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1 DESCRI PTI ON NOVEL NAPHTHYRI DI NE DERI VATI VE
MONOHYDRATE AND METHOD FOR PRODUCI NG THE SAME

TECHNI CAL FI ELD [ 0001] The present invention rel ates
to a novel naphthyridine derivative nonohydrate and a
met hod for producing the sppBcREPTRHRKGROUND ART

[0002] In nedical practice, a wde variety of

ant i bi ot i¥QVERQVAR TWE%WéVEMOH@mA%AED
been used for thmmgkﬁO%@&MmMeases

However, resistant bacteria suc

nmet hi ci I lin-resistant Staphyl ococcus aureus (MRSA),
vancomnyci n-resi stant Enterococcus (VRE) 10 and
penicillin-resistant Streptococcus pneunoni ae (PRSP)

TE@MCAI:%ELD emerged. The treatnent of patients
i ]tect ed wth such a resistant organi sm has been a
crl ical concern. In addition, multiresistant

organi s nEFHefp@éserﬁQﬁ]&éhﬁ@ﬂrefa&ﬁ t&h ﬂ@@@ni&tﬂiﬂhﬁmb Ré@vallléiBBnohydrate
rﬁf}a[ ﬁn& I nfecti ous di seases caused by
e tpéﬂﬁ]fl"‘% §%3"8fs have been maj or probl ens

wor | dwi de as intractabl e di seases. 15 The appearance
of antimcrobial agents which are effective agai nst
BAGEGROENPARKt  organi sms has been strongly desired,
{0@()21] for exanple, a quinolone compound considered to

ef fective against MRSA is disclosed in WO 99/07682
( PATENT DomoNEalpradtice, Ruwide sariety h@ntlbmnmmd dgntbéts@hiisetrial agents

N T H—

H@@mﬂbuﬂwtm)aﬁtap@ylmcwmurms: MRSANB/anhoirfyeme’ﬁilstﬂﬁ Hntedtoccus (VRE)
o AR s S lePEhnf BB omas PRSP e eortisd The
trp}ﬁllgthloépatle%TﬁbHEeD%thiEi}fE r251sthrmo%’aﬁiﬁfnl g %SR_??N?MI concern. In
ication No. WO 2004/ 002490 et .
B E iy et m e L U R K we—
2040023 cpasPbY Biultiresdstdak %M%egﬁﬁgb%m&moﬂdmde as
TO BE SOLVED BY THE | NVENTI ON

int?ﬁgg 3 18¢83€Sdemand for the devel opnent of a drug having
hi gh saf efhy agpiranbs OB iAMNHRAGLENE FhicRald ekt RS, amst these resistant
agai nst grampositive bacteria, gramnegative b§
organismlags beemgtrongly desired, and, for example, a quinolone compound conmdered to be
effective against MRSA is disclosed in WO 99/07682 (PATENT DOCUMENT 1). Further, the
compounds disclosed in WO 2004/002490 (PATENT DOCUMENT 2) and WO 2004/002992
(PATENT DOCUMENT 3) are known as the compounds having action mechanisms different
from those of the existing drugs.
[0003]
PATENT DOCUMENT 1: International Patent Publication No. WO 99/07682 pamphlet
PATENT DOCUMENT 2: International Patent Publication No. WO 2004/002490 pamphlet

PATENT DOCUMENT 3: International Patent Publication No. WO 2004/002992 pamphlet

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]
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bacteria. Further, a useful nethod for producing this

drug and a useful production internediate have been

awai ted with great expectationﬁ. 5 MEANS FOR SOLVI NG

THE PROBLEMS [0005] Under such circunstances, the

PL‘SSS”{ ho AR PHSnHAMTUAL 8 eRHERSI Qs ﬁé@lng%lgmgfety and strong

antib{Q@er{all ac(t(vz;es aghnhsy grao(-{lqsitjve bactereo RnBraghidyer adtieria Fndyresigtant

bac{%/le i h lfl‘{fi )7p ru? %Iél etE Jsfor grgﬁltt%% thi i, rugzetnﬁgbu_ssfhlgproduction intermediate
mWBbaﬁMﬁmﬂan&EgmﬁasmaﬁQOg anti bacterial activity 10
and high safety, (2) does not exhibit deliquescence or
hygroscopicity, (3) is easy to handle, (4) is
MPIAOHIEGR! Sa8 VISGAIOPROBLEMY ch is safe to human body,
éﬁb is produced under conditions with a little
[O8R4i r onment al  bur den, and (6) can be nass produced.

Eu r tzh(ezr (I?ﬁ@rséug?{ Qi%uﬂ{sﬁangé%uﬂﬁg 8%36;]}% mventors conduc Id r?zdenswe studies and

found/theel-(Ay %@%Mﬁrqﬁbﬁ)dmxm(Z %C)p@tlﬁly+7)-ylﬂlefhyl)®tnm0)l)1®ndm-1—
2
yl&@ﬁﬂf 'ﬂg&%rl éél g:lt ! ntgﬂ%%ﬁgﬂﬂ-é;g%@ﬁ%h&%? te (Sl'gheargl%gax{%oa%&%gerlal activity

andémlwm éli doys ndtexlibit deliqaeqcice of kygroscbpicity, ()@ eaBy i i@ndle, (4) is
react pyridin . .
ot i, £ SRUR LR B b, B B rbstcBf s emgiigpe wie
lithte enitddmetalBurd@, wid (6) edn beaiags prodadd ester to give an
SR AR TIRER TN W
7- Wl@lﬁmﬁo)[ﬁ?éﬁcﬁﬁ@fyﬂ)@th@n -7efhlord- lgt&ké@bhyﬁilﬁQ(IH) -one monohydrate can
i zing the obtained acrylic acid

red ng/ cy
E‘VS@ Fftﬁéyg)sff‘gpt\l,«lé% a di hydronapht hyri dine derivative
(15 eaam@mifdﬁfé deMvdiRe rdpPésBMb by Bk fdmuldey mul a 3] H

[Formula 7]

(o

N
N /

and produced by reacting a pyridine derivative represented by the formula [1]

[Formula 1]
Fao N NH,
| [1]
N Cl

with an acrylic acid ester to give an acrylic acid derivative represented by the general formula [2]

[Formula 2]
F 2 NH,
[2]
N
NP co R

wherein R' represents an alkyl group,
then reducing/cyclizing the obtained acrylic acid derivative to give a dihydronaphthyridine

derivative represented by the formula [3]



FN [3] N then reacting the obtained

di hydronapht hyri di ne derivative with a conpound
represented by the general fornula [4] 5 [Formula 4]
L"*YH [4] wherein L' represent§ a | eaving group; Y

FoBRGESENts a protected carbonyl group, to give a
[8?ﬁ£§rgnaphthyridine derivative represented by the

FgeneraIH fo&nula [5] [Formula 5] /YH F N[5] N
i s defined as above, 10 then oxidizing the
obt ailjned ) di hydBdnapht hyri di ne derivative to give a
napiit hyfi di ne derivative represented by the genera
formula [6] [Formula 6] /YH F N[6] N wherein Y is
> defined as above, and then deprotecting the obtained

theR Rt thlbbignsiedihyd@bnay Bthyddindidrativ)with PERGIudd fb?resented by the
derivative represented by the general fornula [17
gqest fmala{4l HN N/ OV RA N1, [17] O wherein R4
5 [HoRRGIggENtS an i mno protecting group and produced by
reacting a kojic acid derivative represented by the
Lbewer alfafornula [8] 20 [Formula 8] 4

wherein L' represents a leaving group; Y represents a protected carbonyl group,
to give a dihydronaphthyridine derivative represented by the general formula [5]
[Formula 5]
|/YH
F = N 0]
| [5]
NS
N
wherein Y is defined as above,
10 then oxidizing the obtained dihydronaphthyridine derivative to give a naphthyridine derivative
represented by the general formula [6]
[Formula 6]
rYH
F N.__0
I (6]

wherein Y is defined as above, and
then deprotecting the obtained naphthyridine derivative
15 with
(2) a piperidine derivative represented by the general formula [17]
[Formula 17]

0O
O o
R N
0

wherein R* represents an imino protecting group
and produced by reacting a kojic acid derivative represented by the general formula [8]
20 [Formula 8]



RzO [8] 0 OH wherein R2 is a hydroxyl protecting
group, wWwth a conpound represented by the general
formula [9] [Fornula 9] LZ/uX [[9] wherein LZ
represents a | eaving group; X represents a |eaving
F% give a kojic acid derivative represented
ﬁ’th ge eral (gprnula [10] [Formula 10] RO [101 O
- ei n and X are defined as above, then
deprot ecti r?d" the obtained kojic acid derivative to

gi ve a Kojyh&eR®ds Qﬁﬁdr&%ﬁ E?‘b@edﬁﬁé’@%ﬁim ed by the
general fornmula [1 ormul a HO ~ au [11] O

withgngomngyed @PWS%W@YGM g‘ﬁ’é@ﬂ tsmplsd9e, then r eact i ng
lemal ned kojic acid derivative with anmmonia to
glve pyrldlne derivative represented by the fornula
2228 _F*or iyl a 12] HOO [12] N~ O 15 then oxidizing
lThe obt ai ned pyridine derivative to give a pyridine

deri vat i Ve/hérelmﬂésqméﬁﬁts byeat/h@ gréupt Nutgrededish léaEﬁngQﬂdng)
reac nrg%lt he obt ai ne

5 W]WF&%C st A ey eﬁt}te&%g SPEfR Pt ve
[FepfugsBted by the general fornula [14]

2 O
R0 ¥ [10]

wherein R* and X are defined as above,
then deprotecting the obtained kojic acid derivative to give a kojic acid derivative represented by
the general formula [11]
10 [Formula 11]

0
HO™ Y~ [11]

wherein X is defined as above,
then reacting the obtained kojic acid derivative with ammonia to give a pyridine derivative
represented by the formula [12]
[Formula 12]

0
HOA{I j [12]
N
0

15 then oxidizing the obtained pyridine derivative to give a pyridine derivative represented by the
formula [13]
[Formula 13]

0
oé\h@ij [13]
X0

then reacting the obtained pyridine derivative with a piperidine derivative represented by the
general formula [14]

20 [Formula 14]



20 [Formula 14] /~~ 5 R3 N T-NH2 [14] ~/ wherein R
represents an imno protecting group, to give a

pi peri di ne derivative represented by the general
formula [15] [Formula 15] a , O RNHI[15] J N-0
whepehn R3 is defined as above, 5 then protecting the
rEAlNO to[uive a piperidine derivative

rep ent ed by the general formula [16] [Fornula 16]
a [ 0 R NRE N Lelgx% g RSIELA B 1 s defined as
above; R3VIEYer I REATEE bVl O XN & Rdh depr ot ecting
totdie: Dpibaidiecdepiv@bieirehresentdé by Wrtdenaalforniuda gisye (3) a
Yg}gﬁ%qﬁl di ne derivative represented by the general

[ 'a'[18] [Formula 18] O ( F/ NORA N | O-

L18 wherei n Rfyis defined as above, and then
RdepNr ot gctN'ng obhai r@% napht hyri di ne derivative. 15
The ™ ver'l'lorﬂ\f thdr f udd that a kojic acid :

derivative represéhted by the general formula [19]

[ Formul a Q&Leiﬁﬁag a@ﬁ{lé'd ai]abox%, 07" x
5 then protecting the imino group to give a piperidine derivative represented by the general
formula [16]
[Formula 16]

3 0]
R—NQ‘%‘:\@: ] [16]
R N o

wherein R* is defined as above; R? is defined as above,
and then deprotecting the obtained piperidine derivative
10 to give
(3) a naphthyridine derivative represented by the general formula [18]
[Formula 18]

O 1)
NS
QoS o

wherein R* is defined as above,
and then deprotecting the obtained naphthyridine derivative.
15 The inventors further found that a kojic acid derivative represented by the general
formula [19]
[Formula 19]

2a 0]
RTO™ Y~ [19]
(O~ o/\/X

wherein R* represents a hydrogen atom or a hydroxyl protecting group; X
represents a leaving group

20 is an important production intermediate.
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wherein e represents a hydrogen atom or a hydroxyl
protecting group; X represents a |leaving group 20 is
an i nportant production intermegiate. 6 ADVANTAGES OF
THE | NVENTI ON [ 0006]

1-(2-(4-((2, 3-di hydro(1, 4)di oxi no(2,3-c)pyridin-7-yl me

A@Wﬁ%ﬁg&f Piéh%{’ﬁﬁ!@i%pht hyri di n-2(1 H) - one

[oogphydrate of the present invention (1) has 5 strong
antl bacterial activity and high safety, (2) does not

exhi bit del3-(fué3-eiydroglh, 4)dy?glm®§2:bp)p&rldly-7-y1(n31)hyl)&nma}pyperldm-1-
DA ot Shab BERIGESGEY HELSH B R0 ST pitnfitedrBign (1 has
stypgngrantibdcierinl astivmy anddngtesafeay, (Hutodemt aridbif 63ligneseerive offBiioscopicity,

d s._hen usef ul as bul k )
(EPNE Bl (o | 3rRERELATA SiveRovRgRisotTeenbpindodi ) i
produexdivinder obﬂtﬁtliﬁr&amt}f £lirt]s bidlirodmentd) buddedhind 16) oith BE Mass(pdduced, and
eb I um chragmat ography required, (3)

lsg}?ﬂ% ‘ﬁﬁéﬁﬁgay 4 lf pfeqﬂga%agq product and (4) no toxic or

unst abl e TIR3GEdctibSRBtho@BITth PreBRD R eMRBMY feh@rR SRAUS 1) high

ymdhﬁ?a&a@ﬁ gﬁ?ﬂﬁ@%ﬂﬁé&@“@?ﬂ@b’ﬁ%ﬂuﬁﬁq’ () srasaqyenthiittiroygtqproduct
af 042 h@tol(rcydr)tﬁ&ﬁmé )eagenft héé@reﬁld:ks Rence useful to P]roduc h%z -(4- (§2 ,3-

ridin -0ne nonohydrate. Furt
dla& fér(u‘ﬁﬁiwwpi%cmmlﬁeﬁm@by%wmh)@lngedreflayl)eftluﬂhwaoro 1,5-

aO L1 99 00~~~ OiX wherein
n%gﬁ?ygﬁlé@)&ﬁlﬁ?éﬁ%ﬂnﬁ%@%a% above 1is a useful production
i nt er mediBrtber, BESTiMRBE]FOR I RARR¢ NGBy Thelgdnera NGENIT:E (19]
15[89891]2 O Hereinafter, the present invention will be

escribed in detail. In the present specification,

ngl W se specified, a halogen atomrefers to,
f r e arrp e, a fludnigde atom a chlorine atom a
br ori & Xan iodine atom An alkyl group
refers to, for exanple, a straight-chain or
Wbﬂ&ﬁ&e@hdcxaterdefme&asabm group such as nethyl,

i SQ ropyl butyl, sec-butyl, |sobutyl,
lst%tég%(éy‘a%?é'?&éh termﬁ? An ar al kyI group 25 refers to,

for exanple, an ar- C14 al kyl group such as benzyl,

e S e S

[0Bd7]6al kyl oxy Cl.6 al kyl group such as net hoxymet hyl

and 1-ethoxyethyl . An aral kyl oxyal kyl group refers to,
for q—?er 1naﬁer the present mven¥10n w){ll be gescn ed 11? detail.

