ﬁo§Qﬁin@l%opane (8.67 g, 21.0 mmol), and palladium chloride (3.72 g,
21.0 mmol) were then added, followed by stirring at 60C for eight hours under a carbon monoxide

atmosphere. Fhg-salvent ovas=gistilec-offunderaeduded pressure. Mbates masladded to the residue
thus obtained, and the resulting mixture was extracted with dichloromethane. The resulting organic
layer was driétov6i anfitolis S6diBHPSEfate ahfl H§EE6I9ent WS dfstilled off under reduced

pressure. The residyg thus obtained was uriged by silica gel column chromatography((a mixed
solvent of hexane :%?hyjt%cgta?éf%p: 136:3 et grcliol?'éf&?: gl?e %IoWowlng gI%uB %ﬁa

substituents:

a dimethylcarbamoyl group, a dimethylaminosulfonyl group,
a carbamoyloxy group optionally substituted with group(s)
selected from A3,

a C1-C3 alkylamino group optionally substituted with
group(s) selected from A3, '

a C1-C3 alkyl group optionally substituted with group(s)
selected from AZ,

a Cl*C3 alkoxy group optionally substituted with group(s)

salected from A3,



70 : 30, V/V) to give the desired title compound (17.3 g, yield 85.4%). 1H-NMR (CDC13) 8: 0.11 (9H,
s), 1.11-1.24 (2H, m), 4.46- 4.55 (2H, m), 8.02 (1H, d, J = 8.4 Hz), 8.24 (1H, d, J = 8.4 Hz), 8.38 (1H,
s), 8.87 (1H, s), 9.09 (1H, s). [0083]  (15c) 2-(Trimethylsilyl)ethyl 4- '
{[(trifluoromethyl)sulfonyloxy)isoguinoline-6-carboxylate-[Chemical formula 28] - 81 -
2-(Trimethylsilyl)ethyl 4-hydroxyisoguinoline-6- carboxylate (15.0 g, 51.8 mmol) produced in Example
15 (15b) was dissolved in dichloromethane (300 mL), to which pyridine (10.2 g, 130 mmol) was then
added. The resultiag teaction liguid was cpoledttd«25C 1tp whibh triftuoremhethidriesulfonic anhydride
(16.8 g, 59.6 mmol) was added. The mixture was warmed to room temperature over one hour while
stirring. The &58H1IAG Teadtforfiighfd wasRWashed Wittt a saturated aqueous solution of sodium

bicarbonate and saturated brine, and then dried gver.anhydrous, sadiym sulfats, The solvent was
T t
distilled off ur?dec"ryr%gﬁ%ee Erie%,}é re The Tes c‘i%le thus o talgﬁle was%uri led %y silica gel column

chromatogra@méﬂp@@peS‘@l@&@@gtaﬁ@,@o@xgo - 75: 25, VIV) to give the desired title compound
(17.0g,yield78%). 1H-NMR(CDC13) 5:0.12 (9H, s),1.16-1.28(2H,m), 4.48- 4.63(2H,m), 8.17(1H, d,
J=8.6Hz),8.35(11-12d,Ji= 88 HZ) 8166 CELES): 87 £ @HNs )i 85@H, s W I T5d - Primmethylsilyl)ethyl
4-(4-pheny|piperazin-lyl%isogqinoIine-6-carboxylate [Chemical formula 29] - 82 -
4-Phenylpiperasifié t£ 88 i, '12.5 mmol) was dissolved in toluene (8.5 mL), to which 2-

(trimethylsilyl)ethyl 4- {[¢trtluoramethy)sulfonyljexylisoguinelings6- garboxylate; 3-50 g, 8.30 mmol)
produced in Example 15 (15c), tris(dibenzylideneacetone)dipalladium (760 mg, 0.83 mmol),

2-dicyclohexylphasphino-R2& (N Noimethylaminojbiplueny| £6 5migy 1 66Lmomol), amdqpatassium
carbonate(3.44 g, 24.9 mmol) were then added. The resulting mixture was heated under reflux for 1.5
hours under B9iftF6yen &RIISPhefdr AfferEbbling, HREFEARIOR It Was filtered and the solvent was
distilled off. The residue thus obtained was seguentially purified by basic silica gel column
chromatography (hiefgalnse : gﬁyl’aeeﬁg‘%, ! Ooﬁ:gb - 58:r50, V) and normal phase silica gel column
chromatography (hexane gthyacetater80s 20 20:+80; MM) a-giyedhe desired fitle compound

(2.37 g, yield 66%).
ethylaminc group, and
¥ is —-N=,
[0034]

As the compound having the general formula (I), ones
demonstrated in Examples are particularly preferable.
Particularly, the following compounds are more preferable.

8-piperidin-1-yl-1,6-naphthyridine~2~carboxamide,
8-morpholin=-4-yl-1, 6-naphthyridine~2~-carboxamide,
8~ (4d-phenylpiperazin-l-yl) -1, 6-naphthyridine-2-
carboxamide,
8—(é—methoxypipexidin—l—yl)—1,6;naphthyridinem2—
carboxamide,

8-[3- (methoxymethyl)piperidin-1-y1]-1, 6-naphthyridine-2-
carboxamnide,
8~{4~[2-(tetrahydro-2H-pyran-4-yloxy)ethorylpiperidin-1-

yi}-1,6-naphthyridine-2-carboxamide,



1H-NER (CDC13) 8: 0.11 (9H, s), 1.16-1.21 (2H, m), 3.36- 3.41 (4H, m), 3.49-3.54 (4H, m), 4.49-4.53
(2H, m), 6.93 (1H,t,J=7.2 Hz), 7.05 (2H, d, J = 8.2 Hz), 7.33 (2H, - 83 -dd, J=8.2, 7.2 Hz), 8.03
(1H, d, J =8.4 Hz), 8.19 (1H, d, J = 8.4 Hz), 8.32 (1H, s), 8.89 (1H, s), 9.05 (1H, s). MS (ESI+) m/z:
434 (M+H)+ [0084] (15€) 4-(4-Phenylpiperazin-1- gisoquinoline-6- carboxamide [Chemical
formula 30] 2-(Trimethylsilyl)ethyl 4-(4-pheny_lpi>p( razin-1yl)isoquinoline-6-carboxylate (2.37 g,
5.47 mmol) produced in Example 3 (3d) was dissolved in tetrahydrofuran (27 mL), to which a 1.0M
ntetrabutylamm%[liu%flﬁgr%dmeggyial%x rgf%ran solution (16.4 mL, }%._4 mmol) was then added, followed
by stirring at room ?emﬁera ure for 1.5 hc?urgélf‘HgESIv% {W4S distied off under reduced pressure.
The residue thug obtained was dissolved: in;N.N-dimethylfermarpide {47 mis)-inder a nitrogen
atmosphere, to which ammonium chloride (2.92 g, 54.7 mol), triethylamine (9.14 mL, 65.6 mmol),
1-hydroxybenzotdazote: §261mg, 1.64 mmol), and N-[3- dimethylaminopropy1]-N'-ethylcarbodiimide
hydrochloride (5.24%], 27.3 mmo]) were added, followed by stirring at room temperature for 13 hours.
0

The resulting reaction 82 i RaSFikerstand i S0ibemsias disiited’ off uhdérreduced

pressure. The rgg%%% ;Qptained %g@@%@épasic silica gel column chromatography (hexane :
ethyl acetate, 50 : 50 - 0: 100, V/V) and recrystallized from a mixed solvent of ethanoldichloromethane
to give the desirgd title (compounet(:13:6.1 yield-62%). ddt-Nidly (DMSO-D6)6: B-28:3-32, (@H, m),
3.44-3.48 (4H, m), 6.84 (1H, t, J = 7.2 Hz), 7.06 (2H, d, J = 8.3 Hz), 7.27 (2H, dd, J = 8.3, 7.2 Hz), 7.65
(1H, br s), 8.08 [HHP -8, 2 1098 193 FL #2918 2 Hz), 8.31 (1H, s), 8.33 (1H, br s), 8.58 (1H, s),
9.10 (1H, s). MS,(FAB+) m/z; 333.(M+H)+ [00 ._<Example 16> . B

4-(Piperidin-1-yl ig guirg%ﬁﬁneef%c%}fggx%}?}nﬁﬁg%gi%ﬁﬁgé?Ozr%ﬁ%% S_YLH_ I\iIU ¢ Using piperidine (2.4 ml,
24 mmol) and 2n@rmethysilydethyt 4-{{ trflueramethyl)sulfonyl]oxylisoguinoline-6- carboxylate (5 g,
12 mmol) produced in Example 15 (15c), the desired title compound (1.18 g, yield 39%) was obtained
by the same me$hod: as AT Exermblel 15(@ 58)y and Example 35(15e) et 852 HNMR {BMSO-D6) 5:
1.61-1.68 (2H, mZ)‘5 1.79-%.84 gH%“rS) 3.06-3.12 (4H, m), 7.60 (1H, br s), 8.04 (1H, d, J = 8.5 Hz), 8.14
(1H, d, J = 8.5 HZ)) 8 21%ARF R 828 tHH 67 <) 8B L) T02 (1H, s). MS (El) m/z: 255 (M)
[0086]  <Examplg 17>.4s3:(Metboxymetybpiperiding L-yllisoguinoling 6; carhoxamide [Ghemical
formula 32] Using 3-(methoxymethyl)piperidine (185 mg; 1.43 mmol) and 2-(trimethylsilyl)ethyl 4-
([(trifluoromethybaulfanydlaxylispquinoline-6- carboxylate (300 mg, 0.71 mmol) produced in Example
15 (15c), the desired title compound (57 mg, yield 27%) was obtained by the same method as in
ExampbslSGSﬂ)%ﬁﬁﬁﬂiS ) —tetrahydrofuran-3-yloxylethoxylpiperidin-1-

yvi}-1,6-naphthyridine-Z-carboxramide,

N-ethyl=8~ (4~{2~[ (3R)~tetrahydrcfuran-3-
yvloxylethoxylpiperidin-1l-yi)-1, é-naphthyridine-2Z-
carboxamide,

8- (4-{2~[ (38} ~tetrahydrofuran-3-yloxy]ethoxyipiperidin-1-
yl)-1,6-naphthyridine-2-carboxamide,
N-ethyl-8-(4-{2~-[(38)-tetrahydrofuran-3-
vloxylethoxylpiperidin-1l-y1l)~1, 6-naphthyridine-2-
carhoxamide,
8-{4-[2-(tetrahydrofuran-3-ylmethoxy)ethoxylpiperidin-1-
vl}-1, 6-naphthyridine~2-carboxamide,
N-ethyli=-8~{4-{Z~-(tetrahydrofuran-3-
yvimethoxy)ethoxylpiperidin-1-yl}i-1, é~naphthyridine-2-

carboxamide,



1H-NMR (DMSO-D6) 3: 1.15-1.29 (1H, m), 1.76-1.91 (3H, m), 2.13-2.25 (1H, m), 2.60-2.70 (IH, m),
2.79-2.88 (1H, m), 3.25 (3H, s), 3.27-3.39 (4H, m), 7.61 (1H, br s), 8.05 (1H, d, J = 8.5 Hz), 8.15 (1H,
d, J =8.5Hz), 8.21 (1H, s), 8.25 (1H, br s), 8.51 (1H, s), 9.03 (1H, s). MS (El+) m/z 299 (M4) [0087] -
86 - <Example 18> 4-[4-(1,3-Thiazol-2-y|)piperazin_-y%]jysoguinoline-G- carboxamide [Chemical formula
33] P=al s ,N, N'Nz.0 Using (1,3-thiazol-2-yl)piperazine (241 mg, 1.42 mmol) and
2-(trimethylsilyl)ethyl 4- ([(trifluoromethyl)sulfonyl]oxylisoguinoline-6- carboxylate (400 mg, 0.949

mmol) produced jn Example 1n (;52& the desired-title.compaund {127 mg, yield 41%) was obtained by
the same method as in Examples 15(15d) and 15(15€). 1H-NMR (DMSO-DO 8: 3.25-3.31 (4H, m),

3.69-3.75 (4H, m},-6.92c(ibhd] D tr8 e z) 7. 24 (1 Hs dgu =8 YiMe), &6 2 DHExbre 1809 (1H, d, J =
8.7 Hz), 8.19 (1H, d, J = 8.7 Hz), 8.30 (Hi, s), 8.35 (1H, br s), 8.56 (1H, s), 9.11 (1H, s). MS (FAB+)
ﬁVZZ340(M+FD+%06§§F§O£t&aﬁuﬁ%ﬁiggginéilge g)cgf%oxa 1de;
4-{4-[2-(Tetrahydso-2H-pyran-2ydendethexylpipepdipelyilisceguinoliné-tscatbhoxamide 587 - [Chemical
formula 34] Usin%4-[2-(tetrahydro-2H-pyran-2- yloxy)ethoxy]piperidine (545 mg, 2.38 mmol) and 2-
(trimethylsilyl)eth§PERRTRMIGTEmethyl)sulfonylloxy soquinoline-6- carboxylate (668 mg, 1.59 mmol)

produced in Exa@pl?<%§£1—%®1<£k@a%§égﬁ@ﬂ?§pgze%r&dd@$ﬂlmgl yield §1%6)was,ebtained by the
same method as in Examples 15(15d) and 15(15e). 1H-NMR (DMSO-D6) 8: 1.42-1.53 (4H, m),

1.59-1.68 (1H, mye70:28948H, m), 2.05-2.14 (2H, m), 2.90-2.99 (2H, m), 3.36-3.41 (2H, m),

3.42-3.48 (LH, m), 3.51-3.66 (4H, m), 3.72-3,84 (2H, m), 4.62-4.65 (1H, m), 7.64 (LH, br s), 8.06 (1H,
d, J = .8.4 Hz), 8.“13{(%?1'%?%%%‘%?{ .é‘é% (,%‘)a,@‘.%é“(ll%—u%?r?s}, S8R, 551,%9. 4 (1H, sy MS

(FAB+) m/z: 400 i)+ {0Q8%], <Example 20> 4-[4-(2-Hydroxyethoxy)piperidin-I-yllisoquinoline-6-
carboxamide - 88 - '[Chemical formula 35] ( o
4-14-[2-(tetrahydro-2H-pyran-4-vyloxy)ethoxylpiperidin-1-
yljisoquinocline-é-carboxamide,
4-{4~[2- (cyclopropyloxy)ethoxy] piperidin-1-
vl}igoquineline-é6-carboxamide,
trans-8-(4-{2- [ (4-methoxytetrahydrofuran-3-
yvlioxylethoxylpiperidin-1-yl)-1,é-naphthyridine-2-
carboxamide, and
2- (tetrahydro-2¥-pyran-4-yioxy) ethyl 4-(2-carbamoyl-1,6-
naphthyridin-8-yl)piperazine-1l-carboxylate,
[00358]

The phrasge "optionally substituted with" preferably
refers to either being ungubstituted or being substituted
with one to three substituents.

The "3- to 10-membered heterocyclyl group" refers to
an azetidinyl group, a pyrrolidinyl group, a 1,4-dioxanyl
group, a hexahydrofuro(3.2.b!furanyl group, a piperidinyl
group, a morpholinyl group, a piperazinyl group, an
azepanyl group, a l,4-diazepanyl group, a pyrrolyl group,

" a thiazolyl group, a pyridyl group, a tetrahydropyridyl



4-{4-[2-(Tetrahydro-2H-pyran-2- yloxy)ethoxy]piperidin-1-yllisoguinoline-6-carboxamide (330 mg, 0.83
mmol) produced in Example 19 was dissolved in methanol-water (90 : 10, \J/V, 15 mL), to which
ptoluenesulfonic acid monohydrate (213 mg, 1.24 mmol) was then added, followed by stirring at room
temperature for 24 hours. After addition of triethylamine, (300 uL), the solvent was distilled off under
reduced pressure. The residue thus obtained was purifiled by basic silica gel column chromatography
(ethyl acetate : methanol, 100 : O - 80 : 20, V/V) to give the desired title compound (160 mg, yield

61%). 1H-NMR (DMSO-D6) 5: 1.76;1,86 06-2,14 2.91:2.9 )-3,36 (2H, m),
3.50-3.61 4.58-4.§f?ff-’1,5r?n%e;t.é§1 }Eﬂ% é%?)r %28”5% ( r,%g,p Hz)écfJ 8%5 %.%?3@5%%91 gzl) 8.23 (1H, s),
8.31 (1H, br s), 8.5041H, S, 208l SyoMSorAB) vz, 13k6-(MeH)fo f0G90] <Example 21> -
Tert-butyl (2-([1-(6-carbamoylisoquinolin-4-yl)piperidin3-yllmethoxyjethyl)carbamate - 89 - [Chemical
formula 36] y CHEEHFHERAS5 T TEng T&rt-batyT {2-(piperidin-3- yiethoxy)ethyllcarbamate (572 mg,

2.21 mmol) and 2- (trimethylsityl)ethyl 4, ([(ifiyerametivhsulienyioxylisoquineline-6: carhexylate (733
mg, 1.74 mmol) produced in Example 15 (15c), the desired title compound (497 mg, yield 54%) was

obtained by the safeunetisd a5 Exanfiftes 150! irF15a5ey *IHNVR @5813)%: 1.37 (11H,

s), 1.79-1.94 (2H, m), 2.21: 2,34 (14, m), 2,87 {1 ), 2.97- . m), 3.20- 3.41 (4H, m),
3.43-3.51 (2H, m)” )15%‘336’1 ?i‘f’l%erﬁ’), 3%.7:5? (%Hé g? %%‘%’.8%%53%%%%% (1%%, br s), 6.86 (1H, br s),

7.95-8.08 (2H, m)a 824 (hhy3)eBy5 3 {Hdys), 8.99 (1t 1s)d MS (Bl rafzod29 (M+H) [0091] <Example
22> 4-(3-[(2-Aminoethoxy)methyl]pipe din-1-yl)isoguinoline6-carboxamide hydrochloride - 90 -
[Chemical formul@3PEAESF L 1Y L oTan B 2-(FL- Ve ERASAMBYISSHifaIR-E- &
ya)piperidin-3-y|]r%qtggg)ﬁwligg{pa%glgﬁ%mgigg@ﬁﬂ@;@p Rredueed in Example 21 was

dissolved in dioxane (5 mL), to which a 4M hydrochloric acid/dioxane solution (2 mL) was added,

followed by stirring byeenight’atraons temperature; Loy completion sl the reheiidn, thesdlvent was

distilled off under reduced pressure to give the desired title 1H-NMR DMSE (16 6; 2.13-2.29 (1H, m),
z :

7.89 (IH, s), 7.98 GFP1RY, F 4B EOXASE + FRY 328 MEH) 80027 +2 iA’amﬁ?}fe%l%‘%‘“p’
4-(4—Hydroxy-4-pl‘§n§/gﬂ9§ﬂg@fl@¥w§%gﬂjﬂ]gm/e@r@ﬁfho@rﬁiggraﬁ%drofuranyloxy

group, a tetrahydroisoguinclinyloxy group, or a
decahydroisoquinolinyloxy group.

The "3- to lG-membered heterocyclylcarbonyl group”
is the aforementioned 3- to l0-membered heterccyclyl
group to which a carbonyl group is bound, and refers to
an azetidinvlcarbonyl group, a pyrrolidinylcarbonyl group,
a piperidinylcarbonyl group, a morpholinylcarbonyl group,
a piperazinylcarbonyl group, a 1,4-dioxanylcarbonyl group, .
an azepanylcarbonyl group, a 1,4-diazepanylcarbonyl group,
a pyrrolylcarbonyl group, a thiazolylcarbonyl group, a
pyridylcarbonyl group, a tetrahydropyridylcarbonyl group,
a tetrahydropyranylcarbonyl group, a
tetrahydrofuranylcarbonyl group, a
tetrahydroisoquinolinylcarbonyl group, or a

decahydroisoguinolinylcarbonyl group.



Using 4-hydroxy-4-phenylpiperidine (193 mg, 1.09 mmol) and 2-(trimethylsilyl)ethyl 4-
{[(trifluoromethyl)sulfonyl]oxy)isoquinoline-6- carboxylate (314 mg, 0.746 mmol) produced in Example
15 (15c), the desired title compound (200 mg, yield 60%) was obtained by the same method as in
Examples 15(15d) and 15(15e€). 11-1-NMR (DMSQ-B2@ 5: 1.79-1.87 (2H, m), 2.30-2.41 (2H, m),
3.24-3.38 (4H, m), 5.07 (1H, s), 7.26 (11-1,t, J = 7.3 Hz), 7.39 (2H, dd, J = 7.7, 7.3 Hz), 7.62 (1H, br
s), 7.63 (2H, d, J = 7.7 Hz), 8.07 (IH, d, J = 8.5 Hz), 8.16 (1H, d, J = 8.5 Hz), 8.30 (1H, s), 8.32 (1H, br
S), 8.57 (1H, s), 9.04 (fiHes). MSHE!"). MY 2348 (Mt H)+ {0083}« 1 sExample 24>group
4-(4-Pheny1-3,6-dihydropyridine-1(2H)-yl)isoquinoline-6- carboxamide - 92 - [Chemical formula 39]
4-(4-Hydroxy-4-ph%ntg}f‘8ip%ff&ﬁ?—ﬁ?ﬁigbaﬁiﬁéli%e’-é Laro iR A34HR§ S8 386 Thiiiol) produced in
Example 23 wasdisslved intritiyorgacetic-acid:(1ynL)dichiorgmethang (L 5.nk).and the resulting
mixture was heated to reflux overnight. Upon completion of the reaction, the solvent was distilled off
under reduced prEsstFEE TR TESIFME TRUS bbEiREe was puntied Byl silica el Eoliranehromatography
(hexane : ethyl age 't%é@ai%g,zgaﬁgn%/ﬂvétpo%%? the desired title. compaund, (108 mg, yield 85%).
1H-NMR (DMSO-Db)5: 2.74-2.84 (2H, m), 3.35-3.54 (2H, m), 3.88-3798 (2H, m3’, 6.42 (IH, m), 7.30
(1H, t, J = 7.3 Hz), PAG@H 1013 RTB M2y 766 {2Hpdedaif T $12) £ 3,62 (Mcs)p 8.08 (LH, d, J =
8.5 Hz), 8.18 (1H, d, J.= 8.5 Hz), 8.33 (#)4 s}l, 8.34 (1H, s), 8.57 (1H, ), 9.07 (1H, ). MS (Er') m/z:
330 (M+H)+ [0094] * ~ 2 REFEENCE ERamIE 124938 T ety Gio 2Ky tan A foxs &ty Thiperidine -
93 - (1a) Benzyl 4:{2:(tetrahwdror2iHsnyran-2oyloxy) gthexy]piperiding-caghoxylate, Chemical formula
40] 2-(Tetrahydro-2H-pyran-2-yloxy)ethyl 4- methylbenzylsulfonate (49.8 g, 166 mmol) was
dissolved in N,N-tietfylforpmaimioe (o0 ey té vivieHberizyl 4- hydroxy-I-piperidinecarboxylate
(31.19g, 132 mmol%ty\/r%%trhexnoadggg{ ﬁ%rgleirbrslo@urr%ggdridg (content 55 %) (7.23 g, 166 mmol) was
added at once, followed %y stfrring at roorm tem%ergturegfér two hours under a nitrogen atmosphere.
To the resulting reactian:ligpid, diehlolonethanelard-water were added, and the resulting mixture was
extracted with dichloromethane. The resulting organic layer was dried over sodium sulfate and the
solvent was distilfétF 6F TS radREed Predbiré THe Rsid 8¢ #itis olftaind was purified by silica gel

column chromatocgggggycgbg@g +Eihy agcetate 100 .0 'g?%ﬁ O, V/V) to give the desired title
compound (45.6 g, yield 95%). TH-NMR (0%013) §:1.49°1.6 (6H, m), 1.69-1.75 (1H, m), 1.78-1.88

(3H, m), 3.20-3.250@+,Jm), 3.45-3.66 (SH, m), - 94 - 3.74-3.90 (4H, m), 4.64 (1H, t, J = 3.7 Hz), 5.12
(2H, s), 7.29-7.38 (5H, m). (jb) Benzyl 4-(2-hydroxy§thoxy)pi eridine-1-carboxylate [Chemical formula
41]  Benzyl 4-[2-(tef3hydro-2FE pyrahi2- AERethdRy|Bipehbfifetl-CHrbBX§Hate e45.6 g, 125 mmol)
produced in Refefence Example L(la)was disselved inmethanel, o which piglyengsulfonic acid

monohydrate (11.9 g, 62.7 mmol) was added, followed by stirring at room temperature for 2.5 hours.
To the resulting reaetier diglid, ssoditnvbicarbonate fovedéry wasradded, andrtheysSolvet-was distilled

off under reduced gresssureéA iolidr%r&cipitg:[:e \évag_filgletreg oﬁ;: while washing with ethyl acetate. The
filtrate was concettratedRindar redbcad prédsufe “The résidtathis obtained was purified by silica gel

column chromatography{bexanec ethylaseiate605 40 = 05100, ¥AH:-ta-aive dhe deasireddtitle
compound (29.1 g, yield 83%). 1H-NMR (CDC13) 6: 1.52-1.60 (2H, m), 1.82-1.90 (2H, m), 1.98 (1H, t,
J = 6.0 Hz), 3.18324 Y28 piP 3:50-8I65 {1 K ImP 33813+ 2 1 8.6°HENB. 734gH L dt, J = 6.0,

preferably a methoxy group, an ethoxy group, a propoxy
group, an isopropoxy dgroup, or a t-butoxy group.

The "C1-C6 alkoxycarbonyl group" is the
aforementioned C1-C86 alkoxy group to which a carbonyl
group is bound, and is preferably a methoxycarbonyl group,
an ethoxycarbonyl group, a propoxycarbonyl group, an

isopropoxycarbonyl group, or a t-butoxycarbonyl group.



-95- 4.6 Hz), 3.79-3.86 (2H, m), 5.13 (2H, s), 7.29-7.38 (SH, m). [0095] (Ic) Benzyl 4-(2-{[(4-
methylphenyl)sulfony]oxylethoxy)piperidine-I-carboxylate [Chemical formula 42] Benzyl
4-(2-hydroxyethoxy)piperidine-1-carboxylate (20.0 g, 71.6 mmol) produced in Reference Example
1(1b) was dissolved in dichloromethane (360 mL), taiwhich N,Ndimethylaminopyridine (875 mg, 7.16
mmol) and triethylamine (20.0 mL, 143 mmol) were added. Further, p-toluenesulfonyl chloride (17.7 g,
93.1 mmol) was slowly added, followed by stirring at room temperature for 2.5 hours.  To the

resulting reaction liquid swater was added, andithe yasultingmixture was extracted with
dichloromethane. The resulting organic layer was dried over magnesium sulfate and the solvent was

distilled off undércredueed pressure. THiresiduelthgs obtained wias purified dyisilicalgel column
chromatography (hexane : ethyl acetate, 100 : 0 - 50 : SO, V/V) to give the desired title compound
(30.7 g, yield SO%}P- 96 - APHRMREISC15) LAFTCEFR M L. AFE TV 19D 2. 4813H, ),

3.19-3.24(2H,m),3,44- m).3.65 (2H, t,J - -3.70( 4.15(2H,t,J = 4.7 Hz), 5.12
(2H,s),7.30-7.?&5#&?,?4%&&§$§%g§58.6aHz£§.r ?’1%?%)1%&%9 U138
4-[2-(Tetrahydig-2br-pyranc4yloxy)ethepedpiperidinelcarhexylate-{Ghentical formula 43] Benzyl
4-(2-{[(4- methylphenyl)sulfony]oxy}ethoxy)piperidine-l-carboxylate (1.64 g, 3.79 mmol) produced in
Reference Example Ttie) Was disscivédy kEN;N-ginvéthy¥sraramite (t1b#nL), to which

tetrahydro-2H- ran-4-o\|/§540 1AL, 5.69. mmal) and sodium hydride (content %g( 48 mg, 5.69
mmol) were a (?eodr, Foliowed’ Bﬂ?%tiﬁ%g% rggqrgﬁem%re?autaret%r lhci()guréﬂ. a?Le%rovI\a1 szi added to the

resulting reactionJiguid, followee by gxtraction, with ethyl @ge@t%em@mﬂwga@gdwr was
washed with water and saturated brine, and dried over anhydrous sodium sulfate. The solvent was
distilled off under rethgéd picSsuye. Theoresidue thuswobisned wag pugifiediby silica gel column
chromatography - 97 - (ethyl acetate : hexane, 0 : 100 - 40 : 60, V/V) to give the desired title
Compound(3&?@@?@8&9§ﬂ%§onyl group, or a butylsulfonyl group, of

which a methylsulfonyl group or an ethylsulfonyl group is
more prefexabie.

The "hydroxy Cl-C6é alkyl group" is the
aforemantioned C1-C6. alkyl gréup to which a hydroxyl
group is bound, and is preferably a hydroxymethyl group,
a hydroxyethyl group, and a hydroxypropyl group, of which
a hydroxymethyl grcup and a hydroxyethyl group are more
preferable.

The "C3-C6 cycloalkyl group"” is a cyclic alkyl group
having a carbon number of 3 to 6, and is preferably a
cyclopropyl group, a cyclcbutyl group, a cyclopentyl
group, or a cyclohexyl group.

The "C3-C6 cycleoalkoxy group™" is the aforementioned
C3-C6 cycloalkyl group to which an oxygen atom is bound,
and ls preferably a cyclopropyloxy group, a cyclobutyloxy
group, a cyclopentvloxy group, or a cyclohexyloxy group.

{G037]



'H-NMR (CDC13) 5: 1.58-1.60 (4H, m), 1.86-1.89 (4H, m), 3.20-3.23 (2H, m), 3.40-3.46 (2H, m),
3.51-3.53 (2H, m), 3.60-3.63 (4H, m), 3.80-3.82 (2H, m), 3.92-3.94 (2H, m), 5.12 (2H, s), 7.34-7.35
(591, m). MS (FAB) m/z: 364 (M+H)+ [0096] (1e) 4-(2-(Tetrahydro-2H-pyran-4-
yloxy)ethoxyJpiperidine [Chemical formula 44] K;b 41 Benzyl 4-[2-(tetrahydro-2H-pyran-4-
yloxy)ethoxy]piperidine-I-carboxylate (505 mg, 1.39 mmol) produced in Reference Example 1(1e) was
dissolved in methanol (15 mL), to which palladium hydroxide (50 mg) was added, followed by stirring
at room temperaturerfos 18Jwpurs wingera hygeagen atmasppakes Fhegesulting seaction liquid was
filtered through Celite, and the solvent was distilled off under reduced pressure to give the desired title
compound (318t yield 10096). 2HNKRECOENI)5IE231, 52 2 hE1.58-26102H, m),
1.85-1.96 (491, m), 2.61-2.67 (2H, m), 3.09-3.11 (291, m), - 98 - 3.40-3.46 (3H, m), 3.50-3.57 (IH, m),
3.61-3.62 (4H? h1)'B.932396 ?—F%g MS (FAB) m/z: 230 (MH) [0097]  <Reference Example 2>

4-(2-[(3R)-Tetrahydrefuran-gyiexylethoxypipedding fehemical ormula-dpln t 1 Ysing benzyl
4-(2-1[(4- methylphenyl)sulfony]oxy}ethoxy)piperidine-I-carboxylate (4.00 g, 9.23 mmol) produced in
Reference Exaiiple t{Ic)@and(3R)<detrahydrofuran-8ygl<d. 05tprd 216 nimaol),dhe desired tite
compound (1.56 g, yield 79%) was obtained by the same method as in Reference Examples 1(1d) and
1(1e). 1H-NNW@W%)QF@L%@-&.A?B"(ZH%)?T.ﬁgb@f§5@¥ﬂﬁ§,f1.@1793?.61 Rhthyloxy

23T SN IR DA D BRI 754 04 m. 500

The "C6-Cl10 arylcarbonyl group" is the
aforementioned C6-C10 aryl group to which a carbonyl
group 1s bound, and is a benzoyl group, an
indenylcarbonyl group, and a naphthylcarbonyl group, of
which a benzoyl group is preferabie.

The "di Cl1-C6 alkylcarbamoyl grcup"” is the
aforementicned C1-C6 alkyl group to which a carbamoyl
group is bound, and is preferably a dimethylcarbamoyl
group, a diethylcarbamoyl group, or an
ethylmethylcarbamoyl group.

The "di Cl1-C6 alkylaminosulfonyl group” is the
aforementioned Cl—C6.alkyl group to which an
aminosulfonyl group is bound, and is preferably a
dimethylaminosulfonyl group.

The "Cl-C6 alkoxycarbonylaminc group” 1s the
aforementioned C1-C6 alkoxy group to which a
carbonylamide group is bound, and is preferably a t-
butoxycarbonylamino group.

The "C1-C6 alkylamino group" 1is an amino group to
which one of the aforeméntioned Cl1-C6 alkyl groups is

bound, and is preferably a methylamino group, an



216(M+H)+ [0098] <Reference Example 3>
4-(2-[(35)-Tetrahydrofuran-3-yloxy]ethoxy}piperidine [Chemical formula 46] - 99 - Using benzyl
4-(2-{[(4- methylphenyl)sulfonyloxylethoxy)piperidine-1-carboxylate (4.00 g, 9.23 mmol) produced in
Reference Example 1(1c) and (3S)-tetrahydrofuran¢3-ot-(1.05 g, 12.0 mmol), the desired title
compound (1.52 g, yield 77%) was obtained by the same method as in Reference Examples 1(1d) and
1(1e). 1H-NMR (00013) 5: 1.39-1.46 (2H, m), 1.90-1.95 (2H, m), 1.97-2.01 (2H, m), 2.57-2.62 (2H, m),
3.06-3.10 (2H;trh); B236-804 25(4410m), 8. 55-Gr68L (H nv), 3774R.8448Hi A)P3OOY1FMGNI = 7.8 Hz),
4.16-4.19 (1H, m). MS (FAB) m/z: 216 (M+H)+ [0099]  <Reference Example 4>
4-[2-(Tetrahydrtiran-8-yIrfethdky)etoxfpid&fdiRe [Chemical formula 47] - 100 - (4.00 g, 9.23
mmol) produ igﬁeference Example 1(1c) and (tetrahydrofuran-3-yl)methanol (1.23 g, 12.00l), the
desired title compound (1.41 g, yield 67%) was obtained by the same method as in Examples 1(1d)
and 1(1e). IH-NMR1({¢DPC13I) 16 dkd2- 1049 (2H ah )k 11541 63(1H;18) £180-1.96 (2H, m), 1.97-2.04
(1H, m), 2.50-2.58 (1H, m), 2.59-2.65

aforementioned C1-C6 alkyl group that is substituted with

halogen atom(s). Examples thereof include a fluoromethyl

roup, a difluoromethyl group, a trifluoromethyl group, a

fluorcethyl group, a difluoroethyl group, a

trifluoroethyl group, a flucropropyl group, a

difluoropropyl group, a trifluorcpropyl group, a

fluorobutyl group, a diflucrobutyl group, a

trifluorcbhutyl group, a fluoropentyl group, a

difluoropentyl group, a trifluoropentyl group, a

fluorohexyl group, a diflucrchexyl group, a

trifluorohexyl group, a pentafluoroethyl group, a

hexaflucropropyl group, a nonafluorobutyl group, a

chloromethyl group, a dichloromethyl group, a

trichloromethyl group, a chloroethyl group, a

dichloroethyl group, a trichloroethyl group, a

chloropropyl group, a dichloropropyl group, and a

trichloropropyl group.

The "halogeno Cl~-C6 alkoxy group™ is the

aforementionad Cl1-Cé6 alkoxy group that is substituted

with halogen atom(s). Examples thereof include a

fluoromethoxy group, a difluocromethoxy group, a

trifluoromethoxy group, a filucrocethoxy group, &

difluoroethoxy group, a trifluoroethoxy group, a

fluoropropoxy group, a difluoropropexy group, a



(2H, m), 3.07-3.12 (2H, m), 3.37-3.42 (2H, m), 3.43-3.49 (1H, m), 3.57-3.63 (5H, m), 3.70-3.75 (1H,
m), 3.81-3.85 (2H, m). MS(FAB) m/z: 230 (M+H)+ [0100] <Reference Example 5>
4-{2-[(Dimethylamino)sulfony)ethoxY}piperidine (5a) benzyl 4-{2-
[(Dimethylamino)sulfony]ethoxY Ipiperidine-I-carboXyfate [Chemical formula 48] (r.,,,,S02N(CH3)2
Benzyl 4-hydroxypiperidine-l-carboxYlate (5.0 g, 21.2 mmol) was dissolved in tetrahydrofuran (100 ml),
and while cooling with ice, sodium hydride (content 55%) (1.0 g, 22.9 mmol) was added. The resulting
mixture was stirteéid for 3fomintesy white coplirg With doe; toriviikch 20 miref & solution of
N,N-dimethylethenesulfonamide in
difluorocbutoxy group, a triflucrobutoxy group, a
fluoropentyloxy group, & difluoropentyloxy group, &
trifluoropentyloxy group, a fluorchexyloxy group, a
difluorohexyloxy group, a trifluorchexyloxy group, a
pentaflucoroethoxy group, a hexaflucropropoxy group, a
nonafluorobutoxy group, a chloromethoxy group, a
dichloromethoxy group, & trichloromethoxy group, a
chloroethoxy group, a dichlorcethoxy group, a
trichloroethoxy group, & chloropropoxy group, a
dichloropropoxy group, or a trichloropropoxy group.
Thé "halogen atom” can be, for example, a fluorine
atom, a chlorine atom, & bromine atom, or an lodine atom,
of which a fluorine atom or a chlorine atom is preferable.
[0039]
The term "treatment" refers to curing or improving
diseases or symptoms, or suppressing symptomé.
The "pharmacologically acceptable salt thereof"
refers to a salt that can be used as a medicine (fox
example, ones listed in J. Pharm. Sei., 66: 1~19 (1977)).
The compound of the present invention having an acidic
group or a basic group can be obtained as a basic salt or
an acidic salt through reaction with a base or an acid,
respectively; thérefore, such a salt is referred to as
the "pharmacologically acceptable salt thereof.”
Preferable examples of a pharmacologically

acceptable "basic salt" of the compound of the present

invention include an alkali metal salt such as a sodium



- 101 - tetrahydrofuran (3.0 g, 22.2 mmol) was added dropwise over five minutes. The resulting
mixture was stirred for 30 minutes while cooling with ice, and then for three hours at room
temperature. The resulting reaction liquid was poured into water and then extracted with ethyl acetate.
The resulting organic layer was sequentially washeél4with water and saturated brine, and then dried
over sodium sulfate. The solvent was distilled off under reduced pressure. The residue thus obtained
was purified by silica gel column chromatography (hexane : ethyl acetate, 50 : SO - 0 : 100, V/V) to
give the desiredtitle compaurds (4.9 gs yietd 62%). EH-NMR {GDCES)8: 1:48-2.643(2H;#n), 1.82-1.92
(2H, m), 3.14-3.25 (4H, m), 3.49-3.58 (1H, m), 3.79-3.89 (4H, m), 5.12 (2H, s), 7.28-7.42 (5H, m). (5b)
4-(2-[(Dimeth§ R0 hy e tHdxy Shiperidife JCREAREPfoMRURE4S) 2UEinG BLhzyiD-[2-
[(dimethylamino)sulfonylJeth iperidine-1-carbo ( 13,2 in. Reference
Example 5(55),&tsce' dgéregdgﬁ?ﬁgé%m%é%r?g (?;3. 1619? y%llg} tggésgvx%’% %bté%g}gpb:&%%?}sqa&rg\legrﬁthod asin
Reference Example 1{1e): 1&-NMRACPE13) 8t 1.37-1 b0 12k ymdt.98-280 £2Ham), 2.56-2.66 (2H,
m), 2.88 (6H, s), 3.04-3.14 (2H, m), 3.22 - 102 - (2H, t, J - 6.2 Hz), 3.37-3.46 (1R, m), 3.84 (2H, t, 6.2
Hz). [0101] d<iReferervier Bidnplasss:[(Bifldoromethoxymethgipibefidine (6a) BenAR
3-[(diflutoromethcxy ethylg)ipegjne-l- c?rbox late c[f(:hdemical fo_rLrQuIa 50] OCHF2 0A01 Benzyl
3-(hydroxyméthii§ igéﬁ;‘ié% SELErDaRy AR (2,49 oP10.0Tmol) W S

0 mrrﬁol) was disSolved in acetonitrile (100 mL),

to which copper.iodide £))(2,86.9.45,@ mmeh ang.-2:2-difluores21forosulfonyl)acetic acid (2.66 g,

15.0 mmol) were added, followed by stirring at 80C for 20 minutes. The mixture was brought down to
room temperatuieyctoavhich adéquatecameunts of hexdme=ane éthyl acétate weresadded,Followed by
neutralization with a 2M ammonia/methanol solution. Impurities were filtered off, and the solvent was

distilled off urdeF redbged Bressufd THelre5RitREh G dbtairedWwks Putified By BaSt 'siica gel column
chromatograghy (hexaney sl acetate, 1000 -0; 19 MIV)Ip divadhe deslied e campound
.82 g, yield 61%). H-NMR(CDC13) 8: 1.22-1.34 (1H, m), 1.41-1.55 (1H, m), 1.64-1.73 (1H,
m), 1.76-1.92; @H; M) 2x8%2897 (2H, m), 3.64-3.77 (2H, m), 3.93-4.21
[0o4c]
Preferable examples of a pharmacologically
acceptable "acidic salt" of the compound of the present
invention include a hydrohalide such as hyd;ofluoride,
hydrochloride, hydrobromide, and hydroicodide, an
inorganic acid salt such as nitrate, perchlorate, sulfate,
and phosphate; an organic acid salt such as lower
alkanesulfonate such as methanesulfonate,
rrifluoromethanesulfonate, and ethanesulfonate,
arylsulfonate such as benzenesulfonate and p-
toluenesulfonate, an organic acid salt such as acetate,
malate, fumarate, succinate, citrate, ascorbate, tartrate,
oxalate, and maleate; and an amino acid éalt such as a
glycine salt, a lysine salt, an arginine salt, an
ornithine salt, a glutamic acid salt, and an aspartic

acid salt, of which a hydrohalide is most preferable.

