1 DESCRI PTI ON NOVEL NAPHTHYRI DI NE DERI VATI VE MONOHYDRATE AND METHOD FOR
PRCDUCI NG THE SAME TECHNI CAL FI ELD [ 0001] "The present invention
relates to a novel naphthyridine derivativ¥e nonohydrate and a nethod for

produci ng the sane. 5 BACKGROUND ARTH%E%%T I n medi cal practice,
a wde variety of antibiotics and sy Iaghli bacterial agents have been

used for the treat mbQVEI NARHEEYRIDSNE DIrdVASIVEHOBWEHYDRASESANHt bacteri a
such as nethicillin-resist a%ﬁ%@m%i 0 ﬁﬁ)@ aur eus %\/&SA),

vancomyci n-resi stant Entero ( ;; Gp@i’i’?é’ n-resi st ant
Streptococcus pneunoni ae (PRSP) have recently energed. The treatnent of
patients infected with such a resistant organi smhas been a critical
concern. In addition, multiresistant organi sns that acquired resistance to
mul tipl e dregsnitamMergmey ged. I nfectious di seases caused by nul tiresistant

organi snms _have been maj or problens worl dw de as intractable diseases. 15The
appear ancd®lanti m crobial agents which are effective agai nst these

resi stant organi sns esired d,..for exanple, . a '

qui nol one conpound ggn v gf@?j’a{t{g’gggé%% tgeacrhv\g/iedag\%gmldsl?e %ﬂéﬁ“’le?ﬂ}"g}ﬁqr%ed in
WO 99/ 07682d ¢ RiTteNTorp@RUivENThdJameFur t her, the conpounds di scl osed in WO
2004/ 002490 ( PATENT. DOCUMENT 2) and WD 2004/ 002992 (PATENT DOCUMENT 3) are
known as the conpounds having action nechanisns different 20 fromthose of
t he exist IBACKGROENI) ARD3] PATENT DOCUMENT |: International Patent

Publ i cati E&?O?g WO 99/ 07682 panphl et PATENT DOCUMENT 2: | nternational

Pat ent Pu tion No. WO 2004/002490 panphl et PATENT DOCUMENT 3:

| nt ernati onal Pat entn fetdal gREHRN: Nate WGRHQO M. : : URE
OF THE | NYENTI ON PROBLEMVS TO BE aSO.\?_ED B% THé%%%‘Tl %ﬁ F%‘g%%ﬁ%g"@a%%&%

There is 22HhfaRHsHdPr thalreatmers) of piestiounsisersesr uflonavarrrgsistanhaeserieetuph and
strong anMe@ﬁ&tlﬁ[ﬂeﬁétaﬂ@tdpﬁ&lkb@éuﬁﬂf?éﬂ%Wﬁmaﬂg(ﬁh#ﬁﬁl-?esgﬁﬁg l%t%r% ceus (VRE)
er Vit (ho for

gram negative bacteria and resistant bacteria Fur , a use
pr oduclthg abdpepiciiligyesisient Strapiedasrusmmeeinetiio@RSR) baveeetientheerhagel. bdba awai t ed

e
and f oundadditien, multiresistant organisms that acquired resistance to multiple drugs have emerged.
e e L T Ao AR o AP B B
ant i bact emtmattable tiseisey
15 The appearance of antimicrobial agents which are effective against these resistant
organisms has been strongly desired, and, for example, a quinolone compound considered 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
20 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

25 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]



10 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 produced under conditipns with a little environnental

burden, and (6) can be mass produced. Further, the inventors
f ound t hat There is a demand for the development of a drug having high safety and strong

1- (2- (442, 3.4 r.oft.. L QX 2. 3 riging-vl I no),piperidin-1-yp
ethyl)-7- f G%F%M%%&%gﬁ%hﬁﬁ % ?%ﬁ % 2 %E%)%/aghee a?%%% ﬁ%da%tg égcggg]a afé r%sgs%& oduced
easi |y by baderct i igrtlict)a wsefuh plethod fordiroducolgthiv divigeed » epafidpentuetdorbinterhediate
formula [ Far mul.a .7]. and duced by reacting a pyridine derivative
repr esent é%lve[bti?ertlﬁ‘@alfégr‘%ﬁhgéea[tlefp%{%?%l al] NH2 [ 1 NGO 20 with an acrylic
acid ester to give an acrylic acid derivative represented by the general
formul g [ E I 21 002111 wherein Rl represents an al kyl
group, h@hﬂ&§§35%&3?@%%&$5#¢%f%ﬁ%§l86§ained acrylic acid derivative to give
a di hydropggsy hyri di ne derivative represented by the formula [3] 3

[Formula 3] FNO [3] then reacting the obtained di hydronaphthyridine
derivative with a cHnsssHd dreppneances dep Mysephiavepare eedusted piensivestudies and

found that 1-(2-(4-((2,3-dihydro(1,4)dioxino(2,3-c)pyridin-7-ylmethyl)amino)piperidin-1-

yDethyl)-7-fluoro-1,5-naphthyridin-2(1H)-one monohydrate (1) has strong antibacterial activity
10  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 produced under conditions with a

little environmental burden, and (6) can be mass produced.

Further, the inventors found that 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 can
15 be produced easily by reacting

(1) a naphthyridine derivative represented by the formula [7]

[Formula 7]
o
F = N 0
N | [7]

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

[Formula 1]
Fa N NH,
| [1]
N Cl
20  with an acrylic acid ester to give an acrylic acid derivative represented by the general formula [2]
[Formula 2]
F l NH,
(2]
NS
N 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]



5 [Formula 4] LI----'""fH 4] wherein LI represents a | eaving
group; Y represents a protected carbonyl group, to give a

di hydr onapht hyri di ne derivative represent®d by the general fornula [5]
[Formula 5] (YH N [5] wherein Y is defined as above, 10 then oxidizing the
obt ai ned dFéryeiaotlapht hyri di ne derivative to give a naphthyridine derivative

represented by thg general forrmula [6] [Fornula 6] wherein Y is defined
as above, mAn _N deprotecting the obtained napht hyridi ne derivative
15 with (;?T%%ﬁﬂégifﬁ?negﬁprivative represented by the general formula [17]
[ Formul a 17]<, ein represents an i mno protecting group and

produced by ré'acti ng a kojic acid derivative represented by the general
formula [8] 20 [Formula 8] 4

then reacting the obtained dihydronaphthyridine derivative with a compound represented by the

general formula [4]
5 [Formula 4]

LY YH  [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
Fau N0
o | [5]
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]
(YH
F N 0]
7~
- l _ [6]
N

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}

0]
O
YL o

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



[ 8] wherein R2 is a hydroxyl protecting group, with a conpound
represented by the general fornmula [9] [Formula 9] [9]

wherein L2 represents a | eaving group; X rdepresents a |eaving group, 5 to
give a kojic acid derjvative represented by the general fornmula [10]

[ Formul a 1@fo O9% 0 wherein R2 and X are defined as above, then
deprot ecting t hgy obtlai nec[slloj ic acid derivative to give a kojic acid
derivative represent eddby the general forrmula [11] 10 [Fornula 11]

wherein X is defined  as.appve, then reacting the obtained kojic acid
derivative with amofieEiR B eI BARPEFHIE 234 vat i ve represented by the

formul a [ 1&]th hkempding rdpdsefted By tk gbRerdlTOM@Xjodi Zi ng the obtained pyridine
derivative_to gl a pyridine derivative represented by the formula [13]

ive
[Formul a 18028l aNs r-4t 0[1 31 then reacting the obtained pyridine

derivative yth pi peridine derivative represented by the general fornula
[14] 20 [Flaﬂu%éa(mﬂl%’Ei

wherein L? represents a leaving group; X represents a leaving group,
5 to give a kojic acid derivative represented by the general formula [10]

[Formula 10]

2 O
R0™ Y [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]

O
HO™ Y~ [11]
O = O/\/X

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]
Ho/ﬁ j [12]
N>
0

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

O
Oéﬁ ] [13]
X (0]

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



53 RN )-NH2 [14] wherein R3 represents an imno protecting group, to give
a piperidine derivative represented by the general forrmula [15] [Fornula
15] wherein R3 is defined as above, 5 th&n protecting the imno group to
give a piperidine derivative represented by the general fornmula [16]
[Formula 1] 3/ 1IN\R-N\fIfl % 6] O wherein R4 is defined as
above; R3 RsMNefimned as 55 e, and then deprotecting the obtained

pi peridine derivative 10 to give (3) a naphthyridine derivative represented
by the general fornwherefnB8]refjretentyah anib8protevieg gionpR4 i s defi ned as above,

dth tecti.ng t.he obtained hyri di jmative. 15Th
Mvent or s ' ERERaerBR AL 2PRe i Wbk BRrfSLNCor ecent od by the
gener al f gFomtluda {S]9] [ Formul a 19]

3 0O
R “Cﬁ'ﬁ@[j [15]
N
0

wherein R? is defined as above,
5 then protecting the imino group to give a piperidine derivative represented by the general
formula [16]
[Formula 16]

3 0]
R—No'mn ] (16l
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]

r@-mj"]
\N s

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
R70™ Y~ [19]

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

20 is an important production intermediate.



wherein R2a represents a hydrogen atom or a hydroxyl protecting group; X
represents a leaving group 20 is an inportant production internediate. 6
ADVANTAGES OF THE | NVENTI ON [ 0006] | 6

-(2-(442, 3-di hydro(1, 4)di oxi no(2, 3-c) pyridin-7-yl met hyl | am no) pi peri di n- 1-
ypet hyl )-7-fl uoro-1, 5- napht hyri di n- 2(1H) - one nonohydrate of the present

i nvention (1& has 5 strong antibacterial activity and high safety, (2) does
not ex ADYANHFAGESUQE JEHTBN WENAYQNoscopicity, (3) is easy to handlie, (4) is
prOdUCfébddfi ng a solvent which is safe to human body, (5) is produced under
conditrons"wth a little environnental burden and (6) can be mass produced,

and is hence usefiyb-(ag(2s-itykrdthasdigaasi L idiAe7- ' of the
present i nvent| onL(ha(gg{g eat gl.lryersdqsugzh asé(é 1) @}ﬁlyrg‘%"ﬁ?o%?égm%"?g?j%&@?? ?ca gel
col urmYBHRBbebraphynanbiuirdea2((Byorsoneetydrate of the btesentimsmeiop(bylugt and
(12)2 22231%&?_ dntiBhctéli ta@tl?\hgl Jn%efg&ngaf&ie&) dgensdnc;t %XI’I;IIER %gliclljusegge?llce E)ro h)?grrggc%%?city,

di hydr ()15 edsylit@mamite, 24)3s p)aditédliising’a yo10& Witlidteiisarl iBihagkah 8bay, (syis! et hyl ) - 7-
fluoro-1,5- naphthyridin-2 one nonohydr at e. I§urt her,

,(D . 2( 1H) - .
the koPiodussdWdgkrndgiony @vné«@E?tgg enyieennpsptal hurdearnad £6) danrbewnass pt@jucad, and

[ For mujsaheddH usBrif28YBurk Jperein R2a and X are defined as above is a
useful production ?/n?erpq(nggﬁzg;tegt.l EST MODE FOR CARRYI NG QUT THE | NVENTI ON

[0007] 20Her ei naTbheprodbétionpnethedibs iheyesnkhdRvetitioh Hae felases dleRds (1) ek ai | -

I n.the .Ff e&ﬁnt a&eci Ii qati ownl ess ot herw se specified, a halogen atom

r ef Qr YIF: (PP s 2851 eolumn chipmatographyiguiseds ki ronsraugnthniittly viastspraducit om
and anaridqd) AStRIOHR urfd p t & (A Sty aight-chain
or br an,cﬁe%l- chain_ Cl:ll. 6b§: r%%eng?%&iom{s(ﬁ%ﬁégcse ‘%Sﬂl@‘f p I%)él? E&;i %Z &f&%ﬁ'

i sopr ofifydrogud)ioxinog; 3 tedpyyldin-7 sdiethylamiren)pipbidint 1 -gipethyidpTtMloroAns-ar al kyl
group .81'S » for ex le, an ar-CG _6 al kyl group such as benzyl,

di pheny H%”Sﬁgf“,z(ﬁﬁ?'t"w fnoﬁlﬂgﬂg?tﬁyl and napht hyl nethyl. An al koxy al kyl group
refers to, for ematihahe Rojfelachi d’érKM{iQéVesteﬁteéleﬂle gén%fé@faﬂﬁﬁaeﬁ?]t o for

met hox th}/l and 1-ethoxyethyl. An aral kyl oxyal kyl~group re
exé%l ormplay, 18) 6 al kyl oxy Cl-6 al kyl group such as benzyl oxynet hyl and

phenet hyl oxyne hyl_o An al kyl sul fonyl group refers to, for exanple, a Cl-6
al kyl sRi OWp such a& g?t hyl sul f onyl ,
0O
= O/\/X
wherein R and X are defined as above

is a useful production intermediate.