In the present specification, unless otherwise specified, a halogen atom refers to,
for example, a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. An alkyl
group refers to, for example, a straight-chain or branched-chain Cy.¢ alkyl group such as methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, isobutyl, tert-butyl and pentyl. An aralkyl group
refers to, for example, an ar-Cy. alkyl group such as benzyl, diphenylmethyl, trityl, phenethyl
and naphthylmethyl. ~ An alkoxy alkyl group refers to, for example, a Cy. alkyloxy C. alkyl
group such as methoxymethyl and 1-ethoxyethyl. ~ An aralkyloxyalkyl group refers to, for
example, an ar-Cy.¢ alkyloxy C. alkyl group such as benzyloxymethyl and phenethyloxymethyl.
An alkylsulfonyl group refers to, for example, a Cy. alkylsulfonyl group such as methylsulfonyl,
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exanple, an ar-Cl.6 al kyl oxy Cl1.6 al kyl group such as
benzyl oxynet hyl and phenet hyl oxynet hyl. An

al kyl sul fonyl group refers to, .for exanple, a C-6

al kyl sul fonyl group such as neghylsulfonyl, 7

tnhﬁér%h@ﬁ?%ﬁiﬁr@ﬂﬂ’étﬂﬁﬁﬂi}onﬁn d AR LRN{FHh 1%(%“@ refa%ﬁ ta,rfgru eB(ample, a

aryl sul roup refers to, for e
greuiuches wﬂ@mwémyh‘amwluqmjﬂﬁooylueﬁ@@&yﬂ&utfynylomroup refers to, for

| s rs.t . ]
oY) 20 AR PR S ol o SR oo
antlretlfylsukfmmhceiyhyhmakﬂnm&shymyy gramglredriisol fulekomyié agyoupAnch as

sul fanyl oxy group.refers to, for exanple, a group

&i n@°%%ﬁ§éﬂ@?ﬁﬁﬁ8 F%%y and t ol uenesul f onyl oxy.
[0b6K]08] An acyl group refers to for exanple a fornyl

group, a straight- chaln r 2 haln
al kanoy| AgraSYiErQiRieieastog é?’ﬁ/”im gli‘oup kﬂﬂtV}g}}} ~chain or

brhr?cﬁ¥@l:l?aﬁﬂ’ tz 20h By VAbLAY duch 8aceB, prdpihyRibl airs@v%Ml and pivaloyl, an

%é such as benzyl carbonyl, "a cyclic hydrocarbon
ar,

[errbgryd gpoup s ashentylsehonsly b Cxaig hmérpmrh@rwarbcmbgraup such as

betxfﬁ%ﬁ chélébhih8¥lc étfdlogﬁ%gg gggayrﬁ&gh%,%% Eu&f}% hi38Moyl, thenoyl,
pmmmymwéﬂd fapoplup Aredliegxycarbonyt group rederp ke foraaxample a straight-
chséf roal'lbgﬂltcﬁedc Qm g}l%&o%&ﬂgqu?é\%% e %il—a?met ox%carbonyl ethoxycarbonyl,

onycar ony SUC OX car

1 whwb’ﬂﬁbbmyirbonyl isdpreebixpettopl b @@ﬂm&ﬂbmﬁonyl tert-

|so exyl carbaonyl,, tert:
B RR BER ST R  Tr ot 3 S ResA R gt st or

emm@lekyd @G alkhivxytgbanypeioah aich ab Benzilokychbhoayledrgl e, an

ar ﬁ% al kyl oxycar bonyl group such as benzyl oxycar bonyl
PhepgthYIBRERDORYH oxycar bonyl . [0009] An oxygen- cont ai ni ng
[obegjerocyclic group refers to, for exanple, a group

such as tetrahydropyranyl and tetraderofuranyI A

sul f ur - cAMOIYEfthePERia Beisropychic graya petpisfte far e@mpleqy group such as

tegfgny@@?ﬂhﬁ rané téifaﬁ oftbmil. A% LduF-8bhalhiak Iﬂbt@f&fl@i’&%jroup'?efers to, for

protected carbonyl group refers to, for exa
exgmplepa Boupserhias stirahydrathinpmsanylgr dusotasted easbarty grﬁglp refers to, for

x(%ﬁlg} %f %gy%u% z%ﬂlox%%ﬁag}fbﬁ@rﬂﬁﬁ e dn'hfeohol, such as

(hytlxyody)(myt)laé)plbmgbxlyqulu}ldycbm)(ethoxy)methylene (hydroxy)(propoxy)methylene,

(h% r)()é}{)g)é%ré 0§(o)gx§( %y?%@é%y)?@u%xy)methylene
(hiytrpaly)epyipgihathylane) (il heyloxy)methylene,

(h&%g{z)g@%gyé%h%ﬁ%}ﬁg%nﬁép&ggﬁgylggy)methylene, (hydroxy)(1,1-

dlﬁﬁﬁﬂfgﬁdpbk§)ﬂﬁw1mydlﬁﬁ{hbﬂtﬁaﬁylet(d1uﬁﬂﬂxy&étﬁyléne dipropoxymethylene,

hyl hyl h hyl
lgb&%%?&'?%%;éﬁ\gﬁgﬁ%&?ngw t > te‘c ylgnréei 3-dioxolan-2-ylidene

arfdi 1 ﬁ@i@m@@)m@ﬁe ha/ r%ﬂ& foxﬂb@ﬂbmyo’miohyﬂ ge&q) and a thiol, such as
bi s(benzyl &@?ne 3- di oxol an-2-yl i dene and

big(nmpihyithie ettzylwq, bl’é yltaw@rrl@tbﬂe% bw@&mwtbm)@e@ahe%Mrdlthlolan—Z-

wgkg%§¥ﬁ€?€ﬁ? %ghﬁmﬁéne |s(%&nzyp%% %&?ﬁ%?é%EQQOMth-

ylidege mdtthlamhdnb%yh@@leyl Adwmgandlplre&:sdpt for eoranipley hihglogen atom, an

dﬁﬂgg%n og%gﬁﬁg $§%g%&ﬁ% &QY% fgﬁsgsn 2-ylidene. A

[00&@lvi ng group refers to, for exanple, a hal ogen atom

an A hydroxyl protecting group encompasses all groups which are usable as a usual
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al kyl sul fonyl oxy group and an aryl sul f onyl oxy group.
[ 0010] A hydroxyl protecting group enconpasses al
groups which are usable as a uspal 8 hydroxyl
protecting group, and exanples include groups

hpB6Ly1 lphﬁéttlh% gro'%% efn %xén;ﬁéﬁh@lﬁ@lé HBupsFeQyiBed i EHB0 gf%ectlve

Synt hesi s" \ Wits and W Geene, 4th edition,
GWLIPéyﬂ Qreapig §ynthms' by MOWsts apd Wi Greene, JgeeditBpe Eotnj Wiley & Sons, INC.,

26062 8P €9 BBQClﬂﬁﬁ@@xﬁﬁME QEIQ gl pg%\g)?] ?]%5}1&29%01&4 group, an

group, an aral Kyl oxycar ony
a@H(Y&)XaW@/Qnyggroum analkybgrpge ran @oﬂkyagnmupl,gmmy@nmbmaimmg eterocyclic

ggnll;.\g uapsulf?’i(g‘(#x aflrld{l ﬁe%‘r ?&cﬂ \?)F %1?(3{}%9{ é}l{ lé}'cgwp:’arp érgl%nloxyalkyl group,

ambkyk@ﬁﬁ@b@?mggn@mpayamﬁn@hg@nylsulfonyl group. [0011]
e.,mno protecting group enconpasses all groups which
ar usabl e as a usual imno protectlng group, and

exanpl es Axﬂﬁrhﬂ@ﬁroﬁicﬁh@@odﬁ&%h@@ﬁed dll @[ﬁ%ﬁclﬁare usable as a usual
Protective Goups 10 .1n C} ani c esi s Wit s

1MinG prRtecHng HQuD, ami gXxasples IB‘H“ e\]ggﬁgpswxq;cgye@n§giﬁ@ne p Riotective Groups
n@&@mc SPuth&B6 bl M. IREts amPRC Ghdefie, ANATTRY &S J dhﬂ%%}e& %Wns, INC., 2006,

roup, an al koxycarbonyl group,

p a@%ltkg%xy%a@% pisauudeaan agylraup, argarlbfuqo'carhmyl group, an
ar@ikg%'x?&lrg& D/éro%{ QK Brali@ 8rodp, az?lra}'l!yissﬂifgrgnyougré%ﬁ%h arylsulfonyl group.

Prefera
[qu%h (4-((2, 3-di hydro(1, 4)dioxi no(2, 3- c)pyrldln 7 15

| met hyl [ uor. , 5- naph

%/hyr | dl)/n)lg%%@eq @e(‘;m(ﬁiog déﬂroé B')Bpsééd‘oéi :I C 8 r7esent
ylr HWB’ﬁDBfHUW)I?P@ﬁﬁh byf)ﬁihi’mﬂl@r@ d’ﬁpﬂpHitﬂﬁldl{l-le-E}onEhﬁ)nohydrates used
. . of the .
‘“%E‘{é'fe?eﬁ'("( Fign drearliering Bewrs( 2, 3- ¢) pyri di n- 7-
Kwﬂﬁpthyl)anino)piperidin-I-yI)ethyI 7-fluoro-I,5-napht

hyri di n- e nonohydr aV|n 20 the o

d?/f fract ?%ﬁ%ﬁljfe%f thepl- 6%!?46& Yéfo( AdoxinoR,3-5)oyridi-7-
yldeehyDainihelpiperiday 191)&591&1‘-}111&6 lpﬁhép%f rién€2(117J- @ﬁ@tﬁ@x@h?drate having

In addition, characteristic peaks of powder” X-ray

thy |dffffﬁ%ﬂ9plaﬁ$*e%%/°f\ﬁa$ y8dapéid m@ 15. niniikeapnyrdenXrrey diffraction pattern are
prlefihid i ons. For this reason, the peak in the powder

x-ray diffraction of the conpound of the present

i nvent i odn adbtidnd crrpactdyestis peaks df powdet Xrray diffeabtioR may vary depending

bl
or[ ng%sﬂ%fgleﬁtn%ﬂg&geﬁs[ %f tl}llﬁnr\é%%hlgt e &Erp%rvée ﬁay%#gactlon of the
cqmpmiud: of ther prewdnh dtemivarshould Rt beSStr&ﬂy gitérptet@lr oup, a

gp group or a butyl 30 group is preferable, wth
t producti on nethod wherein R is a butyl group

bei ng nongthe present invention, preferable production methods include the following
methods.
[0015]

The production method wherein R' is an ethyl group, a propyl group or a butyl
group is preferable, with the production method wherein R is a butyl group being more
preferable.

The production method wherein R? is an acyl group, an aralkyl group or an
oxygen-containing heterocyclic group is preferable, with the production method wherein R? is an

oxygen-containing heterocyclic group being more preferable, and with the production method
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preferable. The production nethod wherein R2 is an
acyl group, an aralkyl group or an oxygen-containing
het erocyclic group is preferable, with the production
met hod wherein R2 is an oxyger? cont ai ni ng
h e and with the
wfﬂe‘?&ggg?%’%ﬁ{r%héﬂﬁg)g&apl %\ﬂg’ M#%B& ?ega?%e?r ahydr opyr anyl
g roup belTﬂng pfasﬂutttwrmth@f\eheadah &’ 1sTdme1cyirgn<oiu)c an ghoxyesthony! group or
e‘i?l[(gl rgr%l%paf Rryferag)l] h tg %rpg?cg?gg}%éhogx %%E blg’;g an gra&ypgroup being
m@ﬂe@fﬂﬁéﬁabl@naxﬂmdmde W’(’b&ﬁ@lloﬁ niSthddswigrei@R als kiyengt gropp being Girther
r referable, and with the producti on nethod
pr\r%%@i’ ‘'n R3 is a benzyl group being further 5

pref er ablme pTcﬁlﬁctanQﬂé!HJd WheréiB R @an%?lrg?bdp B4a1k§xy@§]rbonyl group or
acyl group, an al koxycarbonyl_ group or yl

angrglipl greunys arefsraie. avith the progdidiop r“%?éh?ét"i’b@ﬁ’“h%t ﬁ@ﬂ acyl group or an
I
oGPl arsp SEs ROK, BN, 8Ad A1 18 PRSI RARK yierein R is an
alkextylsrdonsth graup heirg ﬁ#fdleanrefeaﬂﬂk@xycar bonyl group being
further PiglrSRBid: m&f?odmgeraa ggg%tehgaﬁdé% Qlotthgdzin X
is a chlori omis uction
nmet hod V\A’iﬁlee)rqdubtnor&nah@ﬂ wh&rhohymtdhmtmn@thylﬁpse group, a

o RN L e By GRS SIE Y  or 1
dlgkawfp-yll&nﬁ pefu isyirbferabl twith tHeeprpduedore tnkthod Whtx’emdi{ isa

e s a dinmethox t hyl ene group,..a . .
ey e 2RO B e SHHp B kol 2aidgne eroup being
m@feQifeRBieNghd whith t'f[@bﬁ)dﬁétﬁfn@ﬁéﬂ%&whe’iélﬂ% & Bintdf®xymethylene group

producti on nmet hod wherein Y is a di net hoxynet hyl ene

b"g‘i‘%@‘& enpsetiigbleur t her preferable. [0016] In the
wogpound represented by the general formula [19],
pr ef erabl e conpounds include the follow n corrpound
20 The cdapsaempart ispigseresd byghegdnpat @g@wagt%n@reﬁfﬂble compounds
r | group or an oxygen-containing
‘W?@‘?é?*%ﬁ@“&gg‘?@&hﬁ pr efer able, wth the conpound
wher ei n” 8w compeundryltray B ing bydtogenzatom, an acyl group, an aralkyl group

oPa Yok Per onﬁau%d?% ﬂ&gﬁ@%‘ﬁc gFoYug id n@e%ﬁ g?&gv&lﬁ HEtolHBbdnd wherein R is a

hmtdgangmnn at amxxygeracdnmlmag] ye:temptha gydup deing mooeprefprable, with the
and W t [

cqrtponf Bt R e groftor MoCe YRR e sy b vptre Tl prefrable

" at OO the To@pRunddittdiOR™es hadtogdn ddie bgingemiost preferdbleon

i s_hereinafter described. [Production Method 1] F NH2
[@I7IN2 FNO NO N CRR

The production method of the present invention is hereinafter described.
[Production Method 1]

H

X l

\N Cl N = COZR‘ m
{11 2] (3]

wherein R! is defined as above.
[0018]

(-1
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N [1] [2] [3] wherein R is defined as above. [0018]
30 (1-1) 10 The conpound of the general fornula [2]
can be produced by reacting thegconpound of the
formula [1] with an acrylic acid ester in the presence

of a cat alystomponnd bfthe éneReRERAURIT2RRA BB ‘foﬁ)dgéed%yk?@a%ﬁng the

b f I
PRt ot M [ Syiam 305t scid Breeran Hiparbenc gt s Besalyst, in the
pt’@gﬂtﬁ @r dlﬁségdelggﬁ @adeEand@H & 6)r§€1¥ce or QUsehce cff 2 hgg%de t %@yé%ctmn may be
r akov
4 6B OufoFVOY Wﬂé&%; bﬁéb%@th@dwdea@ré@dd@m@m lReV Sty 1.1P, B{al@t@la@]a and A. V.

C(hlpraptov 16w, vampsy d3d@5t ?(%6f & ngaj gn{e?r] %?Qccgrdg{;’cg el%gv%
redUC|ng/cycI|2|ng t e conpou
[@(ﬁ Phula [2] in the presence of a catalyst. 10 The

(1-8 uction reaction may be carried out, for exanple, by
the nethod described in Corrprehenswe Organi c
Tr ansf or nBhd @opbuid/offhehanda (3] daf be plodudédiby RidatingoedlSing the

r any nethod in accordance
{)rﬁgruél\(}mot%ﬁl% ﬁ%@ldﬁ “‘I‘ﬁ%&i& tg‘gﬁ'fes g8t ¢ t2tale r educti on
reaction Me&&tlmka&iﬂn\/@fytbel cafrRli e, & e'x&mﬂ@% the’l-ﬁxetrﬁgél described
act. exanpl es i ncl ude al cohol s

[fgor?lpté%ﬁeﬁé‘t’%éf%f“co[[jé%“ﬁ%ﬁ%‘lmoné 3t Rishard IC. hagck, VCH Publishers, INC.,

1989781 d1dl F72014n9 RRMID in BEcOMBhéChikRIRCar bons such as
[‘3)28 ene, toluene and xyl ene; ethers such as

ane, t etrahydr of uran, anisole, ethylene gl ycol

di met hyl 'ﬁ{erb%fvent‘ys@& ﬁXh@l@@u%}f 9&&%@?&’ sglven% 1rgsofar as it does

dlethylene gl ycol dieth
neliaffgtdhereaetipacand piseroples mylpd@almhois susluas metha)‘mis eﬁhaﬁdii ﬂ{iropanol and

2%6@1?}11 byﬂroﬁdﬂu Ql)f)'ngﬁc hgcﬁg&rtﬁong g&ch azsa%enzen toh?e%%tan(s xylene ethers such as

butyl acetate; amd
dquﬁeﬁghyﬁyqﬁﬂr@n reaispldecthMend- glyaok timekis ¢ eﬂha’mildthy&ﬂﬁglycol dimethyl

BB RN UL IRAE, JHELPOGS Ul 88 EStone ol
sulfomides such'laxdmredlyl suPfoaides astdresuek an@h@sic@thte lfaﬁkﬂtnﬁﬂ' a\égcﬁﬂénamldes such
astalﬁfgl ?g} %an}lg%j\i E&Rm[athxl{a%gaéé‘l]de ;—ng _g%t o g—;yrrgl?deone Iketones such

asektond andm-b\aﬁma aORE aPRhtbR M RGEL/AHE ma? b@ﬁéeﬁ l1'1{'}nn::ture
carbon and ruthenium chl orid

Prﬁfeé%’zér%fn@ C8 ﬁ\eﬁglt"er}téfeﬁa?thad’@i%ﬂﬁ%%ﬂ@bn The redu0| ng
[oagent used in the reduction reaction includes, for

exanpl e, __hydrogen; formc acid; formates such as

sodi um f éqhﬁ'ﬁ@télys%%ﬁltbﬁﬁeﬂwlﬁaF@CmIUlnﬂudm for acingple, palladium

carbon, palladium acetate, platinum oxide, rhodium carbon and ruthenium chloride. A
preferable catalyst is palladium carbon.

The reducing agent used in the reduction reaction includes, for example,
hydrogen; formic acid; formates such as sodium formate, ammonium formate and formic acid
triethylammonium; and cyclohexene. Preferable reducing agents include hydrogen and formic
acid.

[0022]

The amount of the catalyst used may be 0.001 to 5 times weight, preferably 0.01

to 0.5 times weight, with respect to the compound of the general formula {2].

The amount of the reducing agent may be 1 to 100 times by mole, preferably 1 to
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triethylammoni um and cycl ohexene. Preferable reducing
agents include hydrogen and formc 30 acid. [0022]
The anmount of the catal yst usedq;may be 0.001 to 5
times weight, preferably 0.01 to 0.5 tinmes weight,

Swintds by espe eiithtrespedieo GRIPAYAHIQST tHehRnGaTE il fgr Mul a
[2]. The rmunt of the reducing agent nay be I to 100

ti nes by rgduckp Feaptin mayibercgrried outatt-3Gripst SBC, prdferably 0 to 100°C,
oM ominesPeciothgudshe conpound of the general fornula

(52]3. The reduction reaction nmay be carried out at -30
[¢%3150C, preferably 0 to 100C,~ for 30 minutes to 120

hours. | t..used i.n the c at on

react | onoﬁm?ae)?};l) gétau-rgg&s%ﬁéé% 23408 fregiionmay lfe?vﬁ;! e‘ﬁé’fs"far as it does
neff fffsctt the teectioamtd exmnplan thekdaaipbiess Suallﬁi hysdeh@lot @&, 2-propanol and

nol an

o
dimammetwah}tdﬁiﬂmaﬂ,em%tk &}d&léﬁhﬁglﬁ I Bﬁ{e‘ﬂlyﬂi Ht%@r @éthyﬁa'n@él B8l dimethyl

et rahydr of rg 0 ene di et
“ gﬁe%gf‘%{;’& P B |e§% diogihgbeymnd otolrer glyélawmml ether;
st.gfoy:iﬁék suth Qg hi.‘{rletl@‘l B foxiddl &'t%é/ iucﬁ‘ép@cﬁylade&at%taﬁa {)l?tg}ledcetate amides such

%Nﬁg nononet hyl ether; 1 f oxides suc
Rethydormasmiteg N, Ne@méfrh§la§fﬁ@hldagﬂcb1'mﬁlh}’ét@@lyabbdoan,dietones such
adatleddhe R&EL- Q

R B o B T, e o o RO BT A b A v
Predrdiesolwanistincluds talveneand xalede. 2- but anone as vveII as

[obgher, and these solvents may be used in mxture.