[0041]



(2H, m), 5.13(2H, s), 6.18 (1H, t, J = 74.5 Hz), 7.28-7.41 (SH, m). (6b) 3-[(Difluoromethoxy)methyl
piperidine [Chemical formula 51] Using benzyl 3-[(difluoromethoxy)methyl]piperidinel-carboxylate
(1.97 g, 6.58 mmol) produced in Reference Example 6(6a), the desired title compound (1.00 g, yield
92%) was obtained by the same method as in Reférenee Examplel(le). 111-NMR(CDC13)
8:1.12-1.20(1H,m),1.43-1.52(IH,m), 1.65-1.71 (1H, m), 1.77-1.85 (2H,m),2.35-2.40 (1H, m), 2.53-2.59
(1H, m), 2.98-3.03 (1H,m),3.10-3.14 (1H, m), 3.64-3.71 (2H, m), 6.18(1H, t,J =75.0Hz). [0102]

The compound of the present invention or the

pharmacologically acceptable salt thereof may absorb
water, contain hygroscopic water, or form a hydrate, when
left in the atmospheré or subjected to recrystallization.
The present invention also'encompasses compounds 1in such
varicus forms of hydrates, solvates, and crystal
polymorphs.

[0642]

The compound of the present invention, a salt
thereof, or a solvate thereof may be present as variocus
isomers such as geometric isomers including a cis-—-form, =z
trans—-form, etc., tautomers, or enantiomers such as a D-
form and an L—-form, depending con the kind and combination
of substituents. Unless otherwise specifically
restricted, the compcund of the present invention
encompasses all of these isomers and sterecisomers, and a
mixture containing these isomers and sterecisomers in any
ratio. A mixture of these isomers can be separated by
publicly known means of partitioning.

The compcound of the present invention also
encompasses a labeled compound, namely the compound of
the present invention in which one or more atoms are
substituted with radicactive or nonradioactive isotopes
(for example, °H, °H, “c, *'c, and *°s).

100431

Further, the present invention also encompasses

pharmacologically acceptable so-called prodrugs cof the

compound of the present invention. A pharmacologically



<Reference Example 7> 2-(Methoxymethyl)morpholine (7a) 4-Benzy1-2-(methoxymethyl)morpholine
[Chemical formula 52] ,AD.),CH3 -104 - (4-Benzylmorpholin-2-yl)methanol (1.00 g, 4.83 mmol)
was dissolved in N,N-dimethylformamide (15.0 mL), to which sodium hydride (content 55%, 255 mg,
5.85 mmol) was then added while cooling with ice.4fheTesulting mixture was stirred for 20 minutes
while cooling with ice. Subsequently, iodomethane (0.364 mL, 5.85 mmol) was added to the resulting
reaction liquid, followed by stirring at room temperature for two hours. Water and ethyl acetate
were added todthegreaction kiquid foliovied by extractiorwith eting aeemr@umetﬁfefs’altm@fbrganic layer
was dried over sodium sulfate. The solvent was distilled off under reduced gressure The residue thus
I

obtained wa®Bufifed’ By Sitica et ColammehrBmatdgtabhy thexine ethyl 4t8tHte, 100 : 0 - 80 : 20,

V/V) to give the desired ti p (106 |d 99% n
1H-NMR(CDCI3)8" }iy994 55%9%2 m%g&ilgh% >3 ()1% rﬁ 28)&? B3 35-3.45(2H, m),3.36 (3H,

S), 3.46- 3.54(2Hm), 867 -3/ 6(2H ) 1 3.87=3.90 (L ey, 1’38?5165(35;]1&:&'&1). conditions.

(7b)2-(Methoxymethyl)morpholine
Examples of a group forming such a prodrug include ones
dezcribed in Prog. Med., Vol. 5, pages 2157 to 2161,
1985; Ivakuhin no kaihatu (literal translation:
development of pharmaceutical product) (Hirokawa Shoten
Ltd.) Vol. 7, Bunshi Sekkei {literal translation:
molecular design) pages 163 to 198; Advanced Drug
Delivery Reviews (1996} 19(2): 115 to 130, etc. DMore
specifically, examples of the prodrug of the compound of
the present inventicn having an amino group include the
compound in which the amino group is acylated, alkylated,
or phosphorylated (for example, the compound in which the
amino group 1s converted into eicosancyl, alanyl,
pentylaminocarbonyl, (5-methyl-2-oxo-1,3-dioxolen-4-
yl)methoxycarbonyl, tetrahydrofuranyl, pyrrolidylmethyl,
pivaloyloxymethyl, and tert-butyl). Also, more
specifically, examples of the prodrug of the compgund of
the present invention having a hydroxyl group include the
compound in which the hydroxyl group is acylated,
alkylated, ?hosphorylated, or borated (for example, the
compound 1in which the hydroxyl group is converted into
acetyl, palmitoyl, propanoyl, pivaloyl, succinyl, fumaryl,
alanyl, and dimethylaminomethyicarbonyl).' Also, more
specifically, examples of the prodrug of the compound of

the present invention having a carboxyl group include the



[Chemical formula 53] Using 4-benzy1-2-(methoxymethyl)morpholine (1.06 g, 4.79 mmol)
produced in Reference Example 7(7a), the - 105 - desired title compound (554 mg, yield 88%) was
obtained by the same method as in Reference Example 1(1e). 1H-NMR (00013) 8: 2.65 (IH, dd, J -
12.0, 10.3 Hz), 2.78- 2.82 (1H, m), 2.86-2.92 (2H, m)] 3-34-3.42 (2H, m), 3.38 (3H, s), 3.60-3.68 (2H,
m), 3.89-3.92 (IH, m). [0103] <Reference Example 8>
4-[2-(1,4-Dioxan-2-ylmethoxy)ethoxy]piperidine [Chemical formula 54] coo Using benzyl 4-(2-{[(4-
methylphenylisifonyloxyjethaxy)pipetidinesl=casbaxylatex3:8:9,118.8 smrael) preduced in Reference
Example 1(1c) and 1,4-dioxan-2-ylmethanol (1.78 g, 15.1 mmol), the desired title compound (4.4 g,
yield 61%) was'éBRifell by fHe SamEmMcthod 2R if Rekerénte Exarfipled 1@y ame {28y 1H-NMR

(00013) 8: 1.411?-11.154 ZsH’er% ]18_9% 9e81¥€£ r%), 2b§11-r21. _(glsj gp .395&3.14 (2H, m), 3.37-3.83 (14H,
m). [0104] 9iReferenice x%mp € 954- ﬁ fanis-4-me hoxy etréhyd%omran-B-

ylJoxy}ethoxy)piperiding <9y BenzylA-{Z{(trans--hydraxytetianydrotan-3zsterified,
yl)oxylethoxy)piperidine-l-carboxylate - 106 - [Chemical formula 551 Benzyl
4-(2-hydroxyethwory)piperidine kcarboryater G216 §, 24 0hmenp) oroducadomyRéfeyénce Example 1(1b)
and 3,4-epoxytetrahydrofuran (1,03 g, 12.0 mmol) were dissolved in dichloromethane (5.0 mL). To the
resulting mixtﬁ?&%ﬁSﬁo%‘j[riflﬁgﬁtﬁd@gl thyl Bt CompléR (684 §°2.4 mmol) was added at room
temperature,Jq)IB)md by stirring for 16 hours. More boron trifluoride diethyl ether complex (0.34 g, 2.4
mmol) was added, followed by further stirring for two hours. Triethylamine (1.82 g, 18.0 mmol) was
then added, and the( Fesudting-reactiar tiguid \was directly purified by basic silica gel column
chromatography (hexane : ethyl acetate, 100 : O - 0 : 100, ethyl acetate : methanol, 100: 0-95: 5,
VIV) to give the deslfed tRI&ESHpGUrfel(2E1 g PyieREAIL L THRNMRICDE13B: 1.51-1.59 (2H, m),
1.80-1.88 (2H, m), 1.90.(

M) L. JE)H’ % J=52Hz a3'%6-3'23 rg)l 3. 8-§.54 lHO,Cm) gi%Sn-3.64 (2H, m),
3.78-3.87 (1K M) A56-4°33 RBEMS (S +) iz 566 @ﬁ’%ﬁ Y07 ”(é‘b)&éenzy |
4-{2-[(trans-4rpethoxytetiahydeofutan: 3-yexylethaxdpiperidine-1-garhoxylate [Ghemnical formula 56]
00 0-CH, C-C1/NvO0O
based on the basic structure of the compound or the kind
of the substituent. Examples of the publicly known
. method include methods described in "ORGANIC FUNCTIONAL
GROUP PREPARATICNS", second-edition, ACADEMIC PRESS, INC.,
198%, and "Comprehensive Organic Transformations™, VCH
Publishers Inc., 1989, and the like.
Upon production of the compound of the present
inventicn, depending on the kind of the functional group,
it may be effective, from the production technique point
of view, to protect the function group of a raw material
or intermediate compound with an appropriate protective
group or replace the functional group by a readily-
convertible group in advance.
Examples of the functional group include an amino
group, a hydroxyl group, and & carboxyl group, and

examples of the protective group thereof include ones

described in "Protective Groups in Organic Synthesis



Using benzyl 4-(2-[(trans-4-hydroxytetranydrofuran3-yl)oxy]ethoxy)piperidine-1-carboxylate (2.28 g,
6.25-mmol) produced in Reference Example 9(9a), the desired title compound (1.95 g, yield 82%) was
obtained by the same method as in Reference Example 7(7a). 1IE-NMR (CDC13) 3: 1.49-1.61 (2H, m),
1.78-1.89 (2E, m), 3.17-3.25 (2H, m),3.37 (311, s),3.48-3.55 (111, m), 3.58- 3.67(411, m), 3.75-3.88
(511, m),3.90-3.96 (211, m), 3.98- 4.02(1H, m), 5.12(211, s), 7.28-7.40(511, m). MS (Erf) m/z: 380
(M+H)4 (9c) Trans-4-(2-{[4-methoxytetrahydrofuran-3- ylJoxy)ethoxy)piperidine [Chemical formula 57]
0-CH3 Using (henzytid<(2i{ firans-4-aisthdxytetratyenofuyary 3vyl|diadethexypiperidihe-1-carboxylate
(2.90 g, 5.01 mmol) produced in Reference Example 9(9b), the desired ,
' Wuts. These protective groups can be appropriately
selected in accordance with their reaction conditions.
According to these methods, a desired compound can be
obtaingd by introducing the substituent and carfying ocut
the ﬁeaction, and then removing a protective group or
converting the substituent into a desiréd group, as
needed. |
Further, a prodrug of the compound of the present
inventieon can be produced by, similarly to the
aforementioned protective groups, introducing a specific
group into a raw material or intermediate compound, or
carrying out the reactions using the compound of the
present invention produced. The reaction can be carried
out by applying a method publicly known to those skilled
in the art such as methods normally performed, for
example, esterification, amidation, dehydration, and
hydrogenation.
Hereinbelow, the production method of the compound
of the present invention will be described. However, the
production method is not limited to the below-described
methods in any way.
[0045]
An overview of the production method of the compound
of the present invention is shown below. That is, the
compound c¢f the present invention (I) can be produced,

using a compound (I') as a raw material, by a method

including principle steps of (1) introducing.a



- 108 - title compound (1.23 g, yield 100%) was obtained by the same method as in Reference
Example 1(1e). 111-NMR (CDC13) 3: 1.41-1.48 (211, m), 1.89-1.95 (2H, m), 2.58-2.64 (2H,
m),3.06-3.11 (211, m),3.37 (3H, s), 3.37- 3.42(1H, m), 3.60-3.67(411, m), 3.77-3.80 (211, m), 3.86-
3.88(1H, m), 3.92-3.96(211, m), 4.01-4.03 (1H, m).__ Mg (EAB4') m/z: 246 (M+H)' [0105]

<Reference Example 10> 4-(2-1[Trans-4-(difluoromethoxy)tetrahydrofuran-3- ylJoxylethoxy)piperidine
(10a) Benzyl 4-(2-{[trans-4- (difluoromethoxy)tetrahydrofuran-3- ylJoxylethoxy)piperidine-1-carboxylate
[Chemical form"&]]%g’é]roc dQQ b&?éﬁ "A"™ in the presence of palladium
4-(2-[(trans-4-hydroxytetrahydrofuran3- yl)oxy]ethoxy]plperldlne -I- carboxylloate (2.65 g, 7.25 mmol)
produced in Refetenee Exampled(9a), thexdesiraddtitte:compoand (k19 gn yietdk40%)pwas obtained by
the same method as in Reference Example 6(6a). 1H-NMR (CDC13) 5: 1.49-1.61 (2H, m), 1.77-1.90
(2H, m), 3.17-3.26 {2, M) .47-3.55 (1H, m), 3.57-3.63 (2H, m),

[Chemical Formula 3

A 0
z o {1y A-H
Coupling Reaction Sy x\
X catalyzed by Pd 8
\ RN o' Y Y t

2) amidationwith B-H N 2~

-0OR'is transformed to B

Z: Halogen or CF3S0,0-
R': alicyl, aryl, aralky!
B-H: ammaonia, primary or secondary amine

Further, the production method in which the
heterocyclyl group "A" contains a nitrogen atom as a
hetero atom will be described in detail below.

[0046]

{Chemical formula 4]

Synthetic Method foward Naphthyridine Derivatives

Method A
Halogen O Halogen 0 ‘SS\N;LL 0
N A1 N A-2 N
] Ry Ok —— l RN RN OR® | S Na oRa
N H*/ R%OH N Pdcatalytic N
(alcohol) amination
(1) (@) (3)
R# alkyl group, aryl gorup or aralkyl group
o
N7 0
A-3 N
YUY OB
B-H B-H N. A~ B-H: ammonia, primary or secondary amine

MeOH ©F Me,Al

The production method A is a method for producing a
naphthyridine compound (4} of the present invention,

including the following steps:



- 109 - 3.64-3.73 (2H, m), 3.75-3.87 (4H, m), 3.96-4.05 (2H, m), 4.10-4.16 (1H, m), 4.73-4.77 (1H, m),
5.12(2H, s), 6.26 (1H, t, J = 73.4 Hz), 7.29-7.40 (5H, m). MS (EI-) m/z: 416 (M+H)+ (10b)
4-(2-{[Trans-4-(difluoromethoxy)tetrahydrofuran-3- ylJoxy}ethoxy)piperidine [Chemical formula 59]
Using benzyl 4-(2-f[trans-4- (difluoromethoxy)tetrahy/@rofuran-3- ylJoxy}ethoxy)piperidine-1-carboxylate
(1.88 g, 4.53 mmol) produced in Reference Example 10(10a), the desired title compound(1.20 g, yield
94%) was obtained by the same method as in Reference Example 1(1e). 1H-NMR (CDC13) 8:
1.42-1.50 (2K 1Y, 182 (fH; thirg), 2.89°mB5Y2H, r},)2.6012066 (2H9MD98106-3.22 (BH, A1),

esterification reaction of a carboxyl group using an acid
catalyst and the like in an alcohol solvent,
"A-2: reacting a cyclic amine compound with the compound
(2) in the presence of a palladium catalyst to replace
the halogen group on the naphthyridine ring of the
compound {2) by a cyclic amino group to produce a
compound (3}, and

A-3: performing an amidation reaction between the ester
group of the compound (3) and an amine to produce the
compound (4), the compound of the present invention.
[0047]

[{Chemical formula 3]

Synthetic Method toward Naphthyridine Derivatives

(2)
Method B
B-1b | B-H
MeOH
Br o B-2 c‘s‘“rsf’%1 o)
B-1a N
M) — e (Y B N
C B-H N A amine,TBAl N N
condensation (5) KzCOs (6)

The production method B is a method for producing a
naphthyridine compound (6) of the present invention,
including the following steps:

B-la or B-1b: producing an amide compound (5), and

B-2: performing a coupling reaction between a cyclic
amine compound and the amide compound (5) in the presence
of a quaternary ammonium salt such as tetrabutylamﬁonium

icdide and a base such as potassium carbonate to produce



3.36-3.43 (1H, m), 3.59-3.62 (2H,m), 3.67-3.70 (2H, m), 3.78-3.85 (2H, m), 3.98-4.04 (2H,m),
4.12<4.15 (1H, m), 4.75-4.77 (1H, m), 6.27(1H, t,J =73.6Hz). MS(FAB+) m/z: 282 (M+H)+  [0106]

._51_

the naphthyridine compound (6€), the compound cf the
present invention.

B-la is a step of condensing the compound (1) with
amine to produce the amide compound (5).

B-1b is a step of reacting the compound {(2) with an
amine to replace the ester group by an amide group to
produce the amide compound (5).

[0048]
[Chemical formula ©]

' Synthetic Method toward Isoguinoline Derivatives

Method C
OH O
Halogen  ©- Halogen  C-2 7 oR?
0 — e ]
~gN Base CO, Pd catalyst
R ¢ R°OH-DMF
° m ©
RP: alkyl group, ary! gorup or aralkyl group
S
N7 0 N 0
ca oTf  © o4 - a {
- @AOW —_— e OR
N P
Th,0  N? Pd catalytic & hydrolysis,
amination (1) then amidation (12)
{10)

The production method C is a method for preducing an
iscquinoline compound (12) of the compound of the present
invention, including the following steps:

C-1: treating a compound (7} with a base tc convert it
into a compound (8},

¢-2: reacting carbon monoxide and an alcohol with the
compound (8) in the presence of a palladium catalyst to
produce an ester compound (9),

C-3: triflucromethanesulfonylating the phenolic hydroxyl

group of the compound (9} to produce a compound (10),



<Reference Example 11> Cis-4-12-[(4-methoxytetrahydrofuran-3- yl)oxy]ethoxy}piperidine [Chemical
formula 60] - 110 - Using benzyl 4-(2-{[(4-
methylphenyl)sulfony]oxy)ethoxy)piperidine-l-carboxylate (2.50 g, 5.77 mmol) produced in Reference
Example 1(1c) and 4-methoxytetrahydrofuran-3-o1 $820-mg, 6.94 mmol), the desired title compound
(1.20 g, yield 85%) was obtained by the same method as in Reference Examples 1(1d) and 1(1e).
1H-NMR (CDC13) 8: 1.40-1.52 (2H, m), 1.88-1.98 (2H, m), 2.59-2.68 (2H, m), 3.05-3.13 (2H, m),
3.38-3.44 (1H; ), 3s45n(3H;15)y3.64-3199 (9Hem) 4084 & (It¢an). {00 Y<Reference Example 12>
Pioeridin-4-ylmethyl methyl(tetrahydro-2H-pyran-4- yl)carbamate (12a) Benzyl
4-(I[methy|(tefrafFaersH-pYran-aly SEsbBmoy g6 fmEthy Bpiéfid el Rafboxhte fCHéical
formula 61] CH3 _mL), to which pyridine {1.04 12.9 mmol) and pnitrophenyl chloroformate (2.07 g,
12.9 mmol) were %ﬁ %d, oﬁ&%@g %Iyl/&sti?n{r%g) at :%l’ci)trjn temperature for 35 minutes under a nitrogen
atmosphere. Subseqguently; Mmethyltetrahydre-2Hqysan-4-aminiehycseghiorde (1.30 g£ 8.57 mmol)
and triethylamine (3.59 mL, 25.7 mmol) were added, followed by further stirring for 4.5 hours. Water
was added toathegesiiting reactioniglidy apdithe #estltigrHdEOvEWas extacted stk on
dichloromethane. The resultin\g organic Ia)ée.r was drieo(lg&ver sooﬂ) m SEIfate and the solvent was

ined

distilled off uridet Fedaced Fredsire. The F8iGe ThS W& parified by silica gel column
chromatography.(hexane j, £thyl acetate, 100x G505 50V 19 give,the dasired dide sompound
(2.22 g, yield 66%). 1H-NMR (CDC13) 8: 1.17-1.28 (2H, br m), 1.53-1.60 (3H, m), 1.66-1.89 (5H, br
m), 2.73-2.86:(GH,daran) 3t39:-8:52~(2H;m), 3.94-3.99 (21-i, m), 4.00-4.04 (21-1, m), 4.16-4.29 (3H, br
m), 5.13 (2H, s), 7.30-7.37 (5H, m). MS (FAB+) m/z: 391 (M+H)f (12b) Piperidin-4-ylmethyl
methyl(tetrahydro-2FH2yrafuR yiearbamiste fehemicat forffifa 62] GRS PFEF SR CYsig Benzyl
4-({[methyl(tetrahydro-2H-pyran-4- yDcarbamoylloxylmethylpiperidine-l;carboxylate (2.76 g, 8.62
mmol) produge%‘h%aﬁ%fgpen%é%gég%glelfg(%%, %2% g]e%ir}% tit 21{ é%r%gur%& 15.52% % yield 96%) was
obtained by the samemgthachas.in Reference Example 1(1e).
1H-NMR(CDC13)5:1.17-1.31(2H,m),1.55-1.61(2H,m),
1.62-1.98(7H]HP25D-2.65(2H,m),2.77-2.82(3H,br m),3.09-3.13(2H,m),3.42-3.50(2H,m),3.93-3.96(2H,
m),4.00-4.04(2H,m). MS(FAB+)m/z:257(M+H)+ [0108] <Reference Example 13>
2-(Tetrahydro-2REyraA4-HIBXBHRI pineridine-lcarboxylate

At

OR?

(I-a) | (V-a)

wherein Al-1, Al-Z, B, ¥, and Y refer tc the same
groups as described above. R’ refers to a hydrogen atom
or a protective group of a carboxyl group. Z refers to a
group that can serve as a leaving group during the
coupling reaction.

A commercially available compound or a compound
produced in accordance with the method described in the

literature (for example, Journal of Medicinal Chemistry,



(13a) 1,4,8-Trioxaspiro[4.5]decane [Chemical formula 63] Tetrahydro-4H-pyran (6.00 g, 60.0
mmol) was dissolved in benzene (120 mL), to which ethylene glycol (11.2 g, 180 mmol) and
p-toluenesulfonic acid monohydrate (1.14 g, 6.00 mmol) were added. Using a Dean-Stark tube, the
resulting mixture was refluxed for two hours while removing water generated. To the resulting reaction
liquid, a saturated aqueous solution of sodium bicarbonate was added, followed by extraction with
ethyl acetate. The resulting organic layer was washed with - 113 - saturated brine, and dried over
sodium sulfatez The &plvenp was tistilled off3urider rdducedsgressunée dThe resitlue thus obtained was

purified by basic silica gel column chromato_graphy g11exane : ethyl acetate, 100 : 0 - 0 : 100, V/V) to
give the desifedsitiesdoiipotity (7279 glyidit 96%}. L H-RMR EDCRY &+ 474, tC3€7%:.5 Hz),
3.74-3.80 (4H, m) 4H, 5). (13b) 2;(Tetrahydro:2H- N;4-yloxy)eth [Chemigal formla 64]
1,4,8-Trioxa$%o[&2§]%%éaﬁe4?01.4]§%, §40@_ £M§I grgﬁ%éépc% lltlr% I%g%r}éngg E)?grenl%@ 13 1%%) was

dissolved in tetrahydrpfuran (1.94nL)% and thexpsulting mixidreowas €0gledde =50€ -stbsequently, a
1.0M solution of borane-tetrahydrofuran complex in tetrahydrofuran (3.6 mL) and trimethylsilyl

trifluoromethainiestifonaté:(330my 0 A5amhiol pWefeladdet]. Tharesmang MiRtuFe T8 Waimed to room

temperature, followed by stirring for 18 hours. , small amount of water was added, and then the
resulting mixtaifé AASHritied %%cboa]éijcaﬁﬁ@a Hal olﬁnﬁ%ﬁﬁ&rﬁi%g%ﬁﬁﬁ"’yn(ﬁ%?% &% et acetate, 100 :

0-0:100, Wyj tg give the daes&rsﬂgwﬁrﬁ@nﬁ%%@g(ot@eg@e‘%@l&ﬁf@féﬁﬁm@? (€PE13) 5: 1.53-1.65
(2H, m), 1.87-1.95 (2H, m), 2.01 (1H, t, J = 6.3 Hz), 3.40-3.48 (2H, m), 3.50-3.57 - 114 - (1H, (2H,
(13c) m),3.57-3.6 1 H;m}30113. T{2Hm), 8102-3:99 en)= Behzyhd: (tetrdhydre2H-pyrame4-yloxy)ethyl
piperazine-1,4-dicarboxylate [Chemical formula 65] 000  Usin

2-(tetrahydrofZHepyFaia Koy yéthafol (3 U6-¢ £0.6 HAR6H ‘b?o?ﬂl?éé‘ﬁ‘%ﬁ@éf@?en‘é@r@éﬁfﬁﬁe 13(13a)
and benzyl 1:piperazine carboxylate (2.68 g, 13.0 ol),.the desjred title compoun g, yield
87%) was ob ained %y?f‘?ee sgﬁrgerﬁgt ogoars%l% efmcé )Exgarﬁ%lplléE.L%(ffé%ﬁiﬁﬂ#M%%&%%lS) 6:

1.51-1.64 (2H,1B), deB2-193 @Fbi) 3.3% 355 (11H, 1) £2Hony 1428 (2Ha f42A5H ). MS (ET)
m/z: 393 (M+H)+ (13d) 2-(Tetrahydro-2H-pyran-4-yloxy)ethyl piperidine-lcarboxylate [Chemical
formula 66] <Bl5ied Usirg bérzye 2hestrany@ré-2HepyranZelosyyetind pipeavidine d 4-dicarboxylate
(3.50 g, 8.92 mmol) produced.in Reference Example 11(11c), the desired title compound (2.26 g, yield
98%) was obfztiéd By the farmt$hdhodad i Refefdite Exampig 1t 1e). T E-NMRREDEL3) 8:

1.56-1.63 (2H, ). 1,8/-1.92,(36L M), 2802 85 %’%%52%%%-4@(@5" M)e3p0:3:334IH. M), 3.68

(2H, t, J =4.9 Hz), 3.92-3.96 (2H, m), 4.24 (2H, t, J = 4.
described in, for example, Journal of COrganic Chemistry,

71, 10, 2006, 3816 to 3821, Chemistry A European Journal,
12, 19, 2006, 5142 to 5148, Organic Letters, 5, 6, 2003,
815 teo 818, and Journal of Crganic Chemistry, 73, 4, 2008,
1429 to 1434, |
[0050]

The amidation reaction in the steps A-3, B-la, B-lhk,
and C-5 will be explained below.

[Chemical formula 8]



MS (FAB+) m/z: 259 (MH)+ [0109] <Reference Example 14>
1,4:3,6-Dianhydro-2-0-[2-({1-[2-(ethoxycarbony1)-1,6- naphthyridin-8-yl]piperidin-4-y1}oxy)ethyl]-5-0-
methylhexitol (14a) 1,4:3,6-Dianhydro-2-0-[2-(11- [(benzyloxy)carbonyl]piperidin-4-yl}oxy)ethy1]-5-0-
methyl-D-mannitol [Chemical formula 67] H,0 0 0- H341M 00  Using benzyl 4-(2-{[(4-
methylphenyl)sulfony]oxy}ethoxy)piperidine-l-carboxylate (6.80 g, 15.7 mmol) produced in Reference
Example 1(1c) and 1,4:3,6-dianhydro-2-0-methyl-D-mannitol (2.10 g, 13.1 - 116 - mmol), the desired
title compound (3.6 g,Atield 65%) was obtained by the same methed-as in Reference Example 1(1d).
11-1-NMR (CD :1.49-1.61 (2H, m), 1.77-1.89 (2H, m); }%5 (2H, m), 3.46 (3H, s), 3.48-3.56
(IH, m), 3.61- 3.73 ( 3,23.75-3.86 (3H, m), 3.91-3.98 (1H, m)404+4.17 (3H, m), 4.54-4.60 (2H,
m), 5.12 (2H, 8), 7.2957.40 (5H, m). (14b) 1,4:3,6-Dianhydrq-2-0-methy1-5-0-[2-(piperidin-4-
yloxy)ethy1]-D-mayini ical formula 68] Using beryyl 1,4:3,6-dianfiydro-2-0-[2-(11-

Reference Exa ired title Bdmpound (2,4G ahtained by the same
method as in Referen¢ce Example 1(1€). This-compound wg Jubsequent reaction without
isolation. (14¢) 1,4:3;6-Dianhydro-2-0-[2-({1-[2-(ethoxycan

1,6-naphthyridin- [ in-4-yfloxy)ethy11-5-0- methyl-D [ hemical formula 69] - 117 -
Using 1,4:3,6-dianhygtg-2-0-methy1-5-0-[2- (piperidin-4-y|oxy)et“¥ril]-D-mannitol (2.0 g, 6.96 mmol)
produced in Reference Example 14(14b), the desired title compound (683 mg, yield 65%) was
obtained by the samenwethetrs-indrxanpletl(da). 314MMRIEGDGL3) &::49 (BH, t, J = 7.1 Hz),
1.93-2.04 (2H, m), 2.13-2.22 (2H, m), 3.25-3.33 (2H, m), 3.47 (3H, s), 3.61-3.76 (6H, m), 3.81-4.00
(4H, m), 4.0442@@RIMEW A QRH g, Teer #y) 45614163 (ZH,ma), 82261 (B4d, J B8.5 Hz), 8.33
(1H, s), 8.37 1H,,F?, J=8.5 Hz?), 8.90 (1H, s) Examglzf 25 to 117 shown below were produced in
accordance with'tHa atsrénterionad rbrgﬁ\ﬁlct%% MEthHAA! B br C.lin #7& foIdWhTS tabted! "Ex. No.”

refers to the nurmberafthe Example, {iStucture” refersdg the. structural formula of the,gampound of the

Example, "Data" refers to the physical and chemical data of the compound of the Example, and "Mthd"
specifies the grodugtian methdd:A, BhenC IBpwhichithé tonippund & ghe Exgmpie was produced. -
118 - [0110] [Table 1] No Structure Data
Chem., 1962, 84, 4457, J. Am. Chem. Soc., 1973, 95, 875,
and J. Am. Chem. Scc., 1981, 103, 70920.
[0051]
The coupling reaction in the step B-2 will be

explained below.

[Chemical formula 9]

v A L AT
Al-2 Al-2
N N 0
(Hl-a) X
XX B
|
N

(tI-b)

{I-a)

wherein Al-1, Al-2, B, X, ¥, and Z refer to the same

groups as described above.



Mthd 25 CH 0 H-NMR(08S0-00:5.02(38,d,J =6.3Hz),1.47-1.55
(28,m),1.57-1.65(18,m),1.76-1.81(28,m),2.86- 2.92(28,m),3.93-3.98(28,m),7.78(111,brs),8.02
(18,brs),8.23(111,d,J =8.3Hz),8.30(18,6), 8.67(18,d,J =8.3Hz),8.99(18,5).MS(FAB")m/z: 271(M+H)' B -
h,H, Nn 26...,,,CH3 (NMSO-D6).0.96(3H;d6.9Hz),1.11-1.19
,1.79-1.89(3H,m),1.93-2.02(18,m),2.56- B

A commercially available compound or a compound
produced in accordance with the methods described in the
literature is used as a compound having the general
formula {(II-b). A commercially available compound or a
compound produced in accordance with a pﬁblicly known
method can be used as a compound having the general
formula (III-a).

A compound having the general formula (I-a) can be
produced through a coupling reaction between the compound
having the general formula (II-b) and the compound having
the general formula (III-a). This coupling reaction is
carried out while heating in the presence of a base, a
quaternary ammonium salt, and a solvent, or in the
absence of a sclvent. This coupling reacticn can be
performed in;gccordance with the method described in, for
example, Journal of Medicinal Chemistry, 48, 7, 2005,
2388 to 2406.

The compound of the present invention produced by
the aforementioned method can be isclated and purified by
a publicly known method, for example, extraction,
precipitation, distillation, chromatography, fractional
crystallization, and recrystallization.

Also, in the case that the compound having the
general formula (I) of the present invention or a
preoduction intermediate thereof contains asymmetric
carbon, enantiocmers exist. Each of thése enantiomers can
be isclated and purified by a standard method such as

fractional crystallization {(salt fractionation) in which



2.62(111,m),2.84-2.90(18,m),3.84-3.91(28,m),  7.76(18,brs),8.03(18,Mrs),8.23(18,d,J=8.6 0
Hz),8.29(18,5),8.67(111,d,J =8.6Hz),8.98(18, s). NNEi MS(FAB")m/z:271(M-98)" 1 2 27H

- Kg -

an enantiomer is recrystallized with an appropriate salt,
and column chromatography. Examples c¢f reference
literature for a method of separating an enantiomer from
racemates include J. Jacgques et al., "Enantiomers,
Racemates and Resolution, John Wiley And Sons, Inc."
[6052]

The compound of the present invention is highly safe
and exhibits favorable disposition, and also, has an
excellent osteogenesis-promoting action. Hence, the
compound of the present invention can be used for the
prevention or treatment (particularly, treatment) of
diseases associated with bone metabolism such as
osteoporosis, Paget's disease of bone, and csteocarthritis,
and thus is useful.

[0053]

When administering the compound of the present
invention or a pharmacologically acceptable salt thereof
to a mammal (particularly, a human), it can be
administered systemically cr locally by the oral or
parenteral route.

[0054]

The deosage form of the pharmaceutical composition of
the present Iinvention is selected depending on.the
administration method, and is producible by preparation
methods normally emploved for varicus kinds of
fermulations.

Examples of dosage forms for an oral pharmaceutical

composition include a tablet, a pill, a powder, a granule,



)8-NMR(DM50-D6)61.65-1.77(28,m),1.93-2.03(28,  m),3.06-3.15(28,m),3.70-3.85(38,m),4.74(18,Mr
s),7.78(18,Mrs),8.01(111,Mrs),8.23(111,d,J =  8.4Hz),8.30(IH,s),8.67(18,d,J =8.4Hz),8.96  (18,5).
NO ms(FAB+H)m/z:273(MmE)" ."2..c..",.> N,...., H2

- 57 =

a capsule, a liquid medicine, a suspension, an emulsion,
a syrup, and an elixir. Medicines in these dosage forms
can be prepared by standard methods, using any agent
appropriately selected as needed from among those
normally empioyed as additives Suéh as an excipilent, a
binder, a disintegrant, a lubricant, a swelling agent, a
swelling aid, a ccating agent, a plasticizer, a
stabilizer, an antiseptic, an antioxidant, a colorant, a
sclubilizing aid, a suspending agent, an emulsifier, a
sweetener, a preservative, a buffer, a diluent, and a
humectant.

[0055]

Examples of dosage forms for a parenteral
pharmaceutical composition include an injection, an
ointment, a gel, a cream, a poultice, an aercscl, an
inhalant, a spray, an eye drop, a nasal drop, and a
suppository. Medicines in these dosage forms can be
prepared by standard methods, using any agent
appropriately selected as needed from among tﬁose
normally employed as additives such as a stabilizer, an
antiseptic, 2 solubilizing aid, a ﬁumectant, a
preservative, an antioxidant, a fragrance, a gelling
agent, a neutralizer, a solubilizing aid, a buffer, an
isotonic agent, a surfactant, a colorant, a buffer, a
viscosity enhancer, a humectant, a filler, an absorption
promoter, a suspending agent, and a binder.

[0056]



N..."/.-;;2 28 H-NMR(00013)6:3.50-3.55(48),3.65-3.71(48,m),
5.81(18,Mrs),6.91-6.96(18,m),7.02-7.07(28,m),  7.30-7.37RH,m),7.89(18,Mrs),8.38-8.49(35,m),

9.03(18,s). 22/\z(
— 58 —

The dose of the compound having the general formula
{I) or a pharmacologically acceptable salt thereof varies
depending on the symptoms, age, body weight, and the kind,
dose, etc. of a drug to be administered in combination.
However, normally, the compound having the general
formula (I} or a pharmacologically acceptable salt
therecof is preferably administered in a range of from
0.001 mg to 1000 mg, in terms of the amount of the
compound having the general formula (I), per adult
(presumed to weigh approximately 60 kg) per dose,
systemically or locally, once to several times a month,
once to several times a week, or once to several times a
day, orally or parenterally, or via the intravenous route
continucusly for one to 24 hours a day.

[0057]

Further, other active ingredients can be used in
combination with the pharmaceutical composition of the
present invention as needed as long as such active
ingredient does not impair the efficacy of the present
invention.

The present inventicn also encompasses a method for
preventing/treating the aforementioned diseases,
comprising administering the compound of the present
invention or a pharmacologiéally acceptable salt thereof.

The present invention further encompasses use of the
compound of the present invention or a pharmacologically
acceptable salt thereof for the production of the

aforementioned pharmaceutical composition.



MS(EIm/z:334(M+11)" 29 1-1,C.,0 1H-NMR(DMSO-D6)6.1.73-1.80(28,m),2.05-2.15(2H,

),3.11-3.22(25,m),3.32(35,5),3.40-3.48(18,  m),3.72-3.81(28,m),7.81(18,Mrs),7.98(18,Mr

s),8.23(18,d,J =8.4Hz),8.31(18,5),8.67(18,  d,J =6.4Hz),9.00(18,5). MS(EAR')M/z:287(M+H)"
— 59 —

[0058] (Formulation example 1) Powder

Five grams of the compound of the present invention,
895 g of lactose, and 100 g of corn starch are mixed by a
blender to give a powder.

{(Formulation example 2 Granule

Five grams of the compound of the present invention,
865 g of lactose, and 100 g of low-substituted
hydroxypropylcellulese are mixed, followed by addition of
300 g of a 10% aqusous solution of hydroxypropylcellulose.
The resulting mixture is kneaded and granulated using
extrusion granulation equipment, and then dried to give a
granule.