BEST MODE FOR CARRYING OUT THE INVENTION
[0007]
20 Hereinafter, the present invention will be described in 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 C;.¢ alkyl group such as methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, isobutyl, tert-butyl and pentyl. An aralkyl group

25  refers to, for example, an ar-Cy. alkyl group such as benzyl, diphenylmethyl, trityl, phenethyl
and naphthylmethyl.  An alkoxy alky! group refers to, for example, a Cy.6 alkyloxy C, alkyl
group such as methoxymethyl and 1-ethoxyethyl. An aralkyloxyalkyl group refers to, for
example, an ar-Cy¢ alkyloxy Cy.¢ alkyl group such as benzyloxymethyl and phenethyloxymethyl.
An alkylsulfonyl group refers to, for example, a Ci.6 alkylsulfonyl group such as methylsuifonyl,



7 trifluoronmethyl sul fonyl and ethyl sulfonyl. An aryl sul fonyl group refers
to, for exanple, a group such as benzenesul fonyl and tol uenesul fonyl. An
al kyl sul fonyl oxy group refers to, for exahple, a Cl-6 al kyl sul fonyl oxy

2yt sul T OGBS TRRY R RS ohbHpsPLr) BaUnrRbfo B4l & gr oup

such as 5ghripzenas bbi-eRsLzxy aﬁuitomhegam@@ml f ARYIkORWforlyRROloup refers to, for AN
acyl group refers to, for exanple, group, a Straight-chain or

br anched- E¥itRie. @525 alkn(bm@wk@iycﬁﬁﬂlps&yem aSa@etaxlétlﬁqnylom é’bﬂ‘&’i?methﬂéfﬂ%ﬂyloxy
i soval er ylan@&ﬁylﬂll%ﬂ&l@ﬂ A@H‘a@fsu@ngo r)]@l:ggc%ﬂ ef%quﬂ)r SaipR §§%Rg§%1 as

benzyl car bonyl ", cl1c hydfocar onyl group such enzoyl and
napht hdy| bezzmmesalfm axiy ¢oy tdlyemesdopdoxy. group such as nicotinoyl, thenoyl,
pyrroI|2|§ﬂﬁ@1bonyl and furoyl. An al koxycarbonyl group refers to, for
exanpl e, straight-chain or branched-chain Cl.6 al kyl oxycarbonyl group

such as nethoxycarh@melgempmdymamwdmyhmp& aRanbyhmipmmpgmymmmbmnyl

i sopro ox carb carb ert byt o year, bo

| SOPT PO BRIy 2 SIS SRR op R0 RS STYSRURII 08 o

exanpl e, ancagalm&r@dnlypgtb@;xmrabwylcgbem aﬁ@@hc Bydrbartoyl carbp v idbaupysuctaad
oxygen- contgbgjng heterocycllc

8 PESS‘ ﬂif B?@Z gf%!?ht@yg 3 & hetarwﬁwagbeeﬂ ga%uptsef*r S eRtiBpyr BRgYhand

tetrahydr 9§ﬂélmarb&1y$ uhd fioy 0 nAﬁlambﬂg:afwhﬂrg@mpcﬂefees 18] RH Bkabipie b Strdight- f or 20
exanpl e, a group such as tetrahydrothlopyranyl rotected car bonyl group

refers toShdippr anghed-ghain Cye gkyfoxysarbenyligrenm Sélc}t@rfb%}h%}’cﬁb@‘% eflipyeanbonyl,

| cohol t hyl
(i o)) e i e PRt s et T ene

(hydr oxy) bbigrysgbontang k@heents(lmamgwl( pémasnlll@&qumbm group refers to, for
(hydro ) ( | ene,
(hydroéi)%octy gﬁy gg ﬂ%*&ﬁ%mb?ﬁ% ro f??%ktgﬁgh %¥%gﬁgg%xy)nethylene
di met hoxy whedethybmgcartgingt hoxynet hyl ene, di pr opoxynet hyl ene,

diisoprop ggthylene, di but oxynet hyl ene, bi s(benzyl oxy) net hyl ene,

1, 3- dIOXO| “2-ylidene and 1, 3-di oxan-2-ylidene, a group fornmed from a
carbonyl group and Anbkygeh, coﬁtumtngaﬁtebjcsélmagrbw ﬁet‘drs)t)onﬁir I@ydnqme: a group such as

bi s(et hyl t hi bi.s Ith|o | ene, thlola
yli fjeneyaﬁ‘ﬁ @"ge %/'Wf?ﬂﬁitﬁ Loy, g"ff’g‘ﬁé Ylangs Qg‘é "é't?clf?“ﬁgcyﬁil%%rBPPFF Sﬁﬂ %‘Hene
i mi dazay i dkdinple, aygrbipaiich ateiritydaeiabpydanyt. 2- A(Fto%{b‘a ca&ohﬁ%\@dﬂ;@teﬁfsQU of ef ers

to, for exanple, a halogen atom an al kyl sul fonyl oxy group and a
aryl sul f o3RS a@“’%‘tﬁ’pfom[‘@@i‘m‘acg ﬁ%g&%‘?la“%%i‘l@@ﬁl r’l‘ljdg%soup, and exarrpl es
i ncl ude e
gmgwﬁ@%kﬁ%tﬂyﬁne g&&a&aﬁ(&hﬁﬁﬂ&ﬁ}w% (h?g Hgﬂ %151}@' NG

Synt hesi s" 4t h edi t’i on
2006, p. {wdrexy¥eprogpenmethylens éhv@r@@)(bw@mﬁ@t@bnacyl gr oup, an

al koxycar an al kyl group, an

ar al kyl g?@ﬂ%&yﬁh&ﬂ@og@ﬂw@%ﬁ%é ngﬁﬁgggﬁﬁgggﬁﬁgggagroup, a

sul f ur%omwirony)(gemﬂoar)mcﬂwlenc (gydwm(oatylwdykmtmdeﬂec Hydgwg){p1- an

202091 0485 el IR AR RSBl B BB
gr e ursgb:jd_iim'r'@buﬁuahylerrg, dtthumltsmhethgem bg(hbupylo 1o>@oqﬂeﬂhyaﬁ¢qllelsctilﬁmimﬁqlé@n& ups
escri bed i een rotective ps in ani esi s y

s g o b en Aot E1cih formE o £ By et apkE oL gReS b Bob t o
926. Spec bfs(xﬁetﬁyqﬂﬁmh@ﬁlyleﬂgIwgéahﬁﬂu@)ﬁhé{hywn@Lu@s(baﬂfla{dsmmcy@énla,onyhnﬁbﬁmh an

ar al kyl oxygar bo grou an aral kyl grou kyl'sul fon group, and an
aryl sus® Opfyqiene ,agci b3- dﬂt@@g-zl-y idene, and a group such as oxazolm—Z—yhdene 1m1dazohdm—2-

ylidene and thiazolidin-2-ylidene. A leaving group refers to, for example, a halogen atom, an
alkylsulfonyloxy group and an arylsulfonyloxy group.
[0010]

A hydroxyl protecting group encompasses all groups which are usable as a usual



Preferable 1-(2-(4-02,3-di hydro(1, 4)di oxino(2,3-c)pyridin-7- 15

yl met hypam no) pi peri d| n-1-yfiethyl)-7-fluoro-1,5-naphthyridin-2(1H)-one
nonohydr ates used in the present |nvent| o® are the foll ow ng conpounds

[ 0013] The cry sﬁ@ls of th )

1- (2- (4- 02YSoFYRIOfeE g 19 ﬂ%‘(@e%me‘}lsslglioaPSrﬁe?Cﬂbw HetHyPRSPRISSIvRer i di n-
1-yfi et hyXsdupd 1HWr§h‘nﬂe S%ﬂ@ﬂbtti}m Wiy a%a W)Gr@éh% ARBahyd U@iﬁmgy&%ng(m@e
diffraction angles 2 2, 14.2 and .7 in the powd X-ray

di ffracti gROp& ﬂ@?on%ér eSRﬁC€W@K§BPIéS mclude an acyl groun, 0 a&aquamnylﬁwmem eristic
peaks of Sv&arbe Sictih r anY %@5

condi tions. orxy'??n g%'r g og%nﬁcdgmg X |aﬁ£¥yﬁg%§a§e&r}g§ Fé E%grtglg%zﬁc

t he conpognelpod sulfie-contaisiog ﬂletiemmimgmups hoalk@(ymlthyl dreups n amﬂdy}oxyadkﬂrgpqu ed :
25 [0014] [ nt i referabl e production nethods include
the foll ovﬁhﬁg&ﬁg f‘ﬁ%gﬁﬂé’@ﬁgﬁa}y&ﬁﬁonﬁg%us The production nethod wherein
Rl is an ¢00i] group, a propyl group or a butyl 30 group is preferable,

wi th the production rein Rl is a eln re

or ef er abl 6. ANERS Reot o8 b sneimatill oot Hh e SF S oup,

an aral kyhmgfoqmaearng@fbu@xat@%ﬂmﬁgeg mmu@gmb@st@&@m@ bl 'GredRYPrétective eh&uRb! €,
wth the pr8duc1| on_net is an ox%;gen cont ai ni hg het eroc cI iC

group He SPdedy 2’(3 1N, W&Wdllng\nw Fresie b editien Yol Wilesh&Pony e 8P

is a tet r %hl@tf 181926, arﬁﬂemﬂfz Q16 1ﬂ&uﬁé15nti&?fgrguﬁfaﬁﬁlﬁgkﬁarbonyl oup,an  1he
production nethod wherein R3 is an acy an al’kox % rglg rg) group or

an ar al ky lradeydrrycargony} éﬁoep,a@maéalkmgrwmﬁea ayligsorpnen yrgrbep.i s an
ar al kyl 9r6uR bei ng nore preferable, and vvlth t he production rret hod wherein
R3is a benzy? group being further 5 preferable. The production nethod
wherein R4 is an acBrefegablulp(2-an((2BKddhyyodt, b)ﬁ&qxﬁnogitwh)yddinah ar al kyl group is
pref er abl 161 Bf i or .an

51 Koy ar B ek o B R B T Bt by oo K PR o e o
wher ei n Rih the peasers itventyomaardthe yollogviogigonyeunds. f ur t her pr ef er abI e. 10The
product i og(ed{gi]hod wherein X is a chloride atomis preferable.

The produ nmet hod wherein Y is a di net hoxynet hyl ene group, a

di et hoxynet hyl ene gl“l(v.uﬂysta‘iis ofithe D—[QD{#((QBtdlh}Qﬂﬂﬂlgbd%tﬁno(a 3-c)pyridin-7-
1, 3-di oxol ene group is

li.d
pr ef er abl ¥ﬁn%%f1% : ‘B?r ETYII)SWYﬁ%%qH‘BEP Mé‘?&tW"{i“} %HEI)@F‘WHMF%? bayingne
group, 20 eeRithQXYdHRIBMS 86 (IBOBMO014 2 shd 35 9P XA Powder K- fag%;irgragc{oﬂlbgugﬁ'a&q 15

nmore preferable, and wth the production nethod wherein
di met hoxypefasghlene group being further preferable [0016]

In addition, characteristic peaks of powder X-ray diffraction may vary depending
on measurement conditions. For this reason, the peak in the powder x-ray diffraction of the
compound of the present invention should not be strictly interpreted.