Preferabl e solvents include toluene and xyl ene. [0024]

15 The cykheicyelization reeaohineiy bewyrriee ot Di@gomat p@fera@bls@) to 130°C,
fzgg mRrefgg E 50 to 130C, for 30 minutes to 12

U Aintes g ?O%i The conpound of the fornula [3]

[ooam] be produced by reacti ng the conpound of 20 the

1fgrrrula [1] with an acrylic acid ester in the presence

( a catalyst, in the presence or absence of a base,

in the presessfoldt

pr esence of a ?oedug? %qgglglr%@ﬂ%]'%rﬁleﬁ%g%gf g reaamg?ﬁe compound of
thg fRrmyla [1} wisk e easylicoacyst esthu ethe h@smﬁpﬁmﬁcﬂalyﬁt ititfee presence or absence
f I [ b d _out

off 482881 liPthk BlesentB 61 LR ae@&le ofq llg@g fnd i ??ﬂe oé ?sfngle)of 2 r{ad%"ﬁ‘é agent. The

accordance wth t produc
Tepgtion ifcd PuSTPOESaptih to Pratiuce the 0@AEJund Bf fHefartuds [3pn THetrbRton may be
catdied ol aﬁd)rd!ﬁllcg Iw1th thd production method (1-1) and the production method (1-2).

[0026]

[Production Method 2]
YH YH
. Ho L YH 4 g
= [4] F = N o F N 0
N N N Z
3
F N
> ~ | 0
NS
N P4
[7]

wherein L' and Y are defined as above.
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YHF[4 FNOF/ NO 1 NI NI -~ \ N [3] (O[5] [6]
-1l N[7] wherein L' and Y are defined as above. 12
[0027] (2-1) Known conpounds o{zthe general formula
[4] are, for exanple, 2-(2- brofonethyl)-

[0b2P di oxol ane, 2-brono-1, |-diethoxyethane and
2-brono-1, |-dinmethoxyethane. 5 The conpound of the
(Qg@neral formula [5] can be produced by reacting the

conpound 4 ' d
of tho 1 areuraopaTen Byt Bl Renitle [ &9, L BhRI AL,
brohmemsthyh d-diosaans, A-brdme 11 ehiethdxynathaneyand 8-taoyiod ol-dierethoxyethane.
i nsof ar [ oe t aff O.the reactio and.

exanpl es ﬁﬁlﬁg{’rﬁ’ eunar%? §§e[§eﬁel&g%u}ﬂ\£5if%} Wﬂéﬂ%‘g?mﬁ‘gﬁ‘&the
cdsddundiofitbe perlenst ffrmniade] witld thk-compduynd-o2 theyformalld [3 irethe presence of a
bhaI ogenat ed hydrocarbons such as nethylene chloride,

%l or of or m and di chl or oet hane; aronatic hydrocarbons
[ospglh as benzene, toluene and xylene; ethers such as

di oxane, _tetrahydrofuran, anisole, ethylene glycol

di et hy| g gelvert usgddp Hijs wastiogmaydie agy prlveny insfehesit does not affect

ther&lchiot, eREexdmBe9 incflideaiides Shdhes NG RLIVEEREmiHleYQA. 15
nononet hyl ether; sul foxides such di methyl sul foxide;

digigthyfagetaiidy apd 1 unepipil-2apysnolideneabalegenatedibydrogarhons sughds methylene
e A r.efie

TG OBty S PO B, s

xyderief ethers such[ag dR8ineTtetralnaisefuag caisole, ¢thylene gpel dimvethyl ether,

| f i.c b h 20
L T R A e
mbmrrhethy tether; ddl foxitts pathakimethn shtfm;idﬁa; ke_stén@)shd&ds_&ﬂlylhaietat@& well as

' ic b h .sod [ odi um
wi PR sBETE uey Ry E Pie, PEB T GERN
diarthytioahfide andldimatgasRalee, pot assi um car bonat e,

Oﬁgé]assi um phosphate and cesi um carbonate. Preferable
[ es are potassi um carbonate and potassi um

phosphat ehe base used in this reaction includes, for example, organic bases such as

pyridine, dimethylaminopyridine, triethylamine, sodium tert-butoxide and potassium tert-
butoxide as well as inorganic bases such as sodium hydride, sodium hydroxide, potassium
hydroxide, sodium hydrogen carbonate, sodium carbonate, potassium carbonate, potassium
phosphate and cesium carbonate. Preferable bases are potassium carbonate and potassium
phosphate.

The amounts of the base and the general formula [4] compound used may be 1 to
50 times by mole, preferably 1 to 5 times by mole, with respect to the compound of the formula
[31

The reaction may be carried out at -30 to 150°C, preferably 0 to 100°C, for 30
minutes to 48 hours.
[0030]
(2-2)

The compound of the general formula [6] can be produced by oxidizing the
compound of the general formula [5] in the presence or absence of a radical initiator, in the

presence or absence of a base. The reaction may be carried out, for example, by the methods
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25 The ampunts of the base and the general fornula [4]
conpound used may be 1 to 50 tines by nole,

preferably 1 to 5 tines by nnl$ with respect to the
conmpound of the formula [3] %e reacti on may be

g 0C, »pr&t 0 .

d%grrﬂgér%qg S?lgﬁsl l?éa/ }g%%rgsrsgé g 6§ ég?,%!%}zsgt@?%og %mr%%ed. Chem.
Letolyenithnoé At Hentg2008r #bl. 19 |pn467ato (89, or &an alpempthadlinaecbriance
tOX|dIhZ|ng the conpound of the general formula [3] in

1? e presence or absence of a radical initiator, in the
[qeBEsEence or absence of a base The reaction may be

carried t, or exanmpl.e, by the nethods 13 escri bed

in Chem vexgﬂpsﬁa Itlgg gqact@n may beyapy splyens jnpotag/ay it dgfeg not affect
thd 4B tied dnd 5&&@)‘16‘3 1n(ﬂ@fé anﬂb@ Ruch dsN N—&lme lfelxﬂlahﬁdénﬁ M

Hunt, 2003, Vol. . 467 to 470 any met hod
dimethylacgtemidecad ltm%hbéva pyroliforss mﬁlog@atvﬁ d bydropaRans Susé g methylene
chiBridd)| bﬁofoﬁﬁ'fnt dﬁle 'aldﬁﬁ;\‘oéﬁﬁn@'rlﬁfoﬁﬁ Iochr@ﬁﬁ’sfsﬁ h %Zbehieng QP

not aff ect e reaction, and ex np es 1 nc am des
cliorohenzenayietilerdisnaht as;dndxenmaumdromrams ard$ole ethyleae glyentidieethy! ether,

di%ﬁlghegl g@%&yﬁmﬁhﬁy&iﬁ lﬁi}l e g}fﬁhF&gtﬂ te(?lger Ig.éﬁjgtgﬁ@x{e g%‘c%l

orof orm and
mdnmhétbylmdtenamé‘omd\escmdt ascchmgtﬁylcsukfohdﬂ$ mlbds eatersizacizaseenyl acetate,

oroben ene: .ethers
e feseiiolPhF RS Ui ShbER . ATerRRoBsSER S ptiasebpprone
[c®BRET, 10 dlethylene gl ycol dlnethyl et her, diethylene
gl ycol diethyl ether and, e .Iene yC monome
St hert O ebdiit Safind i seie? s, ol Svmpin, B qmide,
claSrifs kﬁ‘lﬁrfé Nlibmésic@hiiide, Aceti@dbsuccingiide N1@BsuREIhMBAE Snd manganese
naybe used in mixture. A preferabl e solvent is

diekidsr obenzene. [0032] The oxi di zi ng agent used in this

Arp%ae[tab@rbxid%y%%ﬁt is NOWrof% @¥Pinfnidbr om de, 15 chlori ne,
i odi ne, N-bronopsucci ni mde, N-chlorosuccinimnm de,

[9B3bdosucci ni ni de and manganese dioxide. A preferable

oxi di zi ngriageata ks SQ&Tstﬁéggés L1 s reac{%tggﬁ%]udgb or example

radical initiator used as neces ry in this react
ajabisisabesyronitole, kenagw peroxide and 2,Brazobisl@emsthonyi-2, 4-|dlr€qthylvaleromtrﬂe).

Ag)?gé&we rgcﬁga? Q{ltgeﬁ?rqgg 2'- %OHIS@ tthﬂ))()i -2 gldérfl%ﬂﬁylva}lerloréi)tr.ile). A
[mmeferable radical initiator is
-azo

thylvaleronitrile). .
Co03a) - TR Saflesdsstia BESTRICOR ides Fol i, organic bases
suchek patdine, idanetRplaniab @yriding andthylbaiRssodium tert-butoxide and potassium

tert-butoxide as well as inorganic bases such as sodium hydride, sodium hydroxide, potassium
hydroxide, sodium bicarbonate, sodium carbonate, potassium carbonate, barium carbonate and
cesium carbonate. A preferable base is potassium carbonate.
[0035]

The amount of the oxidizing agent used is 1 to 30 times by mole, preferably 1 to 5
times by mole, with respect to the compound of the formula [5].

The amount of the radical initiator used as necessary is 0.0001 to 0.5 times by
mole, preferably 0.001 to 0.1 times by mole, with respect to the compound of the formula [5].

The reaction may be carried out at -30 to 150°C, preferably 0 to 100°C, for 30

minutes to 48 hours.
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15

such as pyridine, dinethylam no pyridine,
triethylam ne, sodiumtert-butoxide and potassium 25
tert-butoxide as well as inorgan c bases such as

sodi um hydride, sodium hydroxide, potassium hydroxide,

sodi um bi Ths baRAued oS@E beHR 4 @Jrl@ﬂﬁ%ﬁs PPLA I 'i”(z 2-diethoxyethyl)-
7C ﬁ) tgarl um car bonat e and cesi um car bonat A

o s e of WA dss honatiel T 00861 5Trkaghthyr1dm (1)
oA e Iﬁf)ddcg&bf?@agﬁr@ RGNl #E%Qrbdlﬁ ng; }g) on%QX {llll bromoyl 1-

mol e, preferably 1 to 5 30 ti
a9 t he conpound of the for mJI a [5]. The anount

?g t hg tff\?;%&éhcdoﬂ'nﬁ%yaofe%%rﬁéﬁer i ”echeci% %n%edlmt\"?(?rgé07/l38974 or

bﬁymmeélodmmqondewebﬁewﬂthe conpound of the fornula

7 The reaction may be carried out at -30 to 150C,
preaerably 0 to 100C, for 30 mnutes to 48 hours. 14
(Z8e conpound of the general formula [6] is, for
exanpl e, '

-(2,2-di et t hyl
7-f1 uor o- ihegcoﬁg’ﬁﬁllgcﬁg,}: ﬁ%?q?:lmgl)é :[),’_])cag he produced by deprotecting the compound
of theZeibrlifeintutaogt Mo redctibh HRY Be darfledGRMoP ¥kdnfPid) b (etethod

Jone ﬁg gi groguced by reacting
SSeFipgthin o Gieehe's, ups ;Qrepnie Benthsish bzl\bwﬁrmaxm W-Greene, 4th
editieh, oMy wiIBREES out
t heﬁ’rret hodB%escorn?bﬂ(ewd@el2:(1)@\/‘%t %%%%ﬁ%ggﬁy &@%&g&h a accor ance
Y% i n accordance therewith. [0036] (2- 3) The
[efpound of the fornula [7] can be produced by
deprotecting the conpound 10 of the general fornul a
[RrgquctipmMethod3li on may be carried out, for exanple,
t he net hod des |ped |n "Greene's Prot ective Groups

I s" Oand W G ee
editian, ohn & Sons ., 2006, “50
or by hod in accord h"ﬁev%th 0037P

[ Produd8ion Method 3] z Lzi 1%z ORO[9] ROI—IO[1Q/

HO/ 0- ~X([8] [210] [ill - 01 po R-~NHz
[14] N 11
R—O—NHZ [14]
— ") — 0 -
(12] [(13]
O 00— O —
[15] [16]
O
[17]
wherein RZ, R3 s R4, L% and X are defined as above.
[0038]
The compound of the general formula [8] can be produced from kojic acid.
[0039]

20 (3-1)
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/~[12] [13] RN ~ a,~11 0~ R3 No- O~ ~/ ORA NO
[15] ~\ [16] HN}-N~/ O ~/ RA N~ I~ [17] wherein
R2, R3, R4, L2 and X are defi nggl as above. [0038] The
conmpound of the general fornula [8] can be produced

of e iR Bmpobi ¥ 8P lhe Sohl it KRAUE GOTRAYALP-bromo-2-

of the general exd
ctlerbetbars-agd 1 Zkdionooetthame and 1, 2- di br onoet hane. The

conmpound of th n | formul an b duced

byt eact /5 TRE IR sch R bbby O ol B e e

comidond b&xhe geneoill fdmafa [Pheith dreedabodndrofthegzeh&hl formdli 8] itbthe
resen of a base. The reaction may be carried out in

p‘gﬁeé’fi‘? °with Production Method 2-1. [0040] (3-2)

Tﬂ'éh%a@tibmgfbé ciiried Bt if Q6@ dncd Wit Ptodudtion Mdthén 1 be
(@roduced y deprotecting the 10 conmpound of the

ral formula [10]. The reaction nay be carried out,
3 exanple, by the nethod described in "G eene's
Protective G oups in Oganic Synthesis" by M Wits and
W G eenrlde campousdiof thergengralfarnwia Byt ] ganderpsoducphy, deprotecting the

R L
mgthiné describadrimiGeeefd P roteatives@roppoid (reahibyyntigaist bnlyl. Witeand W.
AR, 18 PR Syl B 1 b e o
adeonidnetthaewitfet hod 3-1. [0042] (3-3)

[0041]

Further, the compound of the general formula [11] can be produced by reacting
the compound of the general formula [9] with kojic acid. The reaction may be carried out in
accordance with Production Method 3-1.

[0042]
(3-3)

The compound of the formula [12] can be produced by reacting the compound of
the general formula [11] with ammonia.
[0043]

The solvent used in this reaction may be any solvent insofar as it does not affect
the reaction, and examples include alcohols such as methanol, ethanol, 2-propanol and 2-methyl-
2-propanol; aromatic hydrocarbons such as benzene, toluene, and xylene; ethers such as dioxane,
tetrahydrofuran, anisole, ethylene glycol dimethyl ether, diethylene glycol dimethyl ether,
diethylene glycol diethyl! ether and ethylene glycol monomethyl ether; sulfoxides such as
dimethyl sulfoxide; esters such as ethyl acetate; amides such as N,N-dimethylformamide, N,N-
dimethylacetamide and 1-methyl-2-pyrrolidone as well as water, and these solvents may be used
in mixture. A preferable solvent includes water.

[0044]

The ammonia used in this reaction includes ammonia water and so on. The

amount of the ammonia used may be 1 to 100 times by mole, preferably 1 to 30 times by mole,

with respect to the compound of the general formula [11].
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20 The conmpound of the formula [ 12] can be produced
by reacting the conpound of the general fornula [11]
with ammoni a. [0043] The solvggt used in this
reaction may be any solvent insofar as it does not
affect t I
such as morrenay maP e SRl FRIPIER LlferidR B IR0 b Reably S0 10
lQﬂﬁ}ﬁpéﬁmhmnaﬁoﬁQOhmnhydrocarbons such as benzene
lédy:rene, and xyl ene; ethers such as di oxane,

r ahydrof uran, anisole, ethylene glycol dinethyl
(Bther, diethylene gl ycol di net hyl ether di et hyl ene
gl ycol fthyl et her_ and eth¥lene coI nononet hyl

et her; W&)‘E’I"@%‘é“dﬁélﬁ fogmula 13 can be I§9‘Ih¥°6<§< pyjexidigisigghescompound
Sthe %rﬂﬁal TAE Bdadli G B "
ON € Forfal: f TRe paBih mﬁ’%éj& I1e§iel{{ﬁﬂg§ﬁgxg glteghr%ds gesgrﬁ%ed in "Advanced

Oigwfﬁwmsz By Isry daneh, she 4l pditions JotatWiley &rfens, RNEe 1992, p. 1167 to
I xgn ] ? e
1?3 é\flé&l%mﬁ@}i rgﬁlelé}cr axlgprah?%%h‘#%g l@cnh%{)dﬁ(fj gﬂaﬁgck VCH Publishers,
INGi, 49%% act04dm 614 ang extlexdmp a¢cardantegheramih.so on. Th e
“ﬁﬂﬁtnt of the amoni a used naybe 1 to 100 tinmes by
, preferably Ito 30 tinmes by nole, wth respect
to the cofpoulventafsed inehgeaaioalmdydenty soljeht Insofibas s not affect

react.i on b arrjed, out a roomtenperature to .
e BEOR Ra By S0 oRnedt nigroeatyom ok Ssmryigarshiorid,
clilotofem 4nd@ébh]orodtiBmé;) etheds S-[lbﬁ a§@iﬁﬁéﬁl@ nt@trﬂ’fydfdﬁﬂalg Qb3 aetflylene glycol
d hr?ﬁan bg ducled b xi di zi ng the conmpoun
‘r“tﬁ]f Fher 12&‘.‘/ YFM%/’{I?t hydepersiveql @gbyltﬁvhqr I%d ethylene
gﬁ%lhﬁkﬂﬁmﬂ Féth&eﬂllﬂoﬁldefﬁl\éﬂ B¢ @i@nethg gﬁﬂakﬁle qg?e'i@ stk Xs ethyl¥icetate;

Jerry Marc e 4th edition, John Wley & Sons,

anpglgpSuch as M%wm%hylfpwqm&iﬁdN I\@lﬁﬁt@lﬂéﬁgmw@ agy @anﬁthyl -2-pyrrolidone;
ac-f&sadi‘lélfl Qizl@ttlé zQ:'iHsas \péﬂ B! thdhest 319 raééplze Gddld D(?\[rg A

to 614’ or any net accor ance
pﬁm@w@wntlﬁduﬁ@omhym@rml vent used in the reaction
dyay; be any solvent insofar as it does not affect the
reacti on, and exanpl es include hal ogenat ed
hydr ocar Bdwexslirie zgentesthin thiseectiboimtiddes, for kkatigié alintethyl

o8t h th
L@f&%&dg,ln 21?? {r.x Ho%? S fmtf?xgw?ers%ﬁllo?gle gnds cé\rmyl é:mgrtﬂe y cypreferable oxidizing
agbntintlogiés mdgamse dhbeltiayl ene glycol dinet hyI et her,

di et hyl I I . eth th 15 I
onormet hyieamG:of e il esxat effd s hareretary s 1 fo 30 imes by mole,
@ AbOX1 €85 1106 B Bols Ukith ASpet tyth @&ﬁmh& f th@ FrAGR [32ch
pas m di m;t hyllwg o(r) mam de, P N, N- d? nmet h agett am de a[n%)’F

1- et hy| -BheseAction may pecarriethoul &t I8 &n260SCapreferablys ol 098C, for 30
miRlds 1888 Wa-€r . and these solvents may be used in

m xture. A preferable solvent includes
[0048] ahydr of ur an.