(Formulation example 3) Tablet
Five grams of the compound of the present invention, 90 g
of lactose, 34 g of corn starch, 20 g of crystalline
cellulose, and 1 g of magnesium stearate are mizxed by a
blender, followed by tabletting using a tablet machine to
give a powder.
[0059]

(Test example)

(Test example 1) Osteoblast differentiation test

STZ cells, murine bone marrow-derived stromal cells,
{obtained from RIKEN) were used.

In this test, o~MEM media (obtained from GIBCO BRL
Cat. No. 10370-021) containing 10% {(v/v) of inactivated
calf serum (cobtained from Hyclone Laboratcries, Inc.) and
1% (v/v) of Penicillin-Streptomycin Liguid (obtained from

GIBCO BRL Cat. No. 15140-122) (hereinbelow, abbreviated



0 NH, 33J\*zH-NMR(DMS0-06)6:3.36-3.42(48,m),57-3.64(48,
m),7.01-7.13(48,m),7.82(18,Mrs),7.97(114,Mr  s),8.25(18,d,J =8.4Hz),8.35(18,5),8.69(18,
d,J=6.4Hz),9.05(18,s). MS(FAB+)m/z:352(M+H)+. - 119 - [Table 2]

- 60 -

as 10%-FRS~-aMEM! were used. In this test, all culturing
was performed in a CO; incubator (37°C, 95% humidity, 5%
CGCz) .

[0060]

The aforementioned cells were detached with 2 mL of
a 0.25% trypsin solution (obtained from GIBCO BRIL Cat. No.
15050-065) and dispersed in 10 mlL of 10%-FBS-oMEM.
Subsequently, the cells were collected by centrifugation
(25°C, 800 rpm, five minutes). Then, a cell suspension
containing 40000 of the cells/mL of 10%-FBS-aMEM was
prepared. The cell suspension was then dispensed into
S6-well plates {(the product of Falcon), 100 pL per well,
at a density of 4000 cells/well, followed by culturing
for 24 hours. To the wells except for the below-
described well containing a control group, the compound
was dispensed at final concentrations of 0.01, 0.03, 0.1,
and 0.3 pg/mi. To the well of a control group, DMSO was
dispensed at a final concentration of 0.1% (v/v). After
four days of culturing, the activity of alkaline
phosphatase (ALP) was measured in each group.

[0061]

The measurement of ALP activity was performed as
folldws. ‘That 1is, the medium in each well of the culture
plates was completely removed. Each well was then washed
by dispensing 100 pL of Dulbecco's phosphate buffer
(ebtained from GIBCO BRL Cat. No. 1415%0~144) and then
removing it. A cell lysate scolution containing 10 mM

MgCl, and 2% (v/v) TritonX-100 (Sigma) was prepared and



31...."-,0"cH3 N.N.--- 0i N.....",-' 'H-NMR=014)5:1.77-1.87(211,m),1.97-2.07(18,m),2.08-
2.19(111,m),3.33-3.45(38,m),3.48(38,5),3.66-3.72(18,
m),3.99-4.06(18,m),5.70(18,s),8.32(18,s),8.38(121, d,J =E3.2Hz),8.42(141,d,J
=8.2Hz),8.60(18,S),8.93 (18,s). MS(EI5)m/z:28 {M&H) B 320 N ..-N. -.../N ...
141-NMR(00011)5:3.50-3.55(48,m),3.65-3.69(48,m),5.70
(18,3),6.58-6.63(151,m),6.68-6.73(18,m),6.77-6.81(111,

m),7.23-7.28(A 8} A £5418,5), 8 A L(18:558.:44(£8,1d, 3= 2Hiz);8 AB8( 18,6 Jg 8:2H2)9-62(18,S).
MS(ES()m/z:352(M+H) + A 33 2 0 N H V,-- 'H-NMR(05150-126)6:2.11-2.19(28,m),3.56-3.62(28,m),
3.77-3.84(48 3 9834 04@80AY, 6 59V6. 58{181R 56. 75261 808, Y7 S0 7. 49 (B2 M) 268(18,Srs),7.97

(uismxsjjg%%ggfﬁ%ggzgg%%g%ﬁééﬁgﬁ%iamine {(Wako pure chemical

industries, Ltd., Cat. No. 099-03112) and 20 mM p-
nitrophenyl phosphate (Wakc pure chemical industries,
Ltd., Cat. No. 147-02343) was prepared and dispensed at
50 uL/well, and the plates were left to stand at room
temperature for 10 minutes. Subseguently, absorbance was
measured by a microplate reader (Bio-Rad Laboratories,
Inc.). Setting the measurement value of the control
group of each plate at 100%, the increase (%) in alkaline
phosphatase activity in the test compound-addition group
was calculated, which was assessed as the degree of
osteoblast differentiation.
[0cez]

In this test, the compounds of Examples 1 to 12, 15
to 21, 23, 24, 28, 32, 34 to 50, 52 to 57, 59 to 85, 87,
89, 91 to 95, 97, 99, 100, 102 to 106, and 108 to 117
exhibited an increase of 200% or more in alkaline
phosphatase activity at 0.03 pg/mL.

(Test example 2) Osteoclast formation-inhibition
test

Eighteen day;old ICR mice are purchased from Japan
SLC, Inc. and used in the following experiment. Mice are
sacrificed by cervical dislocation, and the left and
right femur and the tibia are excised. After removal of
surrounding tissues, the femur and the tibia thus excised

are minced with scissors. To the femur and the tibia



d,J =8.5Hz),8.76(141,s).MS(FAB+)m/z:348(8-4)+ A 34 \ No H, N5....
MI-8MR(2850-005:6.38-6.44(241,m),7.21-7.28(241,m),7.71 (18,Srs),8.15(121,d,J =8.6
Hz),8.29-8.33(28,m),8.36 (18,d,J -8.6Hz),8.59(18,s),9.43(18,s). MS(FA13)m/z:238(M+H)+. C 35 0
r(18, C. vi0 N NIONH, 1H-NMR(00014)5:3.17-3.23(48,m),3.99-4.03(48,m),5.73
Srs),6.22(18,Srs),7.96(18,d,J =8.6Hz),8.06 (18,d,j=8.6Hz),8.30(18,sf,8.61(18,s),9.06(18, s).
MS(EI"Ym/z:258(M+H)+ C 36 \ 4,N/0O N /110N '8-1488(00013)5:2.03-2.10(48,m),3.55-3.62(48,m),5.74
(121,Srs),6.241151,513) 7=86(18 @, T8 GH2)5A 96 $ 18, d)J5+8. 64 2 :8.08(11.8,$),8 YF (18]S );8. 78(18, S).
MSKE”HVZZ?%Q%;E%%C%é%Zgﬁe minute. Subseguently, the supernatant

is collected, which is filtered through a cell strainer

(Becton, Dickinson and Company). Then, a suspension of

500 thousand cells/mL cf 15%-FRS-aMEM is prepared. The

cell suspension is then dispensed into 96-well

microplates, 100 pL per well, at a density of 50000

cells/well, followed.by culturing for 24 hours.

Activated vitamin D3 (Sigma, Cat. No. DI1530) is dispensed

into each well at a final concentration of 20 nM. To the

wells except for the belowrdescribed well containing a

contrcl group, the compound is dispensed at final

concentrations of 0.01, 0.03, 0.1, and 0.3 pg/mi. To the

well of a contrcl group, DMSO is dispensed at a final

concentration of 0.1% (v/v). Afﬁer five days of

culturing, the activity cf tartrate-resistant acid

phosphatase (TRAP) is measured in each group.

[0063]

The measurement of TRAP activity is performed as
folilows. That is, the medium in each well of_the culture
plates is completely removed. Each well is then washed
by dispensing 100 pL of Dulbecco's phosphate buffer
{obtained from GIRBCO BRL Cat. No. 14190-144) and then
removing it. An acetone:ethanol mixture (i:1) 1is added
to the wells and left for one minute for fixation. The
fixation mixture is then removed and staining is

performed using a Leukocyte acid phosphatase kit (Sigma,

Cat. No. 387-A} at 37°C for 30 minutes. After removing



[0112] [Table 3] 37 ..".0,CH 3 'H-NMR(DMSO-DO5:1.51-1.65(2H,m),1.72-1.88(38,m),
2.79-2.88(28,m) 3.29- 3.36(28,m),3.30(38,5),3.37- C  3.46(2H,m),7.62(1H,brs),8.05(18,d,J -8.5 Hz),
LT 8.14(1H.d,J -8.5Hz),8.22(18,5) 8.29(18, brs) _ 8.49(1H,5),9.03(18.5). 0
MS(FAH)m/z:300(M+8)4 N \IIONH, 38

the staining liguid, 100 pL of 10% sodium dodecyl sulfate
(Wako pure chemical industries, Ltd. Cat. No. 191-07145)
is dispensed, follcwed by stirring for five minutes.
Subsequently, absorbance 1s measured by a microplate
readsr (Bic-Rad Laboratories, Inc.). Setting the
measurement value of the control group of esach plate at
100%, the decrease (%) in TRAP activity in the test
compound-addition group is calculated, which is assessed
as the osteoclast formation-inhibiting activity.
(0064}

(Test example 3) Effect on bone density

Eight to 12 week old female F344 rats were purchased
from Charles River Laboratories and used in the following
experiment. Rats were anesthetized with an
intraperitoneal administration of 40 mg/kg of Scmnopentyl
(Kyoritsu Seiyaku Corporation), and then ocphorectomy or
sham surgery was performed. From the day after surgery,
a suspension of the test compound in a 0.5% methyl
cellulose solution (Wako pure chemical industries, Ltd.
Cat. No. 133-14255) was orally administered once a day,
six days a week. Six to eight weeks after administration,
the rats were euthanized by removal of whole blood from
the lower abdominal aorta under Somnopentyl aﬁesthesia,
and the left and right femur was excised.
[0065] |

After removal of soft tissues, the bone density of
the femur thus excised was measured by a DXA apparatus,

DC35-600R (Aloka Co., Ltd.). The bone density was



0 2H-NMR(05)50-0,)5:1.14(3H,t,J =7.0Hz),1.36-1.48 C ....."..-=-..""."....""..7.
(1H,m),1.75-1.95(28,m),2.03-2.12(18,m),2.76-2.88
(28,m),3.22-3.27(18,m),3.41-3.49(1H,m),3.56(28,  q,J =7.0Hz),3.65-3.73(18,m),7.60(18,brs),8.05
(18,d,J =8.5Hz),8.15(18,d,J -8.5Hz),8.23(18,  s),8524(38,brs),8.54(18,s),9.04(18,5).MS

assessed in the whole femur as well as in three equal
sections of the whole femur, namely the proximal end, the
shaft, and the distal end.
(0066}

In this test, the compounds of Exanples 3, 4, 7, 12,
15, and 17 significantly increased the bone density at 3
mg/kg.

(Test example 4) Effect on healing of fracture

Twelve week old female ¥344 rats are purchased from
Charles River Laboratories and used in the following
experiment. Under anesthesia with Somnopentyl, bone
surgery is performed in accordance with the method of Li
et al. (J. Bone Miner. Res 1999, 14: 269 to 978). From
the day after surgery, a suspension of the test compound
in a 0.5% methyl cellulose solution (Wako pure chemical
industries, Ltd. Cat. No.133-142855) 1is orally
administered once a day, six days a week. 35ix to 86
weeks after administration, the rats are euthanized by
removal of whole blood from the"lower abdominal aorta
under Somnopentyl anesthesia, and the femur is excised.

After removal of soft tissues, the bone density of
the femur thus excised is measured by a bone strength
measuring instrument, MZ-500D {(Marutec Instrument Co.,
Ltd.} A three-point bending test is performed, and the

strength is assessed at the maximum load.

Examples

[0067]



NH2 (FAH)M/z:300(M+H)7 39 ..... yerr,0--..,0".CH, Chmat
-H-NMR(05)50-0,)5:1.16-1.30(18,m),1.77-1.91(38,m),
2.13-2.25(19,m),2.61-2.70(19,m),2.80-2.88(18,m), C  3.25(39,s),3.28-3.39(48,m),7.62(1H,brs),8.05
M"--N---"-0 (18,d,J =8.3Hz),8.15(18,d,J =8.5 Hz);8.2%(18, s),8.26(18,brs),8.51(18,s),9.03(1H,s).MS
H (FAH)M/z:300(M+H)7 N/1101

<Example 1>
g~ [4-{2-Methoxyethoxy)piperidin-1-yli-1, 6-naphthyridine-
Z2—carboxamide

(la)} Ethyl-8-[4-{2-methoxyethoxy)piperidin-1-yl]}-
1, 6-naphthyridine~2-carboxylate

[Chemical formula 10]

O.
07" CHy
N o)
p | N A - CH2CH
Ns &

4- (2-Methoxyethoxy)piperidine (238 mg, 1.50 mmol)
was dissolved in toluene (1.0 mL), to which ethyl-8-
bromo-1, 6=naphthyridine-2-carboxylate (281 mg, 1.00 mmol),
tris(dibenzylideneacetone)dipalladium (91.6 mg, 0.100
mmol), 2-dicyclohexylphosphino-2'-(N,N~
dimethylamino}biphenyl {78.7 mg, 0.200 mmol), and
potassium carbonate (powder, 415 mg, 3.00 mmol) were then
added, followed by stirring at 100°C for three hours
under a nitrogen atmoesphere. ‘

After cooling, the resulting reaction liguid was
filtered under suction while washing with dichloromethane.
The resulting organic layer waé“concentrated under
reduced pressure. The residue thus obtained was purified
by silica gel column chromatography (hexane : ethyl
acetate, 30 : 70 - 0 : 100, V/V, ethyl acetate : methanol,
1006 : 0 - 95 ; 5, V/V) to give the desired title compound

(159 mg, yield 44%).



40 ....CH, Chwat 1H-NMR(0M500,)5:1.16-1.31(1H,m),1.76-1.90(38,m), C -
2.13-2.26(18,m),2.60-2.71(18,m),2.78-2.90(18,m), 3.25(38,s),3.27-3.40(48,m),7.62(19,Mrs),8.04
(18,d,J -8.5Hz),8.15(18,d,J =8.5Hz),8.21(18, s),8.25(18,Mrs),8.51(18,s),9.03(18,s).MS
)FAH)mM/z:300(M+H)7 - 66 -

'"H-NMR (CDCls) &: 1.47 {3H, dt, J = 12.8, 5.8 Hz), 1.96-
2.05 (2H, m), 2.15-2.22 (2H, m), 3.25-3.321 (2H, m}, 3.42
(3H, s}, 3.58-3.61 (2H, m), 3.61-3.67 (1H, m), 3.6%-3.72
{(2H, m), 3.91-3.97 {(2H, m), 4.4% (2H, g, J = 7.0 Hz),
8.25 (18, 4, J = 8.5 Hz), 8.33 (1K, s), 8.37 (1H, d, J =
8.5 Hz), 8.20 (1H, s=).
(00687

(1b) 8-14-(2-Methoxyethoxy)piperidin-l-yl]-1,6-
naphthyridine-2-carboxamide

[Chemical formula 11}

0.
07 " CH;,
N ®)
N
2 | = NH,
N e

To ethyl-8-[4-(2-methoxyethoxy)piperidin-1-yl]l-1,6-
naphthyridinemz~¢arboxylate (158 mg, 0.440 mmol) produced
in Example 1 (la), a 7M ammonia/methanol soclution (25 mL,
175 mmol) was added, followed by stirring at 65°C for one

hour.

After cooling, the resulting reaction liguid was
concentrated under reduced pressure, and the residue thus
obtained was purified by basic silica gel column
chromatography {(hexane : ethyl acetate, 30 : 70 - 0 : 100,
V/V, ethyl acetate : methanol, 100 : 0 - 895 : 5, V/V).
Diethyl ether was added toc the amorphous substance thus

obtained. A solid precipitate was collected by



N II/NH2 41 '9-5)5)9(DMSO-D05:1.09-1.22(18,m),1.46-1.58(28,m), u1l CH,
1.79-1.94(38,m),1.94-2.06(18,m),2.53-2.58(18,m),
2.74-2.85(19,m),3.21(3H,s),3.33-3.44(49,m),7.61  (18,Mrs),8.04(18,d,J =8.5Hz),8.14(18,d,3=
8.5Hz),8.21(18,5),8.25(18,Mrs),8.51(18,5s), - 67 -

filtration to give the desired title compound (126 mg,
vield 87 %).
'H-NMR (DMSO-Dg) &: 1.72-1.81 (2H, m), 2.05-2.12 (2H, m),
3.10-3.17 (2H, m), 3.28 (3H, s), 3.46-3.49 (2H, m), 3.53-
3.60 (1H, m), 3.59-3.63 (2H, m), 3.74-3.8% (2H, m), 7.82
{1H, br sy, &.00 (1lH, br s), 8.23 (1H, d, J = B.3 Hz),
8.31 (1H, s), 8.867 {1H, d, J = 8.3 Hz}, 9.00 (1H, s;.

. MS (FABY) m/z: 331 (M+H)”
[0069]

<Example 2>

8-[4-(2-Ethoxyethoxy)piperidin-1-yli~1, 6-naphthyridine-2-
carboxamide

[Chemical formula 12]

o™~ ch,cH,
N 0
= i N\ NH,
N Z

Using 4-(2-ethoxyethoxy)piperidine (l1.66 g, 9.56
mmol} and ethyl-8-bromo-1, é-naphthyridine-2-carboxylate
(2.07 g, 7.35 mmol), the desired title compound (1.31 g,
yvield 52%) was obtained by the same method as in Example
1 {(la) and Examplie 1 {(1lb}.

"H~NMR (DMSO-Dg) &: 1.12 (3H, t, J = 7.1 Hz)}, 1.72-1.82
(24, m), 2.05-2.12 (2H, m), 3.10-3.17 (2H, m), 3.47 (2H,
g, J = 7.1 Hz), 3.50~3.62 (5H, m), 3.75-3.81 (2H, m),
7.82 {1H, br s), 8.00 (1H, br s), 8.24 (1H, d, J = 8.5

Hz), 8.31 (1, s), 8.68 (1H, d, J = 8.5 Hz), 2.00 (1H, s).



9.03(18,5).MS(FAB4A)M/z:314(M+H)* a.NHNH2 N../ 42
1H-NMR(00012)5:2.03-2.21(49,m),2.73-2.83(1H,m), C a

2.99-3.09(29,m),8.54-3.63(28,m),5.87(18,Mrs),  6.25(18,Mrs),7.32-7.41(58,m),7.97(18,d,J =8.5
Hz),8.04(18,d,J =8.5Hz),8.32(1H,s),8.60(19,

- (R -
MS (FAR"Y m/z: 345 (M+H)}T
(00701
<hizample 3>
8- (4~{2~[ (3R} -Tetrahydrofuran-3-yloxylethoxylpiperidin-1-
yii =1, 6~-naphthyridine-Z2-carboxanide

[Chemical formula 13]

N O
= f N\ NH,
Ny =

Using 4-{2-{(3R)-tetrahvdrofuran-3-
vloxylethoxylpiperidine (1.56 g, 7.27 mmol) and ethyl-8-
bromo-1, 6-naphthyridine-Z-carboxylate {(1.57 g, 5.59% mmol),
the desired title compound (838 mg, vield 38%) was
obtained by the same method as in Example 1 {(la) and
Example 1 (1b).

'H~-NMR (DMSO-Dg) &: 1.73-1.81 (2H, m), 1.85-1.99 (2H, m),
2.05-2.11 {2H, m;, 3.11-3,17 {(2H, m), 3.50-3.81 (11lH, m),
4.14-4.18 (1H, m), 7.82 {(1H, br s), 8.00 (14, br =), 8.24
(14, d, J = 8.6 Hz), 8.31 (1H, s), 8.67 (1H, d, J = 8.6
Hz}, 9.00 (1H, s).

MS (FAB™} m/z: 387 (M+H)'

[0C71]

<kExample 4>
8= (4-{2-[(38) -Tetrahydrofuran-3-yloxylethoxylpiperidin~1-
yl}-1, 6-naphthyridine-2-carboxamide

[Chemical formula 14]



s),0.02(18,5). MS(EI7)m/z:332  N..1110H - 121 -[0113] [Table 4] 43 FF

H-NR(CDC13)5:2.25-2.39(4H,m),3.31 (4H,m),5.87(1H,brs),6.23(IH,brs), 7.95(IN,d,J

=8.5Hz),8.06(1)!,d,J = 8.5Hz),8.32(1H,s),8.57(1H,d,J = 0.7Hz),9.06(1H,s).MS(EI))m/z:292 N., isoNH,
- 69 —_—

/\\/ O/f

ol

= | AN NH,
Nay Pz

Using 4-{2-[(38)-tetrahydrofuran-3-
viexylethoxylpiperidine (1.52 g, 7.07 mmol) and ethyl-8-
bromo—l,6*naphthyridine—2—carboxylate (1.53 g, 5.44 mmol),
the desired title compound (842 mg, yield 406%) was
obtained by the same methed as in Example 1 (la} and
Example 1 (1b).
'H-NMR (DMSO-Dg) &: 1.73-1.81 (2H, m), 1.85-1.98 (2H, m),
2.05-2.11 {2H, m), 3.11-3.17 (2H, m), 3.50-3.80 (11H, m},
4.14-4.18 (1H, m), 7.82 (lH, br s), 8.00 (1H, br s}, 8.24
(1H, d, J = 8.6 Hz), B8.31 (;H, s), 8.67 (1H, d, J = 8.6
Hzy, 9.0C (1H, s).
MS (FABY) m/z: 387 (M+H)~
[0072]

<Example b>
8-{4~[2~ (Tetrahydrofuran-3~-ylmethoxy)ethoxylpiperidin-1-
v1l}-1, 6~naphthyridine-2-carboxamide

[Chemical formula 15]

O

O/\/O\./E)



(M+H)5 44 (18-NMR(00013)5:1.93-2.13(4H,m),2.22-  2.34(1H,m),2.86-2.95(2H,m),3.48-3.58
(2H,m),5.91(1H,brs),6.26(IH,brs),  7.97(1H,d,J =8.5 Hz),8.05(1H,d,J =
8.5Hz),8.52(1H,d,3-0.7Hz),9.04  (1H,s).

- 70 -

Using 4-[2-(tetrahydrofuran—~3-
yimethoxy)ethoxylpiperidine (1.52 g, 6.16 mmol} and
ethyl—8~bromo—1,6—naphthyridine—2—carboxyiate {(1.33 g,
4.73 mmecl), the desired title compound (688 mg, yileld
37%) was obtained by the same method as in Example 1 (la)
and Example 1 (1b). |
'H-NMR (DMSO-Dg) &: 1.48-1.55 (1H, m}, 1.73-1.82 (2H, m),
1.87-1.95 {1H, m), 2.05-2.12 (2H, m), 2.40-2.47 (1H, m},
3.15-3.21 (24, m), 3.31-3.36¢ {(1H, m), 3.38-3.44 (2H, m},
3.53-3.63 (6H, m), 3.67-3.72 (2H, m), 3.76-3.82 (Z2H, m)},
7.83 {1H, br s), 8.02 (1H, br s}, 8.26 (lH, d, J = 8.5
Hz), 8.32 (1H, s), 8.71 (1H, d, J = 8.5 Hz), 9.04 (1H, s).
MS (FAB™) m/z: 401 (M+H}®
[0073]

<Example &>
8-{4-[2-{Tetrahydro-2H-pyran-4-yloxy)ethoxylpiperidin-1-
yl}-1, 6-naphthyridine-2-carboxamide

[Chemical formula 16]

N 0
N
= l B NH,
N 2

Using 4-12~(tetrahydro-2H-pyran—-4-
yloxy)ethoxylpiperidine (1.00 g, 4.37 mmel) and ethyl-8-
bromo-1, 6-naphthyridine~-2-carboxylate (812 mg, 2.%1 mmol),

the desired title compound (400 mg, yield 34%) was



MS(Ef)m/z:324(M+H)+ 45 H-NMR(00012)5:2.10-2.30(4H,),3.10-

3.19(2H,m),3.31-3.40(2H,m),4.84-5.04  (1H,m),5.82(IH,brs),6.23(1H,brs),  7.95(IH,d,J

=8.5Hz),8.04(111,d,J = 8.5Hz),8.56(IH,s),9.03(11-1,5).MS 1 (Er)m/z:274(9+9)5 46
- 71 -

ocbtained by the same method as in Example 1 {la} and
Example 1 {(1b).
'"H-NMR (DMSO-Dg) &: 1.35-1.44 (2H, m), 1.73-1.89 (4H, m),
2.05-2.11 (24, m), 3.10-3.19 (2H, m), 3.29-3.36 (2H, m),
3.49-3.63 {6H, m), 3.73~3.83 (4H, m), 7.82 (1lH, Dbr s);
7.99 (1H, br sy, 8.23 (1H, d, J = 8.5 Hz}, 8.31 (1EH, s),
8.67 (1H, 4, J = 8.5 Hz), 9.00 (1lH, s).
MS (FABY) m/z: 401 (M+H)”
[0074)

<Example 7>
8-{4-[2-(Tetrahydro-2H~pyran—-4-yloxy)ethoxy]piperidin-1-
v1l}~1,6-naphthyridine-Z-carboxamide hydrochloride

[Chemicael formula 17]

O/\/O
= \ NH,

8- {4~ (2~ (Tetrahydro-2H- pyran-4-
y7oxy)@thoxy}p1perld1n i-yl}=1,6~naphthyridine-2-
carboxamide [400 mg, 1.00 mmol) produced in Example 6 was
dissolved in ethancl (8 ml), to which a 4M hydrochloric:
acid/dioxane solution (1.0 mL, 4.0 mmol) was then slowly
added, followed by stirring at room temperature for 10
minutes. The resulting reaction liquid was concentrated
under reduced pressure, and the residue thus obtained was
crystallized from ethancl and diethyl ether to gilve the

desired title compound (368 mg, yield B4%).



'H-NMR(00012)6:2.00(3H,s),2.35-2.44 1111 )1, (2H,m),2.69-2.77(2H,m),3.10-3.19(2H,
m),3.31-3.38(2H,m),5.85(1H,brs), 6.30(1H,brs),7.30-7.35(1H,m),7.38-

7.43(4H,m),7.96(1H,d,3-8.5Hz), 4 8.02(1H,d,J =8.5Hz),8.23(1H,s), 8.53(1H,s),9.00(1H,s). 40NH2
N.., MS(El+)m/z:374(M+H). 471z 0 (\z/'H-NMR(0@01z).07(3H,d,J = 5.9Hz)

'y-NMR (DMSO-Dg) &: 1.32-1.47 (2H, m), 1.74~1.90 (4H, m),
2.04-2.16 (2H, m), 3.26-3.38 (4H, m), 3.47-3.69 (6H, m),
3.76-3.84 (2H, m), 3.85-3.94 {(2H, m), 7.90 (1H, br s},
8.11 (1H, =), 8.34 (1H, br s), 8.35 (1H, d, J = 8.5 Hz),
8.84 (1H, 4, J = 8.5 Hz), 9.22 {(1H, s).
MS (FAB®) m/z: 401 (M+H)"
[0075]

<Example 8>
B—{4-[2~-(Dimethylamino)-2-oxocethoxylpiperidin-i-yl}-1,6~

naphthyridine-2-carboxamide

{Chemical formula 18]

o

N

o/“jr Hs
o)

®

N O
N

¥ =y R NH,
N A NF

Using 4-[2-{(dimethylamino)-2-oxoethoxylpiperidine
(5.3 g, 28.4 mmol} and ethyl—B-bfomo—l,6“naphthyridine—2—
carboxylate (4 g, 14.2 mmol), the desired title compound
{1.05 g, vield 21%) was cobtained by the same method as in
Example 1 {lz) and Example 1 {1b).
'H-NMR (DMSQO-Dg) &: 1.75-1.88 (2H, m), 2.06-2.17 (2H, m),
2.83 {(3H, s}, 2.97 (3H, s), 3.09-3.20 {2H, m}, 3.58-3.68
(1H, m), 3.71-3.84 {2H, m), 4.21 (2H, s}, 7.81 (1H, br s},
7.99 (1H, br s}, 8.23 (IH, d, J = 8.5 Hz), 8.32 (1H, s),
g.67 {1H, &, J = 8.5 Hz}, 9.00 (1H, s).

MS (FABRY) m/z: 358 (M+H)"



1.52-1.67(3H,m),1.81-1.88(2H,m), 2.83-2.91(29,m),3.39-3.45(25,m),5.88
(1H,brs),6.24(1H,brs),7.96(1H,d, J=8.5Hz),8.01(1H,d,J =8.5 Hz), 8.54(1H,s),8.98(IH,s).MS)HI")m/z:
270(M+H)+ 48 0 H N(DMSO0-06)5:2.42(3H,s),6.77-6.81  (1H,m),7.30-7.34(1H,m),7.69(1H,br

- 73 -

[6076]

<Example 9>
8- (4-{2-[Methyl (methylsulfony)amino]ethoxylpiperidin-1-
vi)-1,6-naphthyridine-2-carboxamide

[Chemical formula 19]

o
O/\/ N \S/CH3

T

O

N O

N
! Ry ™ NH,

N A NF

Using 4-{2-
{methyi(methylsulfonyl)amino}ethoxy}piperidine (1.0 g,
4.25 mol) and ethyl-8-bromo-1,6~naphthyridine-2-
carboxylate (600 mg, 2.14 mmol), the desired title
compound (115 mg, yield 13%) was obtained by the same
method as in Example 1 (la) and Example 1 (1ib).

'H-NMR (DMSO-Dg) &: 1.74-1.85 (2H, m), 2.05-2.16 (2H, m),
©2.85 (3H, s), 2.91 (3H, s), 3.11-3.22 (2H, m), 3.27-3.34
(2H, m), 3.56-3.68 {3H, m), 3.74-3.83 (2H, m), 7.82 (1lH,
br sy, 7.98 (1H, br s), 8.23 (I1H, d, J = 8.5 Hz), 8.32
(14, s}, B8.87 (iH, d, J = &.5 Hz), 9.00 (1lH, s).
MS (FABY) m/z: 408 (M+H)®
o771

<Example 10>

8-[4~ (Dimethylcarbamoyl)piperazin-1l-yl]-1, &~

naphthyridine-2-~carboxamide



C s),8.08(1H,s),8.20(1H,d,J =8.5 / Hz),8.21(181,s),8.33(1H,s),8.40(1H, NNV 0
d,3-8.5Hz),8.68(1H,s),9.51(1H, s). MS (Efm/z:279(M)+ N NH, - 122 - [0119] [Table 5] 49
'H-NMR(DMSO-D,)5:3.26-3.32(45,3.43-3.49 (45,m),7.07(25,d,J =8.9Hz),7.29(2H,d,J =
8.9Hz),7.63(15,brs),8.08(15,d,J -8.5Hz), 8.19(1H:d,J £8.5Hz),8.30(15,s),8.32(1H,br
s),8.57(15,5),9.10(1H,s).MS(FAS+)m/z:367

[Chemical formula 20]

cry

O+ N

ET]

N

; R N\ NH,
N A AF

“CH,

O

"Using 4-{dimethylcarbamoyl)piperazine (560 mg, 3.56
mmol) and ethyl-8-bromo-1, é-naphthyridine-Z-carboxylate
(500 mg, 1.78 mmol), the desired title compound (97 mg,
yield 17%) was obtained by the same method as in Example
1 (1a) and Example 1 {1lb).

'H-NMR {DMSO-Dg) &: 2.80C (6H, s), 3.39-3.50 (8H, m), 7.83
(1H, br s), 7.96 (1H, br s), 8.25 (1H, d, J = 8.5 Hz),
8.32 (1H, s), 8.69 (1H, d, J = 8.5 Hz), 9.04 (1H, s).
MS (FAB®) m/z: 329 (M+H)®
[0078]

<Example 11>
8§~ [3~ (Methoxymethyl)piperidin-1-y1l]~1,6-naphthyridine-2-
carboxamide

[Chemical formula Z1]

LCH
"N

O
N

| S 2 NH,
N _ANF
Using 3- (methoxymethyl)piperidine (416 mg, 3.22

mmol) and ethyl-8~bromc~1, ¢~naphthyridine-Z2-carbonylate

(600 mg, 2.13 mmol), the desired title compound (160 mg,



z-z ft//-z m+5)+ 50 0C H-NMR(SMS0-0,)5:2.48(3H"3.26-3.32(45,), 3.64-3.69(45,m),7.11(25,d,J
-9.2Hz),7.67 IP (1H,brs),7.87(2H,d,J -9.2Hz),8.09(1H,d,J =8.7Hz),8.20(15,d,J =8.7Hz),8.31(15,5s),

8.35(1H,brs),8.59(15,5),9.11(15,3).MS ./N)-... (FAB+)m/z:375(M+5)- )....N.-, NR NIP
— "','5 —_

yvield 25%) was obtained by the same method as in Example
1 (la) and Example 1 (1b}.
'H-NMR (DMSO-D¢) &: 1.08-1.31 (1H, m}, 1.72~1.91 (3H, m},
2.15-2.27 (1K, m), 2.64-2.74 {(iH, m), 2.91-3.06 (1H, m),
3.27 {(3H, s}, 3.30-3.38 (2H, m), 3.62-3.72 (1H, m), 4.36-
4.46 (1B, m)}, 7.94 {(1H, br s), 8.06 (1H, br s}, B.2Z>(1H,
d, § = 8.5 Hz), 8.27 {(1H, s}, 8.67 {(IiH, 4, J = 8.5 Hz),
8.97 (1H, s).
MS (FAB") m/z: 301 (M+H)"
[0079]

<Example 12>
8-Piperidin-i-yl~1l, 6-naphthyridine-Z2-carboxamide
{12a) 8-Bromo-1, 6~naphthyridine-2-carboxamide

[Chemical formula 22]

Br O
i = N\ NH,
N A

8-Bromo-1, é-~naphthyridine-2-carboxylic acid (25.0 g,
98.8 mmol) was suspended in dichloromethane (900 mL), to
which 1,1'-carbonyldiimidazole {24.0 g, 148 mmol) was
then added. The resulting mixture was stirred for six
hours until homogeneous. To the resulting reaction
ligquid, a 0.5 M ammonia/dioxane solution (988 mL) was
added, followed by stirring at room temperature for 12
hours.

The solvent was distilled off under reduced pressure,
and water (400 ml} was added. A solid precipitate was

collected by filtration. The resulting solid was dried



51 -NMR(CDO1,)6:2.29-2.40(2H,m),2.42-2.54(25, C fl, ),3.40-3.52(25,m),3.53-3.63(25,m),5.89(1H,

brs),6.28(15,brs),7.37-7.43(15,m),7.45-7.5  (25,m),7.58-7.65(2H,m),7.93(15,d,J =8.5

Hz).8.07(15,d,J =8.5Hz),8.91(15,s),8.61 0 (15,5),9.08(15,s).MS(EI+)m/z:357(M+5)1 ONH, N.. 521
— 76 —_

and then suspended in methanol (400 mi) to give a powder.
The powder was collected by filtration again, and then
dried to give the desired title compound (22.8 g, yield

92

o

).

'H-NMR (DMSO-Dg) &: 8.09 (1H, br s), 8.14 (1H, br s},
8.38 (2H, 4, J = 8.4 Hz), 8.86 (2H, 4, J = 8.4 Hz), 2.11
(1H, s}, 9.50 (1H, s}.

MS (EI) m/z: 251, 253 ()7

(12b) 8-Piperidin-1-yl-1,6~naphthyridine-2-carboxamide

[Chemical formula 23]

L

N
- NH,

S R
LN

P

8-Bromo-1, 6-naphthyridine~-2~carboxamide (22.4 g, 99
mmol) produced in Example 12 (l2a) was dissclved in
piperidine (152 g, 1.78 mel), to which potassium
carbonate (36.9 g, 267 mmol) and tetrabutylammonium
iodide (TBAI) {(11.8 ¢, 99 mmol}) were then added, followed
by stirring at 110°C for four hours. Piperidine was
distilled off under reduced pressure. Toluene and water
were added to the residue thus obtained, and the
resulting mixture was partitioned (the pH of the agueous
layer was adjusted to be weakly basic). The aqueous
layer was extracted with dichloromethane again, and then
combined with the toluene Jlayer. The resulting mixture
was dried over anhydrous sodium sulfate and the solvent

was distilled off under reduced pressure. The residue



0)0xze"."="HR(DMSO-Ds)5:1.43-1.69(7H,m),1.70-1.99
(25,m),2.80-2.88(2H,m),3.26-3.34(25,m),3.36- 3. 50(45,in) ,3.59-3.69(15,m),3.75-3.81(15,m),
4.61(15,t,J =3.4Hz),7.63(111,brs),8.05(15, d,J =8.5Hz),8.15(15,d,J =8.5Hz),8.22(15,
ﬁ|),8.30(15,brs),8.99(15,8),9.03(15,8). MS(SAB*)mM/z370(5+5)' 53 . N(0580-005:0.95-1.09(25,),32
thus obtained was sequentially purified by normal phase
silica gel column chromatography {((after letting hexane
”éthyl acetate, 50 : 50, flow through, applying sthyl
acetate : methanecl, 100 : 0 - S0 : 10, V/V), basic silica
gel column chromatography (hexane : ethyl acetate, 100
0 - 0 : 100, Vv/V), and reverse phase silica gel column
chromatography (water : acetonitrile, 90 : 10 - 60 : 40,
V/V) to give the desired title compound (15.7 g, yield
69%) .
'H-NMR (DMSO-Dg) &: 1.60-1.69 (2H, m), 1.76-1.85 (4H, m},
3.37-3.45 (4H, m), 7.80 (1H, br s}, 8.03 (lE, br s}, 8.23
(iH, d, J = 8.5 Hz), 8.2% (1H, s), 8.67 (IH, 4, J = 8.5
Hz), 8.99 (1H, s).
MS (EIT) m/z: 256 (M)".
[c080]
<Example 13>
8-Morpholin-4-yl-1, é-naphthyridine-2-carboxamide

[Chemical formula 24]
®
N

J = N\. NH,

N A F

O

Using 8-bromo-1, 6-naphthyridine-2-carboxamide (2.02
g, 8.0 mmol} produced in Example 12 {1Z2a), the desired

title compound (1.1C g, vyield 53%}) was obtained by the

same method as in Example 12 (12b}.



(45,m),1.52-1.69(35,m),1.70-1.88(5H,m),2.77 (2H,m),3.35-3.49(45,m),7.63(15,s),8.04(15, d,J
-8.5Hz),8.14(15,d,J =8.5Hz),8.20(15, s),8.29(15,5),8.49(1H,5),9.02(15,5).MS  (ES")m/z:338(M+8)+
| N$.......”.."™7-2 54 Cl 5(0M50-06)5:1.77-1.86(2H,m),2.29-2.40 3.25-3.375.217.44 tit
(25,m),(48,m),(15,s),(2H, d,J =8.3Hz),7.64(15,s):7.6%(2H,d,J =8.3 OH
Hz),8.07(15,d,3'-8.5Hz),8.16(15,d,3'-8.5

"H-NMR (DMSO-Dg) 8: 3.43-3.49 (4H, m), 3.88-3.93 (4H, m),
7.82 (1H, br s), 7.96 (1H, br s), 8.25 (14, d, J = 8.4
Hz), 8.31 (1H, s), 8.69 (1H, d, J = 8.4 Hz), 9.05 (1H, s).
MS (FABY) m/z 239 (M+H)™
[0081] |

<Example 14>
8- {Azepan~1-y1)-1,6-naphthyridine-2-carboxamide

[Chemical formula 25]

®

N O

N
TR NH-

|
NN

Using 8-bromo-1,6-naphthyridine-2-carboxamide (Z01
mg, 0.8 mmol) produced in Example 12 (12a), the desired
title compound (55 mg, yield 26%) was cbtained by the
same method as in Example 12 (12b).