25 [0014]
In the 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
30 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



In the conpound represented by the general fornula [19], preferable
conpounds include the foll ow ng conpounds. 20The conpound wherein R24 is a
hydrogen atom an acyl group, an aralkyl @roup or an oxygen-contai ning
heterocyclic group is preferable, with the conpound wherein R2a is a

hydr ogen athsinR &ﬁt@m@ﬁpﬁémlarwp&glnaé@@%esﬁ rabde.gr oup bei ng nore
preferable, with th n%ﬂx% 3

tetrahydropyranyl g?gﬁg Eel ng ura%%ﬂrgre?rggf iesr%g%c%%mgggﬁvralﬁﬁ%%nﬁ%uﬂor
wher ei n R2# afaikyd eropgiopyelerableowith diermgodusiommethop wherendl | iwap@ alkgiogrggp being

[Pr oduct i gl RBrRae g inf st REFRRDH b PUT by T f LR b b AP RT T

as abovie. pgréfedBE. 30 (1-1) 10 The conpound of the general formula [2] can

be produced by reac he for [ lic
acid ester in the pltrh%&ﬁ nH‘é’gt"gﬁeVé’fk PR e & ?JBS%L%%OXEWME%Z ép 8f a
base, and ahardlibg gwugsmeﬁrabre aith emﬁowcum hiead eherEieR rie acidydgroupyr He

carried ou for nple, by the ri bed in "Chem, Rev." P.
Bel et skayéhcgﬁaca;\bo ng“Rj’F‘é‘ﬂﬁ @Rwre '%d’r’“ t‘faemdbctwgmfﬁ%fv@e%llbmanby
any et h0QlMo&y@a@&ﬁ&ﬂ@*B@;ﬁb&x@fuﬁ%ﬁﬁefeﬁa@@19] (1-2) The compound

of the fornmula [3] can be produced by reducing/cyclizing the conpound of
the geHeral fornmul aThopropyptionaepiod sedisesin Xris & clarica ajam is preferabler educt i on

reaction may be car ‘Th@&o@ﬁ&lonfx&fho@mu?l’ 0¥ diRehoTFhbifde i ’%e-ld in

" Conpr ehensi ve Organi ¢ Transformations” by R chard C Larock,

Publ i sher gliethaygmethyBaegropp, adipropaxymethyleneygrovgt hbd-dioxokodoylifigne grouper @it h.

[ _0020] dioxan-2-ylidene group is preferable, with the production method wherein Yis a
dimethoxymethylene group, a diethoxymethylene group or a 1,3-dioxolan-2-ylidene group being

15 more preferable, and with the production method wherein Y is a dimethoxymethylene group
being further preferable.

[0016]
In the compound represented by the general formula [19], preferable compounds
include the following compounds.

20 The compound wherein R* is a hydrogen atom, an acyl group, an aralkyl group
or an oxygen-containing heterocyclic group is preferable, with the compound wherein R* is a
hydrogen atom or an oxygen-containing heterocyclic group being more preferable, with the
compound wherein R** is a hydrogen atom or a tetrahydropyranyl group being further preferable,

" and with the compound wherein R* is a hydrogen atom being the most preferable.

25 [0017]

The production method of the present invention is hereinafter described.

[Production Method 1]

H
\(IN Hz F\(E:Niz\ E y N 0O
Ly ~ — e l
\N Cl N = COZR1 \‘:NU
[1] 2] 3]
wherein R! is defined as above.

[0018]
30 (1-1)

F



The sol vent used in the reduction reaction nmay be any solvent insofar as it
does 15 not affect the reaction, and exa Ies i ncl ude al cohol s such as
nmet hanol , et hanol, 2-propanol and 2- nethy 2 2- propanol aromatic

hydrocarbons Such ayDBARRAR of Bl yeley B Y LB IR SERRLR: By e,
di net hyl eqompundwfehmgwmle[gn »ymm amatctayﬂd esfehidrthe ptededte/df a0hahigsst a@le et hyl ene
0y R oSURELor L 354 B SHEIeES TR B e OB i ™"
N, N- di net mmwrammmammsj\bﬂhmm»h aextibed decasd ﬂevn'&;yhylin%re@%&aoelnh%'ﬂﬁ

ket ones s %i a;ﬁ{)f?rval ng (gut anone as well as watér, and these solvents
may be ‘ru’u Ay’ 0 Pe P A ta 38§%pr3é§snydf‘etbwem§é¢w@ﬁﬁe ewwitht hanol and
et hanol . [[002)1] The catal yst used in the reduction reaction

i ncl udes, (dj%é exanpl e, palladium 25 carbon, palladium acetate, platinum
oxi de, m car bon and rut heni um chloride. A pref erabl e catalyst is

| 2 car o, e 9RO331 e PR B B R abeern

i ncl udes, for exar}p ydr ogen; or ma
formate, SAMPAVIGHA ﬁ‘@ﬁgﬁa{:rél @mﬂulﬁ&]nn dlea‘mtsdnce of atcatalythy| anmoni um  and

coid ooza] |t R RALGRHSLBROPRRTRS oS ST For R Ry faibcionuibed o 5
ti mes wei gthorpprehe@lmb Oygadiclransforthaborts!' bp RichaidghitL, arotk] VCHEP&BRﬂkrSt ¢ he

conpound ecQener for anm nt of the reducing agent may
be 1 to 1 88% H’mes Bﬁogaqymetgu‘iewe@k‘%fkﬂvciﬁ\e@w 1 5 times by nole, with

respect t$0Q@20¢ conpound of the general fornula [2]. The
reduction reaction e carried out at -30 to 150C, preferably 0 to 100C,
for 30 minutes to lggé/sr?g XFPEUSed ot g]’ regyeHiongaciigh mayi be any splyenkinegfed dsitddenn

reacti oh meyaffeet t&BYeaSt@dn\,/ ent exampRb alcls achhd@?u%h'ﬁQ}neﬁifaﬁ(ﬁcétha{nBP Zr&%hbloand and
exanpl es i ncl ﬁge al cohol s such as nethanol, ethanol, 2-propano

2- et hyl - 2P B zmeiopansl sragatic W?W@E%GB%aWWWOEQWd@yIGnQIette:rsasuemﬁis

| ene; ethgbse, O, , i col
)c(l?lmet hyl et her %gl?g}{(ﬁ%g!nemq‘e ef@%ﬁ?fglty{ﬁ&%rﬁ& etﬁgldzft?%?? e’ célge} h%'yet hyl
et her, di Bthey diegyirae o ﬁ@ll @Qtaxlledwe diftugsd @thenmdmwhyﬂd:wclglse:bhaonorﬂdﬁhﬁ elheoxi des

h d d but [ tate;
e hen A 0l SR GEM  Bs REL RLal abadS5
1- met hsPL- as W—ﬂmqﬂ@idf@emamdbm,éédmeﬁiylaaaamﬁtetamde mh&l&-—ﬁ}lﬁoﬁﬂ&&ekéﬁnéé@héh as

d I I
it uie t a1 tene saEaRA T heh 5o WG phd i ol oty gt marves, b

carried oBtefexrgbld etmpxﬁmﬁxhqmbzfeﬂraa@hyth%bltaﬁd éﬁ%l.
[0021]
The catalyst used in the reduction reaction includes, for example, palladium
25  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
30 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



for 30 mnutes to 120 hours. [0025] (1-3) The conpound of the formula [3]
can be produced by reacting the conpound of 20 the forrmula [1] with an
acrylic acid ester in the presence of a cHtalyst, in the presence or

absence of e. Jn the presence or apsence of | i d; and in the

presence of %gpsﬁda%lf’nvé&haﬁg%ﬁ toﬁeecof@ﬁg‘?cr%fﬁ&? %engrabﬁ)érpblgi reaction to produce
the conpound of t he Thefedudtidvn[rédctiod iy beasiéddut BB RS 1AL phrelr8HL0 io“108°c
accordance th the production nethod (1-1) and the production nmethod

(1-2). [009%10 BEuesi,RIMEN Met hod 2] [7] wherein LI and Y are defined as
above. 172068927] (2-1) Known conpounds of the general formula
[4] are, for exanple, 2-(2- brononethyl)-1,3-dioxol ane,

2-bronmo? 1, | - di et hoxFbe seivest used ithe cxhzationireatitive trhap oy etshsohent BTdfer asdnduesind

f th I . tl t d of th
General Of apkfect s ifr, Hq SARARS 1 RALHURS oG Yook 38 el Aol Ao HEtiacbing o
a base. [ Go2ehyihpropaiolemomativdydracarbbissucteasichoenealefeandkyles o) R sucheof ar

it d . 0 th ti d,. I i.ncl ud id h
RN i ot KR SR ot sl R OBy R R eer S S0 retiahor.
hal ogenat ethehyiittiptarlpdyes] diethil diser,dtutylletee athdipfibmesly @hnofGhQhyTeARd

di chl or pet hane, argmatic hydrocarbons such as benzene, toluene and xyl ene;
et her sli(guéHﬁ%fgdeﬁis S(}hﬁﬁé‘}m?tgﬁrsa %ﬁ‘%ﬁ?t?ﬁsawﬁl a3 sihybicstateandpuih aceits; atideg swalt hy |

ether, di ek mﬂem@etg}mmhmdiem}mmmeﬂ&yh@émm@de%hMLrﬁaﬁylgi-yﬁﬂhidéﬁe?E&%ﬂhes%é}xer
and ethylene glycol 15 nmononet hyl ether; sulfoxides such di nethy
sul f oxi de:2s afueand Zbytagancas el ag weatestand shespalventsynaydheaised immixtube s e

sol vent's mRferaBle 48196hté MR tditicRe aEJ?Jl?Heabl e solvents are _ _
N, Ndi et hyl acet am de and di nmet hyl sul foxi de. [0029] The base used in this

reaction i(fA%ides, for exanple, organic bases such as 20 pyridine,

di net h ' idi y ) di tert-Db i d t '
e S e e ey

hydr oxi de forBtmisstesiton I2pdooesi de, sodi um hydrogen carbonate, sodi um
car bonat e,o(%g assi um car bonat e, potassi um phosphate and cesi um car bonat e.
Pr ef er abl ([J es are potassium carbonate and potassi um phosphate.

(1-3)
The compound of the formula [3] can be produced by reacting the compound of
20  the formula [1] with an acrylic acid ester in the presence of a catalyst, in the presence or absence
of a base, in the presence or absence of a ligand; and in the presence of a reducing agent. The
reaction is a one-pot reaction to produce the compound of the formula [3]. The reaction may be
carried out in accordance with the production method (1-1) and the production method (1-2).
[0026]
25  [Production Method 2]

YH YH
. H L YH g r
NP e NS NNe© Fa N0
g —= T —_— |
N s
N N N
[3] ‘/§ [5] [6]
0
s
(71

wherein L' and Y are defined as above.



25The anounts of the base and the general fornula [4] conpound used may be
Ito 50 tines by nole, preferably 1 to 5 tines by nole, with respect to the
conmpound of the fornula [3]. 1Z7he reaction may be carried out at
-30 to 150C E)referably 0 to 100C, for 30 mnutes to 48 hours 30 [0030]
(2-2) The conpound of the general fornula [6] can be produced by
oxi di zi ng @hy compound of the general fornula [5] in the presence or
absence of a radical initiator, in the presence or absence of a base. The
reaction may be carkiem @mpoundsiof dieepsral foryuls Y arpefos seinple2-@escr i bed |n

Gom Lot £romipgthE 5 Soxbiage, 2 brerhd- 1 Bithércihe oftnorbfihl PlmathoBhihe ' 0,
met hod 4 n accor dancﬁletdampewdmf the gDeal fobTile [-‘s]@lawbmpmdm biy meatctnmgsthc eactl on

b d I
Ry e o SR AR S B R ™

1- met hyl - Bageyr r ol i done; hal ogenat ed hydrocar bons such as net hyI ene
chl ori de, @}I ﬁrof orm and di chl oroet hane; aronmati c hydrocarbons such as
benzene ahP?8 | orobenzene; ethers such as di oxane, tetrahydrofuran,

ani sol e, ethylene QThéCsﬁlveﬁi:llﬁ'&l HMhlseéaB@dn mi?ﬂo@dr@tsbwkﬁﬁ@soﬂrﬁﬁlmdoéb e bRk
et her, diethylene glycol di e‘ihé‘%/ et her thyI ne gl ycol _mononet hyl
et her ; 1& ufthegsaes a8 expmplesdn deyaheteas M-l fpstigi NeNS such as

ethyl acelygi&nyl#RAnfilens 1&9&%@1@@;@50&6 hitehaiel hYlirotatbéhs stehsSh ke

solvent is chlorobenzene oxidi zing agent used in this reaction
i ncl udes, chlorideghlpfoferm @ri@rﬁhémfoetheglecqrwmtmydrqce@pwuclx%bm@@u@&em adde,

N ol or 0SYeRh il Syl ALARLIGGIR L AR AR ERISNES By By, dyepr ef er abl e

oxi di zi ng agent Is onosud |cal Initiatdr used as
necessar y diethyldae glylcelacbmetbyi dtiree| dieted enef ghycobsiatipl @herzod ethylene glycol

azobi sj,so tr 0 )