(3-5)

The compound of the general formula [15] can be produced by reacting the
compound of the general formula [14] with the compound of the formula [13] in the presence of
a reducing agent. The reaction may be carried out by the methods described in WO 02/50061,
WO 02/56882, "Advanced Organic Chemistry", by Jerry March, the 4th edition, John Wiley &
Sons, INC., 1992, p. 898 to 900 and "Comprehensive Organic Transformations" by Richard C.
Larock, VCH Publishers, INC., 1989, p. 421 to 425 or any method in accordance therewith.
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[0047] 20 The oxidizing agent used in this reaction
i ncl udes, for exanple, dinethyl sulfoxide, chrom um
trioxi de, manganese di oxi de and_chromnyl chloride. A
preferabl e oxidizing agent i néf udes manganese
Kg4 i de. The anmount of the oxidizing agent used in the
ctionis i to 30 tines by nole, preferably 1 to 5
times by "Ji’halse],venMuEdEd in étepetioh may be an;omrudsqﬁr ds litedoes not affect

e TP S TB R TEEI 07t SRdotee RRfL SoohvwEolagd 2 methy-
?L&)ﬂaﬂw ﬁalogeﬁaé&&ydr&oarb%}xs suthes setprunchieidet fgorgfmaraal
ormul a [ can be produced ES reacting

lekalﬁwm%ae &fonﬁaﬁé h@@ﬁ%@f%qns FeftAsPEZet% fol mewnpﬁé%ewﬁ&mﬂch as

dl‘aﬁar{eh@trfﬂﬁrdmfﬁx@n [ah3ble] &h}{) dN R Glﬁfeﬁlypétheradlétﬂﬁl@ﬁé %lgcol dimethyl
ag eni: He reaction rTH e carried out he  nmet

s Grihnl EHoROiUn SO ohNone ShSEEBEmImCHT ege toxides such as
d@eﬁﬁﬁ Vetlfo%m-:s%‘e%% §r§1§h a%W%Eétgtgh@ﬁlﬁ&’ sg%lg%t %N;%gl@glkg&%amlde, N,N-

dih@ﬁryﬂrerceﬂaem and lalghymcpmnsﬁems nmih ag mater,lapd RiesdhsolygniE may be used
1nL ak Crk VCrHe era%kl)e so%ve mblud etha?h% 9 p. 421 to 425 or

% n%thoa actordance ?%eremn . 17 [0049] The
UKbDyent used in the reaction may be any sol vent

[ i t, does not t he T8

f f.f
e es THCPHIERRRD oD St freSr AT Hsth P exafRtbydride complexes

s&mﬁ afane blughishn? hyeideysodiudr tﬁamyebmhytmde,g@arahﬁ@anoborohydnde and
h rocarQﬁns such as, net hy Iene ﬁhlo e, chl| orof.orm
sagfiem BRIl BEtardiumhioHe 50 Ay AR Vel clectrolyti

rdIGBERNGhicl Qe EtPer GHphtMMEBEthe Szitﬂ&fesca‘iélﬁlb rductifh WXRAGses Raney
tetrahydrofuran, anisole, ethylene glycol di_ et hy| .
niskeleplatintireergq errrallgliyie dlackipnwelhgs the gduetion vtieh ysp$ wifts/acid’ may
alb %€ Qéedd' F&}_plpéfé rabib l?@cﬁxcxﬂgq &t mélu%@ sogluYr‘PQc!roﬂWHQém td¥ilum borohydride
et her; OXI es suc % di net sul foXi de; esters
caesused methh {drmaf eolit ar;solutiprles suc h as

N, N- di nmet I .

1 et byt - St B R coblpbbad i S AEHARL £ B tre reducing agen
usalin etretrsaqumy aled to$@dmedby motw, ptefarably Atgps ties lpbinele, with respect to
sol vent udes anol. [0050] The reducing agent
tll?scé’alpoﬁndt%ﬁée g’é‘?x‘éﬁ%ﬁ i ncl udes, for exanple, hydride

conpl exesTherdgdlion saly ibk bartigd ahtni30Us1 8D, pateeratdpditaIn0°C, for 10
trlacetox¥borohydride, sodi um cyanobor ohydri de and

DYRELI 188 AOHS-dr i de, borane, sodium as well as sodi um

gam Alternatively, electrolytic 15 reduction

[G05]

whi cth uses copper or platinumfor the cathode;

(%éialytlc reductlon whi ch uses Raney nickel, platinum

oxi de or | fehlitag o]t 4644 ®Y protecting th

whi ch uses z?& %ﬂ% §§@§'ﬂﬁ bla §]J§ggéﬁ% refgpgkféng ©

iming ngup@falgemmmmd Qfdbﬂsg@loldl fsmmbl@r[ by dThelact®odiayrbe carried out, for

e)k()grrrlp e yby the method described in "Greene's Protective Groups in Organic Synthesis" by M.

Wauts and W. Greene, 4th edition, John Wiley & Sons, INC., 2006, p. 696 to 926 or any method

in accordance therewith.
[0052]
G-7
The compound of the general formula [17] can be produced by deprotecting the

compound of the general formula [16]. The reaction may be carried out, for example, by the
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can be used in the formof solid or solution. The

anounts of the compound of the general fornula [14]
and the reduci ng agent 20 use38i n the reaction are i
to 50 tines by nole, preferably 1 to 5 tines by nole,

mdtHol deRBBELH "Goeent! Bpro@&quQifn (jrgﬁné ?%rg%sg" );L]f@ﬂer a-{{agld w.

reaction may be carried out a
Geeong 4tipeditiort dehniWileynd Sons INE 0 20%0 ph@@rts 924 @Oﬁl}nethbﬁ in accordance
tHerswfih, The conpound of the general fornula [ 16] can be
produced by protecting the imino group of the _

[W&Apbound of the general formula [15]. The reaction

out, for exanple, by the method
%L%rg?rgﬁfgmogq]eeene s Protective Goups in Organl c

Synt hesi s" by M Wits and W G eene, 4t itig 0
John W ,.ﬁg;%, 006, p. 69 926 oM ar j
met hod 309 n onm herewi th. [ 0052+ (3rY) NnJh

: P the gengral formf be produced ©
ect +rRg—the—econpoumd of t hf gneral formul a
[1 e reaction maybe carri edNouty"for epggnple, by

the 181 net hod descrl bed in "Greene's Protective

Goups in Organlc Si SA byM ts and W

Greene, 4th ed| Jo TR | Sofjs, INC., 2006, p.

696 to 9,_26 or t odln ay e therewth.

[ 0053 n Met hod 4] QJ N~O\ F ~ Hc-R N,

Ol4\l\l 7)) fu@ N Ds] [7] NOHNF ~1 0

H20 N [ 20] Nahe e| n Ris defined as above. [ 0054]
[20]

wherein R* is defined as above.

[0054]

(“4-1)

The compound of the general formula [18] can be produced by reacting the
compound of the general formula [17] with the compound of the formula [7]. The reaction may
be carried out in accordance with Production Method 3-5.

[0055]
(4-2)

The compound of the formula [20] can be produced by deprotecting the
compound of the general formula [18], followed by neutralization crystallization. The
deprotection reaction may be carried out, for example, by the method described in "Greene's
Protective Groups in Organic Synthesis" by M. Wuts and W. Greene, 4th edition, John Wiley &
Sons, INC., 2006, p. 696 to 926 or any method in accordance therewith.

[0056]

The solvent used in this reaction may be any solvent insofar as it does not
adversely affect the reaction, and examples include mixed solvents of water and organic solvents
as well as water.

The organic solvent includes, for example, alcohols such as methanol, ethanol, 2-
propanol and 2-methyl-2-propanol; halogenated hydrocarbons such as methylene chloride,

chloroform and dichloroethane; aromatic hydrocarbons such as benzene, toluene, and xylene;
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(4-1) The conpound of the general fornmula [ 18] can be
produced by reacting the 10 conpound of the general
formula [17] with the conpound é)f the formula [7]. The
reaction may be carried out i i accor dance with

e PR S Btttk Rl ahApP el [RFAFRIRP LA fityens

gl¥5ol oyl rthen Wiettyteng etyepladiethylrethet and etiBjlencfabtcobmeubrigghy! ether;

neutralization crystalljzation., Th depr.ot.ection
s PRI i A AL P gt Gter i 2Rt as acetone and
Z-gBtah@Q:; gaiges é.r]ubB ds N[I\g)—'c'iﬁiil\;dlﬂ@mie'rrﬁamiﬂg,(lﬂwﬂcdci;irn\%@y@‘:azmiﬁe bfd 1-methyl-2-
ani c nt hesj s" t.s an eene, 4t
PB@H?%P%F%%W W’é‘ﬁ“éybsa\fffg,mﬁmﬁe 2006, p. 696 to 926

or any matbiefbleRoRERS IIRME tritddabRBhts Bf whteOR@laicoR8ls dWell as water,
solvent used in this reaction may be any sol vent

with vgteg eigg more pekEbifot  adversely affect the reaction,
and exampygs hixel Yoledld ?‘tﬁ%&%& Qr%%atﬁ?_{gl S g('g) ﬁ'g gsed, the ratio of

or gani Cc SO. vents as we Q.S wat er'. . .e or ni
weist toeamtorganis] sotvent(s) (watedorganid solveat)dowithis tharghgead preferably 100/0 to

I > opanol and

Sﬁ%nﬂgﬂeﬁe?%@%g@ﬁ%f&%yogenat ed hydrocarbons such as

nmet hyl eneTlehtatiotimay BS catiedowfanr2t@hzdq| phfecabbetthardésC, for 10

ar omat i(Z‘ drocarbons such as benzene, toluene, and
mMRNteS 8124 80urst her s such as di oxane, tetrahydrof uran,
[@ripol e, ethylene glycol dinethyl ether, diethylene

gl ycol dinmethyl ether, diethylene glycol diethyl ether .

and et hy| Eisrefugten mehad plibe presef iupitiondias featiiregauchaséh high

f2) o TRLAY cokihinnt Ao uHE 3 PSonSdg¥dyaEd @%s@e' is

/i #l %ﬂ@rr
kef ones such as acet one an 2- but anone; am dés suc

pepslueednand (hrep iignid o ungieblgecagrntisell, ard 1 \ieaceaselii agan vy strial

ATl eiboqo PYrrolidone; and these solvents may be
pﬂoggﬁ 0ilan em}?Oxt ure. Preferable solvents include m xed

[®S5BYents of water and al cohols as well as water, wth

wat er bei r g erapl e, Mhen m xed.salvent s
vt o1 and SR GupHELERT [l e BAE B AR AR (P 71121 anc

[V ewell as the cangmaind coftbé yenatal Sormilaa{dr [Srighiic[18H{Mért ¥, [16], [17]

o8] P asld P800 Bt B Lot ol Penl g psrnout being

isoRkgdi ed out at -20 to 120C, preferably 10 to 80C, for
10 mnutes to 120 hours. [0057] The production method
[} he present invention has features such as (1) high

15 yi el d, whe thB ompbuinddf 8R! présehiUiientidd RPREQBEERNNe formula [20] is
uge%qalél Ia rplelatxjrhlaggx)ticaﬁ %rr]gd%%tl:l Ie)lrl];r&%ce!ultigl lac?jux\gss ;o%ti;xesly used for the drug
formulation such as an excipient, a carrier and a diluent may be mixed as necessary. These can
be administered orally or parenterally in accordance with a routine manner in the dosage form of
tablets, capsules, powders, syrups, granules, pills, suspensions, emulsions, liquids/solutions,
particulate preparations, suppositories, ophthalmic solutions, nasal drops, ear drops, patches,
ointments or injections. The route, dosage and frequency of the administration can be suitably
selected according to the age, weight and symptoms of a patient. The compound as a
pharmaceutical product may typically be administered orally or parenterally (e.g., administration

by injection, intravenous drip or to a rectum site) in a dose of 0.01 to 1000 mg/kg to an adult at

one to several times a day.
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produced and (4) no toxic or unstable reagent used,
and i s hence useful as an industrial production
nmet hod. [0058] In Production Methods 1 to 4, the
conmpounds of the formul ae [3],2?7], [12] and 20 [13]
mPé]mell as the conmpounds of the general formulae [2],
j (6. 8], [10], [11], [15], [16], [17] and [18]
can be i Stk abeporaddf merplrésm&dnvehlikbn rpresdneedibyelk foonult f20] exhibits

fal | ow reactlon wi t hout bein i solated. [.00 .
o b e A R Ear st TR e fectahd it G el Bhipriaguch o
mbl‘{lréshs&nf %ﬁlﬁl&oE&l@]auﬂeﬁs mhirdSesht pEeundRb& BRC@IMtdBRin-resistant

product, rmaceuti cal adjuncts routinely used for

Ei‘tﬁ@c‘éﬁ%@ gr%pmﬂm basteria, AIRCaRe A RUENG wvwcteraa carrier

and a di IN&RLpdBalie 8 coRfhodsi mﬁ@@@@wmv&ﬁ@ﬁ exHiBits gob@
adm ni st ered oraIIy or parenterally in accordance wth

angibpgserial n@tlvnfmq aeginst graanieme seleird o Riaghylogoggysapeeus (Staphylococcus
S
a&aﬁ%ﬁluﬁl Stal 1§US aﬁ%ﬁy?ﬁf&q%lﬁ'g?}gggﬁbc&kug aureus F-3095 (multiresistant

suspensr on S1 ons ution

Sqaphyﬂmcn:»uctmtaereps)h ﬁmphylpcm:sus emuplp &3 160 (mneltire smpht $taphylagoccus aureus),
ons

Stﬁpﬁ?cr%%%s gheurmoch:Cé tre%fc'ococ(:eczx?}%,| gneu 0, fae ?@tﬁ§ge$3teg%goccus pneumoniae D-
16376 QRSP \Streptot dveushrunbsibe Bt42d9 (MERSIB&) Entlextoadixicys faecalis

elected accor e age, tons of .
e E oA RS sy e Rt WO B (eRicftRe foecatis D-
zmy(\ffol\mikq A dtdrobcadBiaali SERRed (whnal thpe VJRE)Q Eh&fﬁc@d&c&k rayecmm
ém adn1n|strat|on q%llnjectlon }gravg‘%ﬂjl
(iérgiscass tRstisn NBRCh 17 Ereiptases oo BFa 1L Sl mma
Ct)ﬂfn@&céﬂﬁllnt ohenQ@ ECdrPncdBUER AN diphiNBSacAIXRY 27(A0), Efs&Qﬁ@dla coli

The conpoun present invention represented by
(Esuqherfcbrrameh W@?ﬂ@@h.ﬂtﬂﬂf@ceng Crarainmpssicelsy 1ap218), Haemophilus

irfBbhMb bt WSQE’&U&E&%W@MVF l\jﬁﬁ'&ie‘ﬁﬁ bﬁaﬂrﬁh@lg wbRella catarrhalis

resi st Cterla such as I resi st ant
ASC@L%?B&)cB@u@rsnms wsgmcmal(fseuégn@taamrugm@am&ﬁé) Egtegobacter

clggpat% g@%gﬂogacﬁe?% o%% grﬁD 57’5”&&!08?09% ey (ﬂ'&%&ggﬁ/géﬁ{ﬁu NBRC 12681),

or ~at er a
Gapineiefla eadinajis (GdrdnaretpagmdlioAT¢O é4Q)1r8¢§‘@1ﬂsemarg<mntrhmae (Neisseria

oS RS oL BRSPS hetococcns
aéa&tamwoasmcaa 496R) Bu;sloﬁiﬁmbnulﬁmahqumnmmm zeues JCM 6425),
T BiEisets (bamanty peingsts AECE TR tplintife S