'H-NMR (DMSO-Dg) &: 1.53~1.66 (4H, m), 1.83-1.96 (4H, m),
3.80 (4B, t, J = 5.7 Hz), 7.64 (1H, br s), 7.96 (1lH, br
s}, é.lS (14, d, J = 8.6 Hz), 8.19 (1H, s), 8.55 (1lH, d,
J = §.6 Hz), B8.69 (1lH, s5).

MS (FAB") m/z 259 (M+H)"

[0082]

<Example 15>
4-{4-Phenylpiperazin-1-yl)isoguincline-é-carboxamide
(15a) 6-Bromo-4-hydroxyisoguinoline

[Chemical formula 26]



Hz),8.30(15,s),8.33(15,5),8.57(15,5),9.05 (15,5). 0 MS(Et)in/z:382(M+H)f N..10N - 123 -[0115]
[Table 6] 55 18-NMR(DMSO-MG)5:1.48-1.65(38,m),1.82-1.88
(28,m),2.78-2.85(28,m),3.38-3.45(48,m), C  4.57(18,t,J =5.3Hz),7.64(18,brs),8.05  (18,d,J
=8.3Hz),8.15(18,d,J -8.3Hz), - 79 -

OH

X Br
=

|
N

6-Bromo-2-« (phenylsulfonyl) -2, 3-dihydroisoguinoline-
4(1H)-cne (29 g, 79.2 mmol) was prodﬁced from 4-
bromochenzyl bromide in accordance with the method
dezcribaed in Tetrahedron &1 (2005) 8282 to BZ287, and then
suspended in ethanol (300 ml). To the resulting mixture,
a 21% sodium ethoxide/ethancl sclution (88.6 ml, 238
mmel) was added, followed by stirring at room temperature
for one hour. 7To the resulting reaction liquid, 3SM
hydrochloric acid {(approximately 50 ml) was added for
neutralization, and then ethanol was distilled off under
reduced pressure. A solid precipitate was collected by
filtration. The solid was dried and then purified by
sili@a gel column chromatography (dichloromethane
methancl, 100 : 0 - 50 : 50, V/V) to give the desired
title compcound (13.2 g, yield 75%).
'H-NMR (DMSO-Dg) 8: 7.79 (1H, dd, J=18.7, 1.8 Hz), 8.03
(14, d, J = 8.7 Hz), 8.11 {(1H, s}, 8.25-8.27 (1K, m),
8.82 (1H, s), 10.62 (1H, s},
(15b) 2-{Trimethylsilyl)ethyl 4-hydroxyisoquincline-6-
carboxylate

[Chemical formula 27]

OH O
N o~



8.22(18,s),8.30(18,brs),8.50(18,5),9.03 C (18,s). MS(FAH+)m/z:286(M-,8)k 56
1H-NMR(DM50-1),)5:1.19-1.27(18,m),1.79-1.85 C  OH (38,M),1.95-2.02(18,m),2.71-2.77(18,m),

- 80 -

6-Bromo-4-hydroxyisoquinoline (15.7 g, 70.0 mmol)
produced in Example 15 {15a) was dissolved in
dimethylformamide (100 mL), to which 2-
trimethylsilylethanol (100 mL), diisopropylethylamine
(27.1 g, 210 mmol), 1,3-bis{diphenylphosphino)propane
(8.67 g, 21.0 mmol), and palladium chloride (3.72 g, 21.0
mmol) were then added, followed by stirring at 60°C for
eight hours under a carbon monoxide atmospheré. The
solvent was distilled off under reduced pressure. Water
was added to the residue thus obtained, and the resulting
mixture was extracted with dichloromethane., The
resulting organic layer was dried over anhydrous sodium
sulfate and the sclvent was distilled off under reduced
pressuxé. The residue thus obtained was purified by
silica gel column chrcmatography((a mixed‘solvent of
hexane : ethyl acetate - 1 : 1) : methanol, 100 : 0 -
70 : 30, V/V) to give the desired title compound (17.3 g,
yvield 85.4%).
lH-NMR (CDCls) &: 0.11 (9H, s), 1.11-1.24 (2H, m), 4.46-
4.55 (2H, m), 8.02 (1#, d, J = 8.4 Hz), 8.24 {1H, d, J =
8.4 Hz), 8.38 (1H, s}, 8.87 (1H, s}, 8.09% (1H, s).
(00831

(15c) 2= {Trimethylsilyl)ethyl 4-
{[{trifluoromethyl)sulfonyloxy}isoguinoline-6~carboxylate

[Chemical formula 28]



2.82-2.88(18,m),3.28-3.33(28,m),3.43-3.49 ™.V (28,m),4.67(18,t,J =5.2Hz),7.63(1H,br N
s),8.06(18,d,J -8.6Hz),8.15(18,d,J =  9.6Hz),8.21(18,5),8.29(18,brs),8.53(18, ",.... NH 9.03

5),9.03(18,s). MS(FAB+)m/z:286(M+8)4 N,- 57
— 81 —

Q. CF,
o” \\O O
N =

2—(Trimethylsilyllethyl 4-hydroxyilsoguincline-6-
carboxylate (15.0 g, 51.8 mmol) produced in Example 15
{15p) was dissolved in dichlorcmethane (300 mL), to which
pyridine (10.2 g, 130 mmol) was then added. The
resulting reaction liquid was cooled tec -25°C, to which
trifluoromethanesulfonic anhydride (16.8 g, 5%2.6 mmol)
was added. The mixture was warmed to room temperature
over one hour while stirring. The resulting reaction
liguid was washed with a saturated agueous sclution of
sodium bicarbonate and saturated brine, and then dried
over anhydrous sodium sulfate. The solvent was distillied
off under reduced pressure. The residue thus obtained
was purified by silica gel column chromatography
(hexane : ethyl aéetate, 100 ¢+ 0 - 75 : 25, V/V) to give
the desired title compound (17.0 g, yield 78%).
lH-NMR (CDCl1i) &: 0.12 (94, s), 1.16-1.28 (2H, m), 4.48~-
4.63 (2H, m), B.17 {(l1H, d, J = 8.6 Hz), 8.35 (14, 4, J =
8.6 Hz), 8.66 (1H, =), 8.79 (1H, s), 9.35 (1H, s).
{15d} 2"{Trimethylsilyl)ethy; 4~ {4-phenylpiperazin-1-
vl)isoquinoline—-6-carboxylate

[Chemical formula 29]



| z 0= 1H-NMR(DM50-D6)5:3.27-3.32(48,m),3.76-3.81 C  (48,m),7.16(28,d,J =9.6Hz),7.68(18,s),
8.10(18,d,J =8.3H2),8.12(28,d,0 =9.6  Hz),8.20(18,d,J =8.3Hz),8.30(18,s) 8.36
(18.brs),8.60(18,5),9.11(18,5).MS(FAH+)  m/z:378(M+H)4 58 7N <:..>
-H-NMR(DMSO-Dc)6:3.24-3.29(48,m),3.61-3.66- 82 -

Sy

; X O/\/Si(CHs)a
N A

4-Phenylpiperazine (1.80 mL, 12.5 mmol) was
dissclved in toluene (8.5 mL), to which 2-
{trimethylsilyl)ethyl 4-
{({(trifluoromethyl)sulfenylloexylisoquinoline-6-
carboxylate {3.50 g, 8.30 mmol} produced in Example 15
(15c), tris{dibenzylideneacetone)dipalladium (760 mg,
0.83 mmol), 2-dicyclochexylphosphino-2'-(N,N-
dimethylamino)biphenyl (654 mg, 1.66 mmeol), and potassium
carbonate (3.44 g, 24.9 mmol) were then added. Thse
resulting mixture was heated under reflux for 1.5 hours
under a nitrogen atmosphere. After cooling, the reaction
ligquid was filtered and the solvent was distilled off.
The residus thus obtained was seguentially purified by
basic silica gel column chromatography (hexane : ethyl
acetate, 100 : 0 - 50 : 50, V/V) and normal phase silica
gel column chromatography (hexane : ethyl acetate, 80
20 -~ 20 : BC, V/V) to give the desired title compound
(2.37 g, yield 66%).
‘H-NMR (CDC1ls) 8: 0.11 (9H, s), 1.16-1.21 (2H, m), 3.36~-
3.41 (4H, m), 3.49-3.54 (4H, m), 4.49-4.53 (2H, m), 6.93

(1H, t, J = 7.2 Hz), 7.05 (2H, d, J = 8.2 Hz), 7.33 (ZH,



C | (48,m),6.92-6.96(28,m),7.67(18,brs),8.09  (18,d,J =B.7Hz),8.19(18,d,J =8.7Hz),
8.2;—8.24(28,m),8.30(18,5),8.35(18,brs), Nv'. 8.59(18,s),9.11(18,s).MS(EI4)m/z:333 (84 NV

_83_

dd, J = 8.2, 7.2 Hz), 8.03 (1H, 4, J = 8.4 Hz), 8.19 (1lH,
d, J = 8.4 Hz), 8.32 (1H, s), 8.89 (1H, s), 9.05 (1H, s}.
MS (ESI®) m/z: 434 (M+H)”
{00841

(15e) 4-(4-Phenylpiperazin~-1l-vyl)isoguinoline-6-
carboxamide

[Chemical formula 30]

N

)

N O

/N

i = NH,

N A~

2-{Trimethylsilyl)ethyl 4~ (4-phenylpiperazin-1-
y1l)isoguinoline-6~carboxylate (2.37 g, 5.47 mmol)
produced in Example 3 (3d) was dissolved in
tetrahydrofuran {27 mL), to which a 1.0M n-
tetrabutylammonium fluoride/tetrahydrofuran solution
(16.4 mL, 16.4 mmol) was then added, followed by stirring
at room temperature for 1.5 hours. The solvent was
distilled off under reduced pressure. The residue thus
obtained was dissolved in N,N-dimethylformamide (47 mL)
under a nitrogen atmosphere, to which ammonium chloride
(2.92 g, 54.7 mol), triethylamine (9.14 mL, ©5.6 mmol),
1-hydroxybenzotriazole (251 mg, 1.64 mmol), and N-{3-
dimethylaminopropyll—-N'-ethylcarbodiimide hydrochloride
(5.24 g, 27.3 mmol) were added, followed by stirring at

room temperature for 13 hours. The resulting reaction



N9 N:AONH 59 -H-NMR(DMSO-Dc)5:3.09-3.14(28,m),3.45-3.50 C I
(28,m),4.40(28,s),7.17-7.28(48,m),7.61  (18,brs),8.08(18,d,J -8.5Hz),8.19(18,

- 84 -

liguid was filtered and the solvent was distilled off
under reduced pressure. Tbe residue thus obtained was
purified by basic silica gel column chromatography
(hexane : ethyl acetate, 50 : 50 - 0 : 100, V/V) and
recrystallized from a mixed solvent of ethancl-
dichloromethane to give the desired title compound (1.13
g, yield 62%).
'H-NMR (DMSO-Ds) &: 3.28-3.32 (4H, m), 3.44-3.48 (4H, m),
6.84 (1H, t, J = 7.2 Hz}, 7.06 (2K, d, J = 8.3 Hz), 7.27
(2H, dd, J = 8.3, 7.2 Hz), 7.65 (1H, br s), 8.08 (1lH, d,
J = 8.2 Hz), 8.19% (14, 4, J = 8.2 Hz}, 8.31 (1E, s}, 8.33
{1H, br s}, 8.58 (1H, s}, 9.10 (1H, s}.
MS (FABY) m/z: 333 (M+H)
[0085]

<Example 16>
4~(Piperidin—l—yl)isoquinoline—6—carboxamide
[Chemical formula 31]

()
N O
=
~

—

[ NH;
N

Using piperidine (2.4 ml, 24 mmol) and 2~
(trimethylsilyl)ethyl 4-
{[ (triflucromethyl)sulfonyl]oxyl}isoguinoline-6-
carboxylate (5 g, 12 mmol) produced in Example 15 (lbc},
the desired title compound (1.18 g, yield 39%) was

obtained by the same method as in Example 15(15d) and

Example 15(15e).



d,J =8.5Hz),8.32(1H,brs),8.33(18,s),  8.58(18,s),9.08(18,5).MS(EI4)m/z:304 0 (M+8)4 V NH2
N,..110 60F 'H-NMR(DMSO-Dc)6:3.26-3.31(48,m),3.48-3.53 C

- B5 -~

'H-NMR (DMSO-Dg) &: 1.61-1.68 (2H, m), 1.79-1.84 (4H, m),
3.06-3.12 (4H, m}, 7.60 (1H, br s}, 8.04 (1H, d, J = 8.5
Hz), 8.14 (1H, d, J = 8.5 Hz), 8.21 (lH, s), 8.28 (1lH, br
s}, 8.51 (1H, s), 92.02 (1IH, s}.
MS (EI') m/z: 255 (M")
[0086]

<Example 17>
4-13- (Methoxymethyl)piperidin-l-yllisoquincline—-6-
carboxamide

[Chemical formula 32]

l\/\/l/\o,CH3
N

O
S NH,
N .~
Using 3—(methoxymethyl)piperidiné {185 mg, 1.43
mmol} and 2-{trimethvylsilyl)ethyl 4-
{[(triflucromethyl)sulfonylloxylisoquincline-6-
carboxylate (300 mg, 0.71 mmcl) produced in Example 15
(15¢), the desired title compound (57 mg, yield 27%) was
obtained by the same method as in Examples 15(15d} and
15{15e}.
'H~NMR (DMSO-Dg) 8: 1.15-1.29% (IH, m), 1.76-1.91 (3H, m),
2.13-2.25% (14, m), 2.60-2.70 (1H, m), 2.79-2.88 (1H, m),
3.25 (3H, sy, 3.27-3.3% {4H, m), 7.61 {(iH, br s}, 8.05
(1H, ¢, J = 8.5 Hz), 8.15 (1H, 4, J = 8.5 Hz), B.21 (1lH,
s), 8.25 (1H, br s), 8.51 (1H, s), 9.03 (1H, s).
©MS (EI') m/z 299 (M")

[0087]



(48,m),6.57-6.63(18,m),6.83-6.90(28,m),  7.24-7.30(18,m),7.65(11-i,brs),8.09(18,d, J
=8.3Hz),8.19(1H,d,J =8.3Hz),8.30(18, NV'.... s),8.33(1H,brs),8.58(18,s),9.10(18,s).
MS(FAH"YM/z:351(M+8)4 ., :

- B -

<Example 18>
4-[4-(1,3~Thiazol-2-yl}piperazin-l-yl]lisoguinoline-6-
carboxamide
[Chemical formula 33]
N[;S
N

.

N @
7N NH,
N~

Using (1,3-thiazol-2-yl)piperazine (241 mg, 1.42
mmol) and 2-(trimethyvlsilyl)ethyl 4-
{f{trifluocrcmethyl)sulfonylloxylisoquincline—-6-
carbeoxylate (400 mg, 0.949 mmol) produced in Example 15
{15c), the desired title compound (127 mg; vield 41%} was
obtained by the same method as in Examples 15{15d) and
15({15e).

'H-NMR (DMSO-Dg) &: 3.25-3.31 {(4H, m), 3.69-3.75 (4H, m),
©€.92 (1H, d, J = 3.4 Hz), 7.24 (1H, d, J = 3.4 Hz), 7.67
{1#¥, br s), 8.02 (1H, 4, J = 8.7 Hz), 8.19 (iH, d, J =
8.7 Hz), 8.30 (1H, s}, 8.35 (iH, br s, 8.56 (1H, s},
9.11 (1H, s).
MS (FAB") m/z: 340 (M+H)®
[0088]

<Example 19>
4-{4-[2-{Tetrahydro-Z2H-pyran-Z-yloxy)ethoxy]piperidin~1-

yll}isogquinoline~6=~carboxamide



Nv -124-[0116] [Table 7] 61 'H-NMR(01450-136)6:2.23(3H,s),3.26-3.31(4H,
m),3.37-3.42(4H,m),6.96(2H,d,J =8.5Hz), 7.08(2H,d,J -8.5Hz),7.64(1H,hrs),8.08 (1H,d,J
=8.7Hz),8.18(1H,d,J =8.7Hz), 8.30(1H,s),8.32(1H,hrs),8.57(1H,5), 0z //
9.09(1H,s).MS(FAH)M/z:347(M+H)' 62 H-NMR(DRBO-C,)5:3.25-3.30(4H,m),3.64-3.69 C
(4H,m),7.15(2H,d,J -8.9Hz),7.65(2H,d,

[Chemical formula 34]

N NH,
N #

Usingl4~E2—(tetrahydro—ZH—pyran—ZM
yloxy)ethoxylpiperidine (545 mg, 2.38 mmol) and Z-
(trimethylsilyl)ethyl 4- '
[{{trifluoromethyl)sulfonylloxyiisoquinoline-6—-
carboxylate (668 mg, 1.59 mmol) produced in Example 15
{15¢), the desired title compound (330 mg, yield 61%) was
obtained by the same methed as in Exaﬁples 15{15d) and
15(15e}. |
TH-NMR (DMSO-Dg) &: 1.42-1.53 (4H, m), 1.59-1.68 (1H, m),
1.70-1.89 (3H, m), 2.05-2.14 {(2H, m), 2.90-2.99 (2H, m),
3.36-3.41 (2H, m), 3.42-3.48 (1H, m), 3.51-3.66 (4H, m),
3,72-3.84 (2H, m), 4.62-4.65 (1H, m), 7.64 (1H, br s),
8.06 (1H, d, J = 8.4 Hz), 8.15 (1H, d, J = 8.4 Hz), 8.22
{iH, s), 8.33 (1lH, 5r.s), 8.51 (1, s), 9.04 (1lH, s)

MS (FAB') m/z: 400 (M+H)®
{0089}

<Example 20>
4-[4-(2-Hydroxyethoxy)piperidin-il-yl]liscguineline-6-

carboxamide



J =8.9Hz),7.66(1H,hrs),8.09(1H,d,J = 8.5Hz),8.19(1H,d,J =8.5Hz),8.30(1H,s),

8.34(1H,hrs),8.59(19,s),9.10(1H,s).MS / Nz (FAD')m/z:358(M+H)' 63
1H-NMR(DMSO-D05:2.18-2.23(2H,m),3.17-3.21 C (29,m),3.43-3.47(2H,m),3.71-3.75(2H, m)
3.78-3.82(2H,m),6.60(1H,t,J=7.3Hz), (7--N 6.8I(29%eJ =8.3Hz),7.18(2H,dd,J -8.3,
7.3Hz),7.65(1H,hrs),8.06(1H,d,J =8.5 \---..)

[Chemical formula 35]

OH
5\/
N o)
E X NH,
N

4-{4~[{2~{Tetrahydro-2H-pyran-2-
vloxy)ethoxy]piperidin-l-yliisoquinoline-6-carboxamide
(330 mg, 0.83 mmol) produced in Example 18 was dissolved
in methanol-water (90 : 10, V/V, 15 ml), to which p-
toluenesulfonic acid monchydrate (213 mg, 1.24 mmol) was
then added, followed by stirring at room temperature for
24 hours. After addition of triethylamine (300 pL), the
solvent was distilled off under reduced pressure. The
residue thus obtained was purified by basic silica gel
column chromatography.(ethyl acetate : methanol, 100 : 0
- 80 : 20, V/V) to give the desired title compound (160
mg, yield 61%).
l4-NMR (DMSO-Dg) 8: 1.76-1.86 (2H, m), 2.06-2.14 (2H, m),
2.91-2.98 (2H, m), 3.29-3.36 (2H, m), 3.50-3.61 (5H, m),
4.58-4.61 (1H, wm), 7.63 (iH, br s), 8.05 (1H, d, J = B.5
Hz), 8.15 (1K, d, § = 8.5 Hz), 8.23 {14, s}, 8.31 (1H, br
sy, 8.5C (1H, s), 9.63 (1H, s).
MS (FAB") m/z: 316 (M+H)"
[00201

<Example 21>
Tert-butyl (2-{[l-(é~carbamoylisoquinolin-4-yl)piperidin-

3-ylimethoxylethyl)carbamate



Hz),8.15(1H,d,J =8.5Hz),8.27(1H,hrs), N 8.27(1H,s),8.63(1H,s),9.01(1H,s).MS
(FAH)M/z:347(144H)+ N 64 1H -NMR(00013)6:2.07-2.19(29,m),2.21-2.34 C
(2H,m),3.06-3.18(2H,m),3.39-3.51(21-i,m), 4.53-4.64(1H,m),6.32(1H,hrs),6.51(1H,hr
5),6.94-7.04(3H,m),7.26-7.36(2H,m),7.94-  8.06(2H,1),8.30(19,5),8.57(19,5),9.00

[{Chemical formula 36]

H

~_N__O._CH
Yo
O  CH;

N 0

N NH,
N =

Using tert-butvyl [2-(piperidin-3-
viethoxyl)ethyl]carbamate (572 mg, 2.21 mmol) and Z-
{trimethylsilyl)ethyl 4-
{[(trifluoromethyl)sulfonyl]oxylisoquincline—6-
carboxylate (733 mg, 1.74 mmol) produced in Example 15
{15y, the desired title compound {497 mg, yield 54%) was
obtained by the same method as in Examples 15(15d) and
15{15e).

'H-NMR {CDCls) &: 1.37 (11H, s), 1.79-1.%4 (2H, m), 2.21-
2.34 (1H, m), 2.87 (1H, br s}, 2.97-3.07 (1H, m), 3.20-
3.41 (4H, m), 3.43-3.51 (2H, m), 3.53-3.61 (1H, m), 3.73
(18, br s}, 4.84 {1H, br s), 5.90 (1H, br s}, 6.86 (1lH,
br s}, 7.85-8.08 (2H, m), 8.24 (1H, s), 8.53 (1H, s),
8.92 (1H, s;.

M3 (EI") m/z: 429 (M+H)™

[0091]

<Example 22>
4-{3~[(Z-Amincethoxy)methyl]piperidin~l-yliisogquincline-

6-carboxamide hydrochloride



(1H,s). MS(EP)m/z:348(M+H)' 65 | 0001! 1H-NMR(00013)6:1.26-1.48(4H,m),1.56-1.67 C
(21-1,m),1.68-1.77(29,m),1.88-1.98(2H,m), 2.79-2.92(2H,m),3.36-3.46(29,m),3.47-3.54
(2H;m),4.00-4.09(2H,m),5.80(1H,hrs),  6.25(1H,hrs),7.95(2H,d,J =8.5Hz),8.03 (2H,d,J
-8.5H2),8.25(1H,5),8.55(1H,s), 9.00(111s). .

[Chemical formula 37]

ShA

N 0 HCI

E R NH,
N =

Tert-butyl (Z-{[l-(6é-carbamoylisoguinolin-4-
vi)piperidin-3~-ylimethoxylethyl)carbamate (158 mg, 0.368
mmol) produced in Example 21 was dissolved in dioxane (5
mL), to which a 4M hydrochloric acid/dioxane solution (2
ml) was added, followed by stirring overnight at room
temperature. Upon completion of the reaction, the
solvent was distilled off under réduced pressure to give
the desired title compound (148 mg, yield 100%).

'H-NMR (DMSO-Dg¢) &: 1.19~1.38 (1H, m), 1.78-1.96 (2H, m),
2.13-2.29 (IH, m), 2.75-3.05 (4H, m), 3.44-3.67 (8H, m),

7.89 {(1H, s), 7.98 (2H, s}, 8.24-8.33 (1H, m), 8.46-8.¢c4

——

(2H, m)}, 9.48 (1H, s).
MS(EI") m/z: 329 {(M+H)"
[o009z]
<Example 23>
4-(4-Hydrexy—-4-phenyipiperidin-1-vyl)isoguinoline-6-

carboxamide



MS(Er)m/z:340(M+H)+ 66 CM, 'H-NMR(OMSO-D6)6:2.16(39,s),6.24-6.26(1H. C m),6.99-7.01(1H,hr
m),7.11-7.13(19,m), /7.69(19,hrs),8.15(1H,d,J =8.7Hz),8.31 0 (1H,hrs),8.34(1H,d,J
=8.7Hz),8.36(1H, s),8.54(1H,s),9.40(19,s).MS(HI)in/z: ...... ,HN -2 N,1110 251(M)' - 125 - [0117]
[Table 8] - 31 -

[Chemical formula 38)]

Using 4—hydfoxym4mphenylpiperidine (193 mg, 1.092
mmol) and 2-{trimethylsilyl)ethyl 4-
[{{trifluoromethyl)sulfonyljoxylisogquinocline-6-
carboxylate (314 mg, 0.746 mmol} produced in Example 15
(15¢), the desired title compound (200 mg, yield 60%) was
obtained by the same method as in Examples 15(15d) and
15{15e}.

_leNMR {(DMSO-Dg) &6: 1.79-1.87 (2H, m), 2.30-2.41 (2H, m),
3.24-3.38 (4H, m), 5.07 (1H, s), 7.26 {1H, t, J = 7.3 Hz),
7.39 (2H, dd, T = 7.7, 7.3 Hz), 7.62 {(1H, br s), 7.63 (2H,
d, § = 7.7 Hz}y, 8.07 (1H, d, J = 8.5 Hz},.8.16 {(1H, d, J
= 8.5 Hz), 8.3C (1H, s), 8.32 (1H, br s}, 8.57 (1H, s),
9.04 (1H, s).

MS (BI) m/z: 348 (M+H)'

(0023}

<Example 24>
4-{4-Phenyl~-3, 6~dihydropyridine-1{2H)~yl)isoquinocline-6-

carboxamide



67 NVISIO.".1-1 N | H 'H-NMR(DMS0-06)5:0.94-1.07(1H,m),1.07-1.18

(2H,m),1.24-1.38(29,m),1.48-1.65(39,m), 1.65-1.79(49,m),2.53-2.58(19,m),2.78-2.87

(1H,f‘n),3.19-3.26(1H,m),3.37-3.45(19,m), 7.61(1H,hrs),8.03(19,d,J -8.5HZ),8.13_ (114,d,J

=8.5Hz),8.20(19,s),8.27(19,hr S),8.49(1H,S),9.01('1@,3).MS(FAB+)m/z: 310(M+H)+. 68

1H-NMR(0OMS0-D6)6:1.53-1.63(1H,m),1.74-1.95 C 0 (5H,m),2.04-2.14(2H,m),2.98-3.08(29,m),

3.35-3.40(3H,m),3.58-3.65(3H,m),3.72-3.77  (19,m),3.91-3.97(19,m),7.80(1H,hrs),8.22-
[Chemical formula 39]

(4-Hydroxy-4-phenylpiperidin~l-yl}isoguinoline—-6-
carboxamide (134 mg, 0.386 mmol} produced in Example 23
was dissolved in trifluoroacetic acid (1
mL) /dichloromethane (1.5 mlL), and the resulting mixture
was heated to reflux overnight. Upon completion of the
reaction, the solvent was distilled off under reduced
pressure. The residue thus obtained was purified by
gilica gel column chromatography (hexane : ethyl acetate,
50 : 50 - 0 @ 100, V/V) to give the desired title
compound (108 mg, yield B85%).

'H-NMR (DMSO-Dg) &: 2.74-2.84 (2H, m), 3.35-3.54 (2H, m),
3.88-3.98 (2H, m), 6.42 (1H, m), 7.30 (1H, t, J = 7.3 Hz),
7.40 (2H, dd, J = 7.7, 7.3 Hz), 7.56 (2H, 4, J = 7.7 Hz},
7.62 {1H, s}, 8.08 (1H, 4, J = 8.5 Hz), 8.18 (1H, d, J =
8.5 Hz), 8.33 (1H, s}, 8.34 (1H, s), 8.57 {(1H, s}, 2.07
(1H, s}.
MS (EI') m/z: 330 (M+H)T
[00%4]

<Reference Examplé 1>

4-12-(Tetrahydro-2H-pyran-4-yloxy)ethoxy]piperidine



8.25(29,m),8.41(19,d,J -9.3Hz),8.47(1H, hrs),8.57(19,s),9.35(19,s).MS(FAB+)m/z: i 356(M+H)+.
OH HC! 69 H 1H-NMR(DMS0-96)6:1.14(69,s),1.35-1.44(19, C C C
m),1.55-1.69(2H,m),1.82-1.91(29,m),2.70-

- 93 -

(la) Benzyl 4-[2-{tetrahydro-Z2H-pyran-2-
yloxy)ethorylpiperidine-l-carboxylate

[Chemical formula 40]
O

N

o*o“@

2-{(Tetrahydro-2H-pyran-Z-yloxylethyl 4-
methylbenzylsulfonate {(49.8 g, 166 mmol}) was dissolved in
N,N-dimethylformamide (500 mL), to which benzyl 4-
hydroxy-l-piperidinecarboxylate (31.1 g, 132 mmol) was
then added. Further, sodium hydride (content 55 %) (7.23
g, 166 mmol) was added at once, followed by stirring at
room témperature for two hours under a nitrogen
atmosphere.

To the resulting reaction liguid, dichloromethane
and water were added, and the resulting mixture was
extracted with dichloromethane. The resulting organic
layer was dried over sodium sulfate and the solvent was
distilled off under reduced pressure. The residue thus
obtained was purified by silica gel column chromatography
(hexane : ethyl acetate, 100 : 0 - 50 : 50, V/V) to give
the desired title compound (45.&6 g, yield 95%).

'H-NMR (CDCls) &: 1.49-1.62 (6H, m), 1.69-1.75 (1H, m),
1.78-1.88 (3H, m), 3.20-3.25 (2H, m), 3.45-3.66 (5H, m},



2.80(2H,m),3.43-3.51(29,m),4.20(19,5), 7.62(19,hrs),8.04(1H,d,J =8.5Hz),8.14 (1H,d,J
-8.5Hz),8.21(1H,s),8.29(19,hr o s),8.49(1H,s),9.02(19,s).MS(FAB+)m/z: NV. Hi314(M+H)+. H
70 F. 1H-NMR(0950-006:1.94-2.02(49,m),2.98-3.08 C

- 94 -

3.74~3.90 (4H, m), 4.64 (1H, t, J = 3.7 Hz), 5.12 {(ZH, s},
7.29~7.38 (5H, m).
(1p) Benzyl 4-(2-hydroxyethoxy)piperidine-l-carboxylate

[Chemical formula £1]

O/\/OH

o%f\@

Benzyl 4~{2—(tetrahydro—2H—pyran—2—
yloxy)ethoxylpiperidine-l-carboxylate {(45.6 g, 125 mmol)
produced in Reference Example 1{(la) was dissolved in
methanol, to which p~toluenesulfonic acid monchydrate
(11.9 g, 62.7 mmol)} was added, followed by stirring at
room temperature for 2.5 hours.

"To the resulting reaction liguid, sodium bicarbonate
(powder) was added, and the solvent was distilled off
under reduced pressure. A solid precipitate was filtered
off whiie washing with ethyl acetate. The filtrate was
concentrated under reduced pressure. The residue thus
obtained was purified by silica gel cclumn chromatography
(hexane : ethyl acetate, ©0 : 40 - 0 : 100, V/V) to give
the desired title compound {(2%.1 g, yield 83%).

I4-NMR {CDCis) &: 1.52-1.60 (2H, m), 1.82-1.9%0 (2H, m),
1.98 (iH, t, J = 6.0 Hz), 3.18-3.24 (EH, m), 3.50-3.55

(14, m), 3.58 (3H, t, J = 4.6 Hz), 3.73 (2H, dt, J = 6.0,



(29,m),3.43-3.50(29,m),3.63-3.73(19,m),  7.39(29,t,J -8.8Hz),7.61(19,hrs),8.08  (19,d,J
-8.5Hz),8.11-8.17(3H,m),8.25(19,  s),8.31(1H,hrs),8.50(1H,s),9.05(1H,s).
MS(FAB+)mM/z:378(M+H)+. N 71is"Q.a . K/ z/\V-z
19-9919(DMS0-D06:1.35-1.44(2H,m),1.53-1.61°C25 -

4.6 Hz), 3.79-3.86 (2H, m), 5.13 {(2H, s}, 7.29-7.38 {(5H,
m) .
[0095]

(lc) Benzyl 4-(2-{[ (4~
methylphenyl)sulfonyloxylethoxy)piperidine-l-carboxylate

[Chemical formula 42]

O
O/\/O“,,S
s L
CHs
N

o)\o/\O

Benzyl 4-(2-hydroxyethexy)piperidine-l-carboxylate
(20.0 g, 71.6 mmol) produced in Reference Example 1(1b)
was dissclved in dichloromethane (360 mL), te which N,N-
dimethylaminopyridine (875 mg, 7;16 mmol) and
triethylamine (20.0 mL, 143 mmol) were added. Further,
p-toluenesulfonyl chloride (17.7 g, 93.1 mmol) was slowly
added, followed by stirring at room temperature for 2.5
hours.

To the resulting reaction liguid, water was added,
and the resulting mixture was extracted with
dichleoromethane., The resulting organic layer was dried
over magnesium sulfate and the scolvent was distillied off
under reduced pressure. The residue thus obtained was
purified by silica gel cclumn chromatography (hexane
ethyl acetate, 100 : 0 - 50 : 50, V/V) to give the

desired title compound (30.7 g, yield 99%).



(5H,m),1.86(4H,d,J =11.5Hz),2.82(2H,t,J =11.2Hz),3.29-3.42(4H,m),3.44-3.51(1H,m), 3.53(29,r,J
-6,0Hz),3.78-3.83(2H,m),7.64  (19,hrs),8.05(1H,d,J =8.3Hz),8.14(19,d, J
=8.3Hz),8.21(19,5),8.30(1H,hrs),8.50  (19,s),9.02(1H,s).MS(FAB+)m/z:384(M+H)+ 72 OH3
-H-NMR(0980-06)5:1.15(39,d,J =6.6 Hz), C ~ 1.66-2%9¢19,m),2.18-2.19(1H,m),2.43-2.51

'H-NMR (CDC1l;) &: 1.44-1.51 (2H, m), 1.70-1.77 (2H, m),
2.44 (3H, s), 3.19-3.24 (2H, m), 3.44-3.48 (1H, m), 3.65
(2H, t, J = 4.7 Hz), 3.66-3.70 (2H, m), 4.15 (24, t, J =
4.7 Hz), 5.12 (2H, s), 7.30-7.38 (7H, m), 7.79 (2H, 4, J
= 8.6 Hz).

(1d) 4—[2—(TetrahydrOWZpryfanw4-yloxy)ethoxy}piperidine~
l-carboxylate

[Chemical formula 43]

50
o)\o

Benzyl 4- (4~
methylphenyl)sulfonyloxylethoxy)piperidine-i~carboxylate
(1.64 g, 3.7% mmol) produced in Reference Example 1(lc)
was dissolved in N,N~dimethylformamide (10 mL), tc which
tetrahydro-2H-pyran-4-ol {540 pL, 5.69 mmol) and sodium
hydride {(content 55%) (248 mg, 5.69% mmol) were added,
followed by stirring at room temperature for 20 hours.
Water was added te the resulting reaction liguid,
followed by extraction with ethyl acetate. The resulting
organic layer was washed with water and saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure. The residue thus

obtained was purified by silica gel column chromatography



(2H,m),3.40-3.42(19,m),3.76-3.87(2H,m),  7.81-7.83(29,m),8.26(19,d,J =8.5Hz),8.37 0 (1H,d,J
=8.8Hz),8.41(1H,hrs),8.92(1H, . s),9.01(19,5).MS(FAH+)M/z256(M,H)+ N/111.."NH2 HCI -
126 - [0118] [Table 9] 73 /CH3 (-0 () NO 1H-NMR(DMSO-D0)8:1.73-1.76(18,m),2.10-2.13

- 97 -~

{ethyl acetate : hexane, ¢ : 100 - 40 : 60, V/V) to give
the desired title compound (510 mg, yield 37%).
‘H-NMR (CDCls) &: 1.58-1.60 (4H, m), 1.86-1.89 (4H, m),
3.20~3.23 (2H, m), 3.40-3.46 (2H, m), 3.51-3.53 (2H, m),
3.60-3.63 (44, m), 3.80-3.82 {(2H, m), 3.92-3.%4 (2H, m),
5.12 (2H, s}, 7.34-7.35 (5H, m).
MS (FAB) m/z: 364 (M+H)' |
[0096]

{le) é4-{Z2~{Tetrahydro-2H-pyran—4-
yvioxy)ethoxylpiperidine

{Chemical formula 44)]

C)/A\N/C)\{:::j
O
N
H

Benzyl 4~[Z-{tetrahydro-Z2H-pyran-4-
vloxy)ethoxylpiperidine-l-carboxylate (505 mg, 1.39% mmol)
produced in Reference Example 1{le) waé dissolved in
methanol (15 mL), to which palladium hydroxide (50 mg)
was added, followed by stirring at rcom temperature for
18 hours under a hydrogen atmosphere. The resulting
reaction liquid was filtered through‘Celite, and the
solvent was distilled off under reduced pressure to give
the desired title compound (318 mg, vield 100%).

'H-NMR (CDCl;) &: 1.43-1.52 (2H, m), 1.58-1.61 (2H, m),
1.85-1.96 (4H, m}, 2.61-2.67 (2H, m), 3.09-3.11 (24, m),



(1H,m),2.58-2.65(1H,m),3.30(38,s),3.35- 3.36(1H,m),3.43(2H,d,J -7.1Hz),3.48-
3.61(3H,m),7.59(18,s),8.01(18,s),8.02 (18,d,J =8.5Hz),8.06(18,d,J-8.5Hz),
8.25(18,s),8.67(1H,s),8.79(18,s).MS C NH2 100 (FAB)mM/z286(M+H)+ N 740113
2H-OMR(0M50-DE)5:1.78-1.85(2H,m),1.91-2.04 € 2@8;m),2.86(3H,s),2.82-2.88(18,m),2.88- H,0---"
2.96(2H,m),3.08(38,s),3.39-3.47(2H,m), "..--,..." 7.64(18,brs),8.06(18,d,J =8.5Hz),8.15 (18,d,J
=8.5Hz),8.21(1H,s),8.34(18,br

3.40-3.46 (34, m), 3.50-3.57 (1H, m), 3.61-3.62 (4H, m),

3.83-3.9%6 (2H, m).

MS (FAB) m/z: 230 (M+H)~

[0097]

<Reference Example‘2>

4-{2-[ (3R} -Tetrahydrofuran-3-yloxy]ethoxylpiperidine

[Chemical formula 45]

~~0
&U
)
H

Using benzyl 4-(2-{[ {4~
methylphenyl)sulfonyloxylethoxy)piperidine-l-carboxylate
{4.00 g, 9.23 mmol) produced in Reference Example 1(1c)
and (SR)—teﬁrahydrofuran—B—ol (1.05 ¢g, 12.C mmol),_the
desired title compound (1.36 g, yield 79%) was obtained
by the same method as in Reference Examples 1(1d) and
1{ley).

'H-NMR (CDCl1;) &: 1.39-1.46 (24, m), 1.90-1.95 (2H, m),
1.97-2.01 {2H, m), 2.57-2.62 {(2H, m), 3.06-3.10 (2H, m),
3.36-3.42 (1H, m), 3.54-3.63 (4H, m), 3.77-3.84 (3H, m),
3.%0 (1H, g, J = 7.8 Hz}, 4.16-4.19 (1H, m).