0200 <l SR AR kL Sy SRR L 8, o s gy s o )
initiator waser %nmhewmhxes(s%any&tehmemnzmﬁtucb rm)lrdsfydablalsellvems areiN, E) [0034]

The base S _nec S .reaction includes, for exanple, organic
bases suc lg%ﬁe amuﬁaeang(#ﬁ%@ﬂ )Izg ide pyridine, triethylanine, sodium
tert-but omaie] and potassium 26 tert- but OXI de as well as inorganic bases

such as sodi um hydrj de, sodi um hydroxi d ot.assi um hydr oxi de, sodi um
bi carbonat e, sodi uniRedREOIEE & thisseackier (nel gﬁ*ﬁﬁﬁé?‘@pleﬁé iR Bethak e and

cesi umrahedad AimethiEi6s iR, RREF1dnInd) QbASH 1&HbEBLIAO BRL Sotassium tert-
butoxide as well as inorganic bases such as sodium hydride, sodium hydroxide, potassium
hydroxide, sodium hydrogen carbonate, sodium carbonate, potasstum carbonate, potassium
phosphate and cesium carbonate. Preferable bases are potassium carbonate and potassium
phosphate.
25 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.
30 [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



[ 0035] The amount of the oxidizing agent used is 1 to 30
times by nole, preferably 1 to 5 30 tines by nole, with respect to the
conmpound of the fornula [5]. Bhe anount of t he radi cal
initiator used as necessar%/ is 0.0001 to 0.5 timnes nol e, preferably

y

0.001 to oleseribpdinChopm. Bgy.eby Rierassidespadi ta pl % Nel %r%ﬁ@hm "Blocrs Ve Chetha

5]. " ef erably
0 1o 100G o P4 e aEint SR EREL 13, 5 A6 AP RH oyhny mlhgIn Jochaen B P P

general fdherewith[6] is, for exanple, 1-(2,2-diethoxyethyl)-

7-f1 uoro- ?"?Qapht hyri di n-2(1H) - one.

1-(2,2-Di et yet hyl)-7-fluoro-1, 5-naphthyridin-2(11-1)- one can be
produced by reacti nghesdiveanoued in thistagiibiyay e Ian325(01\H)1t meefandstitdods hetameetl, 1-

dieth 5Th t t he | t described in
V0 2007] 1986F5¢tsR 85 SRR AR Inida 85h a5 NOu Wl rmidE 0086) (5 5)
The conpo Lﬂihdetﬁirlaédﬁﬁmﬂ@ﬁrmﬂ -thefhdi- Z%ﬂolﬁlﬁ)narlﬂdjg@ﬁ@emdﬁﬁ@ﬁb@ﬁ@@hh BOmbiRflene

conmpound 10, of t eneral faornmula [6]. The reaction nmay be carried out,
for exanpldlorig "pﬁ’é" Rt ighlaropthansy aﬁoﬁ‘atl@ﬂgﬂ‘é‘f@“ﬁ‘&hé&??%ﬂ@"éu ps in

Organic S)bﬂfo'ﬂ&%hiene M sudl H§d1@%e%tr§y@%?ran ‘hhﬂo@détﬁil% glylzgh&‘im\émf&hﬁf
Sons, 1NC 2006, p. 435 to 505 or ny nethod in accordance

[0037] 145 d[lqﬂmdﬁtﬁcﬂlycahdlmhybethg] dlﬁhmlemglyeqldlm{beﬁhﬂﬂmdmtw glyeol [ 8] [ 10][ii]
monomethyl ether; sulfoxides such as dimethy! sulfoxide as well as esters such as ethyl acetate,
and these solvents may be used in mixture. A preferable solvent is chlorobenzene.

[0032]
The oxidizing agent used in this reaction includes, for example, bromide,
15  chlorine, iodine, N-bromosuccinimide, N-chlorosuccinimide, N-iodosuccinimide and manganese
dioxide.
A preferable oxidizing agent is N-bromosuccinimide.
[0033]
The radical initiator used as necessary in this reaction includes, for example,
20  azobisisobutyronitrile, benzoyl peroxide and 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile).
A preferable radical initiator is 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile).
[0034]
The base used as necessary in this reaction includes, for example, organic bases
such as pyridine, dimethylamino pyridine, triethylamine, sodium tert-butoxide and potassium
25  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
30 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.



RN 14 0 [17] wherein R2, R3, R4, L2 and X are defined as above [0038] The
conpound of the general fornula [8] can be produced fromkojic acid. 15
Known conpounds of the general fornula [9]4include, for exanple, 1-brono-2-
chl oroet hane and 1, 25di br onpet hane. . The conpound of the general
formula [10] can beZ%I(rgSaﬂe%lﬁglﬁ)gﬁie&ﬁ%‘?r?lrf&mf%m&bsnf%ﬁﬁﬂm&?a lt3e-dethexyethyl)-
fornul a [ 97-flubtokl, §-nephenridou@HPbnd ha -@eBkaboxfediyy-AubBl1 §-Rad: P%iﬁg,@iqfﬁg_ nce
of a base. The reaction.may be carried out in accordance w t'h Production
Vbt hod 2- 197530 36 Prog4Ee Py Tt el SRR HTIg e H-oomb-hrqnit] lean be
produced bgettlepretiaget i ng the 10 conpound of the general formula [10]. The
reaction may be carrjed out, for exanple, by the nethod described in

"G eene®s Protecti veEFBERR My by Gaifdoushnitih ewsthod descrivbd MOWS 20001 9897@eNe,
4th edi ti oy any ol ih 8¥cofdar@GereW e+ 2006, p. 16 to 366 or by any nethod
in accordance therewth. [0041f 15" Further, the conpound of the general
formul a [ 1993%an be produced by reacting the conpound of the general
fornmula [9pb i th kojic acid The reaction nmay be carried out in accordance
wi th Production Method 3-1. [0042] (3-3) 20The conpound of the fornula [12]
can be produced by Teacimpugnd bfthe Gorpolad] e bepeoduesrsyad epfoRdchikiy fhelcdhbotdat h
anmoni g,

-
et

of the general formula [6]. The 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. 435 to 505 or by any method in accordance

therewith.
[0037]
15  [Production Method 3]
O LZ/\/X
RZO/\[TI [o] Rzo/\f/vio HO" AP
—
SN O AN ~X T O AN g~ AX
[8] [10] [11]
t
HO N Oj___. 0P NN O RN, [14]
- N N | ] >
o o)
[12] [13]
A Om P — O
N ) — L) —=
N 0 R NS o
[15] [16]
Oy
t4 l
R N 0
[17]
wherein R%, R}, R* 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)



[ 0043] The solvent used in this reaction nmay be any sol vent
insofar as it does not affect the reaction, and exanpl es include al cohols
such as net hanol, ethanol, 2-propanol ands2-nethyl- 25 2-propanol; aromatic
hydr ocar bons such as benzene t ol uene, and xyl ene; ethers such as di oxane,
tetrahydrofi gan, anKseWecordwpiceféhegepers] foarlnlemyndei%&f exainple.Hybreme-Z1 ycol
di nmet hyl %Bl'& e,tha%gt{h%/ aicoleal diethyl ether and ethylene glycol

nononet hyl dl xi des such as di methyl sul foxide; esters such as

et hyl acet ate ami d€ee enpleusdofitheetierak famphilad | Olecan bel prodigeNidy mesctiyg theet ani de
and 1- neth oI|do t hes o) be used
30 inm xtur rﬁ fEheef ner rmm“@érw%ﬁln\é\? Iﬁ.pggn@athégextegaéz% E‘%fmqﬁg

ammoni & u:peaiend@ofb]bsser eactl on includes amoni a water and so on. The am)unt
of the ammni a used be Ito.100 tines | e ferably 1 to 30 tinmes
by mole. AMPReFLTae b B L srassenee raogeien BeBREPa 2 1127 16

The reactijgouopay be carried out at roomtenperature to 150C, preferably 50
to 100C, for 30 mnutes to 120 hours. [0045] (3-4) 5The conpound of the
formul a [133]2 can be produced by oxidizing the conpound of the formula [12].
The reaction may be i K?@p%e@[
Organi ¢ Chem stry" ,Tﬁi&{][%pr%?n&yl\}tatp g#&ﬁ@g&?@?ﬁ@g&%ﬁgﬁbﬂ}gﬁg b\rj/)\llde&(8 ons,

I NC. , l@gzompounﬂmweta@nqrilfgrratﬁd[lﬂd:o nphecisestion may be garried oty &ﬁgatmmgtbiy@hps by
Ri char d C led o r met hod
in accor dance dq%gcﬁfg\?\nyﬁj o f%g‘?f%‘]?w% olu\%gﬁgt%mcg‘g tfi‘Jngsns tbﬁeﬁrlélg%taflgnwnay be
any sol verfireineséh aditiass, John Walep &Snns,di\K‘ecZOO()rm 16 eni6 wiby aanuededmpl es

i ncl ude hal é)og(ear}lgé d enxXthocar bons such as net hyl ene chl ori de, chl oroform and
di chl or oet'Rane: ers such as di oxane, tetrahydrofuran, anisole, ethylene
gl ycol di eyl et her, diethylene glycol dinmethyl ether, diethylene glycol

di ethyl_ether and ephyl ene 15 gl ygol A nono sul foxi.des such as
di net hi? sul f oxi de; I:‘é‘éleé?%e %Ol?lf’%?u%gogeq‘ﬁ%?neg?ig‘?é?@eﬁgrﬁaﬁggp?gﬁﬁdg@ reacting

N, N- di et find dopipdand efehe dendratlforpibybpe Rl Refictidand'hd redefidtythaybeatdied dudne;
acids such as acetic_acid as well|l as water, and these solvents may be used
in mxtur&°CoK %F%Wé’f‘gfﬂde‘“%lM@H?d el udes tetrahydrofuran. [0047] 20The
oxi di zi ngregent used in this reaction includes, for exanple, dimethyl

sul f oxi de, chrom um tri oxi de, manganese di oxi de and chr onyl chloride. A

pr ef er abl é 8Xi di zi ng agent includes manganese di oxi de. The
amount oof the oxi di trh | e,
prefera(gl y 1to5 t?%%n@ﬁ%?fﬁg%r lar[egj Jeag'? g%}&nﬁéd%gor%r%gu%g{eo?ﬂ ? %\mﬁ(ﬂ“)
formul a [ 1i&) gengrsitfoemule ftl] voth aneyoriie carri ed out at -78 to 200C, preferably
Oto 100C,[064g5 30 minutes to 48 hours.

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-
25 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 diethy! 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
30 inmixture. A preferable solvent includes water.
[0044]
The ammonia used in this reaction includes ammonia water and soon. 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].