(Ea[&’érblﬂésef'ﬁdgﬂts@mc@@lsby T@ﬁﬂ?%n@#glﬁgﬁélls (H&‘phyromonas glnglvahs ICM
St r ept ococcus neunDCOCCIg&Streptococcugip unonl ae

8325 JyseoteliarintepmadizdLeqystefn dusrpieiiad CM 7308 um nucleatum
ﬁs&@é&eﬁﬁ&%&%aﬂﬂﬁm RSB, pftrdita %ﬂ)&a QQIO%EIWQﬁﬁphlha

faecalis (Enterococcus faecalls
AERC3B bPobegiendla poaumoaphiliapeissp, p@n@p@beé@{;@mééch@rgl@eﬁﬁ

RS B EIERSety LR R IR ap b e
AT8TB2?21 6 andMycopous pfhasuonias @yc2plismia/presmogise AVRE] §531).
[0061]

The compound of the present invention represented by the formula [20] exhibits
good safety. The safety is evaluated by a wide variety of tests, which are selected from various
safety tests including, for example, a cytotoxicity test, a selectivity test targeting to DNA gyrase

in human and organisms, a selectivity test targeting to topoisomerase IV in human and
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15 Corynebacterium di pht heri ae (Corynebacterium

di pht heri ae ATCC 27010), Escherichia coli

(Escherichia coli NIHJ), Serra ia mar cescens (Serratia

mar cescens | 1D5218), Haenophi l i nfl uenzae
ofdZRERB MR Rt RAPMENFRE AL 4¢84 hr%ﬁ?n P4

catarrhalis ?i\/b?axel | a cat ag'? é f ?OC C% g(l)zé ) activity inhibition
tess astrbpkvRdepgadentinhibgion (e dudynomase mexeytlvesasay and in vivo rat
11/4:%5‘951 Enterobacter cloacae (Enterobacter cloacae

17D g%s?y(jtrobacter freundii (Citrobacter freundii

NBRC 1268Ihe, coﬁﬁoMrafmlwmbsleat vegitingbdpses¢rbat shnihe &rinala [20] has good

m(e%glo ch sletzlra,bllgy Cgh olp?t%%%lg Sta e%gﬂ%aio oyr ar \Q%%%gnety of tests, which are

sébaddofsdrh epicds sabilisy tesamehading] ot batple, human liver microsome metabolic

Pept ost re ococ saccharol yti cus ATCC 14963),
Stg?g | S5 ‘é‘?’?‘hﬁﬁ‘@ﬁg‘é‘w@ﬁb@&’éﬁ%acterl um acnes JCM

[@62p), Costridiumperfringens (C ostridium
perfringens ATCC 13124), Bacteroides fragilis
(Bact er oi ‘dweintfesdhe psefulrspotibe 8FRpoUPd Phtky Prsve dyention represented
b tl{é%r\ﬁﬁhé of BAERRYEPLHRA ! )
r evot el % |int er nedclpgg E’e?g\g)%c{ég aﬂl)lrﬁotvé%g% §%@S'
[Oﬂééls) Fusobact erium nucl eatum (Fusobacterium

Legi onel | a pneunophilia
T%QE? eI I aggh Er%).%stl ia ATCC33153, Legionella
pneu m) phi Theacompbmpl of pixempleltiwas aclécFeIBINSmmpoagd offthé p@sent
ngn&%rmphl l'ia subsp. pneunophilia ATCC33215, Legionella
pneurmphl lia subsp. fraseri ATCC33216) and Mycopl asma

pneunoni dkhe(cinpoyldastniee gresetirinndntion AR GLDRE)in didthyl sulfoxide and
esent inventi

006 The ¢ ou d of t
B e A e o MIchGR TRsafit bt dlten watedy.
rebb@ansadadity Jhsanesedodiatyesd dRémathetagg vari et y of tests,
whi ch are_sel ected fromvari ous safet

i ncl udi ngStergloceseuppirens (3. aueusSeihcFp Q%PSF 3085) Enterococcus
2201 CE | fhédals D%ﬁS)t A0 3R LHeABhik oA cgﬁ(Nm wér@uQH TBfhe BReria.

organi sms, a selectivity test targetin
t opoi sonerhgdacteralicells gresm Quarright on a M ¢rsHmt0nWERGMHA plate at
chro
5 5t SRR AL e SLOF LS\ v
stamdardi tThowelt @spension was diduted tenefokilitc prpuelat i calimay Appbximately

t USD . Th f th
0 90 i hehospbint s pRUEEH e ForRAN Y Nt Do oo st
(QOIEIB) 51 0TRILAREN Echtkiabiteitésy submacm%h@wptosgtr@\b bldrhi¥ht at 35°C.

s, evaluated by a wide variety of tests, which are

T f‘elO@'eftéen?eﬂES%ﬁowf theuest sybstsneg qtyvm@srt%bapwmhaamﬁ@ wap @pserved by the
ndk%¢@ B Ras &mmehlaypﬁcm crosone netabolic stability

assay and human S9 netabolic stability assay. [0062]

Her e naft@ble lishews thefrefuliess of the conmpound of the

gﬁent i nvention represented 10 by the fornula [20]

|s described with reference to the foll ow ng Test
[Tekleripl es. [0063] Test Exanple | Susceptibility Test

The conmpound of Exanple 16 was sel ected as the

compound of the present
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i nvention. 15 The conpound of the present invention
was di ssolved in dinmethyl sulfoxide and neasured for
the antibacterial activity (M % by a mcrotiter broth
di lution method recomended by~ Japanese Soci ety of
—Chenpt herapy. Staphylococcus aureus (S. aureus Smth,
FDA209P, F-3095) MEX( grapc€eckis faecalis (E. faecalis

2648) Escheric coli NITHJ) were used

é?"?ﬁgs%ﬁégerla. rlSrﬁgfgacterlal cells, grown
Soaaens JHRA200R I\/Uel | €0.08l it on agar: MHA plate at 35C,

QAere sys ged in a gﬁﬁé%%ized physi ol ogi cal saline so

% 8°be “a 5 McFarla qui val ent standard. The
EdbbbabwﬁbﬂﬁéBon was dd.Rbted ten-fold to prepare an

o Appr oxi mat 0.005 nL of the inocul um was

E Ao e6¥25 ed Mieller-H nton broth

( CAMHB) , | ~CO ini. -
i1 oned (BRGPBRAB ARG Pl B g AT AR R activites
agadisCedrionmbdcoaniabdtraitse t est substance at which no

cgggterial grow h was observed by the naked eye was
[ rmned as MC. Table | shows the results. [0064]
TésT Bkarepld P I-ElgrosM;ﬁ(nlygfeﬁL) S.aureus Smith O 0625

S. aur eus EDA209P O 0313 S. aureus F-3095 0313

E. f aecal i He5omBandp! Fxample 4§ vas RﬁlFﬁe"oﬁSﬁ%wﬁP@u%ﬂfﬁ%Pfasem
in9EntidAe Ph&&MPouhd¥LOSh SRR PRASpleAt WA IRAEd as the comparative

anti bacterial activities against various bacteria
capposndhs. [ 0065] Test Exanple 2 Hygroscopicity Test 5

The ¢ OW%QO&EO@SWeepszQnm%rﬁgh glg t?lg c&ﬁpér aﬂﬁle comFound were

conmpound of the present” 1nvention. The conpound
stoxsefertthiek weelSxmde! the dondigions ef reomdemprsatutsand Siepelatats hpanidity of

9}{“9 n’pgy Qq Pg{lﬁe g&fég%%H@ gf tgg ;els?&t H{vgi?)t?e % ervg 21 ook arent change.
Ournbheqrthd:rhend: drachotnpamsveoéommml haﬂ@qatswde and t he
(r)fel ?}’IIGVSr@lSegc]ﬁ%pg r%‘ heco)prgs O{J mvent Fx 1b1keﬁ hi n%1 sgabcl‘%?.g g;.lnd

Hmb&hge On the other hand, the conparative conpound
Tes% %xgr%lle g %%?u%qlty

The compound of Example 16 was selected as the compound of the present

invention.

The compound of the present invention was added in an excessive amount to a 0.2
mol/L phosphate buffer solution (pH 6.5), and the mixture was shaken for 48 hours in a
thermostatic shaker (25°C), and centrifuged, and the supernatant thereof was filtered through a
filter having a pore size of 0.45 um, whereby the solubility was measured by high speed liquid
chromatography. As a result, the solubility to the 0.2 mol/L phosphate buffer solution (pH 6.5)
was 21.2 mg/mL.

EXAMPLE
[0067]
The present invention is described in reference to the following examples, but is

not limited thereto.
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The conpound of the present invention exhibited high
stability. [0066] Test Exanple 3 Solubility 15 The
conmpound of Exanple 16 was sel egcted as the conpound of

the present invention. The coﬁ%ound of the present

i nventio | amount to a 0.2

nol / L phg%p gQ%S?%%HméﬂF&?ﬁﬁ§ﬁwéﬁs6.5)’ and the

m xture WﬂstshﬁkmqmmmnmﬂSmemmsLBnbawLmnennﬁgtEHWaanmwhoaH-

shake C trif .and the supernat ant
pWﬂ%szPﬂég%b? P?g?@ Fﬁ?%@gﬁgg‘ 0 filter having a pore
Egingge Of 0.45 m whereby the solubility was nmeasured by
hi gh_speed liquid chromatography. Asa result, the
esalubility to t he 9 2 nmol /L phosphate buffer solution
GG Jasmﬂ my/ mL. EXAMPLE [0067] 25 The
pmes@nt i nvent ci s described in reference to the

fE g IC LO\é\A'bg 8\%)(53 gqrg]g{(g ﬂégﬂ@%@b}'{%}“{ ed &)emf 9water l4kgofa

123@@0&1&&%1\;1156&% 0 BEUR ¥blutiBNaraenNayitg ofa%lﬁbtbéﬁl-ﬂuoromcotmamlde were
met h THP: t et r ahydr 0- 2H Eﬁran 2-yl DMSO- d5:

addedrtagd &%@W«?ﬁy@wmg r2gieuEpean Qﬁ‘%l"éeﬁ 2 FoQENkemRRrafurg: | The

reﬁct ixturd\Wwis heted ®o @S°@Oa!n3' Siiedh f 4 Qo&r; kﬂlecffeac%@ﬁj hﬁ’ﬂﬂlre was cooled
ydroxide in 1000 nL of water, 1.4 kg of a 12% sodi um

totrpro ¢émheratere, cleyd ecaige sl Qimbh hadrdcloomcoad@wcﬁe added thereto. The

or%aru%1 &alyer wa5s staéatlija?c{e(? éﬂéﬁﬁé ﬁd'lu%g%sq%eWag gﬁéig%%%ﬁt&%glgrl g{%&rt% o %he

otigexiip kiyart and ehe ekiract weeaadntomedranttytdrons wagndsimat extfateand bfivated carbon

gt SO, wihins mEP deg FUTeAPRg] ML 2f @O g ey | Insolubl
mBiteHvas Hiltefet Qudiddhddhvenawlighasapdige idder Tddaccirasmgary give 0.29 kg of

| aye s separated and the agueous |ayer was
w¥ﬁh6 ‘Bﬁ éﬁﬁ??eﬁﬁﬁ¥gWgsg- organic layer and
11& M@@ﬂ@% ViRE € 4%@{ Hetho B y! @é@yé 7RBYN @%IHEH ﬁ=12|7flﬁ§ e
and activated carbon "were added thereto, and
[096&k ure was stirred for 30 m nutes at room
tﬁgﬁeEature I nsoluble matter was filtered out and
€6l vent was evapor ated under reduced pressure to

E |veNQ 29 kg of -chl oro-5-fl uoropyridin-3-amne as a
(CDClS)S val ue :
@ZH s), 6. 7 dd, 2.7Hz),7.67(1H, d, J=2. THz)

[0068]

To a suspension of 25.0 g of 2—chloro-5-ﬂuoropyridin—3 -amine, 3.8 g of
bis(tricyclohexyl phosphine)palladium (IT) chloride and 1.5 g of 2-(di-tert-
butylphosphino)biphenyl in 75 mL of butyl acrylate, 44.1 g of diisopropylethylamine was
added, , 15.7 g of formic acid was added dropwise thereto at room temperature, and the mixture
was refluxed for 3 hours. To the reaction mixture, 32.1 g of diisopropylethylamine and 11.5 g
of formic acid were added at 100°C, and the mixture was refluxed for 5 hours. The reaction
mixture was cooled to 80°C, 50 mL of toluene and 75 mL of water were added thereto and the
resultant mixture was cooled to room temperature. The solid product was obtained by
filtration, and washed using in the order of toluene and water to give 18.0 g of 7-fluoro-3,4-
dihydro-1,5-naphthyridin-2(1H)-one as a white solid. |
"H-NMR(DMSO-d¢)$ value :

2.60(2H,t,7=7.THz),3.00(2H,t,J=7.7Hz),7.03(1H,dd, 1=9.8,2.7THz),8.07(1H,d,J=2.7Hz), 10.3(1H,br
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Exanple 2 F/ I NHH z FN N CI N To a suspensi on of
25.0 g of 2-chloro-5-fluoropyridin-3-amne, 3.8 g of
bi s(tricycl ohexyl phosphine)palladium (11) chloride
and 1.5 g of 2-(di-tert 20 but4# phosphi no)bi phenyl in
)75 mL of butyl acrylate, 44.1 g of
di i sopropyl et hyl am ne was added, , 15.7 g of formc
[0a69]d was added dropw se thereto at roomtenperature,
and . the mxture was refluxed for 3 hours. To the
E’faérﬁ)&? on mixture, 32.1 g of diisopropylethylanine and
g of for gi,d were added at 100C, and the
ure—was>ref llyx¥ed.for 5 hours. The reaction
mxtﬂre was cool 8 To BFE, 50 nL of toluene and 75 ni

of wat er ARh&d @(ﬂgﬁf&x 3180 SO0l bhieardand BSHL B@Bﬁtyl acrylate was

m xture was cooled to roomterrperat ure. The solid
reflmodiuwith wangfor 45 nerdxt@ymm al mitregen @hnosahﬂﬁe wakligaeaction mixture was

t d
A D M 0 e
g Wi Eer@(}ih'bq;hme ldnJNB/RG @Nﬁ@bdﬁiﬁh EaMahaﬂ@were added thereto, and the mixture was

. THz 00(2H, t 7.03(1H dd, J=
reﬁzxefiﬁﬁs 1 h%*?ﬁ( v i alﬁggeméwosrbefs( (iFibichian féru[eo‘t%@fdeg to room
tefrperaRIr& 180 L of lWd'ter fand\r6h mi. of butyMcéiateN et R dded hepdt Qdd the mixture

sol ution of 150 nL of butyl acetate and 73 nL of buty

wagsiled fer oyr 5 IP@MHE(@@I“%‘Y&H fiferat pHigatdghe dlienesidheaas Washed

uééﬁ(%ﬁjé ra@togbﬁtglo‘ﬁgtgteat e Hﬁﬁfe%nd-{lﬁkewisﬁ@ﬁﬁﬁi%r@bdﬁﬂiﬁe% WRrganic layer

was sehireted,-@d 80 Mth s@iwet @asmmate@urgiegreéﬂceémswﬁ .urfo the
olgt}glhéd glﬁ{leat.%&) gidbf %g:l(ghe%met éé{lg %ﬁhm&ﬁér%é}@ a@tﬁg d?cﬁwﬁsegthe

ium’carbonate were a ereto, and
miture was coaad tor’e€) andele fotid pidiubtovas obtaned by diltrition egdwashed using a

at here. The re t|on 'xt was cool tqQ,ro

o aR e oo el B B ao fRe 7 S prir Be)-3-6-
alaﬁletsaﬂ@rwﬁuaziglg@hrﬂb@raehgelloansblrahe m xture 10 was
stirred for 1 hour. Insoluble matter vvasflltered out ,

'HAMREDG)P value ¢ SA6(RILL IS Hrnd A8d -48(FLAY 189~ nL. of
BBl B e g 195 ot g

lﬁﬂdhﬂsgﬁzyéﬁﬂ(w@cs#évﬁm)rat ed under reduced pressure.
[(&got obt ai ned residue, 300 nL of cycl ohexane and 30

f toluene were added dropw se, the nixture was
Eggmpled to 5C, and the solid product was obtained by
filtration and washed HSI ng a

NH,
T — O
CO,Bu

To a suspension of 9.1 g of butyl (2E)-3-(3-amino-5-fluoropyridin-2-yl)acrylate
and 0.9 g of 10% palladium carbon in 30 mL of methanol, 4 mL of formic acid was added, and
15 mL of triethylamine was added dropwise thereto under ice cooling. The reaction mixture
was stirred at 60°C for 2 hours. The reaction mixture was cooled to room temperature,
insoluble matter was filtered out, and the filter residue was washed using 30 mL of toluene.
The filtrate and the wash liquid were combined and the solvent was evaporated under reduced
pressure. To the obtained residue, 30 mL of toluene was added, the mixture was stirred at

100°C for 2 hours and 30 minutes. To the reaction mixture, 30 mL of water was added
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15 m xed sol ution of toluene-cycl ohexane (1:2) and

toluene to give 57.8 g of butyl (2E)-3-(3-

anino 5-fl uoropyri di n- 2-y|)acr%gate as a yellow solid.
"H NMR(CDCl 3)5 val ue :

e R
fildraQorBand. vaiskied, i6 (HdGrddroflwdeet atl tolubii’e) to givé 5.71¢ &f Hfluckp-34=dihydro-1,5-

d, J=2.3 Hz ) 20 [0070] Exanple 4
n@hﬁxﬁg\%Z(B{)@emﬁaMhl u IN ~ To a suspension of 9.1

(?N{yd) -de)$ value

2E)- (3-am no-5-fl uoropyridin-2-yl)acrylate and 0.9
2.60@H,t16%5/Ha), 3. ey <D T 430118 0d,#t0. B2 6HeX heif il d,J42 aHz),10.3(1H,br
of formc acid was added, and 15 nL of triethylam ne

)vvas added dropw se thereto under ice cooling. The

[oogglcti on mixture 25 was stirred at 60C for 2 hours.