MS (FAB) m/z: 216 (M+H)"

r0098]

<Reference Example 3>
4—{2—[(38)wTetrahydrofuran—B—yloxy}@thdxy}piperidine

fChemical formula 46]



s),8.52(18,5),9.04(18,s).MS(FAH+)m/z: /H 327(M+8)+. N 710H 75
'H-NMR(DMSO-DO5:1.42-1.57(4H,m),1.61-1,72 C ..."--\? (18,m),1.73-1.86(28,m),1.88-1.96(18,m),
2,..-1-? 2.04-2.14(28,m),2.91-3.02(2H,m),3.34-3.41  (28,m),3.44-3.51(1H,m),3.80-3.89(2H,m),
4.80-4.82(18,m),7.64(18,Srs),8.06(18,d, J =8.7HAHB.15(18,d,J =8.7Hz),8.23(18,

/A\v/oh.
(‘% o
N

H

Using benzyl 4-(2-{[{4-
methylphenyl)sulfonyloxylethoxy)piperidine-l-carboxylate
{4.00 g, 9.23 mmol) produced in Reference Example 1{ic}
and (38)-tetrahydrofuran-3-ol (1.05 g, 12.0 mmol), the
desired title compound {(1.52 g, vyield 77%) was obtained
by the same method as in Reference Examples 1(ld) and
1(le).

‘H-NMR (CDCLls) &§: 1.39-1.46 (2H, m), 1.90-1.95 (2H, m),
1.97-2.01 (2H, m), 2.57-2.62 (2H, m), 3.06-3.10 (2H, m),
3.36-3.42 (1H, m), 3.55-3.63 (4H, m), 3.77-3.84 (3H, m},
3.é0 (1H, g, J = 7.8 Hz), 4.16~4.19 (1H, m). |

MS (FRB) m/z: 216 (M+H)"

[(0099]

<Reference Example 4>
4-[2~-{Tetrahydrofuran-3-ylmethoxy)ethoxy]piperidine

[Chemical formula 47]

\EO
O/A\V,O

Using benzyl 4-(2-{[{4-

methylphenyl)sulfonyloxylethoxylpiperidine~l-carboxylate



0s),8.32(18,Srs),8.51(18,5),9.04(18,s). MS(FAH")mM/z:356(M+H)+. N1110N 76 ,CH,
18-NMR(DMSO-D08:1.76-1.87(28,m),2.07-2.16 C (28,m),3.00-3.09(2H,m),3.33(3H,s),3.45-
3.51(38,m),7.81(1H,Srs),8.24(18,d,J - 8.7Hz),8.26(18,s),8.42(18,d,J =8.7Hz),
8.48(18,Srs),8.58(18,s),9.36(18,5).MS 0 (FAS")n/z:286(M+H)+.

(4.00 g, 9.23 mmol) preduced in Reference Example 1(lc)
and (tetrahydrofuranw3—yl}methanoi (1.23 g, 12.0 mmol),
the desired title compound (1.41 g, yield ©7%) was
cbtained by the same methoed as in Examples ltld) and
1(le).
1HNMR (CDCls) &: 1.42-1.49 (2H, m), 1.57-1.63 (1H, m),
1.90-1.96 {(2H, m), 1.97-2.04 (1H, m), 2.50-2.58 (1H, m),
2.59-2.65 (2H, m), 3.07-3.12 (2H, m), 3.37-3.42 (2H, m),
3.43-3.49 (1H, m), 3.57-3.63 (5H, m), 3.70-3.75 (1H, m},
3.81-2.85 (2ZH, m}.
MS(FAB) m/z: 230 (M+H)"
[01C0]

<Reference Example 5>
4-{2—[(Dimethylamino)sulfony}ethoxy}piperidine
(5a) henzyl 4-{2-
{(Dimethylamino)sulfony}ethoxy}piperidine—lwcarboxylate

[Chemical formula 48]

O/\/302N(CH3)2

Q)

N

%oﬁ@

Benzyl 4-hydroxypiperidine-l-carboxylate (5.0 g,
21.2 mmol) was dissolved in tetrahydrofuran (100 ml), and
while cooling with ice, sodium hydride (content 55%) (1.0
g, 22.9 mmol) was added. The resulting mixture was
stirred for 30 minutes while cooling with ice, to which

50 ml of a solution of N,N-dimethylethenesulfonamide in



'‘N111/N |

(68,m),3.46-3.53(18,m),3.79-3.84(28,m),

NH HCI 77 va.../"\'H-NMR(DMSO-DO8:1.38-1.47(2H,in),1.52-1.62 C
(28,m),1.69-1.80(18,Sr m),1.88(48,d,J = 12.8Hz),2.83(28,t,J =11.2Hz),3.39-3.44 -',...[) ...
7.64(18,Srs),8.05(18,d,J =8.3Hz),8.18 0 (18,d,J

=8.3Hz),8.22(18,s),8.30(18,Sr - 101 -

tetrahydrofuran (3.0 g, 22.2 mmol) was added dropwise
over five minutes. The resulting mixture was stirred for
30 minutes while cocoling with ice, and then for three
hours at room temperature. The resulting reaction liquid
was poured into water and then extracted with ethyl
acetate. The resulting organic layer was sequentially
washedrwith water and saturated brine, and then dried
over sodium sulfate. The solvent was distilled off under
reduced pressure. The residue thus obtained was purified
by silica gel column chromatography (hexane : ethyl
acetate, 50 ¢ 50 - 0 : 100, V/V) to give the desired
title compound (4.9 g, yield 62%).

'H-NMR (CDCls) &: 1.48-1.61 (2H, m), 1.82-1.92 (2H, n),
3.14-3.25 (4H, m), 3.49-3.58 (1H, m), 3.79-3.89 (4H, m),
5.12 (2H, s), 7.28-7.42 (5H, mj.

{5p) 4-{2-](Dimethylaminc)sulfonylethoxyipiperidine

[Chemical formula 49]

O/\/802N(CH3)2

N
H

Using benzyl 4-{2-
[{dimethylamino)sulfonyl]ethoxylpiperidine-l-carboxylate
(4.9 g, 13.2 mmol) produced in Reference Example 5(5a),

the desired title compound (3.1 g, yield 99%) was

obtained by the same method as in Reference Example 1({le}.

TH-NMR {(CDC1a) 8: 1.37-1.50 (2H, m), 1.90-2.00 (2H, m),
2.56-2.66 (2H, m), 2.88 (6H, s), 3.04-3.14 (2H, m), 3.22



s),8.49(18,5),9.03(18,s).MS(FAH)mM/z: NH2 NNN 370(M+8)+ ,101 78 18-NMR
(DMSO-D05:3.09-3.26(48,Sr m),3.58- C  4.06(48,Srm),7.49(5H,s),7.67(18,Srs), 0 8.07(18,d,
=8.7Hz),8.18(18,d,J =8.7 N Hz),8.28(18,5),8.33(18,5rs),8.54(1H, s),9.10(18,5).
MS(FAH)M/z:361(M+H)' - 102 -

(2H, &, J = 6.2 Hz), 3.37-3.46 (1, m), 3.84 {(2H, t, J =
6.2 Hz)!
[0101]

<Reference Example &>
3-[{Diflucromethoxy)methyiIpiperidine
(6a) Benzyl 3-[(difluoromethoxy)methyllpiperidine-1-
carboxylate

Chemical formula 50}

OCHF,
N

PN

O” O

Benzyl 3—(hydroxyﬁethyl)piperidine~l~carboxylate
(2.49 g, 10.0 mmol) was dissolved in acetonitrile (100
mL), to which copper ilodide (I} (2.86 g, 15.0 mmol) and
2,2—difludro—2—(fluorosulfonyi)acétic acid (2.66 g, 15.0
mmol) were added, followed by stirring at 80°C for 20
minutes. The mixture was brought down to room
temperature, to which adeguate amounts of hexane and
ethyl acetate were added, followed by neutralization with
a 2M ammonia/methancl solution. Impufities were filtered
off, and the solvent was distilled off under reduced
pressure. The residue thus obtained was purified by
basic silica gel column chtomatoé&aphy (hexane : ethyl
acetate, 100 : 0 - 0 : 100, V/V) to give the desired

title compound {(1.82 g, yield 61%).



\NVO N N -127-[0119] [Table 10] 79 OCH 18-8148(DM50-006:2.09(38,s),3.06-3.10(28, C

m),3,12-3.16(2H,m),3.72-3.78(48,m),7.67 N ....5, (18,Mrs),8.08(18,d,J=8.7Hz),8.19(18, d,J

=8.7Hz),8.25(18,5),8.35(18,Mrs), 8.55(18,s),9.09(18,s).MS(FAB+)m/z:299 ',....N..," 0 (M+8)."
- 103 -

H-NMR (CDCl3) &: 1.22-1.34 (1H, m), 1.41-1.55 {(1H, m),
1.64-1.73 (1H, m), 1.76-1.92 (2H, m), 2.59-2.97 (2H, m),
3.64-3.77 (2H, m), 3.93-4.21 (2H, m), 5.13 {(2H, s), 6.18
(LH, t, J = 74.5 Hz), 7.28-7.41 (5H, m).

(6b) 3-[{Difluoromethoxy)methyl]piperidine

[Chemical formula 51]

(j/\OCHFZ

N
H

Using benzyl 3-[(difluoromethoxy)methyllpiperidine-
l-carboxylate {(1.97 g, 6.58 mmol) produced in Reference
Example 6{6a), the desired title compoﬁnd (1.00 g, yield
82%) was obtained by the same method as in Reference
Example 1(le).

'H-NMR (CDCls) &: 1.12-1.20 (1H, m}, 1.43-1.52 (1H, m),
1.65-1.71 (1H, m), 1.77-1.85 (2H, m),_2.35?2.40 {1H, m),
2.53-2.59 (1H, m), 2.98-3.03 {1H, m), 3.10-3.14 (1H, m),
3.64-3.71 (2H, m), 6?18 {1H, t, J = 75.0 Hz).

[0102]

<Reference Example 7>
2- (Methoxymethyl)morpholine
{7a) 4-Benzyl-2-{methoxymethyl)morpholine

[Chemical formula 52]

Cy
O



NONH2 H 68-NMR(DMS0-1:4)6:1.74-1.88(28,m),2.05-2.15 ¢
(28,m),3.00-3.09(28,m),3.50-3.65(78,m),  7.84(18,Mrs),8.26(18,5),8.26(18,d,J = 8.8Hz),8.46(18,d,J
=8.8Hz),8.50(18,Mr  s),8.58(18,5),9.41(15,s).MS(FAB'M/z: 316(M+8)+. N 7H HCI 81

- 104 -

(4-Benzylmorpholin-2-yl)methanol (1.00 g, 4.83
mmol) was dissclved in N,N-dimethylformamide (15.0 mL),
to which sodium hydride {(content 55%, 255 mg, 5.85 mmol)
was then added while cocling with ice. The resulting
mixture was stirred for Z0 minutes while cooling with ice.
Subseguently, iodomethane (0.364 mL, 5.85 mmol) was added
to the resulting reaction liquid, followed by stirring at
room temperature for two hours.

Water and ethyl acetate were added to the reaction
liguid, followed by extraction with ethyl acetate. The
resulting organic layer was dried over sodium sulfate.
The solvent was distilled off under reduced pressure.

The residue thus obtained was purified by silica gel
column chromatogréphy {(hexane : ethyl acetate, 100 : 0 -
80 : 20, V/V) to give the desired title compound (1.06 g,
yvield 99%).

1H-NMR {CDC1l3) &: 1.94-1.99 (1H, m), 2.16-2.22 (14, m),
2.64-2.74 (2H, m), 3.32-3.42 (2H, m), 3.36 (3H, s), 3.46-
3.54 (2H, m), 3.67-3.76 (2H, m), 3.87-3.90 (1H, m), 7.22-
7.35 (5H, m).

(7b) 2= ({Methoxymethyl)morpholine

[Chemical formula 53]

[:O:I/A\O/CHB
N
f

H

Using 4-benzyl-2-{methoxymethyl)morpholine (1.06 g,

4.7% mmol) produced in Reference Example 7{7a), the



'H-NMR(DMSO0-D06:1.34-1.46(25,m),1.79-1.90 C  (48,m),2.06-2.16(25,m),3.02-3.10(25,m),
3.30-3.37(28,m),3.38-3.46(25,m),3.49-3.56  (18,m),3.57-3.67(55,m),3.76-3.84(25,m),
7.85(18,Mrs),8.27(15,s),8.27(18,d,J = 10.0Hz),8.47(18,d,J =10.0Hz),8.51(18, X=?:-
‘Mrs),8.59(18,5),9.43(18,s).MS(FAH) m/z:400(M+8Y4. 82 TH,
3H-NMR(DMSC-D05:1.46-1.61(58,m),1.84-1.91 C

desired title compound (554 mg, yield 88%) was obtained
by the same method as in Reference Example 1(le).
'H-NMR (CDCl.) &: 2.65 (1H, dd, J = 12.0, 10.3 Hz), 2.78-
2.82 {(1H, m}, 2.86-2.%2 (2H, m), 3.34-3.42 (2H, m), 3.38
(3H, s), 3.60—3.58 {2H, m), 3.89-3.92 {(1H, m).
[0103]

<Reference Example 8>
4-[2-(1,4~Dioxan-2-ylmetheoxy)ethoxylpiperidine

[Chemical formula 54]

N
H

Using benzyl 4-(Z2-{[ (4~
methylphenyl)sulfonyloxylethoxy)piperidine-l-carboxylate
(7.8 g, 18.0 mmcl} produced in Reference Example 1 (lc)
and 1,4-dioxan-2-ylmethanol (1.78 g, 15.1 mmol), the
desired title compound (4.4 g, yield 61%) was obtained by
the same method as in Reference Examples 1{(1d) and 1{le).
'HeNMR (CDCls) 8: 1.41-1.54 (2H, m), 1.89-1.98 (2H, m),
2.61-2.69 (24, m}, 3.05-3.14 (2H, m}, 3.37-3.83 {(14H, m).
(01047

<Reference Example 9>
4-({2-{[Trans~4-methoxytetrahydrofuran-3-
vljoxylethoxy)piperidine
(%9a) Benzyl 4-{2-[{trans—-4-hydroxytetrahydrofuran-3-

vl)oxylethoxylpiperidine~l~carboxylate



(28,m),2.35-2.42(2)1,m),2.77-2.85(75,m), (NCH 2.99(35,s),3.45-3.52(28,m),7.64(18,Mr 0
5),8.05(18,d,J =8.0Hz),8.15(18,d,0 = 8.0Hz),8.21(18,s),8.31(18,Mrs),8.50 |
(18,5),9.03(15,5).MS(HAS')m/z:355(M+H)+ Nz,1110 83
1H-NMR(DMSO-C,)6:1.91-1.99(28,8),2.03-2.13 A 1(@8,),2.74-2.84(18,m),2.97-3.07(25,m),
4.10-4.13(25,m),7.20-7.25(18,m),7.32-7.39

[Chemical formula 55]

OH
QR
é °
N
o¢ko

Benzyl 4—(2~hydroxyethoxy)piperiﬁine—l—carboxylate
(6.70 g, 24.0 mmol)} produced in Reference Example 1(1lb)
and 3, 4-epoxytetrahydrofuran (1.03 g, 12.0 mmol) were
dissolved in dichloromethane (5.0 mL). To the resulting
mixture, a boron trifluoride diethyl ether complex {0.34
g, 2.4 mmol} was added at room temperature, followed by
stirring for 16 hours. More bor&n triflucride diethyl
ether complex (0.34 g, Z.4 mmol) was added, followed by
further stirring for two hours. Triethylamine {(1.82 g,
18.0 mmol} was then added, and the resulting reaction
liquid was directly purified by basic gilica gel column
chromatography (hexane : ethyl acetate, 100 : 0 - 0 : 100,
ethyl acetate : methanel, 100 : 0 - 95 : 5, V/V}) to give
the desired title compound (2.14 g, yield 49%).

'H-NMR (CDCls) &: 1.51-1.59 (2H, m), 1.80-1.88 (24, m),
1.90 (14, d, J = 5.2 Hz), 3.16-3.23 (2H, m), 3.48-3.54
(1H, m), 3.58-3.64 (2H, m), 3.66-3.70 (2H, m}, 3.70-3.76
(2H, m), 3.78-2.87 (2H, m}, 3.83-3.97 (2H, m), 4.04-4.09
(1H, m), 4.29-4.33 (1H, m), 5.12 (2H, s}, 7.29-7.38B (B5H,
m) .

MS (EIT) m/z: 366 (M+H)"



(45,m),7.88(15,Mrs),7.99(18,Mrs),8.25  (15,d,J =8.5Hz),8.36(18,s),8.69(18,d, J

=8.5Hz),9.02(18,5).MS(FAB+)m/z:333 N (M+H)' '5.. N..."...- 842Zf00\0
'H-NMR(DMSO0-D06:3.05-3.15(28,m),3.29(38, C  s),3.30-3.36(25,m),3.45-3.49(18,m),3.57-
- 107 -

(9%} Benzyl 4—{2—[(trans~4—methoxytetrahydrofuran»B—
yljyoxylethoxylpiperidine-l-carboxylate

[Chemical formula 56]

O—CHg
Qe
@ °
N
oo

Using benzyl 4-{2-[({trans-4-hydroxytetrahydrofuran-
3-yljoxylethoxylpiperidine-l-carboxylate (2.28 g, 6.25
mmol} produced in Reference Exanmple 9(%a), the desired
title compound {(1.9%5 g, yield 82%) was obtained by the
same method as in Reference Example 7(7a).

'H-NMR (CDCls} &: 1.49-1.61 (2H, m), 1.78-1.89 (2H, m),
3.17-3.25 (2H, m), 3.37 (3H, s), 3.48-3.55 {(1H, m), 3.58-
3.67 (4H, m), 3.75-3.88 (5H, m), 3.90-3.96 (2H, m), 3.098-
4,02 (1H, m), 5.12 (2H, s), 7.28-7.40 (5H, m).

MS (EI') m/z: 380 (M+H)"

(9¢) Trans-4-(2-{[4-methoxytetrahydrofuran-3~
ylloxylethoxy)piperidine

[Chemical formula 57]

O"'CH3
O/\/O\Eg
@ ’
N
H

Using benzyl 4-(Z-{[trans-4-methoxytetrahydrofuran-
3-ylloxylethoxy)piperidine-l-carboxylate {1.90 g, 5.01

mmol) produced in Reference Example 9(9b}, the desired



3.62(25,m),4.17-4.24(28,m),6.78(18,t,] = 7.2Hz),7.02(28,d,J =8.3Hz),7.27(28, dd,J
=8.3,7.2Hz),7.69(18,Mrs),8.06(18, d,0=8.5Hz),8.20(18,Mrs),8.20(18,d,0
-8.5Hz),8.34(18,5),8.59(15,5),9.11(18, s).MS(FAH)M/z:377(14-41)" - 128 - [0120] [Table 11] 85
HO-7 1H-NMR(DMSO-D)5:1.78-1.89(25,m),2.85 2016(25,m),2.99-3.09(25,m),3.34-3.44
(25,m),3.45-3.53(45,m),3.55-3.66(55, M),7.82(11-2,brs),8.21-8.28(25,m),8.43

title compound {1.23 g, yield 100%) was obtained by the
same method as in Reference Example 1(le).
'H-NMR (CDCls) &: 1.41-1.48 {(2H, m)}, 1.89-1.95 (2H, m),
2.58-2.64 (2H, m), 3.06~3.11 (2H, m}, 3.37 (3H, s), 3.37-
3.42 (1H, m), 3.60-3.67 (4H, m), 3.77-3.80 (2H, m), 3.86-
3.88 (IH, m), 3.92-3.96 (Z2H, m), 4.01-4.03 (1H, m).
MS (FBB') m/z: 246 (M+H)’
F0105]

<Reference Example 10>
4-{2-{[Trans-4-(difluorcmethoxy)tetrahydrofuran-3-
yilloxylethoxy)piperidine
{i0a) Renzyl 4~ (Z2-{[trans-4-
(difluoromethoxy) tetrahydrofuran—~3-
ylloxylethoxy)piperidine~l-carboxylate

[Chemical formula 58]

.
~_O O/AF
e
N
™o

Using benzyl 4-{2-[(trans-4é-hydroxytetrahydrofuran-
3-ylioxylethoxylpiperidine-l-carboxylate (2.65 g, 7.25
mmol} produced in Reference Example 9(%a), the desired
title compound (1.19 g, vield 40%) was obtained by the
same method as in Reference Example &{6a).

*H-NMR (CDCls) &: 1.49-1.61 (2H, m), 1.77-1.90 (2H, m),
3.17-3.26 (2H, m), 3.47-3.55 (1H, m}, 3.57-3.63 (2H, m),



(15,d,J =8.5Hz),8.48(15,brs),8.58 0 (15,s),9.38(15,s). N IP H HCI MS(FAH")in/z:360(M+H. r 86 0
N(DMS0-D6)1.77-1.89(213,rn),2.06- C5....—-Th 2.16(25,m),2.82(3H,s),2.93(35,5),

3.00-3.10(25,m),3.35-3.45(25,m),3.58- CH, --15.
- 109 -

3.64-3.73 (2H, m), 3.75-3.87 (4H, m), 3.96-4.05 (2H, m},
4,10-4.16 (1H, my, 4.73-4.77 (1H, m), 5.12 (2H, s}, 6.26
(IH, t, J = 73.4 Hz), 7.29-7.40 {54, m).

MS (EI") m/z: 416 (M+H)"
(10b).4—(2—{[Trans~4—(difluoromethoxy)tétrahydrofuran—3¥
yvlloxytethoxy)piperidine

[Chemical formula 59]

A0 O’{F
0

Using benzyl 4-(2-{{trans-4-
(difluoromethoxy) tetrahydrofuran-3-
yl]oxy}ethoxy)piperidine—l—carboxylate (1.88 g, 4.53
mmol} produced in Reference Example 10(10a), the desired
title compound(1.20 g, vield 94%) was obtained by the
same method as in Reference Example 1{le).
'H-NMR (CDCls) &: 1.42-1.50 (2H, m), 1.82 (1H, br s,
1.89-1.95 (ZH;-m), 2.60-2.66 {2H, m}, 3.06-3.12 (2H, m),
3.36-3.43 {(1H, m), 3.29-3.62 (ZH, m}), 3.67-3.7C (2H, m),

3.78-3.85 {ZH, m), 3.%98-4.04 (ZH, m), 4.12-4.15 (1H, m),

i}

4,75-4.77 (1H, m), 6.27 (1H, t, J 73.6 Hz).
MS (FAB') m/z: 282 (M+H)~
[0106]

<Reference Example 11>
Cis—é—{2—{(4—methoxytetrahydrofuran~3¥
ylloxylethoxylpiperidine

[Chemical formula 60]



3.67(5H,m),4.17(25,s),7.82(15,Srs),  8.22-8.28(25,m),8.43(15,d,J =8.8Hz),
8.49(15,Srs),8.58(15,2),9.38(15,s).  MS(HAS)in/z:401(M+Hr. N HCI 87

NMR(DMSO-D05:0.40-0.52(411)77
- 110 -

/\/OIS
O
ol
N
H

Using benzyl 4-(2-{[(4-
methylphenyl)sulfonyloxylethoxy)piperidine-l-carboxylate
(2.50 g, 5.77 mmol) produced in Reference Example 1(lc)
and 4-methoxytetrahydrofuran-3-col (820 mg, 6.%24 mmel),
the desired title compound (1.20 g, yield B85%) was
obtained by the same method as in Reference Examples
1(1d} and 1{lej}.

'H~NMR (CDC1s) 8: 1.40-1.52 (2H, m), 1.88-1.98 (2H, m),
2.59-2.68 (2H, m}, 3.05-3.13 {2H, m), 3.38-3.44 (1H, m},
3.45 (3H, s), 3.64-3.99 (9H, m), 4.08-4.16 (1H, m}.
[0107]

<Reference Example 12>
Piperidin-4-ylmethyl methyl (tetrahydro-ZH-pyran-4-
yl)carbamate
(12a) Benzyi 4w({{methyl{tetrahydro—2H—pyran-4~
yl)carbamoyl]oxy}methyl)pipefidine—l—carboxylate

Chemical formula 61}

Renzyl 4w(hydroxymethyl)piperidineQZ—carboxylate

(2.14 g, 8.57 mmol) was dissolved in dichloromethane (26



1.85(25,m),2.03-2.13(25,m),2.89-2.99  (25,m),3.26-3.38(3H,m),3.51-3.65(55,
m),7.62(15,5rs),8.05(15,d,J =8.5  Hz),8.15(15,d,J =8.5Hz),8.22(15,Sr 0
S),8.31(1H,s),8.50(1H,s),9.03(1H,s). MS(FAR)M/z:356(M+H)' 55... N

- 111 -

mL), to which pyridine (1.04 mL, 12.9 mmol) and p-
nitrophenyl chlorcformate (2.07 g, 12.9 mmol) were added,
followed by stirring at room temperature for 35 minutes
under a nitrogen atmosphere. Subsequently, N-
methyltetrahydro-2H-pyran-4-amine hydrochloride {(1.30 g,
8.57 mmol) and triethylamine (3.59 mL, 25.7 mmol) were
added, followed by further stirring for 4.3 hours. Water
was added to the resulting reaction liquid, and the
resulting mixture was extracted with dichlorcmethane.

The resulting organic layer was dried over sodium sulfate
and the solvent was distilled off under reduced pressure.
The residue thus obtained was purified by silica gel
column chromatography {(hexane : ethyl acetate, 100 : 0 -
50 : 50, V/V) to give the desired title compound (2.22.g,
yield 66%).

"H-NMR (CDCls) &: 1.17-1.28 {24, br m), 1.53-1.60 (3H, m},
1.66-1.89 (3H, br m), 2.73-2.86 {(5H, br m), 2.39-3.52 (ZE,
m), 3.94-3.9% (2H, m), 4.00-4.04 (2H, m}, 4.16~4.29 (3H,
br m), 5.13 {(2H, s}, 7.30-7.37 {(5H, m).

MS (FABY) m/z: 391 (M+H)®

(12b) Piperidin-4-ylmethyl methyl (tetrahydro-ZH-pyran-4-
yvl)carbamate

[Chemical formula 62]

OTJN\(/\'O

Iz



NH, 88°,..-" R(DMSO-DO5:0.39-0.5(4H,),1.73  1.87(25,m),2.05-2.17(25,55),3.28-3.35
(15,m),3.37-3.49(2H,m),3.56-3.68(55,  m),3,92-4.04(25,m),7.98(15,5rs),8.18

(15,5),8.39(15,brs),8.42(15,d,J = |
- 112 -

Using benzyl 4-({[methyl (tetrahydro-2H-pyran—-4-
yv1)carbamoylloxylmethyl)piperidine-l-carboxylate {(2.76 g,
8.62 mmol) produced in Reference Example 12(1Za), the
desired title compound (1.54 g, yield %6%) was obtained
by the same method as in Reference Example 1(le).
lH-NMR (CDCls) 8: 1.17-1.31 (2H, m), 1.55-1.61 (2H, m),
1.62-1.98 (7H, m), 2.58-2.€5 (2H, m), 2.77-2.82 (3H, br
my, 3.09-3.13 (2H, m), 3.42-3.50 (2H, m); 3.93-3.96 (2H,
m), 4.00-4.04 (23; m) . |
MS (FAB™) m/z: 257 (M+H)®
10108]

<Reference Example 13>
2-{Tetrahydro~2H-pyran~-4-yloxy)ethyl piperidine~1-
carboxylate
{13a) 1,4,8~-Trioxaspiro[4.5]decane

[Chemical formula €3]

[
0_ 0

()

0
Tetrahydro~4H-pyran (6.00 g, 60.0 mmol) was

dissolved in benzene (120 mL), to which ethylene glycol
(11.2 g, 180 mmol} and p-tcluenesulfonic acid monochydrate
(1.14 g, .00 mmol) were added. Using a Dean-Stark tube,
the resulting mixture was refluxéd for two hours while
removing water generated. To the resulting reaction
liquid, a saturated agueous sclution of sodium
bicarbonate was added, followed by extraction with ethyl

acetate. The resulting organic layer was washed with



8.7Hz),8.96(15,d,J =8.7Hz),9.37(15,  s).MS(FAH)in/z:357(M+H)’ NH2 N  HC 89 9H
HR(DMS0-11A)5:1.70-1,8225,in),1 . 93-

- 113 -

saturated brine, and dried over sodium sulfate. The
solvent was distilled c¢ff under reduced pressure. The
residue thus obtained was purified by basic silica gel
column chromatography (hexane : ethyl acetate, 100 = O -
¢« 100, V/V) to give the desired title compound (7.79 g,
yvield 90%).

'H-NMR (CDCls) &: 1.74 (4H, t, J = 5.5 Hz), 3.74-3.80 (4H,
m), 3.98 (4H, s).

(13b) 2m(Tetrahydro—2H—pyranw4wyloxy)ethanol

[Chemical formla 647.
3
HO
\’/\O

1,4,8-Trioxaspirof[4.5]decane (0.43 g, 3.0 mmol)
produced in Reference Example 13 (13a) was dissolved in
tetrahydrofuran (1.0 mL}, and the resulting mixture was
cooled to —50°C{ Subsequently, a 1.0M solution of
borane-tetrahydrofuran complex in tetrahydrofuran (3.6
mbL) and trimethylsilyl trifluoromethanesulfonate (33 mg,
0.15 mmol) were added. The resulting mixture was warmed
to room temperature, followed by stirring for 18 hours.
A small amount of water was added, and then the resulting
mixture was purified by basic silica gel column
chromatography (hexane : ethyl acetate, 100 : ¢ - 0 : 100,
V/V) to give the desired title compound (0.39 g, yield
88%) .
'H-NMR (CDCls) §: 1.53-1.65 (2H, m), 1.87-1.95 (2H, m),
2.01 {(1H, t, J = 6.3 Hz), 3.40-3.48 (2H, m), 3.50-3.57



2.02(25,m),2.87-2.97(25,m),3.27-3.38  (2H,m),3.66-3,79(15,m),4.77(15,d,J =  4.2Hz),7.61(15,Sr
5),8.04(15,d,J =  8.5Hz),8.14(15,d,J =8.5 Hz),8.22(1H,  8.30(15,Srs),8.50(1H,s),9.02(15,
S)MS(HAS)Niz:272(M+H)' NH,

- 114 -

(18, m), 3.57-3.81 {2H, m), 3.71-3.77 (2H, m), 3.92-3.99
(Z2H, m).

(13c) Benzyl 2~{tetrahydro-2H-pyran-4-yloxy)ethyl
pilperazine-1,4-dicarboxylate

[Chemical formula 65]

O%(O\/“oji:B

Using 2= (tetrahydro-ZH-pyran-4-yloxyjethancl (1.46 g,
10.0 mmol) produced. in Reference Example 13(13a) and
benzyl l-piperazine carboxylate (2.68 g, 13.0 mmocl), the
desiréd title compound (3.42 g, yield 87%) was obtained
by the same method as in Reference Example 12{l2a).
lH-NMR (CDCls) &: 1.51-1.64 (2H, m), 1.85-1.93 (2H, m),
3.39-3.55 (114, m}, 3.68 (2H, £, J = 5.0 Hz}, 3.90-3.97
(2H, m), 4.25 (2H, £, J = 5.0 Hz), 5.15 (2H, s), 7.30-
7.42 (5H, m}.

MS (EI%) m/z: 393 (M+H)”
(13d) 2-(Tetrahydro-2H-pyran-4-yloxy)ethyl piperidine~1-
carboxylate.

[Chemical formula 66¢]

oo S
®



N71110 90 CFl, R(DM50-D6)5:1.77-1.86(25,),1.86 1 1.98(25,m),2.85(35,3),2.88-2.91(15, O,N,
m),2.95-3.04(25,m),3.08(35,s),3.32  (25,s),4.01-4,04(25,m),7.79(15,Srs),

8.02(1H,Srs),8.23(15,d,J =8.3Hz),
- 115 -

Using benzyl 2-{tetrahydre-ZB-pyran-4-yloxy)ethyl
piperidine-1, 4-dicarboxylate (3.50 g, 8.92 mmol) produced
"in Reference Example 11(1lc), the desired fTitle compound
(2.26 g, vield 98%) was cbtained by the same method as in
Reference Example 1(le}.

IH-NMR (CDC1s) &: 1.56-1.63 (2H, m), 1.87-1.92 (2H, m),
2.80-2.85 (4H, br m), 3.41-3.47 (6E, m), 3.30-3.35 (1H,
m), 3.68 (éH, t, J = 4.9 Hz}, 3.9%2-3.96 (2H, m}, 4.24 (Z2H,
t, J = 4.9 Hz}.

' MS (FAB®) m/z: 259 (M+H)*
[0109]

<Reference Example 14>
1,4:3,6wDianhydro~2—O—{2—{{1-£2~(ethoxycarbonfl)ml,6m
naphthyridin-8=-yllpiperidin~-4-yl}oxy)ethyl]l~5-0-
methylhexitol

(14a) 1,4:3,6-Dianhydro-2-0-[2-{{1-
[ {(benzyloxy)carbonyl]lpiperidin-4-yljoxylethyl]-5-0-
methyl-D-mannitol

[Chemical formula 67]

H, O
O/\/O‘\CS;L CHj
oAl

N
A
Using benzyl 4-(2-{[{4-
metbylphenyl)sulfony}oxy}ethoxy)piperidine—l—carboxylate
{6.80 g, 15.7 mmol) produced in Reference Example 1(1c)

and 1,4:3,6-dianhydro-2-C-methyl-D-mannitcl (2.10 g, 13.1



8.31(15,s),8.68(15,d,J =8.5Hz),9.00 5...N/ 0 rk.-7N'31-7--"NH2  (15,s). MS(HAS)m/z328(5+5)"
N,....:52\% - 129 -[0121] [Table 12] 91 CR 1 07.'1/N'tit 1 \NV' NH2 N HCI
1H-NMR(DMSO-D,)5:1.78-1.87(28,m),2.10-2.12 (28,m),2.83(3H,s),2.97(38,s),3.28-3.37
(28,m),3.66-3.68(18,m),3.88-3.90(28,m), 4.22(28,t3)1%91(18,hrs),8.13(18,hrs),
8.36-8.37(214,m),8.85(181,d,J -8.6Hz),9.23 (18,t0).

mmol), the desired title compound (3.6 g, yield 65%) was
obtained by the same method as in Reference Example 1(1d).
H-NMR (CDCls) 8: 1.49-1.61 (2H, m), 1.77-1.89 (2H, m),
3.15~3.25 {(Z2H, m), 3.46 (3H, s), 3.48-3.56 (1H, m), 3.61-
3.73 (5H, m), 3.75-3.86 (3H, m), 3.91-3.98 (1H, m), 4.01-
4.17 (3H, m), 4.54-4.60 (2H, m), 35.12 (2H, s}, 7.2%-7.40
(5H, m).
{(14by 1,4:3,6-Dianhydro-2-0-~methyl-5-0-12-(piperidin-4-
" yloxy)ethyl]-D-mannitol

[Chemical formula 68]

H O
O/\\/O&Egj\ 'CHB
(j 7 .IH i

H
Using benzyl 1,4:3,6é~dianhydro=2«0=~[2= ({1~

[ {(benzyloxy)carbonyl]piperidin~4~ylioxy)ethyl]=5=0=
methyl-D-mannitel (3.60 g, 5.77 mmol) produced in
Reference Example 14{lda), the desired title compound
(2.4 g, yield 98%) was obtained by the same method as in
Referenée Example 1(le}. This compound was used in the
subsequent reaction withcut isclation.

(14c) 1,4:3,6~Dianhydro=-2-~0-{Z2-{{1-[2-({ethoxycarbonyl}-
1, 6~naphthyridin-8-yllpiperidin-4-yljioxy)ethyli~5-0-
methyl-D-mannitel

[Chemical formula 69]

H, O
O/\/O\CQ\O,CH:;
o H



MS(FAB)YM/z358(M+H)' 92 0, /0 18-NMR(DMSO-D05:1.77-1.83(28,m),2.11-2.13 A
(28,m),3.14-3.16(28,m),3.18-3.19(48,m), 0 3.39(28,t,J .6.0Hz),3.61-3.69(58,m),3.79-
3.80(28,in),3.83(28,t,J .=6.0Hz),7.83(18, hrs),8.01(18,hr s),8.23(18,d,J =8.6Hz), --€0
8.32(1H,10),8.68(18,d,J =8.6Hz),9.00(18, .). MS(EAB)M/z450(M+H)+ 1 93
18-24MR(DMS0-26)5:1.87-1.89(28,m),2.11-2.13 C

Using 1,4:3,6-dianhydro-2-O-methyl-5-0-[2~
(piperidin-d-yloxy)ethyl}-D-mannitel {2.0 g, 6.96 mmol)
produced in Reference Example 14 (14b), the desired title
compound (683 mg, yield 65%) was obtained by the same
method as in Example 1(1la).

'H-NMR {CDCis) &: 1.49 (3H, t, J = 7.1 Hz), 1.93-2.04 (2H,
m), 2.13-2.22 (Z2H, m}, 3.25;3.33 (2H, m), 3.47 (3H, s),
3.61-3.76 (6H, m), 3.81-4.00 (4H, m), 4.04-4.22 (3H, m),
4.49 (2H, g, J = 7.1 Hz), 4.56~-4.63 (2H, m}, 8.20 (1H, d,
J = 8.5 Hz), B8.33 (1H, s), 8.37 (1H, 4, J = 8.5 Hz), 8.90
{1H, s).

Examples 25 to 117 shown below were produced in
accordance with the aforementioned production methed A, B,
or C. In the fellowing tables, "Ex. No." refers to the
number of the Example, "Structure" refers to the
structural formula of the compound of the Example, "Data”
refers to the physical and chemical data of the compound
of the Example, and "Mthd" specifies the production
method A, B, or C by which the compound cf the Example

was produced.



(28,m),3.04-3.06(28,m),3.41-3.45(68,m),
5),7.82(12,5),8.23-8.29(22,m) ,8.44(118,d,
MS(FAB')mM/z399(81+8)* N,.., 1 Ill) HCI

3.58-3.60(48,m),3.67-3.67(12,m),4.26(28,
J =8.8Hz) ,8.49(18,s),8.58(18,5),9.39(18,

94 Tm, 111-14148(DMSC-Rd6:1.77-1.95(28,m),2.07-2.20 C

S).

10

(2H,m),2.84(38,s),2.98(38,s),2.99-3.09 - 118 -
[0L10]
[Takle 1]
i” Structure Data Mthd
NO
25 CH, TH-NMR (DMS0-Dg) &: 1.02 (3H, d, J = 6.3 Hz}, 1.47-1.55 | B
(28, m), 1.37-1.65 {(iH, m), 1.76-1.81 (2H, m), 2.86-
2.92 (2H, m), 3.93-3.98 {2H, m), 7.78 (1€, br s), 8.02
(1M, br s), 8.23 {1H, d, J = 8.3 Hz), 8.30 (lH, s},
N o 8.67 {18, d, F= 8.3 Hz), 8.%9 (1B, s). M3 (FAB") m/z:
N 271 (MY Y
! SN NH,
N o
28 CH "H-MMR (DMSO-Dg) B5: 0.%6 (3H, &, J = 6.9 Bz), 1.11-1.19 | B
3 (1H, m), 1.79-1.89 (3H, m}, 1.93-2.02 (1H, =), 2.56-
2.62 (1H, m}, 2.84-2.90 (1H, m), 3.84~-3.91 (2H, m},
7.76 (1H, br s), 8.03 (1H, br s}, 8.23 {1H, d, J = B.6
N 0 Hz), B.29 (iH, s), 8.67 (14, ¢, J = 8.6 Hz), 8.98 (1H,
) 5).
| NN “L\ NH, | H8 {FAB') m/z: 271 (M+H}'
No A
27 H ‘H-NMR (DMSO-Dg¢) &: 1,85-1,77 (2H, m), 1.83-2.03 (2%, B
m), 3.06-3.15 (2H, m), 3.70-3.85 {(3H, m}, 4.74 (1H, br
sy, 7.78 (1H, br s), 8.01 {iH, br s), B.23 {(1H, 4, =
f.4 Hz), 8.30 (1H, s}, 8.67 {(lH, d, J = 8.4 Hz), 8.98
N o {14, s).
MS (FART) m/z: 273 (M+H)®
AN N\ NH
{ 2
Ne A 7
28 ‘H-NMR (CDCls} &: 3.50-3.535 {(4H, m), 3.65-3.71 (4H, B
5.81 {l1H, br s}, 6.%1-6.96 (1H, m}, 7.02~7.07 (2H, m),
7.30-7.37 (2H, @), 7.8% {1H, br s}, B.38-8.49% (3H,
9,03 (1H, s}.
{:N:] M8 (EI*) m/z: 334 (M+H)}'
N
N
= = N
l H,
N P
54 H,C.. TH-NMR (DMSO-Dg) &: 1.73-1.80 (2H, m}, 2.05~2.1% {(ZH, B
Q my, 3.11-3.,22 (2H, m), 3.32 (3H, s), 3.40-3.48 (iE,
m}, 3.72-3.81 (2H, m), 7.81 (1H, br s), 7.98 {1H, br
s}, 8.23 (iH, d, J= 8.4 #z), £.31 (1H, s), 8.67 (1H,
d, J= 8.4 Hz), $.00 (1H, s).
MS (FRBY) m/z: 287 (M+H)*® -
N e
N
i S =3 NH2
N~
30 F ‘H-NMR (DMSO=Ds) B: 3.36-3.42 (4H, m}, 3.57-3.64 (4H, B
m), 7.01-7.13 (4H, m}, 7.82 (1lHE, br s}, 7.97 (1H, br
s}, 8.2% (1M, d, J = 8.4 Hz), B8.35 (1H, s), 8.69 {(1H,
d, J= 8.4 Hz}, 9.05 (1B, s).
. MS (FARBT) m/z: 352 (M+H)T.
()
R N\ NH,
NN




CH, (28,m),3.35-3.45(28,m),3.61-3.71(18,m),

8.7Hz),8.26(18,S),8.42(18,d,J -.8.7Hz),
(FAB')M/z357(71+18)' "...8....