[0048] (3-5) The compound of the general fornula [15] can be produced by
reacting the 30 conpound of the general formula [14] wth the conpound of
the fornula [13] in the presence of a redci ng agent. The reacti on may be
carried out by the t hods described in WD 02/50061, WD 02/56882, "Advanced
Organi ¢ Cheni st ry", 1Byreactiop gayibe cpried put at fepneigmppighire tJisA° QMF@‘;M@!YQQWS

I NC., 199 nprehensi ve Organi ¢ Transformati ons” by

R chard CQOEiatr g‘%ﬁﬁ)[{\‘}%{l@p& ]?Pglﬁerrgg INC., 1989, p. 421 to 425 or any nethod
in accordd@éltherewith. 17 [ 0049] The sol vent used in the
reaction mmy,be any solvent insofar as it does not affect the reaction, and
exanpl es inc?ude al cohol s such as net hanol, ethanol, 2-propanol and

2h|mat h}y& 2- propagol Thesdoogﬁoﬁiadh@&dmol@qmoﬁﬁbépt@bucﬁa b%kﬂdiﬁf}@‘tﬁe g&h&fuh@e
chl or of or m.an et hane; aromati.c, hydrocarbons such as benzene
t ol uene, g’]ﬁg‘& “E‘ﬂaeﬁgie r?g‘re§ea§ﬂ?:‘h ‘Eﬁ%‘?@a‘?‘r‘égy thetmetrads detcribedin “Advansed,
et hyl ene @rga:i@d Cﬁ@nﬁfﬁhhytby ﬁh@%arcﬂltﬁéhub@iﬂsn,%mmhe &@&MN@H@% . 1167 to

di et hyl ene ycol  di ethyl ether and e ene | ycol nonomet hyl “éth
1,

sul f oxi ded 'L "Somarehaiski Orgenie Es@pﬁfefmaé@p jchard GsLasoely NQIrI:Bml&rsb;ers am des
such as Nmk:dnm BYbdaab @m%fy rhbtRN lﬁewwaﬂeee&lgr%w and

1-nmeth (pyrrol i done as as water, and these solvents nay be used 10
in mx (hré 48] pr ef er abl e sol vent incl udes net hanol [0050] The
reduci ng agent use

conpl exes such as Idlntl |0¥J‘}r‘gphtsl]lSE((Fﬁﬁ;lé a&ﬁ%ﬂ’ |um r“?sg@‘é s“%%f‘é?ﬁ@fﬁr de,

sodi um cy &reobatiohyadd exkanpdesdnclodt haﬂnglama:texhlyo(ﬂmcdd)onbmchlemeﬁloténumla‘ideweI | as

sodi um a e t| v | ect II c 15 re ion vvh ses copper
or plati ggirlng'fao% "f%el dgca gm\écgﬁeéf §)’[°F‘ BEtE fegﬁh%ﬁqcﬁtcrﬁ“’lfélegg eR%FH SneRlygad| |
pI ati num dimeiky! oﬁlepaietl@thnu glylobladitethgl mrldrasylerr@w@duemypah%iah@ Bthyﬁﬁé

e, us re ble re g agent includes sodi um

/ I
bor oy bt 1 SRS Rt t foatdeEaiin e ! SIS s fish =S ghildogaie
sol ution. amldes such as N,N-dinl&tByl &iiiaiide, RIN-bieuseeeapt S ltrhﬁhﬁeiqﬁr?dlldt)ﬁ’%w' a

[14] and t & gucm agent 20 used in the reaction are I[to 50 ti
nol e, pref“é SBcy agace CW‘Q el apywaien end thpserolvenipriay be wsed fremadwpound of t he

formula [} &ferablesolventmcludesﬂ@@akfy@ﬁﬁﬁrhﬁn may be carried out at -30 to 150C,
pr ef er abl to 100C, for 10 m'nutes to 120 hours. [0051] 25 (3-6)

The conpo bf the general formula [16] can be produced by prot ecting the
I M no g oup of the fR 5 The ciion may
be carried out, for exaﬁi[llz;f]ggQ%:nE k%d%ﬂﬁﬁgidu escri gséo‘;lml(am een %f

Pr ot ect i veulfgxui@p@mmlumrtgandc, r&ugallraes dimkidb pndvehrodhyischionidie W A@r—a“aaae ofidlying
edition, C., 2006, p. 696 to 926 or any nethod 30 in
accordance t g%&mgt'ﬁgﬁg?%ﬁéﬂ x% 7) The conpound of the general

formula [17] can bén;eramunmftlwoﬁaamgtagm useg it fie ré‘&ﬁmlsfldoeb tikieS b g1, al
formula [1 el’erab-[y ?tor ? ? CEasl t?ynmgPe w1tl? re%S‘éc? Itoet e gojr;[lpoun of t?lx %ornlu?a [19 the

25 The reaction may be carried out at -78 to 200°C, preferably 0 to 100°C, for 30
minutes to 48 hours.
[0048]
(3-5)

The compound of the general formula [15] can be produced by reacting the
30  compound of the general formula [14] with the compound of the formula [13] in the presence of
areducing 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.



18 nethod described in "G eene's Protective Goups in Organic Synthesis" by
M Wits and W Geene, 4th edition, John Wley & Sons, INC , 2006, p. 696
to 926 or any method in accordance therew’th. [0053] 5 [Production Method
4] [20] wherein R4 is defined as above [0054] (4-1) The conpound of the
gener al f dPtAla [ 18] can be produced by reacting the 10 conpound of the

general formula [17irhéddifent R4 ﬁpﬂﬁp%&%n%afﬁ'éeal\r}ggﬂ(;wt%sbtﬁ s if B8 srn?)taﬁ%cp n may
be carried out in accordance with Producti'on Method 3-5. f0055 4- The
conpound che reaetionggndhekamplepipcludamalpahofsrsuetuasatiethanol ephertl et piopgnol hed 2-Hethyl-
conpound of_ NG . ' | on
crystalli gja?l{ogﬁ%og’il%@g@gtpe?o? &t;gé'%aﬁgélnjsgl]é%lc%sg%éﬁ ma?} Cﬁléngglrébllrogdcfb%rﬁ{%dof or exanpl e,
by the detdichibrdebae] redatiocrhydfacerbnes siciPadieaednicveluéng apdxsileneCethanisuch as

hesi s",.by M d W 4t h edi t | Jah A , . | NC. ,
STaL oS! R0 A8, Y A0 0 A B i S BB
sol vent useltbr,idietliyién gtyealdiethyl iy afibetByiyhesgdycobmbnomaRfl 2thed Sulifdxi€iR8GcHRL

adversely affect the reaction, and exanples include m xed | vent s of water
and or gani‘@ tgyl\;gk?gdeagstwé pichaps ea)é(’[ gptate; amides S“"L as ﬁ‘%‘dﬁ?"é@%"&m@‘ald\?eﬂ%"

i ncl udes, diREthPyeihi8e amdl 1091@@952@%&%&(1@& BP PR aterSiddaRAL soleentspﬁlgﬁg@&ged and
2- met hyl - 2- propanol ; hal ogenat ed hydrocarbons such as net hyl ene chl ori de,

25 chl &P of BFAYFEISd Aircs{Piable selmem dncludeymaiprolhy dr ocar bons such as benzene,
toluene, gpgkoyyl ene; 19

The reducing agent used in this reaction includes, for example, hydride complexes
such as lithium aluminum hydride, sodium triacetoxyborohydride, sodium cyanoborohydride and
sodium borohydride, borane, sodium as well as sodium amalgam. Alternatively, electrolytic

156  reduction which uses copper or platinum for the cathode; catalytic reduction which uses Raney
nickel, platinum oxide or palladium black as well as the reduction which uses "zinc/acid" may
also be used. A preferable reducing agent includes sodium borohydride. ~Sodium borohydride
can be used in the form of solid or solution.

The amounts of the compound of the general formula [14] and the reducing agent

20 used in the reaction are 1 to 50 times by mole, preferably 1 to S times by mole, with respect to
the compound of the formula [13].

The reaction may be carried out at -30 to 150°C, preferably 0 to 100°C, for 10
minutes to 120 hours.
[0051]

25 (3-6)

The compound of the general formula [16] can be produced by protecting the
imino group of the compound of the general formula [15]. The 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

80 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



et hers such as di oxane, tetrahydrofuran, anisole, ethylene glycol dinethyl
et her, diethylene glycol dinethyl ether, diethylene glycol diethyl ether
and et hyl ene glycol nonomet hyI et her; sullfgoxi des such as a di net hyl

sul f oxi de; &ﬁ&;ﬁsmﬁyg Q%- hﬁi acet at e; ones such as acetone and

2- but anone; Stidh “HER SNTYPHRe ‘Pprél‘ reepis SyRihesidibrdd nYrisead ®i de and
1- met hy 1- Xreénepythreditival Jokn Walkgl &5 $18:8 EINED] 2006115 60846 26 OHMétﬂ%%&Ewrﬁanc
Preferable solvents i ncl ude m xed sol vents of water and al co s as werl

wat er, mnth ?%r bei ng more preferable. When m xed solvents
of water gogs3an organi c solvent(s) are used, the ratio of water to an
organi c_saqlvent(s) (water/organic solvent) is within the range of
prefera%l3P%@B¢®n@@ﬁ%6“§0/50 nmore preferably 100/0 to 80/ 10.

The reaction may be carried out at -20 to 120C, pre ably 10 to 80C, for
10 minutes to lzofhgyrs ﬂEE}' productlon héﬁizL

i nvention has feafurés % hlgh 15 yielfd olsilj ca| eI col um
chr omat ogriapby~Leduied, (3)[1 nseﬁhentE t N- @st e |s pro and (4)
no toxic or ‘ e T IS seful as an |ndustr|al

producti on S 0058] In Production s t he conpounds of
the formulae [3f7] [7], [12] and 20 [13] as mell as tﬁb % npounds of the
general forrmulae [2], [5], [6], [1&] [ 15], [16] [17] and [ 18]
can be isolated and purifi ; r the follomjng reaction
wi t hout being isolated. [(J059] ound of the present invention
represented by theF N 20] is 25 uset” asOa pharnmaceuti cal product,
phar maceut i Tal—&d] unq |nehy used for the drug formrulati on such as an
excipient, a carrier gd™s di | uda? may be m xed as necessary. These can be
adm ni stered orally or pargppgrally in accordance with a routine nmanner in
the dosage form pf tablets, capsules, powders, syrups, granules, pills,
suspen3|oﬁ@w“%h%f@ﬂdﬁgdaFNQUﬁds/soIutlons particul ate preparations,
supp05|toqmg§] opht hal m ¢ sol utions, nasal drops, ear drops, patches, 30
oi ntments or 1Tnjections. The route, dosage and frequency of the

admi ni str &t-lbn can be suitably sel ected accordlng to the age, weight and

synptons of a pati The co und a euti cal roduct may
typical ly be adninis eecro gyt a‘?rp%@e %e}nerﬁgﬁbgﬁ{?léig ’éprﬁduce Ber‘??F%It%rté?l on by
[ nj ect l(bn compdund véthe lgﬁndﬂz[llf@'nﬁﬂa [19] @&ith ﬁféthﬂ‘ip&hr{dQ)f tl'lenfoﬁn&iﬁ’g)g Offh@regétloh%a%lo
ng/ kg t gn adult at one to several tines day 20

he
conpound Of “F'HE ‘F@%@ﬁ?ﬂﬁﬁ@éﬂfIaﬁmﬁﬁﬁ?ggﬁﬁﬂéh by the fornula [ 20] exhlblts
good anti passprial activities against grampositive bacteria including
resistant‘? cteria such as nmultiresistant Staphyl ococcus aureus,
multiresi§ t pneunobcocci and vanconyci n-resi stant 5 Enteroc, occus,

gram negative bact efeomBORRI R BFmdk Y0 Cal bJQ('S&R@& by Hti,p%tecting the

16 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]

20 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,

25  chloroform and dichloroethane; aromatic hydrocarbons such as benzene, toluene, and xylene;



More specifically, the conmpound of the present invention exhibits good
anti bacterial activities against organi sns sel ected from Staphyl ococcus
aureus (Staphyl ococcus aureus Smith, Staplyl ococcus aureus FDA 209P,
St aphyl ococcus aureus F-3095 énultiresistant St aphyl ococcus aureus)),

St aphy| oc SHEGSushpeiexepe. satphydefiren, ppsqle cttenselysphdinebyctker sligtsiene, 10
Streptoco 1 BRI Ch; [ coccus
neunon a0 P e PR Rfe S0 My ke

Ent er ococ ¢ukoxides sagh as a(dmnetbyloubeddes esters sudhias ekyGreeel Retomstseshos acg o and
faecalis 10 C € ' 4 y FOCOGGU alis
EF- 210 (Vanhionc RS KAREOH! Rl KM Ry B LT T e e
13712, Entpgrrolidnnermd fizese salvanERma1le YsethinAnixgype VRE) ), 15 Corynebact eri um

di pht heri ae (Corynepagteri um di phtheriae ATCC 27010), cherichia coli
(Escherichia colt Se?rregeﬁeoée %vregkgg%w% miEe¢ ?ol‘felng Oiﬁfaggég%‘g%%&f%ﬁ%ﬁg)af water,
Haenophi | wath wdtbneingasor¢ blesgsratddri | us 1 nfl uenzae ATCC 49247), Moraxella
catarrhalis (l\/braera cat rrLﬁyaI i s.ATCC 25238),. Pseud Smnas er ugi.nosa
(Pseudononas aer ugi NGSAM¥ISAYEHS OfHpteh Y48 n@ISBQE%F& st Gsdatieet

cl oacae | Mt ?d in orghdié Qb@&ﬁ(@}(v&faf&/dlfgldhib s616eAty 19 Raifthe farf%?%rbfe%@q 0bRR81) .