The reaction m xture was cooled to roomtenperature,

Exa0i¢ dbl e matter was filtered out, and the filter

resi due was washed usgmag 30 niL of toluene. The

fiItLate and the waspf~bggui d were conbi ned and t he

F 0 was ev ounder reduced pressure. To the
Md res?dm of toluene was added, the

m&ture was stirr&d at 100C for 2 hours and 30

m nut es. Toa subi@nsieRct 4908g ﬂfp’dtalsfsﬁm [@0sphatedf S0atl edimethgl sulfoxide,

adde r 45C a m Xt ol ed
{8 5ot 7 The-s o e bagead e Epraatiet 5.4 €5t ERfrGnL.
dmmﬂﬁg wePe 4da6d, 208 8fe iktuSRaY stidfddl af WORE RS 3 HduEH V&0 the mixture,
g of 7-fluoro- 3 4-di hydro- 1, 5-

7 ﬁgg;}fmhsnpqudn phosphaty ar@ifﬁgl aof 3- bmmq &, l<tinptjoxyethane were added, and the

%g%%% @ﬁ%gz%%g{hga?fﬁ%tempjral}lre? Hz'ghe %'eac%?n mlxélge L cooled to

rqogn ﬁﬁlpyr,a@r@ #4d H,0dnl o2 wételz aqdllaoslqllbf toluenesiyerp a@dmi]thereto The
rrg%grﬁ ag %H%to 4;8!1 é% W acetbct aézécfg\l Iarbdmpo OI%I ﬁf\ltat(gd %grbgrgw%_added thereto.

Ir(iblfiblehiyeltteswhs‘ ﬁi_wreiisout ]eﬁid 3& fiteg reafdue was washed using 30 mL of toluene and
B NI A e
sépﬁﬁxteml ¥ldib€aqiRsusIhyer vasettacttQM@hfcormBofwoliesic. TitheoRganic layer and
thrg e)grzlilcrt %vere combined to evaporate the solvent under reduced pressure, 90 mL of dibutyl
ether was added thereto, and the mixture was cooled to -3°C.  The solid product was obtained
by filtration and washed using in the order of dibutyl ether and water to give 30.8 g of 1-(2,2-
dimethoxyethyl)-7-fluoro-3,4-dihydro-1,5-naphthyridin-2(1H)-one as a light yellow solid.
TH-NMR(CDCl5)3 value : 2.73-2.83(2H,m),3.07-
3.14(2H,m),3.44(6H,s),3.93(2H,d,J=5.4Hz),4.6 1(1H,t,J=5.4Hz),7.45(1H,dd,]=10.5,2.4Hz),8.06(
1H,d,J=2.4Hz)
[0072]
Example 6

Me Me
OMe Me
F F
-~ ~
N N &
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7.7 g of potassium phosphate and 6.1 g of 2-brono- 1,

1 -di net hoxyet hane were added, and the m xture was

stirred for 1 hour at the sarrezéerrperature. The

reaction m xture was cooled to“"roomtenperature, and

120 L ofronadglen@BEl 020 otk 195 2 lRhdR & APEY 4 dinydro-1,5-

t hereto. The %KSenm' x?ur'egvvasqa’aj usét’{e teeow%al tggg§\§\ﬂ4tq%hydro L3

naphdtyrigding(ild)-omen 8 3% @ Nybromoawcinimide dnd 3.0 lgo pwassivamd chebbnate in 30
r [ub] 1 filtered out . and.the

ol b RbendeRE S LS RS Ryt 2 Yot s aces

thaée tithesdbuthpitei0.to GO firidet 4 Mtroga@imbdpersmas Afterd seitting tWeFeBetion

conbined, the organic |ayer was separated, and the )
T SRt By thenedemperahiiey | ML 191 ps ciivan pdded fiseai andfh mixture

wad ARG tb PHER Althg 4 108, SoHtUnRRIdr¥RIEsHABRI Nesh $r8anic layer was
evaporate the sol vent under reduced pressure, 90 nlL° of
segtpi3tadyand piashed math Liaml elovieer. t Abe aqusousdper vaeexifagted with 15 mL of

tofitRe.C Oﬂ{e‘%ﬁgénﬁ; dlés?méggﬁ&é— g‘;@ e§t94ck gv_el%rcg Yirkd gg?va%?&tg }tl%ﬁs?iylegtyunder

filtration an ed using in the or
redu¢ediprespieie waltethe poraiged eesidae, @ mL of chler¢iRn2ene and 6 mL of cyclohexane

' . - 7-f. - - di hydro- 1. 5-.naph ridin-
i N T T
obtaiherkby filBrafi®h shd8B(sBdd, with Gichexane to give 4.1 g of 1-(2,2-dimethoxyethyl)-7-

obghf 0 St Sl Ay 3,005

'HNMREECbRAE 0072]  Exanple 6 Me M (XOMe QO M

FNFNO N 30 N 26 To a suspension of 5.0 g of

3.44(6, 2. A GO th 5y B 65 (TH, £ I3 ). 8, 8418, hIrchr B12),751(dd, 1H,=10.6,2 4H

)p;a%ﬁ rigi e g of N bronosuccini m de

“an %ﬁ%ﬁt@ggz%ﬁgg%zég{? onate in 30 nL of

[0®A3Jor obenzene, 0.12 g of

Egaéré;lé azobi s(4- met hoxy- 2, 4-di met hyl val eronitrile) was

added” three times hourly at 50 to 60C under a

ni tro@¥n at nosphere. After stirring the reaction 5

m xtpgremé or 1 hour atr™tde sanme tenperature, 10 nL of

F K s_addedF ) and the m xture was adjusted
z 12, 6 usi ng 49 RQ% s@djoum hydr oxi de sol ution. The

organi c |l ayer was separated and washed with 15 nL of
wat er . Tlike ssgspeosisn bAls8rg ofds(2ex<dimatioryktiwil Y- M-lkdronl S-adphthyridin-

2R FESEL IR P8 R e bS5 G e s

temiperatiue, and the mik@roobisatMedd fas3 kbues. At céVling the reaction mixture to
c;,ﬁl ?{?]obe({]zene and 6 nL_of cycl ohexane 10 were added
lq et S lf

o radigh was phtpinedtoy Firaten #fdrasked witigbutapene to give 152 g of
oAk DD AEh PSR U PABER Bhphyog s
yedpwisolid. 2. di met hoxyet hyl ) - 7-
1H-Nl\/[R(DMSO-dt;)S value : 5.27(2H,s),6.88(1H,d,J=9.9Hz),7.99-
8.04(2H,m),8.58(1H,d,J=2 4Hz),9.68(1H,s)

[0074]

Example 8

(o] o] (e}
. “
HO/\(')iI THPOU THPO/\Q?I cl
OH OH P 07N\

To a suspension of 14.3 g of kojic acid in 57 mL of tetrahydrofuran, 11 mL of 3,4-



10

15

20

25

30

fluoro-1,5-naphthyridin-2(IH)-one as a light yellow

solid. "H NVR( CDC13)S val ue :

3 44(6H s),4.30(2H,d, J=5. 3Hz) , 765(1Ht J=5.3Hz), 6. 87(
,J=9. 8Hz), 7. 71(dd, 1H, J=10%6, 2. 4H 15

Bl B P B

miuspens storedddr d B@irgatobom temperature.  To the mixture, 1 mL of a 0.5 mol/L

t.h 7-fl 5- ht h
sodfrpRimadt A P o e oo b e oBR g HapSlagupger reduced
préysdreas @ive I26(8 gaafischydesky 2d@Rthaldidr-Diapyrad @-ylenp) eie el ) 1481 -pyran-4-one

and th re was refluxed for 3 hours. After
asg #hf ¥ °Wh9€ -eaction mixture to 10C, the solid product

}Nas obt ali[gg%moﬁ bf thé 8bthiBd SURCd RS Dt rhydFo-2H Py EAONExy ) methyl)-
0 give

AH-pyfapifopns-ip 4%3@54 NNriimethiformgmides ¢ 2mf-.of kolugnes 24 iwhpé &-bromo-2-

CMG&BQ{(%B%%? g% HP{&&%ﬂ&aé_aﬁmﬂ&e vekd MAbd, aH@lHe AR W& stirred for 4

hcﬁlrQa'/t(@W s)Tis. 1@8(\11d—tw@b, alloYed Hrstqnd o¥emighbat room temperature, and the

o%g év%%%e%s%l_'ﬁ%bgﬁdl 354%,0986%% ]ﬁgl'@%%ﬁl [e(%lgizg]lm mL of water and

8163 1 ) BﬁlyMeﬁfe 73 oftolifen& @pie@daed. d The ofgénidilayeif was separated, and the

tetr dr of ur an, di hydy o-.2H pyr and .
aq?“?"‘f‘f'g ayst Was agted é‘%‘ﬁgnb% H{Lé)%ﬁéwﬁ E%//‘Hi‘gf g)l%g%;/eaﬂe organic layer
a@dﬂ@éktra@ﬁder% B&nbll%d(iddrtﬁe WSenS¥hy évﬁﬁorﬁt@ﬂ uﬁdeh %dﬁ&ed%ﬁressure to give

mten‘perature To the m xt ure,

2%6 giofy ?n(%y'eiP@ftheéy)a?qﬁ@ga%vdé%ﬁﬁtnym-%@xy;)wgwl) %ﬁayrﬁvré one as a
brdRh AP kutsBScevapor at ed under reduced pressure to give
26.8 g of

1}5W§Qﬁ6x6(vabtb‘r-dk&dk&(ﬁﬂrp)ylr.%l,zg()}m)’,ymﬁ hyl ) - 4 p
1 g% %?E&éﬁ%&aghaul |49£]Et zyleiﬁzg\ﬁ’ﬁ@ﬁ 9;26-5?&?,, §8_| ution

3. §Sledﬁ)34K¥7(ZH(tU€6 0Hk1)y4:|31o4 zmwﬁ)ag& y:qolx%/) met hy :j ) -
n-4-one in N- di et hyl f or mam de, 45

4ﬁf(lggm}%yﬂéﬁé1_3zﬁf{@6n{2(bﬁis)l ﬁ%ﬁégm chl or oet hane and

[ob}569 of potassium carbonate were added, and the

m xture was stirred for 4 hours at 60C. The m xture

EW&%P&PI owed to stand overnight at roomtenperature,

. t eolo sol vent wa rat ed under reduced
P|’E§’res uge. t—he—a-btg dlresi due, 107 nL of water and

90 nL ofo/YhyI acetate-17 PL of toluene were added.
The or ganjycs doRiish ofefs & 6PR(BESkoetBBE)) 2@ etrahydro-2H-pyran-2-

yloxy)methyl)-4H-pyran-4-one in 630 mL of methanol, 6.3 mL of concentrated hydrochloric
acid was added and the mixture was stirred for 6 hours at room temperature. To the reaction
mixture, 13 mL of 28% ammonia water was added and the solvent was evaporated under reduced
pressure to give 240 g of 5-(2-chloroethoxy)-2-(hydroxymethyl)-4H-pyran-4-one (crude product)
as a brown oily substance.

10.6 g of the obtained oily substance was purified by silica gel column
chromatography [silica gel; KANTO CHEMICAL CO., INC,, silica gel 60, eluate;
chloroform:methanol=95:5] to give 7.0 g of 5-(2-chloroethoxy)-2-(hydroxymethy!)-4H-pyran-4-
one as a light brown solid.

'H-NMR(CDCl3)3 value :
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aqueous | ayer was extracted using 90 nL of ethyl
acetate- 17 nL of toluene. The organic |layer and the
extract were conbi ned and the iglvent was evapor at ed
under reduced pressure to give“®26.7 g of

| teL L
3%5 %[s‘j 7@{ Zzg&hec §E§g&zﬁs&§%¢r§}’é§&fg 6’._6@)'[%?5(1}1,@
[OOE‘IéNI\/R( DI\/BO d6) S vaI ue :
1,52-1 71(4H m, 1. 73-1. 79(111, m), 1. 80-
Ei%‘é }?-Hr)( 3. ?6(1H dddd, 3(11 1n) 4,4.2,
4 03. 79(2H, t, J= .80- 3.85 (I H,
M A R7(2HtT=8"0z) n& 131 4.3 7(1 H M), 4. 49-
4. 5501 M . 4 73(1H t . J=3.%Hz) . 6. 52(1H, s) . 7. 75( 1H, 5)
20 [ 0075] TEXAMHS-Q@-RHRRIHOxFP2 G 6519 Aet T ~4El-pBafh oGk (crude

p%-)%tr%) 3% g&.&g‘{}ﬁ 6{&;1)3%%11% tvgtfgf ]Nssrﬁp&pq) t}?_piﬁmreéwaszstirred for 7 hours at 85°C
aﬂ’d QP&%H‘?J ld) svAH Y bR M 1@RSrdtlre 6 3PhdHea@fon MRLDANRs extracted 4

mL of concentrated hydrochloric acid was added
tl@ﬁ%}lwtth E00rinkof Peprowyd aestgte. r dcheforganis st vgs e&mhimrfherewnh and the

s1ea Wa?g\%ggrateg%n&aq %ﬁgalje%[l ﬁé gme )éf)/ g r%eof [%761 5 0924581 ®xino(2,3-

anmoni a ter was a e~ sol
cpedéin-Tr ¥ uetkanol pradyewn eily subgianes. 240 g of

AR R TeES e s %ﬁ?ﬁ’ét%z&@ﬁew%ﬁg?g of

[6drg) obt ai ned oily substance was purified by silica gel
colum_ chromat ography [silica gel; KANTO CHEM CAL

EEEﬁPeﬂNC silica gel 60, eluate; 30

y rnrnetha | X9 5] to give 7.0 g of

S U E 3 Peefhoxy) 24 h droxynethyl) 4H pyran-4- one
as a | Pght brown soti @ "H NMR(CDC13) S val ue : 28
3.05 (1 HFoasolutlon of 111 g of (2,3-dihydro-(1,4 leXan 2,3-c)pyridin- 7 )methanol
?379(2Ht Hzg % 1 (5) 5 )5 L

lrrs 58mL ¢f trtrajlﬁr.bmﬁr:&r) 16ﬁrg¢§mng4ne@)dloxrl

T Of h
e 9 oS3 Gl BT e oo g s
sr(h;camﬂiao Seljpe Gtratd) andhR fitrer redidi@8%asavasinel withEi0emL whtstrahydrofuran.
r

18 Bl AR I A RRe S St toistipolub bl aRaedBEh presre.
The abthinediresidié Wherewstaktixéd e gd0 hl dﬂ2¥-‘§ﬁ’6paﬁbl 10 ehi(B3flg 6ff2,3-

ey s orpsr i Fefbality By e TR

e
! (?23@%43 g«%%!&f 4% %B(?){(,‘ém 9Q1ﬁs§18 81 (1H,5),9.92(1H,s)

|rr@xt]gge was stirred

Example 12
I —= =)
3HCl

A solution of 3.0 g of 2,3-dihydro-(1,4)dioxino(2,3-c)pyridin-7-carbaldehyde and
3.4 g of 4-amino-1-benzylpiperidine in 30 mL of methanol was stirred for 50 minutes at room
temperature, and a solution of 0.34 g of sodium borohydride in 30 mL of 0.01 mol/L sodium
hydroxide/methanol was added dropwise thereto under ice cooling. The mixture was further
stirred for 2 hours under ice cooling, 6 mL of concentrated hydrochloric acid was added

dropwise thereto at 10°C or lower and stirred for 1 hour 30 minutes. The solid product was
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20

25

c)pyridin-7-yl)methanol as a brown oily substance. 10
"H NVR(CDC13)5 val ue :

4.25-4.38(4H, m,4.62(2H,s),6.7(1H,s), 8. 11(1H,s)
[0077] Exanple 11 HO NM' of Il d M O1 To a

o PR S o Bl P e TR R
yllrr_letﬁyyh)pmtli(ﬁnfﬁtzrlgﬁe tréttydahbd_clridﬁ asraamhite]sﬁ?,gl.g of mang ?n ;es e
SRR RS B R SLHSY, i ke Sen

e 97 ha314eReAH BN 458 X4 $H(EHWAS Bl §eied to
’ ;it’eﬁ?n H. o), 333 LSRRAELRY 4 (BN 3L 6

ce ion and the filter residue was washed
A SRLBDY3HS) t et rahydrofuran. The filtrate and the
[oggsh Iiquid were combined to evaporate the sol vent
under reduced pressure. The obtained residue was
Examgplgdd al | i zed from 750 m - of 2-propanol to give 53.5
g 2, 3-

ButiN -Clya 'Q'g_QBZ:l\é-&j‘ Zar Ay 7- car bal dehyde as a
i glat ”;nglol |de (20 'HI\M%)S val ue : Y

4.38(4H,s), 7.51(1H,s), 8.31(1H,s),9. 92(1H s) . ..[ Q078 »
Exanpl e % W?lélgn f %)&scpf - eﬂlerl‘%qtz,%ﬂév&fer(k%wq(%#-%yndmﬂ-
yl:%ie%y?pﬁferidin-4-amine trihydrochloride in 20 mL of water-11 mL of tetrahydrofuran, 8 mL
2,3-dih .dro-él,A) di oxi no( 2, 3-c) pyri di n-7-car bal dehiyde
ofh#0% godiurg hydronide aquseuy solien yiap pired iuaierdcel qoldes, Ad subsequently 3.3
g BRUORABhy MR arB b &8s ddAbd Blrefd. NUHE Snilire %@Hngdsfor 8 hours at room
tenperature, and a solution of 0.34 g of sodium
tepergirel andid i ofethyfjacetptevag addpaditharete o dThmerganic layer was separated and

. ) i
ST BLTPARERLIS, POSC0LFSORBSEN B4 Wi
Thowrguna mae stirgidoc b bdurngroo tatnperhtucoand dilirated ydpassing through 2.6 g of

hyd .Or | i r i theretpo at, 10C
R85 50 AN, PRy
a@r0eiwad usedis TR filodrt andihd wayh fiquid waid ombined gid/ghe BolSer was

f . T

SEPBISSIRIPIOH MeR I8 28 S BPTSTRIpL b sarppiopin AN (2.3

dﬂﬁbﬂf@t(m)ﬂbdi@iixﬂﬂﬂﬁIU);)EyriﬁirﬁmyH@etﬁyl)'cBﬁbdﬁl%Qk RiklgeBSw foaphi t e
wsolid., ' H NVR(D20)8 val ue :
H-NMRECTHI O palwy - 4.328Y 240,013 - B HanNRIB. 2| (2H, m) , 3.