4.23(22,s),7.81(18,hrs),8.24(18,d,J -= 0
8.48(18,hrs),8.58(18,s),9.37(18,5).MS 0

1 HOC 95F 70 'H-NMR(DMSC-D05:1.57-1.67(28,81),1.81-1.90

- 119 -
[0111]
[Table 2]
31 0 Y-NMR {CDCLs) &: 1.77-1.87 (2H, m), 1.97-2.07 (1H, m), 2.08~
\CH3 2.19 (14, m), 3.33~3.45 (3H, m}, 2.48 {(3H, s), 3.66~3.72 (1H,
m), 3.99-4.06 (1H, m), 5.70 (iH, s), B8.32 {(iH, s}, 8.38 (IH,
N o d, J= 8.2 Hz), 8.42 (1H, d, J = 8.2 Hz), 8.60 (lH, s}, 8.93
(1H, s).
N MS (EIY) m/z: 287 (M+H)}®
/? > NH,
Nao =
39 F TH-NMR (CDCl;) &: 3.50-3.55 (4H, m), 3.65~-3.62 (dH, m), 5.70
{1H, s}, 6.58-6.63 (1H, m), 6.68-6.73 (lH, m), 6.77-6.81 (I1H,
m), 7.23-7.28 (lH, m), 7.85 (1H, s}, B.41 {1H, s), 8.44 (lH,
4, J= 8.2 Hz), 8.48 {1H, ¢, J = §.2 Hz}, 9.02 (1H, s8).
[:N:J MS (EIY) m/z: 352 (M+H}T
33 Ty-NMR (DMSO-D:) &: 2.11-2.19 (2H, m), 3.56-3.62 (ZH, m},
3.77-3.84 {(4H, m), 3.98-4.04 (2H, m), 6.52-6.58 (1H, m),
6.75-6.80 (2H, m), 7.10-7.17 (2H, m}, 7.69 (iH, br s}, 7.97
(18, br s), 8.17 {18, d, J = 8.5 Hz), 8.29 {1H, s}, 8.58 (1H,
( j} d, J= 8.5 Hz}, .76 (1H, s}. MS (FaB') m/z: 348 (M+H)"
N
N~
34 "H-NMR (DM3O~Ds) 5: 6.38-6.44 {2H, m), 7.21-7.28 (2H, m), 7.7%
é?jg (12, br s), 8.15 (1H, 4, J = B.6 Hz), 8.29-8.33 (2H, m), 8.36
N 0 (1H, &, J= 8.6 Hz), 8.5% {1H, s}, 9.43 (1H, s}.
MS (FABY) m/z: 238 (M+H)'.
~ NH,
N
a5 0 TH-NMR (CDC1;) &: 3.17-3.23 (4H, m), 3.99-4.03 (4H, m}, 5.73
r’ \7 (1H, br s), 6.22 (1H, br s}, 7.96 (1H, d, J = 8.6 Hz), B8.08
{1H, &, J = 8.6 Hz), 8.30 (1H, s}, B8.61 {1H, s}, %.06 (1H,
\N/) e} 8-
MS (EI') m/z: 258 (M+H)"
, % NH,
Nz
36 "H-NMR (CDCls) &: 2.03-2.1C (4H, m), 3.55-3.62 (4H, m), 5.74
{ } {1H, br s}, 6.21 (18, br s), 7.86 (1H, d, J = B.6 Hz), 7.96
N g (13, d, J= 8.6 Hz), 8.08 (lH, s}, 8.77 (1H, s), 8.78 (1H,
s}.
MS (EI') m/z: 242 {(M+H}®

N,




C (38,m),2.82-2.89(214,m),3.41-3.47(28,m), F 3.82-3.87(28,m),6.73(18,t,J =76.3Hz),7.65
(18,hrs),8.06(18,d,J =8.4Hz),8.17(18,d, J -8.4Hz) ,8.23(18,s),8.31(18,hrs),8.50 \N/ 0
(18,5),9.05(18,5).MS(Ento/z:335(M)4 "Z leNH2 96 OF
--181-NMR(DM582-26)5:1.55-1.66(22,m),1.83-183 0 (38,m),2.87-2.95(28,m),3.79-3.83(22,m),
"L F

[0112]

[Table 3]

37 O T - NMR (DMEO-Dg) &: 1.5%1-1.65% {(2H, m), 1.72-1.88 ({(3H, m},
CH, 2.79-2.88 (2H, m), 3.29-3.36 (2H, m}, 3.30 (3H, s}, 3.37-
3.46 (2H, mb, 7.62 (14, br s}, B.05 (1H, &, J = 8.5 Hz),
8.14 (1H, d, J = 8.5 Hz), 8.22 (1lH, s}, 8.29 (lH, br s},
N

8.49 (1H, s}, 9.03 (iH, s).
G MS {(FAR") m/z: 300 (M+H)'

38 0 CH,: TH-NME (DMSO-De) &: 1.14 (3H, t, J = 7.0 Hz), 1.36-1.48
I (1H, m}, 1.75-1.%5% (2H, m}, 2.03-2.12 {1H, m), 2.76-2.88
’ (2H, m), 3.22-3.27 {1H, m}, 3.41-3.4% (1, m), 3.58 {2H,
g, J= 7.0 Hz), 3.65-3.73 (1H, m}, 7.60 (1H, br s), B.05
N 0O (iH, d, J = 8.5 Hz}, 8.15 (iHE, 4, J = 8.5 Hz), B8.23 {lH,

s}, 8.24 (1H, br s}, 8.54 (1%, s}, ®.04 (1H, =s). MS
: (FABYY m/z: 300 (M+H)©
| = NH, .
N =

39 o~ _CH, Chiral | B-¥MR (DNSO-Dg) &: 1.16-1.30 (1K, m), 1.77-1.91 (3%, m),
"0 2.13-2.25 (iH, m}, 2.61-2.70 {1E, m}, 2.80-2.88 (lH, m),
3.25 (3, s}, 3.26-3.39 {4H, m), 7.62 (1H, br s), 8.05
N

{1H, 4, J = B.3 Hz), B.15 {(1H, d, J = 8.5 Hz), B8.21 {IH,

sy, $.26 (1H, br sy, B.51 (iH, s), 9.03 (1H, s). M5
(FAB™) m/z: 300 (M+H)}'

i = NH,

N .=

40 _CH, Chiral "H-NMR (DMSO-Dg} 8: 1.16-1.31 (1H, m), 1.76-1.9C {3H, m),
o 2.13~2.26 (1H, m), 2.60-2.71 {1H, m), 2.78-2.90 (1H, m},

[:ii:]/ﬂk\ . 3.25 (3H, s}, 3.27-3.40 (4H, m), 7.62 {1H, br s), 8.04
N o (1H, d, J = 8.5 Hzy, £.15 (1B, d, J= 8.5 Hz}, 8.21 (lH,

s), 8.25 (1H, br s), B.51 (1H, s}, 9.03 (iH, s). MBS
(FARBY m/z: 300 (M+H)"

§ = NH,

N =

'H-WMR (DMSO-Dg) &: 1.09-1.22 {(1H, m), 1.46-1.58 (2H, m},

11 O
: Cl»-!3 1.79-1.84 (3H, m), 1.84~-2.06 (iH, m), 2.53-2.58 {1lH, m),
2.74-2.85 {1H, m), 3.21 (3H, s}, 3.33-3.44 (48, m}, 7.61

N (LH, br s}, 8,04 {(1H, 4, J = B.5 Hz), 8,14 (I1H, d, J =

8.5 Hz), B8.21 (1H, s), 8.25 {iH, br s), 8.51 (1H, s),
9.03 (1H, s). MS (FABY) m/z: 314 (M+H)"7

@]

| = NH,
No =
47 \\ "H-WMR (CDCIs) &: 2.03-2.21 (4H, m), 2.73-2.83 {1H, m),
| 2.59-3.09 (2H, m), 3.54-3.63 (2H, m), 5.B7 (1E, br s},
= €.25 {1H, br s), 7.32-7.41 (5H, m), 7.97 {14, d, J= 8.5

Hz}, 8.04 (18, d, J = 8.5 Hz), £.32 (1H, s}, B.60 (1H,
s), 2.02 (iH, s).
MS (EI'Y m/z: 332 (M+H)'




3.98-4.03(28,m),6.71(18,t,J =76.1Hz),7.80 (18,hrs),8.03(18,hrs),8.23(12,d,J =8.7
Hz),8.31(18,s),8.68(18,d,J =8.7142),9.01 "s"N70 (18,5)-  i/N, Nc.,,,......z...." 78/1
ms(Enm/z:336(M)' - 130 - [ 0122] [Table 13] 97 0, ,0 .."..I., -..NH N /lIl) HCI
1H-NMR(DMS0-D06:1.79-1,92(2H,m),2,08- 2.20(2im)-,2.99-3.11(2H,m),3.14-3.24
(4H,m),3.37-3,46(2H,m),3.61-3.74(5H,m), 3.81-3.89(2H,m),7.82(1H,hrs),8.21-8.29 (2H,m),8.43(1H,d,J
=8.5Hz),8.48(1H, hrs),8.58(1H,S),9.38(1H,s).MS(FAB') m/z;449(M+H). C 98 C

[0113]

[Table 4]
43

'H-NMR (CDCls) &: 2.25-2.39 (4H, m), 3.31 C
(44, m), 5.87 (1H, br s), 6.23 (IH, br si,
7.95 {iK, d, J = 8.5 Hz), B.06 (1H, d, J =
8.5 Hz), B8.32 (iH, s), B.57 (1H4, d, J =

a 0.7 Hz), 8.06 {IH, s). MS (EI") m/iz: 282
(M+H} "

<

=z
7

TH-NMR (CDCl,) 5: 1.93~2.13 (4B, m), 2.22- C
2.34 {14, m), 2.86-2.95 (2H, m), 3.48-3.58
(24, m}, 5.91 (iH, br s}, 6.26 {lH, br s!,
7.87 (1H, 4, J = §.5 Hz), 8.05 {1, &, J=
8.5 Hz), 8.52 (1H, d, J = 0.7 Hz}, 9.04
(1H, s).

o M3 {EX') m/z: 324 (M+E)?

-n

44

\ZC>_<_""

z
7

‘H-MMR {£DC1ls) 5: 2.10-2.30 (4H, m), 3.10- IS
3.19 (2B, m), 3.31-3.40 (2H, m), 4.84-5.04
(18, my, 5.82 (1H, br s), 6.23 (lH, br s),
7.95 (1H, d, J = 8.5 Hz), 8.04 (18, 4, J =
8.5 Hz), 8.56 (1H, s}, 9.03 ({1H, s). MS
(BT%) m/z: 274 {(M+H)7

45

Ly

O

Z/Z \g

"H-NMR {CDCl,) &: 2.00 (3H, s}, 2.35~2.44 I
{(2H, my, 2.65-2.77 (24, m), 3.10-3.19 (2H,
m}, 3.31-3.38 (2H, m), 5.85 {(1H, br s),
6.30 (iH, br s), 7.30-7.35 (1K, m), 7.38-
7.43 (4H, m), T.96 (1H, d, J = 8.5 Hz)
8.02 (1H, d, J = 8.5 Hz}, B8.23 (1H, s},
8.53 (1H, s), 9.00 (iH, s).

NH, MS (EI') m/fz: 374 (M+H)'

46

A 2< >é£;
2

47 H, ‘H~NMR (CDCls) &: 1.07 (3H, d, J= 5.9 Hz}, | C
1.52-1.67 {3H, m), 1.81-1.88 (Z2H, m),
2.83-2.91 (2H, m), 3.39-3.45 (2H, m), 5.88
(1H, br s), 6.24 (1H, br s}, 7.96 (1H, d,
J = 8.5 Hz), 8.01 (iH, 4, J = 8.5 Hz),
8.54 (1H, s), 8.98 (1M, s). M5 [EI*} m/z:
270 (M+H}T

-
o]

=
7N
O
k-

'H~NMR {DMSO-Dg) 8: 2.42 (3H, s}, 6.77-6.81 |
{1H, m), 7.30-7.34 (1H, m), 7.69 (IH, br
s), B.08 {1H, s), 8.20 (1H, d, J= 8.5
Hz), B8.21 (iH, s), 8.33 (1H, s}, 8.40 (1H,
d, J = 8.5 Hz}, 8.68 (1H, s), 9.51 (1E,
s} .

MS (BI') m/z: 279 {M)+

48

_—
=z
—
[®]
o

o]

Y/
=z
NI

\




OyN,,,....,,i NV 6A. NOP 1H-NMR(DMSO-D0)6:1.87-1.89(2H,m),2,11- 2.13(2H,m)
3.04-3.06(2H,m),3.41-3.45 (6H,m),3.58-3.60(4H,m),3.67-3.67(1H,m), 4.26(2H,s)
7.82(1H,s),8.23-8.29(2H,m), 8.44(1H,d,J=8.8Hz),8.49(1H,s),8.58 (1H,s),9.39(1H,s).MS(FAB")Mhz370
(M+H)' C 99 CH3 1 0, CH, N ---.N"--0 N AONH 1H:RRIR(DMSO-D06:2.81(6H,s),3.09-3.16
(4H,m),3.38-3.47(4H,m),7.64(1H,hrs), 8.07(1H,d,J .8.4Hz),8.17(1H,d,J =8.3
Hz),8.25(1H,s),8.32(1H,hrs),8.53(1H, s),9.08(114,s). MS(FAB")M/z:328(M+Hr C 100 --i0 ,,"Nj g
6..N.OHIli [0114]

[Table 5]

49 t ‘H-NMR (DM8O-De¢} &: 3.26-3.32 (4H, m), 3.43-3.48 C
(48, m), 7.07 (2B, d, J= 8.9 Hz), 7.29 (2H, 4, J=

8.9 Hz), 7.63 {14, br s), 8.08 (1H, d, J = 8,5 Hz),
g.19 (18, 4, J = 8.5 Hz), B8.30 (lH, s}, 8.32 (lH, br
s}, 8.57 {1H, s}, 9.10 {(1H, s). MS (FAB')] m/z: 367
(M+H) "

2

NS

r4

ro—
"
E

‘H-NMR (DMSO-Dgd &: 2.48 (3H, s), 3.26-3.32 {(4H, m), C
3.64-3.69 (4H, m)}, 7.11 (2B, d, J= 9.2 Hz}, 7.67
{1H, br s}, 7.87 {2H, d, J = %.2 Hz), 8.08 (1H, 4, J
= 8,7 Hz), 8.20 (1H, d, J= 8.7 Hz), 8.31 (1H, s},
8.325% {1H, br s), B8.59 (1H, s}, 9.11 (iH, s). MS
(FABY) m/z: 375 (M+H)?

50

C:j ?
2

=

\‘ I

Z=
\_/
ki

IH-wMR (CDC1:) B: 2.29-2.40 (2H, m), 2.42-2.54 (2H, o
my, 3.40-3.52 (2H, m), 3.53-3.63 (2H, m), 5.89 (1H,
br s), 6.28 (1H, br s}, 7.37-7.43 (1H, m), 7.45-7.51
{2H, m), 7.58-7.65 {(2H, m), 7.93 (1H, 4, J = 8.5
Hz), 8.07 {1H, d, J = 8.5 Hz), 8.41 {1H, &), B.61
(18, s), ©.08 {1H, s). MS (EI") m/z: 357 (M+H}"

51

A
S E\
e

o]

NH,

.

'H-MMR (DMSO-Dg) &: 1.43-1.69% (7H, m), 1.70-1.94 C
(2H, m), 2.80~2.88 (2H, m}, 3.26-3.34(2H, m), 3.36-
3.50 (48, m), 3.59-3.64 (1H, m)}, 3.75-3.81 (1H, m),
4,61 (14, £, J = 3.4 Hz), 7.63 {(iH, br s}, B.05 (lH,
d, J= 8.5 Hz), 8.1% (1H, d, J = 8.5 Hz), 8.22 (14,
sy, B.30 {1H, br s), 8.4% (1H, s}, 9.03 (iH, s}.

MS (FABY) m/z: 370 (M+H)®

e,

Wi

53 TH-NMR (DMSO-De) &5: 0.85-1.0% {(2H, m), 1.11-1.32 C
(4H, m), 1.52-1.6% (3H, my, 1.70-1.88 (5H, m}, 2.77

{ZH, m), 3.35~3.49 (4H, m), 7.63 (1H, s)}, B.04 (1H,
6, J= 8.5 Hz), 8.14 (iH, d, J = B.5 Hz), B8.20 (1H,
s), B,29 (1H, =), 8.4% (1H, s), 9.02 (lH, =). MS
(B1Y) m/z: 338 (M+R) T

N
4
K

2
7
&

THONMR (DMSO-Dg) 6: 1.77-1.86 (2H, m), 2.29-2.40 C
(2H, m), 3.25-3.37 {(4E, m), 5.21 (1H, s), 7.44 {(2H,
d, J= 8.3 Hz), 7.64 (1H, s), 7.86% (2H, d, J = 8.3
H Hz}, 8.07 (1H, d, J = 8.5 Hz), B8.16 (1H, d, J = B.5
Hz), 8.30 {1H, s), 8.33 (1H, s), B.57 {1H, s}, 9.05
[1H, s).

o MS (EI'} mfz: 382 (M+a)"

3

o

54

N,

S

.




NIn- H-NMR(DMSO-D0)6:1.74-1.87(2H,m),2.06- 2.17(2H,m),3.10-3,21(2H,m),3.42-3.50
(4H,m),3.53-3.68(6H,m),3.73-3.82(2H,m), 4,23(2H,s),7.81(1H,hrs),8.00(1H,hr s),8.23(1H,d,J
=8.5Hz),8.32(1H,s), 8.67(1H,d,J -8.5Hz),9.00(1H,s).MS (FAB"to/z:400(M+H)( A 101 Si\N 76.... "-.N.,--
0 Nwl 1H-NMR(DMSO-Dd6:3.58-3.61(4H,m),3.70-:3:4(4H,m),6.90(1H,d,LT =3,4Hz),7.22
(161,d,J=3.4Hz),7.92(ill,hrs),7.98 (1H,hrto),8.27(1H,d,J =8.6Hz),8.37 (1H,s),8.72(116,d,J
=8.6Hz),9.08(1H, S). A 102 CH, I N, ,CH3 0/5, 0"O N"0 NH N HCI
1H-NMR(DM$@;D©6:1,79-1.90(2H,m),2,08- 2.18(2H,m),2.86(3H,S),2.92(3H,5),
3.01-3.10(2H,m),3.30(2H,t,J=5.6Hz), 3.36-3.45(2H,m),3.60-3.65(1H,m),3,66

[Table &]
LR OH "H-WMR (DMSO-Dg) 5: L.48-1.65 (3H, m}, 1.82-1.88 I
(2K, m), 2.78-2.85 (2H, m), 3.38-3.45 (4H, m),
4,57 (IH, t, J = 5.3 Hz}, 7.54 (1H, br s), 8.05
(14, d, J = 8.3 Hz), 8.15 (iH, d, J = 8.3 Hz),
g.22 (1H, s), B.30 (1H, br s), 8.50 {1H, s}, 9.03
N 0 (14, s).
MS (FABY) m/z: 286 (M+H}"
E S NH,
No_ =
56 ‘H-NMR (DMSO-De) B: 1.1%-1.27 (1H, m), 1.7%-1.85 c
OH (38, my, 1.95-2.02 (18, m), 2.71-2.77 (1H, m),
2.82-2.88 (1H, m), 2.2B-3.33 (2H, m), 3.43-3.4%
(26, w), 4.67 {14, t, J = 5.2 Hz), 7.63 (1H, br
N O s), 8.06 (1H, &, J = 8.6 Hz), 8.15 (iH, 4, J =
§.6 Hz), 8.21 (1H, s}, 8.29% (1H, br sj, B8.53 (1IN,
s}, ©.03 {iH, s}.
| = NH, MS (FARY) m/z: 286 (M+H)'
N =
57 O O TH-NMR (DMSO-De} 0: 3.27-3.32 {dH, m), 3.76-3.81 cC
T (44, m), 7.16 (24, d, J = 9.6 Hz), 7.68 (IH, s},
8.10 (iH, 4, J = 8.3 Hz), 8.12 (2H, d, J = 9.6
Hz), .20 (iH, d, J = 8.3 Hz), B.30 (1iH, =), 8.36
(18, br s}, 8.60 {1H, s), 9.11 (iH, s}. MS (FAB")
wm/z: 378 (MR
O
N
' = NH,
N
58 N *H-NMR (DMS0-De) &: 3.24-3.29 (4H, m}, 3.61-3.66 C
| (48, m), 6.92-6.96 (2H, m), 7.67 (I1H, br s), B.09
= (iH, d, J = B.7 Hz}, B.1% (lH, &, J = 8.7 Hz),
§.21~8.24 (2H, m), 8.30 (1H, s}, $.35 (1H, br s),
N £.59 (1H, s}, 9.11 {1H, s). MS (EI') m/z: 333
)
N o
| = NH,
N7
59 TH-NMR (DMSO-De) 5: 3.09-3.14 (2H, m), 3.45-3.50 c
(2H, m}, 4.40 (28, s), 7.17-7.2B (4H, m}, 7.6l
{1H, br s), 8.08 (I#, d, J = 8.5 Hz), 8.19% (1H,
d, J= 8.5 Hz), B.32 (1H, br s}, 8.33 (1H, s),
B.58 (1H, s}, 9.08 {(1H, s). M$ (EI*) m/=z: 304
N 9 (M)t
= NH,
Naw
60 F TH-NMR {DMSO-D¢) &: 3.26-3.31 (4H, m), 3.48-3.53 C
{4H, m}, 6.57~6.63 (1H, m), 6.83-6.30 {2H, m),
7.24-7.30 (1K, m}, 7.65 (1H, kr s}, 8.0% (lH, d,
J= 8.3 Hz), 5.19 (1H, d, J = 8.3 Hz), 8.30 (1H,
N sy, 8.33 (1H, br s), B8.58 (1H, =), 9,10 (1H, s).
[j MS (FAR') m/zi 351 {M+H)"
N
B s
N2




(2H,t,J -5.6Hz),7.80(1H,hrs),8.24 (1H,d,J=8.6Hz),8.26(1H,s),8.42(1H, d,J
=8.6Hz),8.47(1H,hrs),8.58(1H,s), 9.36(1H,s).MS(FAB')M/z:407(M+11)" C - 131 - [0123] [Table 14] 103
( 0="--1H-NMRCDMSO0-D06:1.25-1.33(1H,M),1.83- 1.91(3H,m),2.20-2.27(15,m),2.69-2.75
(1H,m),2.81-2.87(15,m),3.28-3.40(2H, m),3.83-3.90(2H,m),6.68(1H,t,J =76.2
Hz),8.63(1H,brs),8.06(1H,d,J =8.0 Hz),8.16(1H,d,J =8.0Hz),8.23(1H,s),
8.28(1H,ors),8,50(1H,s),9.06(1H,S). C MS(FAB')mM/z:336(M+H)" 104
-1H-DMR(DM803R6)6:1.23-1.32(1H,m),1.78- 1.90(35,m),2.21-2.29(1H,m),2.70-2.75
(1H,m),2.96-3.02(1H,m),3.73-3.79(2H,

[Table 7]
&1 e H-NMR (DMSO-De) 8: 2.23 (3H, 8), 3.263.31 (4H, | C
m), 3.37-3.42 (4H, m), 6.96 {2H, d, J = 8.5 Hz),
7.08 (2E, d, J = 8.5 Hz), 7.64 (1H, br s}, 8.08
(18, &, J = 8.7 Hz), B.18 (1H, d, J = 8.7 Hz},
| 8.30 (iH, s), 8.32 {1H, br s), 8.57 (lH, s),
[::j 9.09 (1H, s). MS (FAB") m/z: 347 (M+H)7
N o

H~NMR (DMSO-De) &1 3.25-3.30 (4K, m), 3.64-3.89 IS
(48, my, 7.15 (2B, d, J = B.9 Hz), 7.65 (2H, d,
J = 8.9 Hz), 7.66 (1H, br sj, 8.09 (1H, ¢, J =
8.5 Hzy, B8.19 (1H, d, J = 8.5 Hz), 8.30 (1H, sJ,
8.34 (1H, br s), B.5% {1H, s}, 9.10 {1H, s). MS
(FABR'} m/z: 358 (M+H)" .

52

63 "H-KMR (DMSO-Dg) &: 2.18-2.23 (2H, m), 3.17-3.21 | C
(2H, m), 3.43-3.47 {2H, m}, 3.71-3.75 (2H, m),
é;::> 3.78-3.82 (2H, m), 6.60 (1H, t, J = 7.3 Hz},
N 6,81 {(2H, d, J = 8.3 Hz), 7.18 (2H, dd, J = 8.3,
7.3 Hz), 7.65 (1H, br s}, 8.06 (1H, ¢, J = 8.5
) Hzy, €8.15 {(l1H, ¢, J = B.5 Hz}), 8.27 (lH, br s},

N 8.27 (1H, s), 8.63 (1H, s}, 9.01 (1H, s). MS
(FAB") m/z: 347 (M+H)'
I N
N =

H-WMR {(CDCla) &: 2.67-2.19 {2H, m), 2.21-2.34 e}
{2H, m), 3.06-3.18 (2H, m), 3.3%9-3.51 (24, m),
4,53-4,64 (iH, m), 6.32 (1H, br s}, 6.51 (1H, br
s), 6.94-7.04 (3H, m}, 7.26-7.36 (2H, m), 7.94~
§.06 (28, m), B.30 (14, s}, ©.57 (1#, s), 9.00
(1H, s).

i MS (EI') m/z: 348 {(M+H)®
= NH,
Na
E;zi
N
=

&4

'H-NMR (CDCls) &: 1.26-1.48 (4H, m), 1.56-1.67 C
{2H, m), 1.68-1.77 (2H, m), 1.88-1.98 (2H, m),
2,79-2,82 {(2H, m}, 3.36~3.46 (2H, m}, 3.47-3.54
(2H, m), 4.00-4.09 (2H, m}, 5.80 (1H, br &),
6.25 (1H, br s}, 7.95 (2H, d, J= 8.5 Hz), 8.03
(28, d, J= 8.5 Hz}, 8.25 (1H, s}, B.5% (iH, 3,
8.00 (1E, 8).

MS {EIY) m/z: 340 (M+H)7

65

66 Ch, THCNMR {DMSO-Ds) B: 2.16 (38, s), 6.24-6.26 (iH, | C
gjjg’ ®), €.99-7.01 (1H, br m), 7.11-7.13 (1H, m),
7.69 (1E, br s), 8.15 (1H, d, J = 8.7 Hz}, 8.31
N o (1E, br s), €.34 (18, d, J = 8.7 Hz), 8.36 (1H,

s), B8.54 (1H, s}, 9.40 (1H, s). MS (EI') m/z:
RS NH, | 251 (0)°




m),3.86-3.90(18,m),4.15-4.19(1H,m), 6.67(1H,t,J =75.6Hz),7.77(1H,brs), O:
8.05(1H,brs),8.25(1H,d,J =8.3Hz), 8.30(1H,s),8.69(1H,d,J =8.3Hz),9.01
(1H,5).MS(FAD')t0/z:337(M+H)" 105 0"...-, ,,,.CH3 'H-NMR(BMW-B6)5:2.76-2.81(1H,m),2.94- C ...-'0

3.00(1H,m),3.25-3.30(2H,m),3.29(3H,
3.97-4.03(2H,m),7.66(1H,brs),8.08

[0117]

[Table 8]

s),3.41-3.48¢2H,m),3.88-3.94(1H,m),

67

H

0.94-1.07 (1H, m}, 1.07-1.18
{24, m), 1.48-1.65 (34, m),
2.53-2.58 (iH, m), 2.78-2.87
(18, m}, 3.37-3.45 (1iH, m},

1 7.61 (1H, br s), 8.03 {18, d, J = 8.% Hz), B8.13
(14, &, J = 8.5 Hz}, 8.20 (1H, s), 8.27 (1H, br
s}, B.4% {1H, s}, ©.01 {iH, si}. MS (FAB") m/z:
CHRCIINI LRSI

‘H-NMR (DMSO-Dg) 5:
(28, my, 1.24-1.38
1.65=1.79 (2H, n},
(18, m), 3.19-3.26

68

1.74-1.95
(2H, m),
3.72-3.77

br s5), B.22-
8.47 {1H,
{FABY} m/z:

1.53-1.83 (iH, m},
(2H, m}, 2.98-3.08

‘H-NMR (DMSQO-Dg) 5@
(54, wm), 2.04-2.14
3.35-3.40 (3B, m), 3.58-3.65 (3H, m},
(1H, m}, 3.91-3.97 (iH, m), 7.80 (LH,
§.25 (2H, m), 8.41 (lH, ¢, J= 9.3 Hz},
br s), 8.57 (14, s), 9.35 (1H, s). MS

356 (MERYT.

69

% é
€ —~2\I

1.35-1.44 (1R,
2.70-

s}y

H-NMR {DMSO~Ds} o: 1.14
my, 1.55-1.69 (2H, m}, 1.82-1.81 (2H, m),

2.80 (2H, m}, 3.43-3.51 {(2H, m}, 4.20 {1H,
7.62 (1H, br s}, 8.04 (1K, 4, J = 8.5 Hz}, B8.14
(i#, d, J = 8.5 Hz}, 8.21 (1H, s}, B.29 (1H, br
s}, B8.49% (1#, s), 9.02 {(1H, s). M5 (FAB") m/z:

314 (M+H)'.

{6H, =),

70 F
\T:::I\?9Q

1.94-2.02 (4H, m), 2.98-3.08
(2H, m); 3.43-3.50 {(2H, m), 3.63-3.73 (1H, m},
7.39 (2H, t, J= 8.8 Hz), 7.61 {l1H, br s), 8.05
{i¥, d, J = 8.5 Hz), B.1:-8.17 (3H, m}, B.25 {1H,
s}, 8.31 (1B, br s), 8.50 {lH, s}, 2.05 {lH, s).
MS (FAB') m/z: 378 (M+H)'.

IH-NMR (DMSO~Dg) @

71

1.35-1.44 {(2H, m), 1.53-1.61
(58, m)}, 1.86 (4H, d, J = 11.5 Hz}, 2.82 {(2H, t,
11.2 Hz), 3.29-3.42 (4H, m), 3.44-3.51 {(1H, m},
3.53 (28, ©, J= 6.0 Hz), 3.78-3.83 (2H, m), 7.64
(1K, br =), 8.0% (L1H, d, J = 8.3 Ez), 8.14 (lH, 4,
J = 8.3 Hz}, 8.21 (1H, s), B.30 (iH, br s), 8§.50
{1H, s), 9.02 (iH, s}. MS (FABY) m/z: 384 (M+H)™

'H-NMR (DMSQ-Ds} &:
J

72

1.15 (34,
2.18~-2.19 (1H, m}, 2.43-2.51
{(1H, m), 3.76-3.87 (2H, m),
8.26 (14, d, J = 8.5 Hz), 8.37
2.41 {(1H, br s}, 8§.92 (1H,
(FAR™) m/z Z236{M+H}"

"ECNMR (DMSO-Dg) 81 d, J = 6.6 Hz),
1.66-1.69 (1H, m),
{2H, m), 3.40-3.42
7.81-7.83 (2H, m},
(18, d, J = 8.8 Hz},

s}, 8.0 {(1H, s}). M3




N (1H,d,J =8.6Hz),8.19(1H,d, =8.6 Hz),8.26(1H,s),8.34(1H,brs),8.54 2,.6NH2 (1H,s),9.11(1H,s).
MS(FAH")M/z:302(M+H)" N 106 -166-NMR(DM80-D5)5:1.78-1.92(25,m),2.06- ¢
2.21(2H,m),2.80(6H,s),2,98-3.12(2H, m),3.35(2H,t,J .6.0Hz),3.37-3.46(2H,

m),3.63-3.73(2H,m),3.84(2H,t,J =6.0 - 126 -
[0118]
[Table 2] .
73 | CH, TH-NMR (DMSO-Dg) B: 1.73-1.76 (1H, m), 2.10-2,13 C
‘ 0’ (1%, m), 2.58-2.65 (1H, m), 3.30 (3H, s}, 3.35-
3.36 (1H, m), 3.43 (2H, d, J = 7.1 Hz), 3.48-
3.61 (3%, m), 7.5% (iH, s}, 8.0l (1K, s), B.02
" o (Y4, d, J = 8.5 Hz), 8,06 {(1H, d, J = B.5 Hz},
8.25% {(iH, s}, 8.67 (1H, s), 8.79% {lH, s). MS
FAR'} m/z 286 (M+H) "
e \H, ( }om/ { )
N
74' o *H-NMR {DMSO-Ds : 1.78-1,85 {ZH, m}, 1.91-2.04 C

) &
N0 (2H, m}, 2.86 {3H, s}, 2.82-2.88 (1H, m), 2.88-
H,C 2.96 (24, m), 3.08 (3H, s), 3.39-3.47 (ZH, m},
7.64 (1H, br &), 8.06 (1H, d, J= 8,5 Hz), 8.15
(1H, d, J = 8.5 Hz), 8.21 (1, s}, 8.34 (1H, br
sy, B8.52 (1H, s), 9.04 (1H, s). MS {(FAB"Y m/z:

" 327 (M+HYT.
B W
N2 H
75 "H-NMR (DMSC-D¢) &: 1.42-1.57 (4H, m), 1.6i~1.72 | O

9 (18, m), 1.73-1.86 (2H, m), 1.88-1.96 (1H, m},
2,04-2.14 (2H, m), 2.91-3.02 (2H, m), 3.34-3.41
(28, m}, 3.44-3.51 (1H, m), 3.80-3.89 (2B, m),
4.80~4.82 (1H, m), 7.64 {1H, br s), B8.06 (1H, d,
J = B.7 Hz), 8.15 (1H, d, J = 8.7 Hz), B8.23 (lH,

N o s), 8.32 (1H, br s), 8.51 (1iH, s}, 9.04 (1H, s}.
" M3 (FAB®) m/z: 356 (M+H)7.
P W
N 22 H _
76 _CH, TH~NMR (DMSO-Dg) &: 1.76-1.87 (2B, m}, 2.07-2.186 C
{2H, m), 3.00-3.09 {(2H, m), 3.33 {(3H, s), 3.45-
3.51 (34, m), 7.81 {1H, br s), 8.24 (14, d, J =
8.7 Hz), 8.26 {1H, s), 8.42 (1K, 4, J = 8.7 Bz,
8.48 (1iH, br s}, 8.%8 (1iH, s}, 9.36 {1H, s). M3
N Q (FAB'Y m/z: 286 (M+H)'.
Y v
Nz H
HCI

‘H-NMR ({DMSO-D¢} 8¢ 1.38-1.47 (2H, m}, 1.52-1.862 C

77 0
: {(2H, mj), 1.6%-1.80 (lH, br m), 1.88 (4H, d, J =
O 1z.8 EHz), 2.83 (28, t, J = 11.2 Hz}, 3.39-3.44
{6H, m), 3.46-3.53 (iH, m), 3.79-3.84 (2H, m},
N

7.64 (1H, br s), 8.05 (1HE, d, J = 8.3 Hz), 8.1l5

o (1R, d, J = 8.3 Bz}, B8.22 (1, s}, 8.30 (1H, br
), 8.4% {(1H, s}, 9.03 (1H, s). M8 (FAB") m/z:
+
, N NEL, 370 (M+H)
N
78 TH~NME . (DMSO-De) &: 3,09-3.26 (48, br m}, 3.58- C
4,06 (4H, br m), 7.49 (5H, s}, 7.67 (IH, br s),
0, 8.07 (1H, d, J= 8.7 Hz}, 8.18 (1H, d, J = 8.7
& Hz), 8.28 {(1H#, &), 8.33 (lH, br s}, 8.54 (1H,

s}, 9.19 (1H, s}.
:] MS (FRB'} m/z: 361 (M+E}®




Hz),7.79(1H,brs),8.23(151,d,J =8.6 Hz),8.26(1H,s),8.41(1H,d,J =8.6Hz),

8.46(1H,brs),8.57(11-1,s),9.35(1H,s).
'H-NMR(0M50-06)6:1.73-1.85(2H,m),2.05- A 2.15(2H,m),2.79(6H,s),3,11-3.21(2H,

=6.1Hz),3.62-3.67(1H,

m),3.75-3.81(2H,m),3.82(2H,J=6.1

MS(FAN")M/z)407(M+H)" 107 ff\0Z-0\\ 00 (Z

m),3.34(2H,t,J

(6119]

[Table 10]

79 OYcHa
@
N
= NH,
Noz

1H-NMR (DMSO-Dg) &: 2.0% (3H, s), 3.06-3.10 (2H,
m), 3.12-3.16 {(2H, m), 3.72-3.78 (4H, m), T.67
{1H, br s), 8.08 (1K, d, J = 8.7 Hz), 8.19 (l1H,
d, J= 8.7 Hz}, 8.25 (1B, s}, B.3% {(1H, br s},
8.55 (1H, 8y, 9.09 (1H, sy. M8 (FAB') m/z: 249
(st

80 /\/D\H

"~NMR (DM30-Dg) 8: 1.74~1.88 (2H, m}, 2.05-2.15
(ZH, m), 3.00-3.09% (2H, m}, 3.50-3.65 (7H, m),
7.84 {(1H, br s), 8.26 {1H, s}, 8.26 (1K, d, J =
8.8 Hz}, 8.46 (1H, d, J = 8.8 Hz), B.50 {1H, br
s), §.58 (1H, s}, 9.41 (1K, s). MS (FAB") m/z:
316 (M+H) Y,

81

'H-NMR (DMSO-Dg) &: 1.34~1.46 (2H, m), 1.79~1.90
(4H, my, 2.06-2.16 (2H, m), 3.02-3.10 (2E, m),
3.306-3.37 {2H, m), 3.38-3.46 {(2H, m), 3.49-3.56
(1H, m}, 3.57-3.67 (5H, m), 3.76-3.84 (2K, m),
7.85 (1H, br s), 8.27 {1H, s}, 8.27 {1H, d, J =
10.0 Hz), 8.47 (1H, d, J = 10.0 Hz), 8.31 (1K,
br s), 8.59% (1H, sy, 9.42 (1H, s). MS (FABY)
m/z: 400 (M+E)*.