20 Gardnerella vaginalis (Grdnerella vaginalis ATCC Nei'sseri a
gonor r Hbead SPNepPedesierably dROPHA8RAR ATCC 19424), Pept ostrept ococcus

asaccharol yticus ( C i )
Pr opi oni bacteri um gﬁ%%%?%a‘?gb%i%ﬁ%? g?%%@%ﬁgg&% %%%}g@ &é&ggt t?rolr (lj(l)um
per f r i ngemynygtey od2p hdaram per fri ngens ATCC 13124), Bacteroides fragilis
(Bact eroi i@@ ragilis ATCC 25285), Porphyrononas gingivalis (Porphyrononas
gi ngi val i 25 8525), Prevotella intermedia (Prevotella internedia 1CM
7365), Fusobact eri ulheprodesibn method 90tha piaerit itnentie 103 tannrd\bBa32) high

Legi onel | a. nophi | i egi qnel | a ett mophi Jia ATCC33153, Leglionella
pneunophi |Yf"§£z@b%°psal°6ﬁ§\f§?55‘ﬁ1‘f A 1@@?“%&@ B?i’éFcl“&n%h‘é‘ﬁWﬁﬁgﬁ a subsp.
pneunophi praiubddGad 321, tokie 9 ieiblereRaIEEM Al istheftBBRuI &9 ASBdUstrAT CC33216)
and Mycopl ?ngrra, neuHD i ae (Mycopl asma pneunoni ae ATCC15531). 30 [0061]

The conpo®FYUEHOR RE ?ffesent i nvention represented by the formula [ 20]
exhibits gepgdjsafety. The safety is evaluated by a wide variety of tests,
whi ch are selected fromvarious safety tests including, for exanple, a

cytotoxicity test, ko RredustenYethpds é&4attbﬁ@§m0h@5t®th§l\ﬁg\ﬂg§hea[§_b [Vh{Bliaeh and
01 GaNi S5 {17 8 GEG! ink batpdiial of L gﬁ%ﬂﬂ%&ﬁl&?%[sﬁf@g (s El;/)lt], LHPBETRY @7f

21 organi sns, , repeat ed-dose toxi Ci

(CYP) act iand i3] ranhedsclitechandgmirifiedpbubivey bensed dprehelfoliowingiredstion withtwdeingi n

Vi vo nDus%OEk%ronucleus assay and in vivo rat liver USD assay The conpound
of the present invention represented by the formula [20] has good 5

nmet abol i c[@xS&bility. The nmetabolic stability is evaluated by a wide variety

of tests, which ar el ected fromyvarious .stahility tes i n¢l udj for
exanpl e, human I i vgw?‘ﬁ‘? ﬁ’r"&g‘(ﬁ‘ﬂ‘é“ Hisdresentdpygsiien fq}’}/efi%‘g‘&{/ﬁyaﬁﬁ ‘HH‘HERQQQS
met abods c usddaialphiiyhadssion. proédief ﬁharmaceutical adjuncts routitiélyy @kdderbt @e dnighe

e

usef ul nesg of t,heé‘gcgnpound,qf t present invention represented 10 by the
formul a [ nuiatiop guchias BREXGHIEN. 3 eardsrand a dildent may b Mk as gecrsssry. ExThegsices

[0063] Test adnimithr& dralfeiGRRIntRAily ih Yccheddncd BRh & P5RRL R nR: ifitR %Lage g(?m}['lﬁz

sel ected as the conpound of the present_invention. 15The conpound
present i APl censulgh Powrders.oyes granudisnpitlh prspengidnsxéretdsiemsd liquids/solutions,

particulate preparations, suppositories, ophthalmic solutions, nasal drops, ear drops, patches,

30 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.



measured for the antibacterial activity (MIC) by a mcrotiter broth
dilution nethod recommended by Japanese Soci ety of Chenot herapy

St aphyl ococcus aureus (S. aureus Smth, RDA209P, F-3095), Enterococcus
faecalis &E faecalis D-2648) and Escherichia coil (E. coli N H)) were used
as the bad?®% a. 20The bacterial cells, grown overnight on a Mieller-H nton

agar: MHA plate at BRGomMBRI SUBPERAAGinkhidn HpRkbitbd BB M. 28] Salbisal | ne
so as to be a 0.5 MFar|and equi val ent standard. The cell suspension was

di | ut ed t &aod yitigagteriah pesiyiies agmngt gauPestive Appetindnetudiag yestappBacteria gfchtase

i nocul um ] I ' t1an-.adj 1 en- Hi

(ol ) 08 TSR ASLRLR A, T SRR B AP Bn y o,
over ni ght Eater@5Qus 25aminegdtivebsdterco acervbe at atppicad inycbleacteggt subst ance at

whi ch no bacteri al owt h. observed he naked eye .determ ned as
G ool ot shoas TRE ety e St te i B BRI BB B " G600
0. 0313 0. @riRcRridciviidghinstuorgdntsnisblebteSframrSeaphylo AR OOR: r&is {Saphigodoeci9 95
E.faecalis D2 pr.esent

48 E.coli N HJ The conpou of the.
Cvort on e Y e AT FDAI0R, Stzphylarpe e a3 (patirBrigant
bacteri al ssetfhﬁbéb%cus[a@%@]), Stasyloss P hifewd HYY (91 Qe RRésHtAnY ShEBYloREAR aﬁfw@gu nd
. e

of Exanple 16 was sel ected as the conpound of the present invention
conpoultl SHERIBFRATSYSROPYBOPLE {PireptacosEs Paginniasdiye 3t Pleepiosaeras angumeniag found.
1687 (QRSP), Streptococcus pneumoniae D-4249 (MDRSP)), Enterococcus faecalis

(Enterococcus faecalis ATCC29212, Enterococcus faecalis IID682, Enterococcus faecalis D-
2648 (VCM-R), Enterococcus faecalis EF-210 (VanA type VRE), Enterococcus faecium -
(Enterococcus faecium NBRC 13712, Enterococcus faecium EF-211 (VanA type VRE)),

15 Corynebacterium diphtheriae (Corynebacterium diphtheriae ATCC 27010), Escherichia coli
(Escherichia coli NIHJ), Serratia marcescens (Serratia marcescens [ID5218), Haemophilus
influenzae (Haemophilus influenzae ATCC 49247), Moraxella catarrhalis (Moraxella catarrhalis
ATCC 25238), Pseudomonas aeruginosa (Pseudomonas aeruginosa IFO3445), Enterobacter
cloacae (Enterobacter cloacae IID 977), Citrobacter freundii (Citrobacter freundii NBRC 12681),

20 Gardnerella vaginalis (Gardnerella vaginalis ATCC 14018), Neisseria gonorrhoeae (Neisseria
gonorrhoeae ATCC 19424), Peptostreptococcus asaccharolyticus (Peptostreptococcus
asaccharolyticus ATCC 14963), Propionibacterium acnes (Propionibacterium acnes JCM 6425),
Clostridium perfringens (Clostridium perfringens ATCC 13124), Bacteroides fragilis
(Bacteroides fragilis ATCC 25285), Porphyromonas gingivalis (Porphyromonas gingivalis JCM

25 8525), Prevotella intermedia (Prevotella intermedia JCM 7365), Fusobacterium nucleatum
(Fusobacterium nucleatum JCM 8532), Legionella pneumophilia (Legionella pneumophilia
ATCC33153, Legionella pneumophilia subsp. pneumophilia ATCC33155, Legionella
pneumophilia subsp. pneumophilia ATCC33215, Legionella pneumophilia subsp. fraseri
ATCC33216) and Mycoplasma pneumoniae (Mycoplasma pneumoniae ATCC15531).

30 [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



The conpound of the present invention and the conparative conpound were
stored for three weeks under the conditions of roomtenperature and the
relative humidity of 10 97% As a result,2the conpound of the present

i nvention . Lth no gpparent. change. the other hand, the
conpar at i végg%grﬁ%ﬁﬁg(}%\% rﬁféqafeal?tpé§ect8ﬁ.°‘tﬁ'ﬁ8d3gﬁﬂﬁ% ¢ B4 (e Pprebantinkibitient i on
exhi bi ted testgmemballinl depyndehtQRbiod 8SL iFEXaTRbEse oIk slakdéy dad HeiGPrpound
of Exanple.16 s sel ected as the conpound of the present fnvention.

The corrpoulh%?ry\lﬁ)[??éaypr esent invention was added in an excessive anpunt to a

0.2 nol /L phosphate Tihblf;&ﬁ;?o&@ lopire QRestR 'ﬂé\@n@n re gen{eia%y??fé(itog‘é aﬁ%ﬂ h?{]éol%%n

for 48 hours in a thermpstatic shaker (25C), anhd centrifug T
super naPanteteblicstbilins The megabetic stehiliygheval@mdilylatvede harietynef testy) whizhsikze of

.45 Rtn, e . . yi. hi.ah. speed liquid, ..

2 hr g mat gg rap h{f.a %&n{ %ﬁ? gsggtggfgt%klltt %%S 'so %ﬁ? ?;&%E@%QI thugﬁ a%h'iefr%licf 9_50[5'% Sisthalic

buf f er sol siRbiilehi agspy-as! I8imanet9 agtalplingiabilityaédyPLE [ 0067] 25The present

i nvention [iogéﬁescri bed in reference to the foll owi ng exanpl es, but is not

limted thereto. 23 Each abbrevi ated synbol neans as foll ows.

Boc: tert - but oxycar bbie;elinaﬁamtﬂeemeiylnessgﬁﬂtwowpoud\dgéﬂme% ;E]Wzi;ent ini/e]:cntiop éepreéixgﬁ% e 1
~2Hpyran-2-yl O-.ds: . deut er at | met hyl sul f oxide

T R R A R0 e Bl mvbbon. me of wat o1

1.4 kg of [@063% sodi um hypochl orite aqueous solution and 0.40 kg of

2-chl oro-5:fluoro ic§)tina, ] de_were added, and the mixture was stirred for 2

hours and T Mt ‘é?{’eﬂngh‘ltﬂ?@ﬁperature. ~The reaction mxture was heated

to 45C and stirred TR ook 8 ERDIE RAGR QMhofdl Xl i SRS QPR ey 0OM

tenperature, ethyl acetate and 6 nol/L hydrochloric ac wer e e

t heret 0. THheention.

15 The compound of the present invention was dissolved in dimethyl sulfoxide and

measured for the antibacterial activity (MIC) by a microtiter broth dilution method
recommended by Japanese Society of Chemotherapy.

Staphylococcus aureus (S. aureus Smith, FDA209P, F-3095), Enterococcus
faecalis (E. faecalis D-2648) and Escherichia coli (E. coli NIHJ) were used as the bacteria,

20 The bacterial cells, grown overnight on a Mueller-Hinton agar: MHA plate at
35°C, were suspended in a sterilized physiological saline so as to be a 0.5 McFarland equivalent
standard.  The cell suspension was diluted ten-fold to prepare an inoculum. Approximately
0.005 mL of the inoculum was inoculated into a cation-adjusted Mueller-Hinton broth
(CAMIHB), 100 pL/well containing the test substance and allowed to grow overnight at 35°C.

25  The lowest concentration of the test substance at which no bacterial growth was observed by the
naked eye was determined as MIC.