262(2&13%@ ﬁ&é%éi% .1 §H§){%Z(E:a sZ,%L:O‘}-%'f‘l}éf rgm‘}l,g 085 3901 %) 333-
4 ASEH5)6 M (1B, s30 204, 2L HLf0029}7.31(4H,m), 8.04(1ELs)
[0080]

Example 14

0]
BN )~ ] — A 0]
Boc N o Boc N o
H,0

To a solution of 5.9 g of tert-butyl (1-benzylpiperidin-4-y1)(2,3-dihydro-
(1,4)dioxino(2,3-c)pyridin-7-yl methyl)carbamate in 30 mL of methanol, 1.2 g of 5% palladium
carbon was added, and the mixture was stirred for 7 hours at 60°C under a hydrogen atmosphere.
The mixture was subjected to celite filtration, and 40 mL of ethyl acetate and 30 mL of 2 0.5
mol/L sodium hydroxide aqueous solution were added to the filtrate. The organic layer was

washed with saturated sodium chloride solution, dried using sodium sulfate and the solvent was
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Exanple 131 B.-NOH'™ ' O Bn-N~fJ O N~ QJ Boc N~ O
3HC1 | To a solution of 6.8 g of

1-benzyl - N- (2, 3-di hydro- (1, 4)di oxi no(2, 3-c) pyridin-7-
yl met hyl ) pi peri di n- 4-am ne trl}ﬁ/drochl oride in 20 nmL

SR FaiRed st boun cuRtitie R o gt lga FOR i of ety
acead- 1@l ofhghtu s gige 8oty qftéh Butgl (¢2,3-dihyter® -4b)dld>>yho(2 3 c)pyr1d1n—7-
di c r bonat ded thereto. The ure was stirred

sty igerdin: Y?)ngﬁ’?lat{:é‘??;!i‘@?%@f*’c}? & aawgﬁtw Flof et hyl
'R dg@}@veﬁﬁ’@e@ 3969?1” s§t1Q1=8 ﬂlﬁzl%gqmm Jssﬁmrm)\&@@ 2. 66(2H,m) 3.07-
separated’ an 5.1

lica ( Chr omat or ex-
3. RO H, 4. 2Eh A (CHAM, WlH,'EIJSP5(\AH$) added t her et o. The

[Op%ﬁture was stirred for 1 hour at room tenperature and
trated by passing through 2.6 g of 15 silica gel
Exaniglé t® gel 60N, KANTO CHEM CAL CO., INC). For
washi ng, 35 nL of ethyl acetate was used. The
filtrate and the fa&h liquid were conbi ned and the
sol vent was W ted under r@_ ure to give
m_ of.t ept JclHQenzyl pi pe Zj j
m }di-oxinobe, 3 |n7ylms hyl)carbamat
a |7 gﬁt yel | ow f oam NI\/R( CDClS) 6 val ue :
132154 9H, M, 155174(4H
2. 07( 2H, P, azoltion pf 40 g-of tertgis 1(§3zﬁ41(>§w(é)4)d4°>@*?°i%3fmlﬁrn'7-
yln@hazﬁ(;%éerﬁu@g glﬂé'érﬁ@mﬁe g’l%nok@dﬂa% iadoRL & ﬁ-%%e%hyIﬂZ -pYirolidone, 3.5 g of

(b0 07-oxBaipinbthusidin (M) BopckBlaki gy dioshlgde iy drato ws added,
aq%ét?%x&r}%m%% %t_l d foﬁ? touk Qe R . e%bér%ﬁ(é) f él"é él?ei{% ﬁfre 4 3 g of sodium

enzyl prperidi
tr(adetd%dbpmhydmxe@va's ad()qd)dmdwhy ih-i,llbortmtSiwblj tbap@mtiwtf éO mmm@@; under ice

t . 2. f 5%
cog)ha%’c?ngglhedn f‘ﬁ'éé Wf%(%lﬂl% g%\’/\r/a}s St | r r edlln or> 9“ ecr)bcrIg ?ngGOéﬁ er heating
tolio ok terAp digtaliie pife muahm faddeel. w1thT1f€mD10ﬁWere anlsljusted to pH 11.5 with
subj ected to Ljte. fi at.i,on, f . ethyl
s Bl SOE 07t Sy B ARG i 3 Gk ety 2
pREHIRIBHSwWEOIddEd £TOWE BE R dethe nixthROwdsistitre@for 2 hbE and 30 minutes at
organi ¢ | ayer was washed with saturated sodium

thelsame fempesaBiret | The, reasfipe miiaie s $8Rled in /oo femreraiyrg apd e solid
pr%ahef%% K‘t@ﬁe@g\{] ﬁﬁn‘éﬂ@&&xﬁf&&h%@ﬁﬁ watd w:g%de @s %%% %Ernebut% hes-

otalne resi e was recrystallized fromb5

dmwpélt,@dm*&mn@ %c)pm@ndmémﬁ@y@(lv@ (3-flyogp- Z)ﬁt{@ﬁéb@pythyrl m-1(2H)
yl§ %’ng)t i Iai“?‘{ ?lgéa}bagﬂa‘?é %&{1 %(g:éll’r ?er Irrghgh;dr ate as a
MME(GM@GIVaIue 1.30-1.80(13H,m),2. 08-2 27(2H,m),2.56-2.65(2H,m),2.93-
3.04(2H,m),4.02-4.19(1H,m),4.23-
4.49(8H,m),6.73(1H,s),6.84(1H,d,}=9.9Hz),7.47(1H,dd,J=10.2,2.3Hz),7.87(1H,d,J=9.9Hz),8.05(
1H,s),8.41(1H,d,J=2.3Hz)

[0082]
Example 16
> N A
. — "X
N/ = N = H,0

To a suspension of 25.0 g of tert-butyl (2,3-dihydro(1,4)dioxino(2,3-c)pyridin-7-
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"H NMR(CDC 3) S val ue
1.39(9H,s),1.48-1.53(2H, M, 1.63-1.68(2H, M, 2.61-2.66(2
H m,3.07- 5 _
3.10(2H, M, 4. 26-4. 38(7H, m, 6. 75?1H s),8.05(iH,s)

yﬂrﬁﬁﬁﬂﬂ(l (BXXfipbre-2L6xd- QS—nElelde‘in-%H)—tyﬁethylb'blf)\krfam l1‘1y80arbamate in 50

m]rIO OOF\ O8oc N O
w%tg)q, b%%ﬁ) 6@ncsntgatt§i lydrachlofic peid yas added dropw1se at 28 t0 39°C. The
réa%tlg’n ﬁixbctﬁ)'rg el gtlr@ %xo?»(h § d‘?ﬁbcr)upl t(raes gt 4{(1) s} );(C)j G tcgochhto Agom

yl met hyl) plperl nmono
tempesftun adedyith 27 ngcrf(aI ZO@K()snﬂxurrBhﬁir@adb‘ aquddds solution and 25 mL of

T AT A SN G .

at¥dand b bl ed vifa@zrr was Q@déﬁ tl?etretf) 001%311?61@ Elorrg)?]a% 11t;-err%d oHFat 50°C and the

m Xt ur e, of sodi um tr|acet0xy
filfgicsesiden wwgvl ¢Sﬂnﬁ5pok of watsr. ovidae fifthage épﬁll’th@das(hth&ﬂ were

cé‘?tnpllrritracg%l e {it %(%F chdo %ﬁ rJn3 %Lﬁ(ﬁégp au%(g}é)'s(o léxg hg BT“FI?I gueous solution,

120 toérofRemtdnoge ardeZSrr@D waaep e cBreflntd \ﬁlﬂﬂleﬁilﬂ%_'t@rd?ssm@the solid matter.

ded th 20 wat er and adj usted to
T ol b mebraRiaddn LG1C S0dhatif prachgenvemedsy Mortionavas washed
1 r Xe! gd at
e Lo R LT R U Db R OB EETE S
@th?ﬁl}‘arﬂ?@mﬁ?“dlﬁ‘ﬁé’ Dethirb- 7t'ﬂz‘m§@f1Eﬁt-lmpbthyfr&le-Z(ﬁé)eﬁneomnohydrate asa
cooled to roomtenperature and the solid
h%@é&ﬂ%ﬁs%ﬁi obtained by filtration and washed with

'"HANR(GRCIgIowelus :5.3-0f tert - butyl (2, 3-

di I methyl ) (I-(2-(7-
1 SpREGPS SnBba b AR Db i S e
2¥5b1et hy pmi2pa -9 |1Hz)42 yi()zﬁ,%fﬁ@ﬁféﬁﬁ) Po@plsh 9hs. brown

4 f“@»@ @ét(iélHS ﬁ)85(21)fb@122 8H2). 21560, 8d, 5602, B2, 4% 1 FR d@3=9.8,0.5Hz),

9(1 H M, 4.23 4. 49( 8H, 73 (1 H,
830@4%% wﬂd@ﬁz\] (9HZ)TT)7.47(1 H, t(jd,JZ)lo. 2, 2.3

qq% 787(1HdJ99Hz)805(

; 41(1H d,J=2.3Hz) 25 [0082] Exanple 16 F Boo N
Eﬂ&héglﬁ ANNi O (yo NN H20 To a suspensi on of

r{s}g@&ﬁ@ﬁﬁdm W ( ARTRSE

A solution of 3.03 g of tert-butyl (2,3-dihydro(1,4)dioxino(2,3-c)pyridin-7-
ylmethy!)(1-(2-(7-fluoro-2-0xo-1,5-naphthyridin-1 (ZH)-yl)ethyl)piperidin-4-yl)carbamate in 45
mL of trifluoroacetic acid was stirred for 1 hour and 30 minutes at room temperature. The
reaction mixture was cooled with ice, added with 30 mL of water and 30 mL of ethyl acetate, and
adjusted to pH 10 with a 2 mol/L sodium hydroxide aqueous solution. The organic layer was
separated and the aqueous layer was extracted 7 times with ethyl acetate. The organic layer
was combined therewith and the solvent was concentrated to 10 mL under reduced pressure,
whereby insoluble matter was filtered out. The solvent was evaporated under reduced pressure,
and the obtained residue was purified by basic silica gel column chromatography [eluate;

chloroform:methanol=92:8], recrystallized from 3 mL of ethyl acetate to give 0.611 g of 1-(2-(4-
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ylmethyl ) (1-(2-(7-fl uoro-2-o0xo-1, 5-napht hyri di n-1(2H) -
yl)ethyl)piperidin-4-yl)carbamate in 50 nlL of water,
18 nL of concentrated hydrochltoric acid was added

T EE 2 TG AT B o
naplabl i1 F)owm athgdpe) ot alight yelttechlid th 17 i - of a
AR e 0TS TBRITRI L AN Bra e oo

2 B4R A 1 EuesaR ‘J‘»—eﬁtﬁf)}z%-m’s&ﬂﬁbl3‘?fd(ﬁ{,sﬁc€'téi4.@@@Hf%%%,mﬁf
wat er |

was added théreto. I'nsol’uble mafter was tered

4. (¢Han), GEAC KO B HEH, & - 168k2), 7.6 (1 Hub =Rt o0 SRE 8L dib79d1z2.8. 10(1H,s),

.8.11]1'(1 ];dhj\éﬂ%'tﬁfz The filtrate and the wash liquid were

and heated to 40C, added with 13.5 nL of a
A2D%datilF arr@23AA6 XS QR Caq 860 §.96:81, LR $HN,15.94F % .38 of

2- h ] C . of water, and refluxed with
nggﬁ’%%’sgﬁﬁ’i%gh‘@é solid matter. 10 The reaction

[oo8At ure was cool ed to 10C and the solid product .
comRe bRl | MEbhOMBTyrashed  with vater to give

1-(2%4&2 -4 bydro( 1, 4) di oxi n@LS c)RYsd di n-7-

yl me 37‘ L0R) i peri di n-1-yl Yét )E?-N‘fl/uo]o-l,S-naph

F ¥i°n- 2(1H) “orfe nmomohy a light%yell ow

e 'H NMR(CDO 3)5 val ugznA.3536 1 .5 0 (2H,
m,1.90 (2H, d, J=12.2Hz), 2.18 (2H, td, J=11.5, 2.2
Hz), 2. 46002 suspedsi¢riofd. 3G of Rrtduptyl L2, Hdihydrogb4)dioxinef?)3-c)pyridin-7-

ylﬁl:ea'xir{)él’z:f2%7’—%1.05\{-?%%0-%113@&13”713@I%ﬂ‘l)-ﬁaethﬁ)pﬁ)@ridinA-yl)carbamate in2

mH,of P pBoB5611 6128 ml < cBitehtrted Bydt bthitoticleitiOvad a@detitmd, tHe BB(¢ltant

m?‘%llag %&]"a‘g ?t%be%é%l ﬁ_E%% ’aid] §?_. %W%%Elinagrl rgtiljﬁxl‘gt%%’tiﬁgiz ' 'E'lzr%@cfion mixture

wés &Rlddtth 67C, @hd the Q8liDwaS obt@hdd ByUiilthtion to give 0.28 g of 1-(2-(4-((2,3-
_&2 3-di hydro(1, 4)di oxino(2,3-c)pyridin-7- ylnmet h)ﬁl ) (1
di ((ﬁg(lﬁ)flxp@&a ,32Q)8%511n-7-ylmethyl)am1no)plperldm—1—yl¥ethyl)-7— uoro-1,5-

na%h&ynamtﬂ(mn{sw tAngdradilonde €t M¥ho RIIBKsbIEH. n- 4- yI ) car bama
te i'n 45 of trifluoroacetic ‘acid was stirred for 1
'HDIMREN)Belud nUOSE. 16(2H, )25 TR m)B &3-3THE2H m Adtli on

> GG S pO0R T Bhedat B m e T Mrnedoatin Indo”

4.%(@&@),12(@196@5@;!6.99@1@@1@?}@,&&@1&1@@9&%@I ut: on. The
organi c ayer was separat e and_ t he agueous ayer was
7 00 Fod 8 00 O SHA S RO PR Tt 402 MR or gani o

[dogyer was conbined therewith and the solvent was
concentrated to 10 niL under reduced pressure, whereby
Produgiondixamplstlt er was filtered out. The sol vent was
evapor at ed under reduggd pressure, and the obtained
residue was purified-By,basic silica gel colum

FCH ONBI0gr aphy gl o 30 chl or of or m net hanol =92: 8],
nedl ygt artT=z&d f {0 nm. of ethyl acetate to give
0.M%1T g of 1-(2-(#

To a suspension of 3.00 g of 7-fluoro-1,5-naphthyridin-2(1H)-one and 5.04 g of

potassium phosphate in 12 mL of dimethy! sulfoxide, 4.68 g of 2-bromo-1,1-diethoxyethane was
added at room temperature, and the resultant mixture was stirred for 4.5 hours at 94°C. The

reaction mixture was cooled, and 21 mL of water and 12 mL of cyclopentyl methyl ether were
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((2,3-di hydro(1, 4)dioxino(2,3-c)pyridin-7-ylnmethyl)am
no) pi peridin-1-yl)ethyl)-7-fluoro-1, 5-
napht hyri di n- 2( 1H) - one (anhydrg&e) as a light yell ow
solid. 1H NVR(CDC 3)6 val ue
-1t 47 (B, - li: 18w , Hoe -
gt | (Prliknle 6 e bTh Svilabin frf gl
subgequent)y, thaingelphlpimatipr WasABtered 2of, 2ki] theifilt4r @SidEe was washed twice with 3

mfé)gé§<"f}§3eg§/z %e_:ﬁ%f %I_{%S %EEF) ?r%gnﬂ?(agﬁ? §? f’hg B%t)ai'nZd gﬁx(ale'_&ng ’th]e:\gash liquid

wereddfarited add-the 3blegnt ArakvapGateddinBarreduced pressure.  The obtained residue
w%gm e':[t\)l5 f’lilg% g%zcgﬁﬁ R 9 %ég}_xy X0 g@é\' 3 ]Igggﬁ i-’figld?e%hoxyethyl)ﬂ-
ﬂ@&rﬁ’-ﬂ{ﬂ ﬁdplhﬁ@rlﬁlﬁélam{ﬁode a(sWD 3105@?16\113)&9 Zé‘ﬁsta\lcd o r~-NNo

To a suspension

W@@(‘gla)éwalp@r t1 1@@;4 N7 1K 1Hz),3. N 3540 55(2H,m),3.74-

i) ] 3 7
i A e A SR UEEEE
Hy),7.e2(hild) 0 8&kz), 811 b B dyI=pctdizpamat e in 2 L of
K&ggfopanol, 0.23 nL of concentrated hydrochloric acid
added, and the resultant mxture was stirred for
Plodb@ion Bxasipe@ mi nut es under reflux with heating. The
reacikgn m xture 15 was cooled to 5C, and the solid

was oJif ai ned by f||tr?1|on to give 0.28 g of

c1-(28( 25 (2, 3-

QIﬁggjﬁ(l—4+d>OX|| &% ¢) pyri di n- 7-yl met hyl ) ani no) pi p
en’ ad¥n- 1 yI)ethyI N>F| e 1, 5-

napht hyr I]dq 4@ 2 - n%ﬂt{};’l Mﬁg[‘i R i/](dj Ey(?rcs)ch?orllcl a%xhdtwas added, the

yel | ow so

mthQ(Q'v?as %@&3&%%0@ amba ?ohﬁ%%'f%@'% 08143 2311&%%!{19%431&96 1,5-
67( ZH%S 69- 3. 80( 1H 98- 4. 07(2H 4, 5

ne(p@plpyﬁ-)il J-on4 in §§) nzL ofi2- blg@pone was adde dropw1se followed by reflux for 2

h(éirg 3(%1? @)Ol‘hgzﬂe éa&gg%MG 8 2%%“17!! s%nd p?od%tl’z\)zas obélh(eh lﬁ‘y filtration
2l OBhad-ith 2 SutaBrieHo @0 3@@(731@61( Lhiks) 5&@&@%@1@@-

AR or R0 Gl Bt oy sgf '
7-fluoro-1, 5- napht hyri di n- 2(1%2 gne aﬂd|5 Oﬁfg pg 25
B%@ES@M&?@&%‘&@%%@@%SH hane was added at
[oogpm t enper at ur e, and the resultant m xture was

stirred for 4.5 hours at 94C. The reaction mxtu
was cool g lathigws thepowder Yoaaveditfeaqtion patien offl-(2-(4- ((2 3

dihy&o PR B noPRE- BB ri®th 78y m¥BY Bamino)piperidin-1-yl)ethyl)-7-fluoro-1,5-
naphthyridin-2(1H)-one monohydrate.