g2 ?H:s

‘H-NMR (DMSO-Dg} &: 1.46-1.61 (5H, m), 1.84-1.91
(2H, m), 2.35-2.42 (2H, m), 2.77-2.85% (7H, m),
2.99 (3H, s), 3.45-3.52 (24, m), 7.64 (iH, br
sy, 8.05 (1K, 4, J = B.C Hz), B.15 (1B, d, J =
8.0 Hz), 8.21 {(1H, s), B.3L {iH, br s}, B.50
{1H, s}, 9,03 (1H, s). M8 {FAR") m/z: 355 (M+H)"

83

"

o

N 4

N
E:

H-NMR (DMSO-Dg) &: 1.91-1.99 {(2H, m}, 2.03-2.13
(2H, m), 2.74-2.84 (1H, m), 2.97-3.07 (2H, m},
4,10-4.13 (28, m), 7.20-7.25 {1H, m}, 7.32-7.3%
{4H, m), 7.88 (1H, br s}, 7.99 {1H, br s}, 8.25
(1H, d, J = 8.5 Hz), B8.36 (1H, s), B.6% (1H, d,
J = B.5 Hzy, 9.02 (1H, s}. MS (FAB") m/z: 333
(M+H) "

¢

"H-NMR (DMS0-Dg) 5: 3.05-3.15 (2H, m), 3.29 (3H,
s}, 3.30-3.36 (2H, m), 3.45-3.4% (1H, m}, 3.57-
3.62 (2H, m), 4.17~4.24 (2H, m}, €.78 (1lH, t, J
= 7.2 Hz), 7.02 (2H, d, J = 8.3 Hz}, 7.27 (ZH,
dd, J = 8.3, 7.2 Hz}, 7.6% (lH, br s), 8.06 {lH,
d, J= 8.5 Bz}, B8.20 (1K, br s}, 8.20 (1H, 4, J
= 8.5 Hz), 8.34 (1H, s), B.5% (18, s), 8.1l (14,
s). M3(FAR) m/z: 377 (M*H)~




Hz),7.81(1H,brs),7.99(1H,brs),2-23  (1H,d,J =8.4Hz),8.32(1H,s),8.67(1H, U,J
=8.4Hz),9.00(1H,s),MS(FAH")mM/z:  408(MN)' - 132 - [0124] [Table 15] 108 C 3
/H-NMR(DMS0-D6)1.56-1.68(0.5H,m),80-.90 A (06585,m),1.94-2.03(0.5H,m),2.12-2.27(1.05,m),
2.31-2.41(0.55,m),2.79-2.87(0.51-1,m),3.01-3.10 #E€No
(0.585,m),3.17-3.22(0.5H,m),3.26-3.33(8.5H,m),

{0120}
[Table 11]
I
85 ENGLNEN HONE (DWSO-D] 5: 1.78-1.89 (2%, W, 205 o
2.16 (2H, m), 2.99-3.09 (2H, m), 3.34-3.44
{(2H, m), 3.45-3.53 {&H, m), 3.55-3.66 (5H,
. my, 7.82 (iH, br s), 8.21-8.28 (24, m), 8.43
L (1H, &, J = 8.5 Hz), 8.48 (1K, br 3), 8.58
N 9 (1K, &), 9.38 (1H, s},
M& (FAB® . 260 (M+H)®.
|\ N, { Vo m/z 60 (M+H)
Nz
HCI
g6 G TICRNR (DMBO-D.) &: 1.77-1.89 (2H, m), Z.06- o
He /H\V/O 2.16 (2H, m), 2.82 (38, s}, 2.93 (3H, s),
TN ~"o 3.00-3.10 (28, m), 3.35-3.45 (28, m), 3.58-
o 3.67 (S5H, m), 4.17 (2H, s}, 7.82 (1K, br s)
§.20-8.28 (2H, m), 2.43 (1M, d, J = 8.8 Hz),
" .49 {1H, br ), 8.58 (14, s), 9.38 (1H, s5).
MS (FAB') m/z: 401 (M+H}".
R g N
I HCI

a7 Ou_~ "H-NMR (DMSO-D;} 5: 0.40-0.52 (4H, m}, 1.77- c
Kpf/ 1.85 {24, m), 2.03-2.13 (2H, m), 2.89-2.99
{2H, m}, 3.26-3.38 {3E, m), 3.51-3.65 (5H,

N

m), 7.62 {(1H, br s}, 8.05 (1H, 4, J = 8.5

Hz), 8.15 (14, d, J = 8.5 Hz), §.22 {1H, br
o s), 8.21 {(1H, &), 8.50 {1H, s}, 9.03 (1H, s).
MS (FAR') m/z: 356 (M+H}"
| = NH,
N~
0 THONMR (DMSQ-D¢} &: ©.39-0.51 (4H, m), 1.73- A
~"0 1.87 {3H, m), 2.05-2.27 {2H, m), 3.28-3.35

m), 3,92-4.04 {2H, m}, 7.98 {(1H, br s}, &.18

(1", sY, 8.3% (1H, br =), 8.42 (I1H, d, J =

N §.7 Hz), 8.96 (1K, 4, J = &.7 Hz), 9.37 (1H,
N s). M8 IFAB*Y m/z: 357 (MeH}"

g8 -
[:ij] (iH, m), 3.37-3.49 (2H, m), 3.56-3.68 ({5H,

HCI

89 OH TH-MMR  (DMEC-Ds) B 0-1.82 [2H, m), 1.93- C

(2H, mw), 3.27-3.38

7
2.02 (2H, m), 2.8 4
i (2H, m), 3.66-3.7% (1¥, m), 4.77 {1H, &, J =
4,2 Hz}, 7.61 {(1H, br s}, 8.0¢ (1H, d, J =
8.5 Hz), 8.14 {iR, d, J = 8.5 Hz), 8.22 {(1H,

N 0 s}, 8.30 (14, br s), 8.50 (1K, s}, 5.02 (1H,

). M8 (FAB’) w/zr 272 (M+H)T
E = NH,
N._ .= _

.
7

1
{

90 CH, ‘H-NMR (DMSC-Dg) &: L.77-1.86 (2H, m}, 1.86- A
i 1.98 {(2H, m), 2.85 (3H, s), 2.88-2.91 {(1H,

©. Ny my, 2.95-3.04 (2H, m), 3.08 (3E, &), 3.32

(2H, s}, 4.01-4.04 {2H, w), 7.7¢ (1H, br 8}

£.02 {1H, br s), 8.23 {1H, d, J = 8.3 Hz)}

g.31 {1H, s}, 8.68 (1H, &, & = 8.5 Hz}, 9.00

(1H, s).

N @ MS (FABR') m/z 328 (M+H)"




3.34-3.39(1.0H,m),3.42-3.44(1.085,m),3.56-3.64 NO (1.5H,m),3.68-3.76(0.5H,m),3.82-3.90(0.5H,m),
4.36:4,45(0.5H,m),7.95(0.5H,hrs),8.03(1.0H, rs),8.08(0.5H,hrs),8.22-8.30(2.085,m),8.68 1
(1.085,d,J.8.5Hz),8.98(1.0H,5).MS(FAB') m/z:331(M+H)". 109 ,CH, "H-NMR(DMSO-DG)6;
1.71-1.83(0.585,m),1,89-1.99 0 (0,585,m),2.01-24®E.5H,m),2.13-2.30(1.085,m),
2.36-2.47(1.0H,m),2.89-2.99(1.085,m),3.10-3.17

{0121]
[Table 12]
91 CH, "H-KMR (DMSO-D¢) 6: 1.78-1.87 {2H, m}, 2.10¢-2.12 A
b (2H, m), 2.83 (3H, s}, 2.97 (3H, s), 3.28-3.37
o’A\ﬂ/ “CH, (2H, m), 3.66-3.68 (1H, m), 3.88-3.90 (2H, m),
LB 4.22 (28, s}, 7.91 (1K, br =), 8.13 (1H, br s},
8.36-8.37 (2H, m), B.85 {1H, 4, J = 8.6 Hz), 9.23
(1H, sa).
N M8 (FAB'} m/=z 358 (M+H)’
N
AN = NH,
N
HCI
92 0 20 TH-MMR {DMSO-D¢) &: 1.77-1.83 (2H, w}, 2.11-2.13 Iy
/“\V>S\N (2H, m}, 3.14-3.16 (2H, m}, 3.1B-3.19 (4H, m),
0 /,\W 3.39% (2H, t, J = 6.0 Hz}, 3.61-3.69 (5H, w}, 3.79-
L\J,O 3.80 (2H, m), 3.83 (2H, t, J = 6.0 Hz}, 7.83 (1H,
br s}, 8.01 ({iH, br s}, 8.23 {(1H, &, J = 8.6 Hz),
8.32 (14, s), 8.68 (1H, d, J = 8.6 Hz}), 92.00 (IH,
N 0 &)
N MS (FAB'Y m/=z 450 (M+H)'
‘\ 2 NH,
N P
g3 TH-MMR (DMSO-Dg) 3: 1.87-1.8% (2H, m}, 2.11-2.13 c
f/ﬂ\ (28, m), 3.04-3.06 (2H, m), 3.41-3.45 (6H, m),
N 3.58-3.60 {4H, m), 3.67-3.67 (1H, m}, 4.26 (2K,
oY ). 7.82 (1H, s), 8.23-8.29 (2H, m), 8.44 (1H, d,
o J = 8.8 Hz), 8.49 (1M, s}, 8.58 (1iH, &), %.3% (1M,
a8} .
N ME (FAB'Y m/z 399 (M+H)”
i = NH,
N_ =
_ HCI _
94 ?HG TH-NMR  (DMSO-Dg) &: 1.77-1.985 {2H, m), 2.07-2.20 C
N (2H, m), 2.84 (3H, s), 2.98 (3H, 8), 2.99-3.09
0 ~CH, {2H, m), 3.35-3.45 {2H, m), 3.61-3.71 (iH, m),
& 4.23 {(2H, s), 7.81 (14, br s), §.24 (1H, &, J =
.7 Hz), 8.26 (1H, &), 8.42 (lH, &, J = 8.7 Hz),
$.48 (1M, br g), B.53 {1H, s), 9.37 (1H, s). M8
N o (FAR'} m/z 357 (M+H)}'
W "
N HC
g5 o. _F "H-NMR (DMSC-D;) &: 1.57-1.67 {(2H, m), 1.81-1.9C c
\T/ (3%, m), 2.82-2.89 (24, m), 3.41-3.47 (2H, m},
£ 2.82-3.87 {24, m), 6.73 (1H, t, J = 76.3 Kz}, 7.65
(18, br s}, 6.06 {iH, 4, J = 8.4 Hz}, 8.17 (1H, 4,
J = 8.4 Hz), B.23 {1H, s}, 8.31 {1H, br s), 8.50
N o {(1H, g}, 9.05 (1M, s). M5 (BI') m/=z: 335 (M}~
= | NH,
Na
56 o_ F THUNMR (DMSC-Dg) 5: 1.55-1.66 (2H, m}, 1.83-1.89 C
\T/ (3H, m), 2.87-2.9%5 (2H, m), 3.75-3.83 (2H, w),
F 2.98-4.03 (28, m), 6.71 {1B, t, J = 76.1 Hz), 7.80C
{(1H, br 8), B.03 [1H, br s), 8,23 [(1H, ¢, J = B.7
Hz), §.21 (1H, s), &.68 {(1H, d, J = 8.7 Hz), 9.01
N 0 (19, s).
AL MS (BT m/z: 336 (M)
/l =X NH,
Na P




(1.0H,m),3.17-3.23(1.0H,m),3.27(4.0H,m),3.33  (3.0H,m),3.45-3.61(6.0H,m),7.81(1.0H,hrs), 64.N,--0
8.21-8.29(2.0H,m),8.37-8.48(2.0H,m),8.59  (1.085,d,J =6.3Hz),9.38(1.05,5).MB(SAM")  6-.NH, N -10
rm/iz:330(M+H 1-1G1 110 7.--"0 H- "NMR(DM50.1:6,)6:1.34-1,44(25"1.49-1.60
(285,m),1.75-1.88(5H,m),2.86-2.93(285,m),3.29- +3%9(4H,m),3.47-3.59(5H,m),3.77-3.83(285,m),

[0122)
[Table 13]
97 Oy 20 THowMR  (DMEO-Dy) &6: 1.79-1,92 (2H, m), 2.08- C
O/“\V/S\Nf’\? 2.20 (20, W), 2.99-3.11 (2H, m), 3.14-3,24
L\/’ (4W, m}, 3.37-3.46 (2H, m), 3.61-3.74 (BH, wm},
© 3.81-3.89 (2H, m), 7.82 (iH, br s), B8.21-8.29
{28, m), 8.43 (i1H, &, J = 8.5 Hz), 8.48 (1H,
N 0 br s}, 8.38 (1M, =), 9.38 (1H, s). MS (FAB"}
m/z: 449 (M+H}'
o A
7 HCI
ag 1H-NMR (DMSO-D) &: 1.87-1.8% (2H, m), 2,11- C
(/«\D 2.13 (24, m), 3.04-3.06 (2H, m), 3.41-3.45
C N\\/J (6H, wm), 3.58-3.60 (4H, m), 3.67-3.67 (lH, m},
4,26 (2H, s), 7.82 {1H, s}, 8.23-8.29 {(2H, m),
N 8.44 (1K, d, J = B.8 Hz), 8.49 (1H, s}, 8.58
(1H, s8), 9.39 {1H, s). M5 (FAB'} w/:z 370
(M+H) ©
N
| R NH,
N
99 CH, TH-NMR  (DMSO-De) B: 2.81 (B6H, 8), 3.0%9-3.16 C
oo N (48, m), 3.38-3.47 (48, m), 7.64 (1M, br 8},
“CH, 8.07 (14, d, J = 8.4 Hz), 8.17 (1H, &, J = 8.3
4 Hz), 8.25 (1H, s}, 8.32 (1H, br a), 8.53 (1H,
s), 9.08 {14, =)
MS (FAB') m/z: 328 (M+H}®
N )
s NH,
N
100 TENMR (DMBO-~D¢} &: 1.74-1.87 [2H, m), 2.06- A
rf\o . 3.10-3,21 {2H, m), 3.42-3.50

2.17 (2H, m),
N\) {4H, m), 3.53-32.68 {(6E, m), 3.73-3.82 {2H, m),
/\f( 4,23 (2H, 8), 7.81 (iH, br s), 8.00 (1H, br

O s}, 8.23 (1, 4, J = 8.5 Hz), 8.32 (1H, 8},
g.67 (14, &, J = 8.5 Hz}, 9.00 (1H, s). M8
N

{FAB') m/=z: 400 {M+H)}"

N A2
T
- H-NMR {DMS8C-Ds) 5¢ 3.58-3.61 (4H, m), 3.70- A
101 d N 3.74 (&H, m), 6.90 (iH, d, J = 3.4 Hz), 7.22
\f7 (18, d, J = 3.4 Hz), 7.92 (1H, br s8), 7.98
{1H, br s}, 8.27 {iH, &, J = 8.6 Hz), 8,37
N (id, s), 8.72 (1H, d, J = 8.6 Hz}, 2.08 (1H,
E: :] s} .
N 0
N
%Y N
Naw o
102 CH, H-NMR {DMSD—DQ &: 1,79-1.90 (2H, m), 2.08- IS
! n 2,18 {2H, m), 2.86 (3H, &), 2.82 {(3H, &),
o Mgt 301110 (ah, mi. 336 Gk, £, 7 - 5.6 Bal,
o’ o 3.36-3.45 {2H, m), 3.60-3.65 (1H, m), 3.66
(28, &, J = 5.6 Hz), 7.80 (1H, br s}, 8.24
{1H, d, J = B.6 Hz), 8.26 (1H, &), 8.42 (1H,
4, J = B.E Hz), 8.47 (1H, br s}, 8.58 (1H, s)
N 9 9.36 (18, s). ME (FAB") m/z: 407 {M+H)"
l = NH,
Ne_ =

HCI




3.96-4.01(2H,m),7.77(185,hrs),8.02(185,hrs), ......—-., 8.23(115,d,J =8.5Hz),8.30(185,5),8.67(185,d,
J =8,5Hz),8.99(185,5).MS(FAB)M/z:415(M4-H( 0 1 Yy N.....K..-..."../6 111 0CH
HR(DMSO0-D4)6:1.09(685,d,J =6.1Hz),1.74- 0 1.87(285,m),2.05-2.16(2H,m),3.37-3,46(2H,m),
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[Table 14]

103 £ ‘H-NMR (DMSO-D;} &: 1.25-1.33 {1H, m), 1.83- C
1.91 (3H, m), 2.20-2.27 (1H, m), 2.6%-2.75
(1H, m), 2.81-2.87 (1H, m), 3.28-3.40 (2H,
m), 3.83-3.90 {2H, m), 6.68 (1H, t, J = 76.2
Hz}, 7.63 [1¥, br s), 8.06 (1H, 4, J = 8.0

N Q HzY, 8.16 (1H, 4, J = 8.0 Hz}, 8,23 {(1H, =),
§.28 (1H, br s}, B.50 (1H, &), 9.06 {1H, s}.
e NH, MS (FAB") m/z: 336 (M+H)”

£ TH-MMR (DMSO-D¢} &: 1,23-1.32 (1E, m}, 1.78- A
’/L\ 1.90 (3", m), 2.21-2.29 (1H, m), 2.70-2.75

(1K, wm), 2.96-3.02 (iH, m), 3.73-3.7% {2H,
0 F m}, 3.86-3.90 (1H, m), 4.15-4.19 (1H, m},
.67 (iH, t, J = 75.6 Hz), 7.77 (iH, br s),
Q J = 8,3 Hz),

{
8.05 {1H, br s), 8.25 (LH, 4,
8.30 (1H, 8}, 8.69 (1H, d, J = 8.3 Hz), 9.0%

1064

o~ N\ NH {(1H, s). M8 (FAB'} m/z: 337 (M+H)"
2
Naw t =
105 0 _CH, "H-MMR (DMS0-Dg) &: 2.76-2.81 [1H, m}, 2.94- C
9] 3.00 (1H, m), 3.2%5-3.30 {2H, m), 3.29 (3H,
s), 3.41-3.48 {2H, m), 3.88-3.94 (lH, m),
N 0 3.97-4.03 {2H, wm}, 7.66 {(iH, br &), 8.08
(1, d, J = 8.6 Hz), 8.19 [1H, &, J = B.§
Hz), 8.26 {1H, &)}, B.34 {1H, br s}, 8.54
= NH,| (18, g), $.11 (1H, s).
i ME (FABY) m/z: 302 (M+H}”
N
106 Oy =0 TI-NMR (DMBSQ-Dg) 5: 1.78-1.92 (2H, m), 2.06- o)
A3l LCH, t 2,21 {28, m), 2.80 {6H, s), 2.938-3.12 (2K,
o T m), 3.35 (2H, £, J = 6.0 Hz), 3.37-3.46 (2H,
CH m), 3.83-3.73 (2H, m), 2.84 [2H, t, J = 6.0
? Hz}, 7.79 (1, Pr s), 8.23 (18, d, J = 8.6
He), B.26 (1H, s}, 6.41 {14, d, J = 8.6 Hz)
N 9 8.46 (1H, br &), B.57 {1, s), 9.35 {1H, s).
Mg (FAB') m/z: 407 {M+H)"
W NH,
N
HCI
107 0x._20 TH-NMR (DMSO-De¢) &: 1.73-1.8% (2H, m}, 2.05- n
oSy 2.16 (28, m), 2,79 (6H, =), 3.11-3.21 (2H,

2.79

| my, 3.34 (2H, t, J = 6.1 Hz}, 3.62-3.67 (iH,

CH, m), 3.75-3.81 {2H, m), 3.82 (2H, t, J = 6.1

Hz}, 7.81 (1H, br =), 7.%9% {(1H, br s}, 8.23

(1B, d, J = 8.4 Hz}, 8.32 (1H, s}, 8.67 (1H,

N 0 d, J= 8.4 Hz}, 9.00 (1H, s). MBS (FAB'} m/z:
N 408 (M+H}"




CH, 3.51(2H,t,j =4.9Hz),3.56-3.62(3H,m),3.62-

3.69(185,m),3.93-4,01(285,m), 7.98(185, hrs),

8.17(185,5),8.39(1H,hrs),8.42(1H,d,J =8.5 0 Hz),8.95(185,d,J =8.5Hz),9.36(1H,s).MS

(FAB)M/z.359(M+H)' /c-/-M.""NFI, .-'./ HCI

[0124]

[Table 15]

1270CI-1,
132

108

m/z:

"H-NMR
{0.5H,
2.31-
{0.5H,
3.34-
{1.8H,
4.36-
br 8},
(L.0H, d, J

1.80-1.80

(1.0H, m},
3.01-3.10
{8.5H, m},
3.56-3 .64
{(0.5H, m},

1.56-1.68
(0.8H, m),
2.79-2.87
(0.8H, m),
3.42-3.44

{0.5H, m},
2.12-2.27
{0.5H, m),
3.26-3.33
(1L.0H, m},

{DMSO-Dg) &:
m), 1.94-2.03
.42 (0.SH, m),
m), 3.17-3.22
.29 {(1.0H, m},
m), 3.68-3.76 (0.SH, m), 3.82-3.90
L 45 (0.,8H, m), 7.95 {0.5H, br =), 8.03 (1.0H,
.08 (0.5H, br &), 8.22-8.30 (2.0H, m}, §.6%
8.5 Hz), 8.98 (1.0H, s8)., M3 (FABR")
(M+H) "

2

3

4

331

108

m/z:

"H-HMR
(0. 5H,
2.36-
{1.0H,
(3.0H,
8.21-
{1.0H,

1.71-1.83
(0.8H,
2.,8%-2,
(1.0H,

(0.5H, m}, 1.89-1.99
m), 2.13-2.30 (1.0H, m},
59 (1.0H, m), 3.10-3.17
my, 3.27 (4.0H, m), 3.33
mi, 7.81 (1.0H, br s},
48 (2.0H, m), B8.59
(1.0H, s). MS {FAB"}

(DMSO-Dg) &
m), 2.01-2.10
.47 {1.0H, m),
m}, 3.17-3.23
m), 3.45-3.61 {6.0H,

29 (2.0H, m}, B.37-8.
d, J = §.3 Hz}, 2.38

330 (M+H)"

2

8.

110
(2H,

3.39

8.23

'H-¥MR (DMSO-Dg) 5:

3.96-

J = 8.5 Hzj),

1.34-1.44
1.75-1.88 (5H, m},
m}, 3.47-3.5% (BH, m},
(2K, m}, .77 {1H, br s),
d4, J = 8.5 Hz), 8.30 {1H,
8.9% (1K, s). MS (¥FAB"}

(2B, m}, 1.49-1.60
2.8B6-2.83 (2H, m), 3.29-
3.77-3.83 (2H, m),
8.02 (1iH, br s},
sy, B.67 {1H, 4,

m/z: 415 {(M+H)"

m},
(4¥,
4,0L
{1H,

il1
1.87

3.51
3.69
8.17
Hz),

"H-WMR

(FAB®

(6H, 4, J = &.1 Hz}, 1.74-
{28, m}, 3.37-3.46 (2H, m},
3.56-3.62 (3°, m}, 3.62-
7.88 {1H, br s)
(1, 4, J = 8.5
(1H, 8). M5

(DMSO-Dg) &: 1.09
(281, m), 2.05-2.1¢
{2H, t, J = 4.9 Hz},
{1H, m), 3.93-4.01 {2H, m},
{1H, s}, 8.39 (14, br s}, 8.42
8,95 (1H, d, J = 8.5 Hz}), 2.36
Vom/z: 359 (M4H)7

112
(3R,

4.05
(1H,

‘H-¥MR

4.5 Hz),

1.48-% k4
(2H, m},

(2H, mjy, 1.74-1.90
3.24-3.37 (5H, m), 3.92-
{24, w), 7.77 (iH, br s), 8.01 (1H, br s}, 8.23
d, J 8.5 Hz), 8.30 {1H, s), 8.67 (1H, d, J =
8.99 (1H, s). M8 (FAB") m/z: 3201 {M+H) "

{DMS0-De; &
m), 2.85-2.96




'H-NMR(DMSO-D,)1.48-1.64(285m),1.74-1.90 (385,m),2.85-2.96(2H,m),3.24-3.37(5H,m),3.92- A
4.05(2H,m),7.77(185,hrs),8.01(185,hrs),8.2  (185,d,J=8.5Hz),8.30(185,s),8.67(185,d,J = 1/4-...N.."0
8.5Hz),8.99(185,5).MS(FAR')4162:301(M+H)* N667.66-"NH, N.":",7.."./, - 133 -[0125] [Table
16] 113 H-NMR(DMSO-D)5:1.73-1.90(6H,m),2-10:2.23 (2H,M),3.14-3.17(2H,m),3.30-3.32(2H,m),
3.42-3.44(2H,m),3.63-3.65(1H,m),3.77-3.79 (2H,m),7.81(1H,brs),7.99(1H,brs),8.23
(1H,d,J=8.4Hz),8.32(1H,s),8.67(1H,d,J -8.4Hz),9.00(1H,s). A

[0123]
[Table 16]
113 [ 'H-NMR (DMSO-D¢) &: 1.73-1.90 {(6H, m), 2.10-2.13 X
O (2H, m), 3.14-3.17 (2, m), 3.30-3.32 (2H, m},
/\Tr"‘ 3.42-3.44 (24, m), 3.63-3.65 (1K, m}, 3.77-3.79
{2H, m), 7.81 {(iH, br =), 7.%% (1K, br s}, §.23
o (1M, d, J = 8.4 Hz), 8.32 {iH, ®), B.67 (1H, d, J
= §.4 Hz), 9.00 (1H, s).
N M8 (FABY) m/z: 384 (M+H}®
S N N\ NH,
Nzt
114 THUNMR (DMS0-De) &: 1.74-1.81 (4H, wm), 3.30-3.35 n
O {44, m}, 3.44-3.50 (8H, =}, 7.84 (1H, br s}, 7.99
OY (1E, br s), 8.26 (18, d, J = 8.6 Ha), B8.32 (1H,
N s}, 8.6% (1H, d, J = B.6 Hz), 9.04 (1H, s). MS
[j (FAB*) m/=z: 355 (M+H)"
N o}
N
/! RS NH,
N P
115 cH, WEMR (DMSO-De) &: 1.09 (3H, T, J = 7.1 Hz), 2.80 A
( {3H, sY, 3.318 (249, g, J = 7.1 Hz), 23.39-3.48 {8H,
QMg m), 7.84 (1H, br s}, 7.38 (1H, br s), B.25 (1H, 4,
! ! J = B.6 Hgz), 8.32 (1H, ), B.6% (1H, d, J = 8.6
I Hz], 9.04 (IH, s).
l\) MS{FAB") m/w: 343 (M+H)"
E‘\i &)
] S
Na, P
115 CH TH-NMR (DMSO-D;} 6: 1.02 (1.58, &, J = 7.1 Hzj}, A
8 1.13 (1.85H, &, J = 7.1 Hz), 1.75-1.87 (2.CH, m},
N _~CHy 2.04~2.17 {(2.0H, m), 2.80 (1.5, &), 2.95 ([1L.5H,
O/\H/ 8), 3.11-3.21 (2.0H, m), 3.25-3.40 {2.0H, m),
5 3.57-3.70 (1.0H, m), 3.72-3.83 (2.0, m), 4.19
(1.0H, =), 4.21 (1.0H, s}, 7.8%L {1.0H, br s), 7.9%
{(1.0H, br s), 8.23 {1.0H, d, J = 8.4 Hz), B8.32
(1.0H, &), 8.67 {1.0H, 4, J = 8.4 Hz), 9.00 (1.0H,
Il\l 0 g} . MS (FAB') m/z: 372 (M+H)®
N
= ~ NH,
N = o
oW - ©1.73-1.81 (2H, m), 1.85-1.39 Iy
117 I3) H-WMR (DMB0-D) 5: 1
N (2H, w}, 2.08-2.11 {(2H, m}, 3.11-3.17 (2H, m},
0 3.50-3.62 [SH, m}, 3.64-3.69 (3H, m), 3.70-3.80
(3H, m), 4.14-4.17 (1H, m), 7.82 {1¥, br s}, 8.00
(1H, br =), 8.23 {iH, 4, J = &.6 Hz), 8.31 [1H,
N o] s}, B8.67 (1B, &, J = 8.5 Hz), 9.00 (1H, s). WS
N (FAB") m/z: 38% (M+H)"
7 E 0 NH,
Naw =
118 OCH, B NMR (DMSO-D¢) 5: 1.76-1.85 (2H, m), 2.07-2.15 A
0 (2H, m), 3.2% (34, s), 3.39-3.46 {2H, m), 3.58-
o7 1.69 (VH, m), 3.75-3.80 (2H, m}, 3.84-3.87 (1H,
G mi, 3.93-4.03 (3H, m), 7.99% (1H, br s}, 8.18 (1H,
), 8.39% {(1H, bxr s), 8.42 (iH, d, J = 8.6 Hz},
§.96 (18, d, J = 8.6 Hz), 9.27 (1H, s). MS (FAB"}
N Q HCI m/z: 417 {M+H)'
N
S 2 NH
! 2 frans
NF




MS(FABMm/z :384 (m+H)' '..H 7 4 -NMR(DM50-D6)6:.74-1.8.6(4.m),.30-3.35 A
(4H,M,3.44-3.50(8H,m),7.84(1H,brs),7.99  ON (1H,brs),8.25(1H,d,J =8.6Hz),8.32(1H,
s),8.69(1H,d,J -8.6Hz),9.04(1H,s).MS 7 6. (FAH)NN/z:355(D.14.H)' 6..N7 0
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[Table 17]

119 OCH; {-NMR (DMSO-Dg) &: 1.70-1.83 {2H, m), 2.04-2.14
{(?H, m), 3.10-3.20 {(2H, m), 3.33 {(3H, s8), 3.56-
3.69 {7H, m), 3.74-3.84 {4H, m), 3.87-3.93 (1H,
my, 4.06-4.11 [1H, m}, 7.81 {(1H, br s), 8.00 (1H,

br s}, 8.23 (1H, &, J = 8.5 Hz}, 8.31 (1H, =),
8.67 {1H, &, J = 8.5 Hz), 9.00 (lH, si. MS (FAB"}
m/z: 417 (M+H)S

123 w
. JCH4
JH O

N
R = :
| 2 cis
N N
190 o THCNMR (DM8Q-D¢) &: 1.36-1.44 (2H, m), 1.82-1.87
(2H, m), 3.2%-3.36 (2H, m), 3.41-3.47 (4H, w),
OYO\/\O 3.49-3.55 (1H, m), 3.63-3.73 (6H, m), 3.77~3.82
{2H, m), &.14-4.18 (2H, w), 7.86 [1H, br s}, 7.98
N (1H, br s), 8.25 (1, d, J = 8.0 Hz), 8.33 {(1H,
[ ] sy, B8.70 (1M, &, J = B.0 Hz), 9.06 (lH, s). MS
N o) {(FAB*) m/z: 430 (M+H)®
N
' S NH-
N A~
121 F | "E-WMR (DMSO-Dg) &: 1.73-1,82 (2H, m), 2.05-2.12
o CD««( (2H, m), 3.31-3.19 {2H, m}, 3.54-3.81 (9H, m},
O/\/ F | 3.86-3.51 (2H, m}, 4.12-4.15 (1H, m), 4.71-4.74
(18, m}, 6.81 (1H, t, J = 75.2 Hz), 7.82 (iH, br
O g}, B.00 {1H, br =), B8.23 (1B, 4, J = 8.7 Kz},
8.31 {1H, s), 8.67 {14, &, J = 8.7 Hz), 9.0C [1H,
s). M8 {FAB") m/z: 453 (M+H}"
N o ) ) m/
i S N\ NH2
N. o~
122 CHs TH-WMR {DMSO-De) 6: 1.46-1.76 (6H, m), 1.81-1.93
i (3H, m), 2.76 (3H, s8), 2.8B3-2.95 (2H, m), 3.30-
O N 3.37 {2H, m), 3.87-3.93 {(2H, m}, 3.95-4.13 (5H,
T my, 7.79 {1H, br s), 8.02 (1¥, br s}, 8.23 (1H, 4,
¢ @] J = 8.6 Hz), B.31 (1H, s}, 8.68 (1H, 4, J = 8.6
Hz), 9.00 {1H, =s}.
M5 (ESI®) m/z: 428 [M+H)'
N @]
N
! Ny ™ NH.
N
H-NMR (DMSO-Ds) 5: 1,72-1.86 (2H, m), 2.04-2.15

{24, m}, 3,20 (3H, s), 3.32-3.48 {(4H, m), 3.55-
3,75 (SH, m), 3.85-3.97 (5H, m}, 4.01-4.10 {(1H,
m}, 4.51-4.56 (2H, m), 7.92 {1H, br s), 8.12 {(1E,
g}, B.36 (1H, br s}, 8.37 (1H, 4, J = B.7 Hz},
.87 (14, d, J = 8.7 Hz}, 2.25 {1H, s). M3 (FAE")
m/z: 459 (M+H)"




6..71.16.'6NH2 1 NR.7 115 H-NMR(DMSO-Dd6:1.09(3H,t,J =7.1 HZ),2.80 (a
(3H,S),3.18(2H,q,J =7.1Hz),3.39-3.48(8H, ON '061, m),7.84(1H,bins),7.98(1H,bins),8.25(1H,d, J
=8.6Hz),8.32(1H,s),8.69(1H,d,J =8.6 N  Hz),9.04(1H,s). LN)o MS(FAH)m/z:343(M+Hr
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124 O TH-NMR (DMSO-D;) &: 1.73-1.86 (2H, m}, 2.06-2.16 A
j (2H, m), 3.23-3.31 (1H, m), 3.35-3.48 (58, m},
O/\,O o 3.52-3.75 (10H, m), 3.%2-4.,02 (28, m), 7.%9 (1H,
br =), 8.8 {(1H, s}, B8.39% {iH, br s}, .43 (1H, &,
J = B.7 Ha), B.96 (1H, &, J = 8.7 Hz}, 9.38 (1H,
ERg
N e MS {¥RB') m/=: 417 (M+H)’
N
i\' = NHQ




N Nw- 16CH 3 HR(DMS0-176)6:1.02(1.5H,6,J =7.1 Hz), A 1 1.13(1.5H,t,J

-7.1Hz),1.75-1.87(2.0H,m), NCH3 2.04-2.17(2.0H,m),2.80(1.5H,s),2.95(1.5H, 0 MCSLLP
s),3.11-3.21(2.0H,m),3.25-3.40(2.0H,m), 0 3.57-3.70(1.0H,m),3.72-3.83(2.0)8,m),4.19
(1.0H,s),4.21(1.0H,s),7.81(1.0H,bins),7.99  (1.0H,bins),8.23(1.0H,d,J =8.4Hz),8.32
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Claims

1. A compound having the general formula (I} or a
pharmacologically acceptable salt thereof:

[Chemical formula 1)

A 0
X
\\\ N B
@
N ///’ ////

wherein sach substituent is defined as follows:
A represents a 3- to 10-membered heterocyclyl group
optionally substituted with group{s) selected from Al,
and the 3— to l0-membsred heterocyclyl group represgnts &
group selected from the group consisting of an azetidinyl
group, a pyrrolidinyl group, a piperidinyl group, a
morpholinyl group, a 1,4~dioxanyl group, a piperazinyl
group, an azepanyl group, ah1,4~diazepanyl group, a
pyrrolyl group, a thiazolyl group, a pyridyl group, a
tetrahydropyridyl group, a tetrahydropyranyl group, a
tetrahydrofuranyl group, a tetrahydroisoguinolinyl group,
and a decahydroisoquinolinyi group,

Al:
a hydroxyl group, a halogen atom, a cyane group, a nitro
group, a carbamoyl group, a di Cl1-C6 alkylcarbamoyl group,
a Cl-C6 alkyl group optionally substituted with group(s)

selected from AZ,



(1.0H,5),8.67(1.0H,d,J =8.4Hz),9.00(1.0H, 0 s).MS(FAH")IN/z:372(M+H)+ 1 NH2 |

NI R T 3 2hy 2N "0..., .....\MR(DMSO-D06:1.73-1.81(21),1.85-1.99 0
(2H,m),2.05-2.11(2H,m),3.11-3.17(2H,m), -/ 3.50-3.62(SF,m),3.64-3.69(3H,m),3.70-3.845+1.F
- 137 -

a Cl-Cé alkoxry group optionally substituted with group(s)
selected from AZ,
a Cl-Cé alkylcarbonyl group optiocnally substituted with
group (s} selected from AZ,
a Cl-C6 alkoxycarbonyl group opticnally substituted with
group(s) selected from AZ,
a C3-Cé cycloalkyl group opticnally substituted with
group (s} selected from A2,
a C6-Cl0 aryl group optionally substituted with group(s)
selected from AZ,
a C6-C10 aryloxy group optionally substituted with
group (g) selected from AZ,
a C6-Cl0 arylcarbonyl group optiocnally substituted with
group(s) selected from AZ,
a 3- to l0-membered heterocyclyl group optionally
substituted with group{s) selected from AZ,
a 3- to l0-membered heterocyclyloxy group optionally
substituted with group(s) selected from AZ, and
a 3- to l0-membered heterocyclylcarbonyl group optionally
substituted with group{s) selected from AZ,

AZ:
a hydroxyl group, a halogen atom, a cyano group, a nitro
group, a carbamoyl group, a di Ci-Cé alkylcarbamoyl group,
a di Cl-C6 alkylaminosulfonyl group,
a carbamoyloxy group optionally substituted with group(s)
selected from A3,
a C1-Cé alkylamino group optionally substituted with

group (s) selected from A3,



(3H,M),4.14-4.17(1H,m),7.82(1H,bins),8.00 (1H,bins),8.23(1H,d,J =8.6Hz),8.31(1H, NO
s),8.67(1H,d,J =8.6Hz),9.00(1H,s).MS (FABMIin/z:387(M+Hr N...-kv...1-..".*65 118 O0OH
131.-NMR(DMSO-inn)6:1.76-1.85(2H,m),2.07-2.15 (2H,in),3.29(3)),s),3.39-3.46(2H,m),3.58- CoLLP
3.69(7H,m),3.75-3.80(2H,m),3.84-3.87(1H, m),3.93-4.03(3H,m),7.99(1H,bins),8.18(1H,
s),8.39(1H,bins),8.42(1H,d,J =8.6Hz), - 138 -

a Cl-Cé alkyl group opticnally substituted with group(s)

selected from A3J,

a C1-Cé cycleoalkyl group optionally substituted with

group(s) selected from A3,

a C1-C6 alkoxy group optionally substituted with group(s)

selected from A3,

a C3-C6 cycloalkoxy group optionally substituted with

group(s) selected from A3,

a Cl-Cé6 alkylcarbonyl group optionally substituted with

group{s) selected from A3,

a halogeno Cl-C6 alkyl group,

a halogeno Cl-C6 alkoxy group,

a 3- to l0-membered heterocyclyl group opticnally

substituted with group{s) selected from A3,

a 3- to 1l0-membered heterocyclyloxy group optionally

substituted with group(s) selected from A3,

a 3- to l0-membered heterocyclylcarbonyl group optionally

substituted with group(s) selected from A3, and

a 3- to l0-membered heterccyclylsulfonyl group optionally

substituted with group(s) selected from A3,

A3:

a halogen atom, an amino group, a hydroxyl group, a cyano

group, a C1-Cé alkyl group, a Cl-Cé alkoxy group, a

halogeno C1-C6 alkoxy group, a Cl-Cé alkoxycarbonylamino

group, a 3—- to l0-membered heterocyclyl group, a 3- to

10-membered heterocyclyloxy group, a carbamoyl group, a

di C1-C6 alkylcarbamoyl group, and a Cl-C6 alkylsulfonyl

group,



8.96(1H,d,J =8.6Hz),9.37(1H,s).MS(FAB') OHG) in/z:417(M+H)* 1NH2trans N 77 -134-[0126]
[Table 17] 119 OCH 8-NNR(DMS0-05)5:1.70-1.83(28,m),2.04-2.14 MOSLLP
(28,m),3.10-3.20(28,m),3.33(38,s),3.56- 3.69(711,m) 3.74-3.84(48,m),3.87-3.93(18,
m),4.06-4.11(18,m),7.81(111,'ors),8.00(18, 'ors),8.23(18,d,J.8.5Hz),8.31(18,s), < O
8.67(18,d,J=8.5Hz),9.00(18,s).MS(FAR) m/z:417(1L2P-4=Hr
B represents any one substituent selected from the
following greoup of substituents:
an amino group cptionally substituted with group(s)
selected from Bl and
a 3- to l0-membered heterocyclyl group optionally
substituted with group{s) selected from Bl,
Bl:
a hydroxyl group, an amino group, a Cl-Cé6 alkyl group, a

C1-C6 alkoxy group, a hydroxy Cl-C6 alkyl group, and

X represents -N= c¢r ~CH=,

2. The compound or the pharmacologically acceptable
salt thereof according to Claim 1, wherein A is a
piperidinyl group optionally substituted with group(s)
selected from Al, a piperazinyl group optionally
substituted with group(s) selected from Al, or a
morphelinyl group optionally substituted with group{s)

gelected from Al.