Table 1 shows the results.
[0064]
[Table 1]



10 organic | ayer was separated and the aqueous |ayer was extracted with
ethyl acetate. The organic | ayer and the extract were conbi ned, anhydrous
magnesi um sul fate and activated carbon we2e added thereto, and the m xture
was stirred for 30 mnutes at roomtenperature. Insoluble matter was

filtered out and the sol VeniA RSy gV rated under reduced pressure to give
0. 29 kg of——’L'-—eﬁl—ﬁh@r%Hmﬁepwi—m—ﬁ—gﬂ%Hne as a brown solid. 15

113- NVR( CORR®yeus Smith : 0.0625

4.22(2H, $) S.@,u?g&leDIAZ@@Png- 3,2¢90%)y 7. 67(1H,d, J=2. 7Hz) [0068] Exanple 2

To a suspension of 25.0 g of 2-chloro-5-fluoropyridin-3-anine, 3.8 g of

bi s(tricycPanesys FpRBEHhi ne) pal OB1¥m (H) chloride and 1.5 g of 2-(di-tert-
20 butyl phespbd R Bipdny! in 79y, of butyl acrylate, 44.1 g of

di i sopropylethyl am ne was added” 15.7 g of formic acid was added dropw se
thereto atEcer¥iehperature. an8-%2% mi xture was refluxed for 3 hours. To
the reaction mxture, 32.1 g of diisopropylethylamne and 11.5 g of formc
acid were added at Tbo@mpead ehibe piexantiweniies dempnsiseted ppd amibagianal activitges
reaction nixtuUrgiNaSa&e 8daiho 80C, 50 nml. of toluene and 75 rnL of water
were added thereto and the 25 resultant m xture was cooled to room

t enper at url@065The solid product was obtained by filtration, and washed using

in the or I 2 to give 18.0 g of 7-fluoro-3,4-
di hydr o- 1?‘%§tr§%ﬁ’§’%y¢ﬁg§%-&§ﬁf‘ﬁ}f-gne as a white solid. 111- NVR(DMVBO d6)S
val ue :5 24 s) [ 006%he ¢ongphdofZENplNig, wid s€leG@ Buithd comp@uld 96thetpresentof 150
mL of butyl agceta and 73 of butyl_acryl ate ) refluxed with heating
for a5 m R0 nddr AR S5 SAmRP ALRET P he® Bt ah Bcttiafes cool e
to 30C, 5Qofp@urmaf 2-chloro-5-fluoropyridine-3-amne, 3.8 g of palladium
(1'l') acetate, 44.8 g of triphenyl phosphi ne. and 36.6 g of sodium carbonate
were added thereto, %ﬁﬁwqﬂ?égcﬂ?%ﬁg@ﬁﬁg?w@ﬁn@%@g‘efCBP‘%?L@“Yﬁ)WOH WET€a
ni trogen aiRsRPKQ webReuddptb omiitdns baFRmRipeark&shditRe RO hGHRRY 8F UT €,
150 nalL of water and 700 nL of butyl acetate were added thereto, and the
mi xt ur &0 107%as A5t refdlgithe gpmpoung of the|presertipyeatiahwesiowdss With e apragend chansand
the filterd®shlkenBShdeihiRcthie cBGpfhdThd dQfqubity! acetate. The filtrate
and the wash |iquid were conbi ned, {)he. organic layer was separated, and 800
mL of the sol vent whke ewmnoundiefete pisshst inverfippeghibitedshigh efabilfy. t he obt ai ned
resi due, i&%ﬂaL of cycl ohexane and 30 nmL of toluene were added dropw se,

e

the m xtu s cooled to 5C, and the solid product was obtai ned by
filtratiofestidxamplel3ctblubslitng a
15 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
20 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]
25 The present invention is described in reference to the following examples, but is

not limited thereto.



15 m xed sol ution of tol uene-cycl ohexane (1:2) and toluene to give 57.8 g
of butyl (2E)-3-(3- am no-5-fluoropyridin-2-yl)acrylate as a yellow solid.
1:11-NVMR(CDC13)5 value : 0.96(3H,t,J=7.3H3),1.38-1.48(2H, m, 1. 64-

1.72(2H, M, 4. 10(2H, brs) , 4. 21(2H,t, J=6. 6Hz) , 6. 72( 1H, dd, J=9. 8, 2. 3Hz), 6. 86( 1H,
d, J=15. | Hz), 7. 7 1( 1Fe<h 2bbresiatedsymbol gugang psfoljosss. 31z) 20 [0070] Exanple 4 F
NH, FUT CO, Bu% 144 tert- PRASY : : § ! O
( 2E) - 3- ( 3- ami no- 5- fFa%tre(r)t b;/lrt?x ?ﬁb%lyf/l;%lcr I é@'%ﬁgﬁgﬂg%f%&“ﬁgﬁ% |Hum

car bon i np3@iZnY! WS%h&ﬂéﬁrf}teﬂdlmﬁmﬁsuﬁféK#ﬁc acid was added, and 15 niL of
triethyl ag,ne,was added dropw se thereto under ice cooling. The reaction

m xture 25 vvag stirred at 60C for 2 hours. The reaction m xture was cool ed
to roomtenper&ture, insoluble matter was filtered out, and the filter

resi due wa [ WeShed usi ' M L of toluene. The filtrate and the wash
liquid were i ned and ,Sol vent was evaporated under reduced pressure.
To the obtained residue, 30 nL of toluene was added, the m xture was
stirred at 100C f or Tea hejutian of9dl 1 3@ ofiserdinre diydrpwide krel (08 awlt ofowater k#ikgefa30 rnL
of wat er : i h i [ copl ed . to 5C The
solid prodict S%\%ggphd&% g‘}l%gtg%ge%ﬁ? %’Ehftlg)? %3%ng%g\%é?ﬁéléy?'g'ﬂt\ﬁﬁ%nggpearm 9 Wit er
and t ol uenddddpamgi the mixtiregvas ktirfed for1d hour8 add 300 injmires-afl;dbm temperature. The

napht hyri di n-.2( 1H) - one as i splid. .11-1-NVR O d6) 5. val ue :

0 ot Jeapiic iy Ge Bopsch (905h o henly o gty T8 Graste e B onléd, 32,
6Hz) , 10. 3¢d-Kok tehPSriite, BHFTR PN SIANRFNPE N T ede SIdsPBREKON BE 49. 8 ¢
of potassi um phosphate in 90 nL dineth

| "sul foxide, 10 30.0 g of
7- f | uotdh- Preantslpyeavgs sepatated R Higradugays ﬁq&wawaﬁ%wgbewy@cgﬂtez- Bhono- 1, 1-
di met hoxy ey i :
our s. o LAt L ACCREc BB chBinEY Sl G oall il S0 g eyl cafbon
2- br onp- 1, Wereiidded teseje tahdithe migure wiabdticred &1dOtminutes attropme tampsragurer rlpsblitde 1

hour at t ' i e m
terper at ur S eENE AGEREAELH e 106 LR EHR I it BT ERRIE R IRt
The 15 m Rtahtaodefioadfjytidinedamine psa Brovmvsiotith acetic acid, and 3.0 g of
activated,gar added fhereto, o] t fi red out, and
t he fii erﬁw@@&@&sh{@( '5}16.7%%4%9%%)3&7&%—%%&“ of water.
The filtrasssand the wash Iiquid were conbined, the organic |ayer was
separated, and the aqueous |ayer was extracted with 60 nL of toluene. The

organi c | &rample?d the extract were conbined to evaporate the sol vent under
reduced pressure, 90 nlL of qj butyl

N "l SN
To a suspension of 25.0 g of 2-chloro-5-fluoropyridin-3-amine, 3.8 g of
bis(tricyclohexyl phosphine)palladium (II) chloride and 1.5 g of 2-(di-tert-
20 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
25  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(DMSO0-dq)3 value :
2.60(2H,t,J=7.7Hz),3.00(2H,t,J=7.7Hz),7.03(1H,dd,J=9.8,2.7Hz),8.07(1H,d,J=2.7Hz),10.3(1H,br



20 ether was added thereto, and the m xture was cooled to -3C. The solid
product was obtained by filtration and washed using in the order of dibutyl
ether and water to give 30.8 g of 142, 2- 24

di met hoxyet hyl ) - 7-f | uor o- 3, 4- di hydr o- 1, 5- napht hyri di n-2(110-one as a |ight
yel | ow sofl d. 111- NVR(CDC13),5 val ue : 2.73-2.83(2H,n), 3.07- 3

- 14(2H, m) ;Goeopd(6H, s), 3

. 93(2H, d, 525. 4Hz) ,4.61(1H,t, J=5.4Hz), 7. 45(1H, dd, J=10. 5, 2. 4Hz), 8. 06( 25

1H, d, J=2. ¥emrled072] Exanple 6 26 To a suspension of 5.0 g of
1- (2, 2- di rethoxyet hyl) - 7-£ | uon@- 3, 4- di hydro- 1, 5- napht hyri di n-2(1H) - one,
5.3 g of N-ﬁr NDS Ue-6H3k- (E?%}%’\&O g of potassium carbonate in 30 nL of
chl orobenzen®, €0.12 g of 2, %-azo#®.8( 4- met hoxy- 2, 4-di et hyl val eronitrile)

was added three tings.haurly at t under a,.pitrogen atnosphere.
After stirring t hengérf%et ek ﬁfi%tf?lg OFg‘f%lfcﬁ%ﬁlan‘l\? 3 f’ﬂ‘e&‘i’& a‘ir?élﬁ%é’i’aét ure,
10 nL of veflured wiah heddidg dort43enianies udRfla hit®géd atindietdas ThfedsioRtnikRirdasl 2. 6

using a 20% sodi um hydroxi de sol uti on. The organic Ia%(er was separated and
washed wi £ACl8dto3TC.o0-Qeled-chlaueed-Beprapiidinesd aning18 gt palladwm () epetats 448 of

tojuene. ERfufidmnfosBieind3B% & BRoRHT AfontR ufrE RIIBA HRF, AnP ARk S

sol vent under re pressure. talined residue, 2
chl or obenzefhaedfod 18 honrs nides g oltwigexatmespiBrane The seddtéah mixhze waxcasted taasom

ti d f ] i [ h i duct
bt ol oq panlTe DGR, WAL dnfi 06 B, 41 AL DEreSAdLInBES, M end Bicure
1- ( 2, 210di mes btoredefohl hgur 7 - Infdluisle mafterSwasajitetddyout, dhdith (filted residee wss washéd) ht
|| li.d. . HN 13)5 | : .44( GQH, . ) ]
Lo %ot oupie 0 BUBLSPaRRe | e i anasRe Ha i yicrmge sombingd. s qrgenig loyer1 o 6
, i .Ol\l/::( 4118 ?asN ieggﬁ(el'i%'hrd, sagsmame Soldh( a,g? ehadstated biader [raﬁz}aa %sgsgaxrém ]?o #heOVE
r § - 0O a Su nsi on O O
1-(2, 2-di ?WS%V@'_%H?»?)OQ’?&‘P%@F‘B‘-’%&‘B@ et Ry o @fm&z YerepddrpRvise, 6 L of
2- but anongyixtdR wdsicboled 1olRCMikd ¢ h@%ﬁfdﬁf&ﬁd&% 'bv]@s &ﬁaéﬁbﬁmlé%dmaw&pmss%g a

tenperature, and the m xture was refl uxed for ours. After cooling the

reacti¥n mixadypltipn ofi0Gene-pislaheking (b2bahdapluerestogivedi7rfegiofhyptfl i(2E)&(3-on and

\(Ng-sp or o i‘%i%?ﬁ?fﬁﬁﬂ@&fh?ﬂ@%ﬁa%?%(a%ﬁ&?%a%icdet al dehyde hydr ochl or i de

nonohydr ati-NMRECDClghdtvalue |: I0006( DL, -6 3H2);1 BINVIK(DIVERC: 1069)-5 val ue :
5.27(2H, $) .6, 88(1H,d, J=9. 9Hz) , 7. 99- 25
8. 04( 2H, ny-78(2EEmY H10(25brs) A Bl 2.t el D)) 72( BB 9§ =0-8,2.3H2),6.86(1H,d,J=15.1Hz),7.7

1(1H,d,J=15.1Hz),7.94(1H,d,J=2.3Hz)
20 [0070]
Example 4

F o NH, Fos Hoo
SN o coBu N l
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
26 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



Exampl e 8 27 di hydro-2H pyran and 77 ng of p-toluenesul fonic acid
nonohydrate were added, and the m xture was stirred for 6 hours at room
tenperature. To the mxture, 1 nL of a 025 noUL sodi um hydr oxi de aqueous

sol uti on was added, and the sol vent was evaporated under reduced pressure
to give 26r@wisest 45°C and the mixture was cooled to 5°C. The solid product was obtained by

5- hydr oxy r 4 a
i gnt e Fgioh Ahd IEH i kb RH Qe IUCRE Qg 5 T2 YRR A A,
5- hydr oxy n2phthytdra?(y H)-ondd-gowhitersolld y| oxy) met hyl ) - 4H pyran-4-one in 45 nL
of N, N-din f ' 45 InL of toluene, 20.8 nL of 1-brono-2-
chIoroethgﬁéaﬁhggkgggg%ﬁkhﬁotaSS|unlcarbonate wer e added, and the m xture
was stig r ool . A7eiss. o@({mﬁi@& 7?&9787 A FHWS=982 A, me o1t @y, 1@\3@1@&9 ht
at roon1tenperature and the 10 solvent was evaporated under reduced
pressure. SYo the obtained residue, 107 nL of water and 90 nlL of ethyl
acetate-17Y, of tol uene were added. The organic | ayer was separated, and
t he aqueo yer was extracted using 90 nL of ethyl acetate-17 nlL of

t ol uene. fhanmﬁéanic | ayer and the extract were conbi ned and the sol vent
was evapor ated under reduced prggsure to give 26.7 g of
5-(2-chl or oet hoxy) - 2- ((tetrahygk 2H—pyran 2-yl oxy) nmet hyl ) - 4H pyr an- 4- one
as a 15 brown @ily substapc (DNBC>d6)8 val ue :