INDUSTRIAL APPLICABILITY
[0088]

The 1-(2-(4-((2,3-dihydro(1,4)dioxino(2,3-c)pyridin-7-ylmethyl)amino)piperidin-
1-ylethy!)-7-fluoro-1,5-naphthyridin-2(1H)-one monohydrate of the present invention (1) has
strong antibacterial activity and high safety, (2) does not exhibit deliquescence or hygroscopicity,

(3) is easy to handle, (4) is produced using a solvent which is safe to human body, (5) is



33 added thereto. The m xture was adjusted to pH 5.8
with 12 nol/L hydrochloric acid, subsequently the
insoluble matter was filtered t, and the filter

resi due was washed twice with mL of cycl opentyl
o B oL L LR 8L SRR s rosced

theeby beitg waful evapdk ahedhacaudeal. r educed pressure. The
obtai ned residue 5 was purified by silica get colum
chromat ography to give 3.11 g of
1- (2, 2-di et hoxyet hyl ) -7-
fluoro-1, 5-napht hyridin-2(IH)y-one as a |ight yellow
oi ly substance. 'H NVMR(CDC 3) S val ue :
1.12(6H,t,J=7.1Hz),3.47-3.55(2H, m, 3. 74-
3.82(2H, M, 4. 29( 2H, d, J=5.
| Hz),4.78(1Ht,J=5.4Hz),6.86(1H, d,J=9.8Hz), 7. 82(1H, dd,
J=10.6,2.4 Hz), 7.92(1 H,d,J=9.8Hz), 8.41(1 H
d, J=2.4Hz) 10 [0086] Production Exanple 2 9Et CEt (o0
FNFNONI NOHCIHO To 480 nL of 2-butanone, 30
mL of 12 nol/L hydrochloric acid was added, the
m xture was heated to 70C and a solution of 60 g of
1- (2, 2-di et hoxyethyl )-7-fluoro-1, 5-
napht hyridin-2(1H)-one in 60 nL of 2-butanone was
added dropwi se, followed by reflux for 2 15 hours.
After cooling the reaction mxture to 25C, the solid
product was obtained by filtration and washed wth
2- but anone to give 50.3 g of
(7-fluoro-2-oxo0-1, 5-napht hyri di n- 1( 2H) -
yl ) acet al dehyde hydrochl ori de nonohydrate as a |ight
yel |l ow solid. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0087] 20 Fig. 1 shows the powder X-ray diffraction
pattern of 1-(2-(4-((2, 3-
di hydro( 1, 4) di oxi no(2, 3-c) pyridin-7-yl methyl)am no)pip
eridin-1-yl)ethyl)-7-fluoro-1,5-
napht hyri di n- 2( 1H) - one nonohydrate. | NDUSTRI AL
APPLI CABI LI TY [0088] 25 The
1-(2-(4-((2,3-di hydro(1, 4)di oxi no(2,3-c)pyridin-7-yl me
t hyl ) am no) pi peri di n-
1-yl)ethyl)-7-fluoro-1, 5-napht hyridin-2(1H)-one
nonohydrate of the present invention (1) has strong
anti bacterial activity and high safety, (2) does not
exhi bit deliquescence or hygroscopicity, (3) is easy
to handle, (4) is produced using a solvent which is
safe to human body, (5) is 34



produced under conditions with a little environnental
burden, and (6) can be mass produced, thereby being
useful as a bul k pharmaceutical, 35 CLAI M 1.
1-(2-(4-((2,3-di hydro(1, 4)d|ox?ﬁo(2 3-c)pyridin-7-yl me

t hyl ) am no) pi peri din-1 -
yl)ethyl)-7-fluoro-1, 5-na htﬁyAﬂg|n 2(1H) - one
lronohydr at-€@-(4(2, ﬁcdﬁﬁﬂmﬁb@ﬁ@mnpfbﬂulpm@n -7-ylmethylyamino)piperidin-1-

AR AR B S PR Yot 01 1 5 napi

2t hyri di n-2 ktHpd dsreproducmbp AR a8-€(2,3- ﬁbj‘/(&ﬁﬁM)@dxxbcy@tfih@pyndmﬂ-

for or nul a

ViR e fits DR SBhey '>\'ﬂ§91<>1<3 Ly %alahwfw&fnéme morohydrate

repedsbneed byvie FepuRsent ed by the fornula [Formula 7] CO
F/ NO N and produced by reacting a pyridine

Uﬁ%@?@&?]ve represented by the formula [Formula 1]

YXNH2 N C h an_acrylig acid ester to give an
acrylic '%£E§r+wat épresented by the general
f or mul [F | d12] N

FrepreséhtgOan al kyl group,

CO2R wherein R
Ot hen reduci ng/ cyclizing the
acryhjoc acid derivative to give a
i sfapht hyTi dine derivative represented by the
formul a gFornuIa 3] H F~ N
characterized by reacting

(1) a naphthyridine derivative represented by the formula

[Formula 7]
o
F = l N 0]
ny
N Z

and produced by reacting a pyridine derivative represented by the formula

[Formula 1]
Fa o~ NH,
|
N Cl
with an acrylic acid ester to give an acrylic acid derivative represented by the general formula
[Formula 2]
F o | NH,
N
NP co R

wherein R' represents an alkyl group,
then reducing/cyclizing the obtained acrylic acid derivative to give a dihydronaphthyridine
derivative represented by the formula
[Formula 3]
H
F N 0

=
=~
N



N 36 then reacting the obtained di hydronapht hyridi ne

derivative with a conpound represented by the genera

formula [Formula 4] L' ~YH wherein L' represents a

| eavi ng group; Y represents a ﬁ?otected car bonyl

group, to give a dihydronaphthyridine derivative
“represented by the general formula [Formula 5] /YH
theN®actigtheolgiinedydihgirdephtheddissdatyatie, wittheconmouad #ipregented by the

th ai_ned di hydronapht hyri dine derivative to give a
g%%%hﬁﬁ%?%dine derivative represented by the general
[Foatuukp [ Formula 6] ( YH Fes' ~O N wherein Y is
defined as above, and then deprotecting the obtained
Lﬁgﬁﬂthyridine derivative wth (2) a piperidine

deri vati 2present e the general fornul a

[ For nul a%e?ﬁnuﬁsﬁe-s ef{lgsd i‘?‘“%%‘grﬁk‘p’?{fpres S 4 rategted, cagponyl group,
torgiyer eediBydrenaphthitidinedpivetiectprognad Oy phegederpl fociged by
Preqétirg a kojic acid derivative represented by the
[FGEA¥PAl "formula [Formula 8] R2O O/ OH wherein R2

represeptysi a hydroxyl protecting group, 37

wherein Y is defined as above,
then oxidizing the obtained dihydronaphthyridine derivative to give a naphthyridine derivative
represented by the general formula
[Formula 6]
rYH
F N.__O

~
wherein Y is defined as above, and

then deprotecting the obtained naphthyridine derivative

with

(2) a piperidine derivative represented by the general formula

[Formula 17]

1y l
R N>
0

wherein R* represents an imino protecting group
and produced by reacting a kojic acid derivative represented by the general formula
[Formula 8]

RO NP

oz
OH

wherein R? represents a hydroxyl protecting group,



with a conmpound represented by the general fornula
[Formula 9] L2~/ X wherein LZ represents a |eaving
group; X represents a | eaving %roup, to give a kojic
acid derivative represented by he general formula

r R2 and X are defined
“[é@%a%m %%reﬁg‘g&(ra& 4%&% e&lgbt ai ned kojic acid

[Hnnmhéﬂlve to give a kojic acid derivative represented
general formula [Formula 11] HOB*O O QI/X
wﬁf?%fn i s defined as above, then reacting the

obt ai ned koji.c _gcid derivative with amonia to give a
pyri di ne Wksip 4¢ fRpEesents B laLiBl BEYP Y rEMRSCRiof HRMAE SToup,

tci i0& Eﬂébﬁ’c akdd derxb@we@e‘pre%te@by tReRnaxl ©iging t he

tai ned pyridine derivative to give a pyridine
Heﬁw-aﬁﬂve represented by the fornmula [Fornmula 13] 1
N~ O _theg reacting the obtained pyridine derivative
RWPT h pirfperi di ne derivative represented by the
gener rosd @ X Formula 14] 38 R3 NO-NH, wherein R3
representsohn I'mno protecting group, to give a

pi per | di nendghintahy K6t RREIENIRA,DY the general

formula [Fornmula
then deprotecting the obtained kojic acid derivative to give a kojic acid derivative represented by

the general formula

[Formula 11]

0]
O~ X
O/\/

wherein X is defined as above,
then reacting the obtained kojic acid derivative with ammonia to give a pyridine derivative
represented by the formula
[Formula 12]

0
)
N
(0]

then oxidizing the obtained pyridine derivative to give a pyridine derivative represented by the
formula

[Formula 13]
9%
N
0

then reacting the obtained pyridine derivative with a piperidine derivative represented by the
general formula

[Formula 14]



RSNHI HM O wherein R3 is defined as above, then
protecting the imno group to give a piperidine
derivative represented by thewggneral formul a
[Formula 16)] RBNO RN~ O rein R4 is defined as

aboyen\R3 is defined as above, and then deprotecting
RHhel ob TNted pi peridine derivative to give (3) a
nap ridine derivative represented by the general

formul a [ Ro&agb 2 ANDs: NO N
wherei n R4 iés1 de?eip%l%]e tg%%g%&eacﬁ%éz%%gﬁ deprot ecting
tt $iee piparidiecidaniaplintergprestnted by ¢hrei gea¢raMormB8a A net hod f or

ickhg a piperidine derivative represented by the
[[Fggéﬁgfrdglsﬁl formula [Formula 29] HNON/ | O R4 N~ J

wherery R4 yrepreseamts an imno protecting group

Rehll ac eru ze /byl redcting a kojic acid derivative
represented eneral formula 39 [Formula 20]
RRO/ O O/ OH widrein Rz represents a hydroxyl

prot ect | ngheddiR RP is defined as above,

then protecting the imino group to give a piperidine derivative represented by the general

formula

{Formula 16]

l4 l
R N
(@]

wherein R* is defined as above; R® is defined as above,
and then deprotecting the obtained piperidine derivative
to give
(3) a naphthyridine derivative represented by the general formula
[Formula 18]

|/ L4 |
R N~
F\(UO i
x
N /

wherein R* is defined as above,
and then deprotecting the obtained naphthyridine derivative.
3. A method for producing a piperidine derivative represented by the general
formula

[Formula 29]

lq |
R N~
(0]

wherein R* represents an imino protecting group
characterized by reacting a kojic acid derivative represented by the general

formula



with a conmpound represented by the general fornula

[Formula 211 L2,'-,,/X wherein L2 represents a

| eavi ng group; X represents a %eavi ng group to give a

kojic acid derivative represen %d by the general

f [Formula 22] R20O O 0"/ X wherein R2 and X are
W&%{%%@ as above, then deprotecting the obtained kojic

R iyative to give a kojic acid derivative
reprdSenfed by the general fornula [Fornula 23]
HOB" 3.4 / X wherein X is defined as above, then

reacting the obtained kojic acid derivative with
amoni a_twhegiivR’ @peyentch melralt protectinggronepr esent ed by
tge for nuldaﬂ%Fortn%La 24 11 H(Bl(] N~ O then
WERE GPIP YL EEHEAPHEG S5 AP R ter i vati ve to give a
[Feythiildmp derivative represented by the fornula
[Formé(la 25] O N~ 1 Ol 40 then reacting the
Lebtaifled pyridine derivative with a piperidine
derivative represented by the general formula
[ For nul a V@®eiRE” 1qprepents-glegiieg Sonp; RBTePEgsebs @ lepgng group

iJa ] i ng: j i ri.di ne
ol R e A D hop b P DY B RERAE T2
[HoFowladPh 27]

o
R0 =
(O P~ o/\/X

wherein R? and X are defined as above,

(=]

then deprotecting the obtained kojic acid derivative to give a kojic acid derivative represented by
the general formula

[Formula 23]

wherein X is defined as above,
then reacting the obtained kojic acid derivative with ammonia to give a pyridine derivative
represented by the formula
[Formula 24]

O
0]
N
(0]

then oxidizing the obtained pyridine derivative to give a pyridine derivative represented by the
formula
[Formula 25]

)
N o

>



R3S NNO HN OJ wherein R3 is defined as above, then
protecting the imno group to give a piperidine
derivative represented by the general fornula
[Fornula 28] RBNY-NO ~/ R Wwherein R4 i s defined

T S A S R A T
gehbal formdlact i on net hod accordl ng to claim2 or 3,

mherel R3 is an aral kyl group; R4 is an acyl group
H@ngﬁ ] koxycarbonyl group. 5. A method for producing

ap i ne derivative represented by the fornul a

RF‘FNFITU NY] Ho 0) ~ | N O characterized by reacting

a kojt’c acid derivative represented by the genera

formul a  J#eabiiP pRQlntEalinfnhlovekLirBuR2 represents a

hydroxyl protecting group wth a conpound represented
torgrve hpipefecis derivatorerrenraseied pyritiesgegapl fanmula 2 X wher ei n
[ﬂo?mﬁl‘i% sents a | eaving group; X represents a | eaving
group o glve a kojic acid derivative represented by

ege er [Formula 32] RRO O O/ 0OnM/X
ei % defi ned as above,

wherein R is defined as above,
then protecting the imino group to give a piperidine derivative represented by the general
formula

[Formula 28]

0
L4 |
R NX

0

wherein R? is defined as above; R® is defined as above,
and then deprotecting the obtained piperidine derivative.
4. The production method according to claim 2 or 3, wherein R? is an aralkyl group;
R*is an acyl group or an alkoxycarbonyl group.

5. A method for producing a pyridine derivative represented by the formula
[Formula 34]

o
240
N
X No

characterized by reacting a kojic acid derivative represented by the general formula

{Formula 30]
@)
RP0”
[0 P~

OH
wherein R? represents a hydroxyl protecting group

with a compound represented by the general formula
[Formula 31]



then deprotecting the obtained kojic acid derivative
to give a kojic acid derivative represented by the
general formula [Formula 33 HO O O0i',/X wherein Xis
defined as above, and then reatting the obtained kojic
2aci d derivative with amonia. 6. A nmethod for
LPprodtci ng a pyridine derivative represented by the
forrrulaﬂ[For a36] HOO.L I ~NJ O )
char act eISEH byFePresiits AIGRvana@PIR XatePEeseitt 3 lsaying group

tol raﬂémﬁhﬁ_@ dBiyatibe repRR&M & byf @5 Brtleful flRRLMUl @ 35] HO O
N X wherein X represents a leaving group wth

[Farmdmdd. 7. A kojic acid derivative represented by the
geperal _fogymula [Formula 37] RlaO O 0"~/ X wherein Rea
RiIEprgsents a hydrogen atom or a hydroxyl protecting
gr oup; reqrexents a | eaving group. 8. An
anti bact er?al “agent contai ni ng

1-(2-(4- - gl i Qxi.na(2, 3-¢) pyridin-

7-yl met hy Igﬁnl no p%gl{reﬂdgf}%&ﬁag;% ethyl)-7-fluoro-1, 5-na
therhddpyotedding tiR(obHinedrkojicaeid Hyritrativeto give a kojic acid derivative represented by
the general formula ‘

{Formula 33]

wherein X is defined as above,
and then reacting the obtained kojic acid derivative with ammonia.

6. A method for producing a pyridine derivative represented by the formula
[Formula 36]

)

N>

0

characterized by reacting a kojic acid derivative represented by the general formula
[Formula 35]

0]
HO =~
wherein X represents a leaving group

with ammonia.

7. Akojic acid derivative represented by the general formula
[Formula 37]

R0 NA P

wherein R* represents a hydrogen atom or a hydroxy! protecting group; X

represents a leaving group.

8. An antibacterial agent containing 1-(2~(4-((2,3-dihydro(1,4)dioxino(2,3-c)pyridin-

7-ylmethyl)amino)piperidin-1-yl)ethyl)-7-fluoro-1,5-naphthyridin-2(1H)-one monohydrate.