3. The compound or the pharmacologically acceptable
salt thereof according te Claim 1 or 2, wherein Al is the
following group of substituents:

a hydroxyl group, a halogen atom, a cyano group, a
dimethylcarbamoyl group, a diethylcarbamoyl group, an
ethylmethylcarbameyl group,

a C1-C3 alkyl group optionally substituted with group(s)

selected from AZ,



N,NH2CiS N 120 -''8-888(DMSO-Dc).36-1.44(2H,m),1.82-1.87
(28,m),3.29-3.36(211,m),3.41-3.47(48,m), 3,49-3.55(18,m),3.63-3.73(68,m),3.77-3.82  MCSLLP
(28,m),4.14-4.18(28,m),7.86(111,'0rs),7.98 ,N..1 (18, '0rs),8,25(18,d,J =8.0Hz),8.33(18, ) NO
5).8.70(18,d,J =8.0H2) 9.06(18,5) MS (FAR)m/z:430(Mmli) NH?

a Cl-C3 alkoxy group optionally substituted with grcocup(s)
selected from AZ,

a C1-C3 alkylcarbonyl group optiocnally substituted with
group(s) selected from AZ,

a C1l-C3 alkoxycarbonyl group optionally substituted with
group (s) selected from AZ,

a cyclohexyl group optionally substituted with group(s)
selected from AZ,

a phenyl group optionally substituted with group(s)
selected from AZ,

a phenoxy group optionally substituted with group{s)
selected from AZ,

a benzoyl group optionally substituted with group(s)
selected from AZ,

a 3- to l0-membered heterocyclyl group opticnally
substituted with group(s) selected from AZ,

a 3- to 10-membered heterccyclyloxy group optionally
substituted with group(s) selected from AZ, and

a 3~ to l0-membered heterocyclylcarbonyl group optionally

substituted with group(s) selected from AZ.

4, The compound or the pharmacologically acceptable
salt thereof according to any one of Claims 1 to 3,
wherein A2 is the following group of substituents:

a hydroxyl group, a halogen atom, a cyano group, a nitro
group, a dimethylcarbamoyl group, a diethylcarbamoyl
group, an ethylmethylcarbamoyl group, a

dimethylaminosulfonyl group,



N.,,,,—-", 121 H-NMR(OM500,)5:1.73-1,82(28,m),2.05-2.12 A
(28,m),3.11-3.19(28,m),3.54-3.81(98,m), O F 3,86-3.91(2H,m),4.12-4,15(111,m),4.71-4.74MCSLLP
(18,M),6.81(111,t,J =75.2Hz),7.82(18,'or  s),8.00(18,'0rs),8.23(18,d,J =8.7Hz),
8.31(18,5),8.67(111,d,J =8.7Hz) 9.00(18, 0') MS(FAR)raiz:453(M+H)"

a carbamoyloxy group optionally substituted with group(s)
selected from A3J,

a C1-C3 alkylamino group optionally substituted with
group(s) selected from A3,

a C1-C3 alkyl group optionally substituted with group(s)
selected from A3,

a C1-C3 alkoxy group optionally substituted with group(s)
selected from AJ,

a cyclopropyloxy group optionally substituted with

group (s) selected from A3,

a cyclohexyloxy group optionally substituted with
group(s) selected from A3,

a C1-C3 alkylcarbonyl group opticnally substituted with
group(s) selected from A3,

a halogeno Cl1-Ce6 alkyl group,

a halogenc C1-Ct alkoxy group,

a 3- to l0-membered heterocyclyl group coptionally
substituted with group(s) selected from A3,

a 3—- to l0-membered heterocyclyloxy group optionally
substituted with group(s) selected from A3,

a 3- to 1l0-membered heterocyclylcarbonyl group opticnally
substituted with group(s) selected from A3, and

a 3- to 1l0-membered heterocyclylsulfonyl group optionally

substituted with group(s) selected from A3.

5. The compound or the pharmacologically acceptable
salt thereof according to any one of Claims 1 to 4,

wherein A3 1s the following group of substituents:



+..N)L-NH21 N,,,,,,, 122 CH3 NMR(DMSO-D)b1.46-1.76(68,m),1.81-1.93 |
(3H,m),2.76(38,8),2.88-2.95(28,m),3.30- ...".0.."14., N,..,..."."...,, H
3.37(28,m),3.87-3.93(28,M),3.95-4.13(58, m),7.79(18,'0rs),8.02(18,'0rs),8.23(18,d, O...,...." 5'3F
=8.6H2) 8.31(161,5),8.68(18.d.J =8.6 H2).0.00(18.8). 9...../ MS(EST)M/z:428(M+8)4 NO

a halogen atom, an amino group, a hydroxyl group, a t-
butoxycarbonylamino group, a Cl1-C6 alkyl group, a CI1-C3
alkoxy group, a halogeno C1-C3 alkoxy group, a 3- to 10-
membered heteroccyclyl group, a 3- to lC-membered
heterccyeclyloxy group, a dimethylcarbamoyl group, a
diethylcarbamoyl group, an ethylmethylcarbamoyl group,

and a methylsulfonyl group.

G. The compound or the pharmacologically acceptable
salt thereof according to any one of Claims 1 to 5,
wherein B 1s an amino group optionally substituted with

Cl-C6 alkyl group(s).

7. The compound or the pharmacologically acceptable
salt thereof according te any one of Claims 1 to 5,
wherein B is an amino group, a methylamino group, or an

ethylamino group.

3. The compound or the pharmacologically acceptable
salt thereof according to any one of Claims 1 to 7,

wherein X 1g -N=.

9. The compound or the pharmacologically acceptable
salt thereof according to any one of Claims 1 to 7,
wherein the general formula (I} is the general formula
(I-a):

[Chemical formula 2]



(28,m),3.30(38,s),3.32-3.48(48,m),3.55- 0.CH3 3.85-3.97(58,m),4.01-4.10(18, 3.75(58, m}C ALAG
m),4.51-4.56(28,m),7.92(18,'0rs),8.12(18,  s),8.36(18,'0rs),8.37(18,d,J =8.7Hz), --NO
8.87(18,d,d0=8.7Hz),9.25(116,s).MS(FAR')

- 143 -
Y///A$1
j—'/ﬂ -2
N O
X
AN NS B
| (-a)

NP N

wherein each substituent represents the same meaning
as in the general formula (I},

Al-1 and Al-2 are the same or different and
represent a hydrogen atom or a group selected from Al,

and Y represents -CH-, -CHy-, -NH-, -N-, or -0O-.

10. The compound or the pharmacologically acceptable
salt thereof according to Claim 9, wherein Al-2 is a

hydrogen atom.

11. The compound or the pharmacologically acceptable
salt thereof according to Claim 9 or 10, wherein Al-1 is
a group selected from the feollowing group of
substituents:

a hydroxyl group, a halecgen atom, a cyano group, a
dimethylcarbamoyl group,

a C1-C3 alkyl group optionally substituted with group (s}
selected from AZ,

a Cl-C3 alkoxy group optionally substituted with group(s)

selected from AZ,



9 N.JL.NH2Ha m/z:459(91+8)" N*......—-,,- -135-124 ,C),

L31-NMR(DMSO-DE)5:1.73-186(28,M), 2.06-2.16 A (2H,m),3.23-3.31(18,m),3.35-3.48 (98, m)
3.52-3.75(108,m),3.92-4.02(28,m), 7.99 (18, C5LLP

- 144 -

a C1-C3 alkylcarbonyl group optionally substituted with
group(s) selected from AZ,

a C1-C3 alkoxycarbonyl group optionally substituted with
group{g) selected from AZ,

a cyclohexyl group optionally substituted with group(s)
selected from AZ,

a phenyl group optionally substituted with group(s)
gelected from AZ,

a phenoxy group opticnally substituted with group(s)
selected from AZ,

a benzoyl group optiocnally substituted with group(s)
selected from AZ,

a 3~ to Ll0-membered heterocyclyl group optionally
substituted with group(sg) selected from AZ,

a2 3- to 10-membered heteroccyclyloxy group optionally
substituted with group (s) selected from AZ, and

a 3- to 10-membered heterocyclylcarbonyl group optioconally

substituted with group{s) selected from AZ.

12. The compound or the pharmacclogically acceptable
salt thereof according to Claim 9 or 10, wherein Al-1 is
a group selected from the following group of
substituents:

a dimethylcarbamoyl group,

a C1-C3 alkoxy group optionally substituted with group(s)
selected from AZ,

a C1-C3 alkoxycarbenyl group optionally substituted with

group (s) selected from AZ,



) brs),8.18(1H,s),8.39(18,brs), J -8.7 Hz),8.56(18,d,J .8.7Hz), 8,43 9.38 (1H, (114,Z, s) N....
MS(FAB+)m/z:417(M+H)t  N..."..411. 'NH2 MCSLLP

- 145 -

a phenyl group optiocnally substituted with group{s)
selected from AZ,

a phenoxy group optionally substituted with group(s)
selected from AZ, and

a 3- to 1l0-membered heterocyclyl group opticnally

substituted with group(s) selected from AZ.

13. The compound or the pharmacologically acceptable
galt thereof according to any cne of Claims 9 to 12,
wherein A2 is the following group of substituents:

a hydroxyl group, a halogen atom, a cyano group, a nitro
group, a dimethylcarbamoyl group, a dimethylamincsulfonyl
group,

a carbamoyloxy group optionally substituted with group(s)
selected from A3,

a Cl-C3 alkylamino group optionally substituted with
group(s) selected from A3,

a Cl-C3 alkyl group opticnally substituted with group(s)
selected from A3,

a Cl-C3 alkoxy group optionally substituted with group(s)
selected from A3,

a cyclopropyloxy group optionally substituted with
group(s) selected from A3,

a cyclohexyloxy group optionally substituted with
group(s) selected from A3,

a C1-C3 alkylcarbonyl group optionally substituted with

group (g) selected from A3,



HC1 MCSLLP - 136 - Claims 1.A. compound having the general formula (I) or a pharmacologically
acceptable salt thereof: [Chemical formula 11 AO wherein each substituent is defined;ags follgws:
A represents a 3- to 10-membered heterocyclyl group optionally substituted with group(s) selected
from Al, and the 3- to 10-membered heterocyclyl group represents a group selected from the group
consisting of an azetidinyl group, a pyrrolidinyl groUp,lé%ip‘eridinyl group, a morpholinyl group, a
1,4-dioxanyl group, a piperazinyl group, an azepanyl group, a 1,4-diazepanyl group, -a PYrrolY1

group,. a thiazob/ group,,a pyrigl.group, A ietalydropyridyl grouip, adetrahydropyranyl group, a

tetrahydrofuranyl group, a tetrahydroisoquinolinyl group, and a decahydroisoquinalinyl group, Al: a
hydroxyl group, aufradegen:atom,«a cyann-grovps & niteo graup] afcarbamdyl group, a di CI-C6
alkylcarbamoy! group, a 01-06 alkyl group optionally substituted with group(s) selected from A2,
MCSLLP - 137 #a 81-06°alkBxy §idtpraptidtais sapstitbtet with gFouis seléeted from A2, a 01-06

alkylcarbqnyl groy) ggtjl%ql Ilé( Osu“plsg}yted c\évﬁtg)‘ r?up(esi ggl@&gdfﬁ_[gm %%,’a 01-06 alkoxycarbonyl
group optionally substituted with groupéfse ected from A2,
a 3~ to 10-membered heterccyclylcarbonyl group optionally
substituted with group(s) selected from A3, and
a 3- to l0-membered heteroccyclylsulfonyl group optionally

substituted with group(s) selected from A3.

14. The compound or the pharmacologically acceptable
salt thereof according to any one of Claims 9 to 12,
wherein A2 is the following group of substituents:

a dimethylcarbamoyl group, a dimethylaminosulfonyl group,
a carbamoyloxy group optiocnally substituted with group(s)
selected from A3,

a Cl-C3 alkylamino group optionally substituted with
group(s) selected from A3,

a Cl-C3 alkyl group optionally substituted with group(s)
selected from A3,

a C1-C3 alkoxy group optionally substituted with group(s)
selected from A3,

a cyclopropyloxy group optionally substituted with

group (s} selected from A3, and

a cyclohexyloxy group optionally substituted with

group{s) selected from A3.



a 03-06 cycloalkyl group optionally substituted with group(s) selected from A2, a 06-010 aryl group
optionally substituted with group(s) selected from A2, a 06-010 aryloxy group optionally subistitliteel
with group(s) selected from A2, a 06-010 arylcarbonyl group optionally substituted with group(s)
selected from A2, a 3- to 10-membered heterocyclyl group optionally substituted with group(s)
selected from A2, a 3- to 10-membered heterocyclyl group optionally substituted with group(s)
selected from A2, and a 3- to 10-membered heterocyclylcarbonyl group optionally substituted with

group(s) selected:fromyA2, A2:a Bydrpxyl-group, arhalagen-aton, @aGyano-areupa mitko group, a
carbamoyl group, a di 01-06 alkylcarbamoyl group, a di 01-06 alkylaminosulfonyl group, a

carbamoyloxy gseup: opficnadly Substituteth with growp(g) selectet fidm 483 a%01-06 lalkylamino group
optionally substituted with group(s) selected from A3, MCSUP - 138 - a CI-C6 alké/l group optionally

substituted with"§i6ti5(sT sétdcted frorh A5 ‘a-0T-b8%yEfoaiiy Glodi85tiona§ substituted with

group(s) selecte -C6 alkoxy. tionally subsfity ith,gr s)selected from A3,
a 03-06 cycloalég%é?g%%rgp%g%fy Eggs?%%ﬂg v%%]gg{}r%fjp(és)@é?eué?g fro%ggé&fﬁ EE 0?5-06 alkylcarbonyl

group optionallysubstituted with graup(s) setested, framcA3,cxhalogeno §d=0palkyl group3a halogeno
01-06 alkoxy group, a 3- to 10-membered heterocyclyl group optionally substituted with group(s)
selected from ABL&3% 10 IO PHEMberetPHEBFRS clylody grét optioAamrsubstituted Whth'group(s)

selected from A3, a,3- to 10-membered §§r00¥0| Icarbor?_l aroun Qgtion%l)lé(rsugstituted with group(s)
f

selected from 1§Ee§ﬂr?ae a3 toh 10Fhember hgte%ycg/’cly?su onyl group%ep%onaﬁy substituted with

group(s)selected from-A3,,A3:a HAPILAAIEM, ANBMNELGFOURAJRYHIQXYl grouma cyano group,a
diethylcarbamoyl group, an ethylmethylcarbamoyl group,

and a methyisulfonyl group.

16. The compound or the pharmacolegically acceptable
salt thereof according to any one of Claims 9 to 14,
wherein A3 is the following group of substituents:

a halogen atom, an amino group, a hydroxyl group, a
methyl group, a methoxy group, a diflucromethoxy group, a
t-butoxycarbonylamino group, a 3- to 1l0-membered
heterccyclyl group, a 3- to 1l0-membered heterocyclyloxy

group, a dimethylcarbamoyl group, and a methylsulfonyl

group.

17. The compound or the pharmacoclogically acceptable
salt thereof according to any one of Claims 9 to 14,
wherein A3 is the following group of substituents:

a 3~ to l0-membered heterocyclyl group, a 3- to 10-
membered heterocyclyloxy group, a methylsulfonyl group, a

methoxy group, and a diflucromethoxy group.



01-06 alkyl group, a 01-06 alkoxy group,a halogeno 01-06 alkoxy group, a CI-C6 alkoxycarbonylamino

group,a 3- to 10-membered heterocyclyl group,a 3- to 10-membered heterocyclyloxy grou%,(Fz)%L
carbamoyl group, a di CI-C6 alkylcarbamoyl group, and a CI-C6 alkylsulfonyl group, MCSLLP - &59 -
B represents any one substituent selected from the following group of substituents: an amino group
optionally substituted with group(s) selected from El and a 3- to 10-membered heterocyclyl group
optionally substituted with group(s) selected from-BI} £%: a hydroxyl group, an amino group, a C1-C6
alkyl group, a 01-06 alkoxy group, a hydroxy 01-06 alkyl group, and X represents -N= or -CH=. 2. The

compound or the pharmacologically,agceptable salltheteofiaccording ta Claim dpwherein Ais a
piperidinyl group optionally substituted with group(s) selected from Al, a piperazinyl group optionally

substituted with gFad(sF Belkessd frofe i1 6F atmofpiolRRE gfdup thtibhally Substituted with group(s)

selected from Al. 3, The compaund gf; the pharmacelggically aggeptable salt thereof according to
Claim 1 or 2, wherein Al is the following group of substituents: a hydroxyl group, a halogen atom, a

cyano group, a dimethylcarbamoyl group, a diethylcarbamoyl group, an ethylmethylcarbamoyl group, a

01-03 alkyl group pptionally substitiiied with.group(s).selectedfrom A2, MCSI: 490 - 2 01-C3
alkoxy group optionally substituted with group(s) selected from A2, a 01-03 alkylcarbonyl group

optionally substituted withhgroepts jesetertdd from AL 38103 alkbiky canrseiyigrétp optidnally
substituted with QVOU%O)U?@QJ?QCQ[QQ A2, a cyclobexyl group optiopally:substituted with group(s)
: :

S
selected from AZ,% enyl group optionally substituted with group(s) selected from A2, a phenoxy
group optionally sabstituted:wathgroup(s) selected from A2,

a phenyl group, a methoxy group, a methoxymethyl group, a
2-{tetrahydrc-2H-pyran-4-yloxy}ethory group, a 2-
(cyclopropyloxy)ethory group, a 2~ (dimethylamino) -2-
oxoethoxy group, a dimethylcarbamoyl group, a 2-

[methyl (methylsulfonyl)aminolethoxy group, & 2-
ethoxyethoxy group, a 2-[ (3R)-tetrahydrofuran-3-
vioxylethoxy greup, a 2-[(38)~tetrahydrofuran-3-
yloxylethoxy group, a EQKtetrahydrofuran-3—
vlmethoxy)ethoxy group, a thiazolyl group, a 2-[ (4~
methoxytetrahydrofuran-3-yl)oxnyjethoxy Qroup, and a 2-

(tetrahydro-2H-pyran-4-yloxy}ethoxycarbonyl group.

20. The compound or the pharmacologically acceptable
salt thereof according to any one of Claims 9 to 19,
wherein B is an amino group optionally substituted with

Cl1-Cé alkyl group(s).

21. The compound or the pharmacologically acceptable

salt thereof according to any one of Claims 2 to 19,



a benzoyl group optionally substituted with group(s) selected from A2, a 3- to 10-membered
heterocyclyl group optionally substituted with group(s) selected from A2, a 3- to 10-membe.vr@dSL P
heterocyclyloxy group optionally substituted with group(s) selected from A2, and a 3- to 10- embered
heterocyclylcarbonyl group optionally substituted with group(s) selected from A2. 4.The compound or
the pharmacologically acceptable salt thereof accb’rd]ir% to any one of Claims 1 to 3, wherein A2 is the
following group of substituents: a hydroxyl group, a halogen atom, a cyano group, a nitro group, a

dimethylcarbamgyl group, & diethylcarhameyl graup, an ethylmethylgarRamey gsoup,a an
dimethylaminosulfonyl group, MCSLLP - 141 - a carbamoyloxy group optionally substituted with
group(s) selected frgtreA3 pa GiHG3aglkylamino group optionally substituted with group(s) selected from
A3, a CI-C3 alkyl group optionally substituted with group(s) selected from A3, a CI-C3 alkoxy group
optionally substituted with group(s) selected from A3, a cyclopropyloxy group optionally substituted

with group(s) sejected;from A3, a.cyelohexyloxy graup.pptianally;substituted with-grgyp(s) selected
from A3, a CI-C3 alkylcarbonyl group optionally substituted with group(s) selected from A3, a halogeno

C1-C6 alkyl grosp, a hatagenofCl=C6 atkdxy group za 3- tanE0-otembereadsheterocyelyl group optionally
substituted with group(s) selected from A3, a 3- to 10-membered heterocyclyloxy group optionally
substituted with“g?%ﬁ(@)* séletfed fiiGm A3, a 3- to 10-membered heterocyclylcarbonyl group optionally
substituted with group(s) selected from A3, and a 3- to 10-membered heterocyclylsulfonyl group
optionally substituted with group(s) selected from A3. 5.The compound or the pharmacologically

acceptable salt thereof ageafding-e anyiene etClaims 1o, whersiniAg issthedpllewing group of
substituents: MCSUP - 192 - a halogen atom, an amino group, a hydroxyl group, a

tbutoxycarbonyla@mire groiip, a0 B-0B kil grcuy GLoR-03MIRGGAHBEP L& hafolgenb CItEs alkoxy

roup, a5 Lo 16 mermberedpelorenic Toup 05,0 4 meberedbeeiperghion roup 2

methylsulfonyl OB v ho1in-4-y1-1, 6-naphthyridine-2-carboxamide,
8- {4-phenylpiperazin-1-yl)-1,6-naphthyridine-2-
carboxamide,
8- {d-methoxypiperidin-1-yl1)-1, é~naphthyridine-2-
carboxamide,
8-[3-{methoxymethyl)piperidin-1-yl]}-1,6~-naphthyridine-2-
carboxamide,
B-{4-[2-({tetrahydro-2H~pyran-4-yloxy)ethoxylpiperidin-1~
y11-1, 6-naphthyridine~2-carboxamide,
N-ethyl-8-{4-[2-{tetrahydro-2HE-pyran-4-
yloxy)ethoxyjpiperidin-l-yl}-~1, 6—naphthyridine-2-
carboxamide,
8-{4-[2~-(cyclopropyloxy)ethoxylpiperidin-1-yl}-1,6-
naphthyridine-Z~-carboxamide,
8-{4-[2-(dimethylamino)-2-oxoethoxy]piperidin-1-yl}-1,6-
naphthyridine-2-carboxamide,
g-l4-(dimethylcarbamoyl)piperazin-1-y1]-1,6-

naphthyridine-2-carboxamide,



6. The compound or the pharmacologically acceptable salt thereof according to any one of Claims 1 to
5, wherein B is an amino group optionally substituted with 01-06 alkyl group(s). 7. The compaound or
the pharmacologically acceptable salt thereof according to any one of Claims 1 to 5, Wheré'frg glitan
amino group, a methylamino group, or an ethylamino group. 8. The compound or the
pharmacologically acceptable salt thereof according Qny‘” one of Claims 1 to 7, wherein X is -N=. 9.
The compound or the pharmacologically acceptable salt thereof according to any one of Claims 1 to 7,

wherein the gengral formula, (0. fhe geagrol umula (ra)lahernicahDumuis: gl MCSLLE - 143 -

wherein each substituent represents the same meaning as in the general formula (1), A1-1 and Al1-2
are the same orydifferent andgepregentid hydrogeamatorrariaigroup selected from Al, and Y
represents -CH-, -CH2-, -NH-, -N-, or -0-. 10. The compound or the pharmacologiclall¥ acgggtable salt

thereof accordingthiCIAim - WeYSRICE? i Ay/aregen atort | 11 PréeampBlRd Ot the

pharmacologicag)éfagg)%%tagg salt thereof according to Claim 9 or 10, wherein Al-1 is a group selected
from the following group of subStituents: a hydroxyl group, a halogen atom, a cyano group, a

dimethylcarbamgylgroup,a 01=03 alkyh-greup optiopaty sulstistedarittogroupi{s)selected from A2, a
01-03 alkoxy group optionally substituted with group(s) selected from A2, MCSLLP - 144 - a C1-C3
alkylcarbonyl group optiéralrsubstituted with4greapisyselebts from A2, a C1-C3 alkoxycarbonyl
group optionally substituted with group(s), selected from A2, a cyclohexyl group optionally substituted
with group(s) se%"c?&@ﬁ%ﬁ?ﬂéfié b%érg I%ggﬁiﬁﬁ %Bﬁ8%é’l§fsou€%ﬁ%u ed with group(s) selected from A2, a

phenoxy group optianally substityied with group(s) selected fror A2s a.benzeyl group optionally
substituted with%%%%?l) selec%t}J from A2, a 3- to)ylgo-membered heterocyclyl group optionally
substituted with grotp{s)seleeted from A2, a 3- to 10-membered heterocyclyloxy group optionally

substituted with group(s) selected from A2, and a 3- to 10-membered heterocyclylcarbonyl group
optionally substifitéd with droéaip(s) Selcetety fEMEAT 217 FrRE-E3HpE P &Y th%%?‘?a‘?ﬁ%c%l’o?g_ically

grcgjgtgfble salt t?fgqq,aggggdé?}%}tloygka m.9 szl%a‘QIB%E?é%&él, is a group selected from the following

Nwethyl-B—(4*{2—[(BS)—tetrahydrofuran—B—
vloxylethoxylpiperidin-1-yl}-1, 6-naphthyridine-2-
carboxanmide,
8—{4—[2—(tetrahydrofuran—B—ylmethoxy)ethoxy]piperidin—l—
yl}-1, 6-naphthyridine-2-carboxamide,
N-ethyl-8-{4-{2~{tetrahydrofuran—-3-
ylmethoxy)ethoxy}piperidin—l~yl}ul,6—naphthyridine—2—
carboxamide,
4-piperidin-l-yl-isoguinoline~-é-carboxanmide,

4~ (4-phenylpiperazin~1l-yl)isocquinoline-6-carboxamide,
4-morpholin-4-ylisoguinoline-6-carboxamide,
4-1(3S)-3-(methoxymethyl)piperidin-1-yl]iscguinoline-6-
carboxamide,

4-[(3R) -3~ (methoxymethyl)piperidin-1l-yliisogquinoline-6~
carboxamnide,
4-[4-(1,3-thiarol-2~yl)piperazin~-l-yllisoquinocline-6-

carboxamide,



substituents: a dimethylcarbamoyl group, a C1-C3 alkoxy group optionally substituted with group(s)
selected from A2, a C1-C3 alkoxycarbonyl group optionally substituted with group(s) selec{g{d fr gm A2,
MCSLLP - 145 - a phenyl group optionally substituted with group(s) selected from A2, a plll ﬁ%&@
group optionally substituted with group(s) selected from A2, and a 3- to 10-membered heterocyclyl
group optionally substituted with group(s) selected frém*AZ. 13. The compound or the
pharmacologically acceptable salt thereof according to any one of Claims 9 to 12, wherein A2 is the
following roup gf sybstuats: 3 byl goup, & elogen aton & ar o2 aizn goup
dimethylcarbamoyl group, a dimethylaminosulforiyl group, a carbamoyloxy group optionally substituted
with group(s) selected g A3; a{{d-G3-alkylamine gleyp optionally substituted with group(s) selected
from A3, a CI-C3 alkyl group optionally substituted with group(s) selected from A3, a CI-C3 alkoxy
group optionally’substituted With GretpiRY serected - hemyAB L& 8ydioprapyloxy group optionally
substituted with group(s) selected from A3, a cyclohexyloxy group optionally substituted with group(s)
selected from Aé% ﬁ-@é&?%ﬁ%eor%/l 850%%&%%( y substituted with group(s) selected from A3,
MCSLLP - 146 +a& 3n to $0-memperediheteracyelyt grotyreptionally substituted with group(s) selected
from A3, a 3- to 10-membered heterocyclyloxy group optionally substituted with group(s) selected from
A3, a 3- to 10-mehibeted Heteroeychyleabohyngroup optibnalty: sabstittted it group(s) selected from
A3, and a 3- to 10-membered heterocyclylsulfonyl group optionally substituted with group(s) selected
from A3. 14. ThE RORPHARADF thé PRarmacologically acceptable salt thereof according to any one of

Claims 9 to 12, whetein A2;s the, following group of substituents: audimethearbampyl graup, a
dimethylaminosulfonyl group, a carbamoyloxy group optionally substituted with group(s) selected from
A3, a CI-C3 alkytaminorgreup aptidnally sulstituted withl groaipks)selected from A3, a CI-C3 alkyl
group optionally substituted with group(s) selected from A3, a C1-C3 alkoxy group optionally
substituted with group(s) selected from A3,

24. A pharmaceutical composition comprising the compcound
or the pharmacologically acceptable salt thereof
according to any one of Claims 1 te 23 as an active

ingredient.

25. The pharmaceutical composition according to Claim 24,
wherein the pharmaceutical composition 1s used for

promoting osteogenesis.

26, The pharmaceutical composition according to Claim 24,
wherein the pharmaceutical composition is used for

improving bone metabolism.

27. The pharmaceutical composition according to Claim 24,
wherein the pharmaceutical composition is used for the
prevention or treatment of a disease associlated with bone

metabolism.



a cyclopropyloxy group optionally substituted with group(s) selected from A3, and a cyclohexyloxy
group optionally substituted with group(s) selected from A3. MCSLLP - 147 - 15. The cothpdliad or
the pharmacologically acceptable salt thereof according to any one of Claims 9 to 14, wherein A3 is
the following group of substituents: a halogen atom, an amino group, a hydroxyl group, a
butoxycarbonylamino group, a CI-C6 alkyl group, a €14C3 alkoxy group, a halogeno C1-C3 alkoxy
group, a 3- to 10- membered heterocyclyl group, a 3- to 10-membered heterocyclyloxy group, a
dimethylcarbampy! group,a diethylcarbamay! group, anstbyimethylearbamoybgroup; and a,
methylsulfonyl group. 16. The compound or the pharmacologically acceptable salt thereof according to
any one of Clairns 94a 14+ whertin £8sis the following groui-of substituents: acHalégent Gtom, an amino
group, a hydroxyl group, a methyl group, a methoxy group, a difluoromethoxy group, a
t-butoxycarbonyfarfifiB Y6, % 3- to 10-membered heterocyclyl group, a 3- to 10-membered
heterocyclyloxy group, a dimethylcarbamoyl group, and a methylsulfonyl group. 17. The compound or
the pharmacologically acceptable salt thereof according to any one of Claims 9 to 14, wherein A3 is
the following growp of stibstituents: adnie@amembered hatereeyelyl grdup; 13- to 10- membered
heterocyclyloxy group, a methylsulfonyl group, a methoxy group, and a difluoromethoxy group. - 148 -
18. The compoundedr thé phafiddol SgieampPacceptasie Sa théredhHccdtaingto @h 'ohe df Claims 9
to 16, wherein Y is -CH-, -CH2-, -NH-, or -N-. 19. The compound or th arquqgg ically acceptable
salt thereof acc%?di% t&%lgiﬂweg%‘?llléfp\?v%{élrjéﬁre] A ﬂ?s r&%(?(j)ﬁpa sglrééte%%l%o the %)gclglj%)?vf\jcf!ng group of
substituents: a&@ggglg@ggg,i% methoxy group, a methoxymethyl group, a
2-(tetrahydro-2H-pyran-4-yloxy)ethoxy group, a 2- (cyclopropyloxy)ethoxy group, a
2-(dimethylamino)-2- oxoethoxy group, a dimethylcarbamoyl group, a 2-
[methyl(methylsulfonyl)amino]ethoxY group, a 2- ethoxyethoxy group, a 2-[(3R)-tetrahydrofuran-3-
yloxy]ethoxy grotip, g %ﬁ(ﬁ)-t@%h%’%ﬂ%-%oﬁgth&?é?%au , Oéﬁté rgfiydrcfuran-&
yimethoxy)ethozy groun,  dazohn gEoup. 8.2 oethexyielalydrofuran ey halatbosy group.
and a 2- (tetrahydro-2H-pyran-4-yloxy)ethoxycarbonyl group. 20. The compound or the
pharmacologically acceptable salh thereat-according ta anycanesof-Clainis® to 19 wherein B is an
amino group optionally substituted with CI-C6 alkyl group(s). 21. The compound or the
pharmacologicéallyracceptabie salkthereof according to any one of Claims 9 to 19, MCSLLP - 149 -
wherein B is an amino group, a methylamino group, or an ethylamino group. 22. The compound or the
pharmacologically acceptable salt thereof according to any one of Claims 9 to 21, wherein X is -N-. 23.
A compound selgcted from, the following group of compoupds araphasmaealogically acceptable salt
thereof: 8-piperidin-lI-y1-1,6-naphthyridine-2-carboxamide,
8-morpholin-4-yl-t&-napiitbyridine-2:carbexdmite; 8x@ipheryipiperazindley 194, 6-haphthytidine-2-
carboxamide, 8-(4-methoxypiperidin-1-y1)-1,6-naphthyridine-2- carboxamide,
8-[3-(methoxymiethylfbipatidifi-a -JFH 16 HapRify ridine?2 MestbbRARide, L0T the
8-14-[2-(tetrahydro-2H-pyran-4-yloxy)ethoxylpiperidin-ly11-1,69na idine-2-carboxam
N-ethyl-8-{4-[2-ﬁ§ﬁ§ﬁ§} r(l)-qi‘H-(E)%/ra%r?é-)i-&1 ﬁ%%ﬁthoogy pi%)/ielrld%lﬁj?%1%?§g%%%ﬁ%rigi%@2-%§%oxamide,
8-(4-[2-(cycloprgpylgxyethaxylpiperidin-l-y11-1,6- naphthyridine-2-carboxamide,
8-{4-[2-(dimethylamino)-2-oxoethoxy]piperidin-l-y11-1,6- naphthyridine-2-carboxamide,
8-[4-(dimethylcarbamoyl)piperazin-l-y1]-1,6- naphthyridine-2-carboxamide, MCSLLP - 150 -
8-(4-{2-[methy1(methylsulfonyl)amino]ethoxylplperid1ln-1y1)-1,6-naphthyridine-2-carboxamide,
8-[4-(2-ethoxyethoxy R4 06 nAphtti ridine2- g’ﬁ%?&l’%id@}é, LS
8-(4-{2-[(3R)-tetrahydrofuran: 3-y. y%e tg1 xylpiperidin-ly1)-1,6- il -carboxamide,
N-ethyl-8-(4-{2-ﬁ(§ ?—%e‘t?%ey rg%%ﬁ- é y%x%/l%ter?&%}ﬂp%ﬁiélir%—l-yl)-l, EE::glﬁcs;}i%hé\:(ridine-2-
carboxamide,

8-(4-{2-[(3S)-tet hydrclifﬁrag- . |§tg9>gggiW@mayb)dgﬁaaapmmﬁ@béeca%xamide,
N-ethyl-8-(4-(2-[(3S)-te ra‘:ﬁygro ran-3- yloxy]ethoxy)piperidin-1-y1)-1,6-naphthyridine-2- carboxamide,
8-{4-[2-(tetrahydrofuran-3-y| pedndithl 1,6 @dhilvyrigie 1P carboxamide,
N-ethyl-8-{4-[2-ﬁ%ﬁ%%@d?%%%%%}ﬁn%ﬁc}%%ethoxy]piperidin-l-Yll-l,6-naphthyridine-2-
carboxamide, 4-pi eridjcg-l-)élg.gg inoling-6-carboxamide,

4-(4-phenylpipe ﬁﬁ-’f—yﬁ’ﬁsoquin line-6-carboxamide, 4-morpholin-4-ylisoquinoline-6-carboxamide,
4-[(3S)-3-(methoxymethyl)piperidin-1-Yl]isoquinoline-6- carboxamide,



4-[(3R)-3-(methoxymethyl)piperidin-1-y1Jisoquinoline-6- carboxamide,
4-[4-(1,3-thiazol-2-y1)piperazin-l-yllisoquinol6- carboxamide, MCSLLP - 151 - MCSLLP
4-(4-[2-(tetrahydro-2H-pyran-4-yloxy)ethoxylpiperidin-lyl}isoquinoline-6-carboxamide,
4-14-[2-(cyclopropyloxy)ethoxy]piperidin-lyrnsoguinoline-6-carboxamide,
trans-8-(4-(2-[(4-methoxytetranydrofuran-3- yl)oxy]ethoxylpiperidin-l-y1)-1,6-naphthyridine-2-
carboxamide, and 2-(tetrahydro-2H-pyran-4-yloxy)ethyk4=(2-carbamoy1-1,6-
naphthyridin-8-yl)piperazine-I-carboxylate. 24. A pharmaceutical composition comprising the

compound or the pharmagetogisalpyraegriatig saihtsrpal Aecqrding ia-anyensokGlaims 1 to 23 as
an active ingredient. 25. The pharmaceutical composition according to Claim 24, wherein the

pharmaceutical compesiian-is¥aeddAbPIARNiNg SsteRasness: 283 Te pRarmaceutical composition
according to Claim 24, wherein the pharmaceutical composition is used for improving bone
metabolism. 27. Fhe,pharmaseiiicahcempasiign according to Claim 24, wherein the pharmaceutical
composition is used for the prevention or treatment of a disease associated with bone metabolism.
MCSUP - 152 - 28. The pharmaceutical composition according to Claim 27, wherein the disease
associated with bone metabolism is osteoporosis. 29. Use of the compound or the pharmacologically
acceptable salt theygof aggoeding i A PRE laims 1 to 23 in. the manufacture of a medicament for
promoting osteogenesis. 30. Use gf the comgégn%&%)aﬁ%aﬁﬁ s ﬁggﬁPE%E’é%t%ﬂE salt thereof
according to any Qﬁ%ggcglg@ggdt&éiéné rglaglg§8&1re of nge((:%%ament for improving bone

metabolism. 31. Use of the compound or the pharmacoiogica b & heEof according to

any one of Claim inth I a medicament for the prevention or treatment of a
disease associatgi(jnl1= évﬁé%%%ré gﬁ%@%&?ﬁ@s@%@%ﬁdﬁ?f@@&?ﬁ 1t bRt the disease
associated with bqﬁg%g:}ﬁqg]sm Is osteoporosis. 33. The compound or the pharmacologically
acceptable salt thereof accor Ing to any one of Claims 1 to 23 for use in promoting osteogenesis.
MCSLLP - 153 - 34. The compound or the pharmacologically acceptable salt thereof according to any
one of Claims 1 to 23 for use in improving bone metabolism. 35. The compound or the

pharmacologicalI&S@ccemabl@@ﬁi&j@gmf@cgggdg}gatgﬁgxam%{lg ir(ps 1 %@ for use in the
o

prevention or treatment of a disease associated with bone meta m. %%p cg%ound or the

pharmaceuticallytaesepibhis aitihgeresbass iding e AN o5 CIarps, L o,23 for use in the

. A us
prevention or treatment of osteoporosis. eint
prevention or treatment of osteoporosis.