1.52-1. 71(4H, I J1. 73=1279( It 4n) 1.80- 1.88(1H, m, 3.56(1H, dddd"1=11.1, 4.4, 4.
2,1.4Hz),3. M9(2H, t, J=6 . OHZ N, 3780-

S & 2T o Tl ofe B My ingg it gt
OHOr - yi7 Q00 of 7-fluoro-3,4-diffjarax 1 Sedaphthydin2(13)4ng and 39.7 g of 2-bromo-1,1-
5 (2o o Sel el SR, BN a0 ol DNMIELINE): Pt At one

and the miyxt %@o‘i@ﬁmﬁtfhéipﬁﬂe B 6.6 @Yt omb- 17 108MtRRRER AL Webs adlied, bh@the
reaction 25 m xture g%)annnnla wat er was added and 't he sol vent

was evapofH¥EE widered @a&@eér a;sr*@s%@ré EnpsTaiitge Bhroregetion mixture was cooled to
5- (2- chl ok Qe ReE¥nAe, (aha/qiimrs@wab& anflfiorm %ﬁfoﬁ;eﬁ@@ve&%ﬁ@gﬁh%@du‘?w as a

brown oily substance. go he obtained oily substance was
puri fikd Byxtyie wasadigsted scoptl g veHy mfm @gﬁ apqi@ O[esf] |apf¢\attqge1arbom@i®mmnrmL

CO., INC g ublqua ?lwa{sﬁ’l&er%’l&.gt dhd tl%eoﬁlﬁé?l %fc%fegs;am E%@lﬂ%ng’nL%f tbide ta\ﬁgr

g of 5-(2- c oroet OoXYy T oxynet H pyr an- eas allg
solid. 1130 miMR(vEDBE]13The Mihteand the wash 11qu1d were combined, the organic layer was

separated, and the aqueous layer was extracted with 60 mL of toluene. The organic layer and
the extract were combined to evaporate the solvent under reduced pressure, 90 mL of dibutyl

20 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.
"H-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,]=5.4Hz),7.45(1H,dd,J=10.5,2.4Hz),8.06(

25 1H,d,J=2.4Hz)

[0072]
Example 6
liMe (tMe
OMe OMe
F Q o F ~ 0
7, Z



28 3 .05 (1H, s),3 79(2H,t,J=5.9Hz),4 .25(2H,t,J=5.9Hz),4.50(2H, s),6.53
(1H,t,J=0.9Hz), 7. 75(1H, s) [0076] Exanple 10 HO o To 229 g of

5- (2-chl or oet hoxy) - 2- ( hydr oxynet hyI) 4H— Qﬁran 4-one (crude 5 product), 572
nm. of 28% anmoni a V\f{{er was, adde was stirred for 7 hours at

85C and al | oned to %ﬂHpW‘QPﬁgéjﬂtg ofil- @80%“?%%"@?@90?’3““?1@& -fibydeiloh
M xtur e Wagphenstidact@H)-bnd, 'Srﬁ%om%ﬂmﬁﬁgccm—rmﬁfe afd BIOQPH poBESE R EboddiSindpgani ¢

| ayer was conbined therewi th and the sol vent was evaporated under reduced

pressure 8 Qfichiorahgnzeng Gof2 g of 22 wrolyuf-onethoxy Ref-dserpivalegonitrile) was added

©) byt e MARDS) 0 - QLA B lesHBShANES, ARG S NNEYSREAD) 0 val e

To a sdl utiignredbr Lhdurgt thé same temperature 10 mL of water was added thereto, and the mixture

(2 2 o e A0 SRRV il B R0 B e v

stirred 15epfatthked51nb®u§l£edaﬁlth7ﬁcinﬂﬂﬂw5t%t r I a@e0t$llagdttwad extt RO WiBTRMBLEN €.
The reac n mx@bere Was subj cted to celite filtration and the filter
osi due. wilUSRES LR SiEaiE BYRS A theexiras PSR ARbinsd sp evappeterthe solvenbundsl ¢ he

wash | i quidu¥&l Res@ebi T@ﬁhebstaﬁ»é@%rdaé © hher @iﬂex‘égéﬁzeﬁénﬂl@% xﬁﬁefﬂ@%ﬁ)hgia%és ure.
The obtai ned residue was recrystallized from 750 ropanol to give

53. 5 g-f Werenddeyd, gheqrigtura was siriss forcOmiguiey pyder e ﬁoqlmgamﬁa @M@eod@zgt was| | ght
yel | ow sohh@ined@By &l ﬁﬁa%ﬂﬁ%ﬁééwmgﬁ%hex&e%@g%w 15 of71 @%&h&aﬂﬁ@é& 1H

S),9.92(1H, s) Ion o

2, 3- di hydflsorpil, )lmhd)yrldtﬂ(ﬁlﬁ) edgsra lighhyetlopasobid dehyde and 3.4 g of

4-am no- 11 L |dfne|n 30 nL of methanol was stirred for 50 m nutes
at room 25 tenper U8nd a solution of 0.34 g of sodi um borohydride in

30 nilL 0f3Q4®1=1,§)u|3’0 m@@*ymms@mdﬂmm@r@tm@s—mﬁm AP FE1 0l )Lt O

under ice cooli ture was further stirred for 2 hours under ice
cool i ng, @?T%Z(éﬁdeloﬁ@&%wél(égaq%r‘%@hl oric acid was added dropwi se thereto
at 10C ordogyer and stirred for 1 hour 30 mnutes. The solid product was

29
Example 7

OMe

|)\0Me o
N NONF HOIH,0
To a suspension of 158 g of 1-(2,2-dimethoxyethyl)-7-fluoro-1,5-naphthyridin-
2(1H)-one in 1.26 L of 2-butanone, 79 mL of 12 mol/L hydrochloric acid was added at room
20 temperature, and the mixture was refluxed for 3 hours. After cooling the reaction mixture to
10°C, the solid product was obtained by filtration and washed with 2-butanone to give 152 g of
(7-fluoro-2-oxo-1,5-naphthyridin-1(2H)-yl)acetaldehyde hydrochloride monohydrate as a light
yellow solid.
'H-NMR(DMSO-dg)8 value : 5.27(2H,s),6.88(1H,d,J=9.9Hz),7.99-
25 8.04(2H,m),8.58(1H,d,J=2.4Hz),9.68(1H,s)
[0074]
Example 8

o] o]
~ s ~
HO/\(')i/I THPO/\(’);( THPO : o
OH oH '

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



obtained by filtration to give 6.8 g of

1- benzyl -N- (2, 3-di hydro- (1, 4)di oxi no(2, 3-c)pyridin-7-

yl met hyppi peri di n- 4- am' ne tri hydrochl ori @ as a white solid.

11- 1- N1vl R(D20) 6 val u

. 93-2. 03( ﬁﬁYPrso-%{W(dQ Pmmms@f Bitplyengsuj fpnig asid megohydrategyere added, and the
3.73(3H, mgm;)ema%@u&zd M%oarsa%@m Bhpd e 4 T5HAhltke, 1-756¢ b $inol1 49- 5
7.57(5H,m, 8.30(1 K_)L To a solution of 6.8 g

of 1-benzyp wxm(hzd@x@ie hgmo@s 5(oiutwpma@ﬂdd¢é( gdabegobyent wasmwporated under reduced

| met hyl
%let rahgdz aggg%w %‘leﬁ%ﬁ%%? hgdrg)éﬂ/& g@%}}aﬂ%rhy r ri%g%%oq é@@ ?')]I:ISF& fdgé#_\%fzfs
added Lﬁﬁd@sailglay@b@)l/scﬁgl and subsequently .3 g of di-tert-butyl

di car bonate was ad ret t r
tenperature and 11 nfs toi%ﬂ?e Obgaérfeéii%e y\f\‘/@f)sx ad aah?'{%eré{ rag%é'? ZIB%F%I

| ayer was 4Hemmanade s bl of Iy, N)ﬂm&tﬂylltb&nzgﬁlde (ﬁhmmmem; 20I8, mIF6£)1-bromo-2-
SILYSIA s .added thereto. ixture was stirred for 1 hour

r oo mmwﬁm d)a \cll\éa 9f PPtasyY 3 O'Eées‘éf?rﬁﬁd‘igﬁr ‘Hﬁéﬁe Bixgurg wap seeddpr 4 o5 gel
( S' l'ica gabufaNbo°BANTR filalMe (AL aliddved th Mahd ode@ighta® RloRtiemBeratufd; afd thet hy |

acetate was used. The filtrate and the wash liquid were conbi ned and the
sol vent0 waelven ayss exapetrtadrinder redusad igsyres Jurthe qbtripfdyesi®le31@f wE of water pg v |

i nyar o ( TR e Bkt ouenc sy st Th ot lpvr s st A
foam 111ahiMRpOBBE3Ya extadcte using 99 2al1 ofetind |a|cemte-1753, of talaentH, Fhe mrggmc la’&@r
5. o, aa B B SEran i Gynlith i Aot sidsruadib Byt isbicion s Ohuoy

Exanpl e 146 Brgd‘ﬂBa(a ditdiRoleox Y L2 Q(tdihadre AHpyram-2 ofloxy)Bethyl pAHEpgrdn-bohieyds a
(1 ben}zé'/ 5 i. in-4-y1) (2, 3-di hydro- 25
(1, 4) ct oxf Bﬁ?ﬂi//cfeldln 7-yl methyl ) carbamate in 30 nL of nethanol, 1.2

g of 5% paﬂﬂmdkmm@&maw adsled)@ng).t he- 1Mo 1wes stirred for 7 hours

at 60C under a rr&dro gen atnosphere. The m xture was subjected to celite
filtration,386tma8.5a{1Hddddiinil. 1,486 %t éHan7 HOHLiH6. H2)3 89-5 nol | ', sodi um

hydr oxi d_egﬁ&qglz?%%ﬁg{#g 2R Oﬁﬁégﬁ?qﬁg‘%@w@ filtrate The organic | ayer was

washed wi at’e dirum ori 'ution, dried using sodiumsulfate
and the sGISxield{,m\)vasn(lJ}DtJeﬁdplz},éﬁ@(de),dé’ﬁ(M{as)uced pressure The obtai ned

r esi dgﬁb rjacrystal lized fromb5 inL of ethyl acetate-15 nL of heptane to
give 3 V\@?ngs tert-butyl ((2,3-dihydro-(1,4)dioxino(2,3-c)pyridin-7-

yl) met hyl Bkpiapleni di n 4-y| ) car bamat e nonohydrate as a white powder.

1H NVR( CDC13) 8 vaI

1. 39( 9H, $)rtFo 3( 2H_n:)_._], (ﬁ ,2.61-2.66(2H, M, 3.07- 5
3.10(2H m, 4. 28 c3'8‘(’ﬂ-| m,6.75(1 (1H, $) [0081]

To a solution of 314 g of 5-(2-chloroethoxy)-2-((tetrahydro-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

25 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;,

30 chloroform:methanol=95:5] to give 7.0 g of 5-(2-chloroethoxy)-2-(hydroxymethyl)-4H-pyran-4-
one as a light brown solid.

'H-NMR(CDCl;)3 value :



Exanpl e 15 Bl oc N 1120N To a solution of 5.0 g of tert-butyl
(2, 3-di hydro(1, 4)di oxi no(2,3-c)pyridin-7- ylnmethyl) (piperidin-4-yCcarbamate
monohydrate in 40 inL of N-nethyl-2-pyrrotd done, 3.5 g of 10

(7-fluoro- - t i.d hydr ochl ori de
nonohydr at%oﬁg’sg 2%(21@{'%3 58@4%(%ﬁ:[—9 es(%é (ﬂigefd %’&I}fijsr?o?ﬁz)e?t”(%ﬁh

t enper at ur[@o76fo the m xture, 4.3 g of sodiumtriacetoxyborohydride was
added di vi dedl #e{ n 5 portions over the period of 80 m nutes under ice
cool i ng, m xture was stirred for 1 hour and 40 m nutes under ice
cooling. Af , ting to rooQ, ature, the mxture was added with 20
m. of water dJ\/gted—t-& pE| JN]\' E th 15 an aqueous sol ution of 20%
sodi um hydr oxi °To the mixture, 26 m. of N-nmethyl-2- pyrrolidone was

added at 70 to 8OC Tango b bes-[1-3hibiosth¥Rs-25(hiy dro@enRy) 2H n54-8R cRde M NUt €S
at the sane terrperature The reaction m xture was cooled to room

t enper a? urlEodust: 3 Ranks of 38%6 pmBnietvaiRs vas bddedrie mixtuse wasstitrédfor Zhdumassed

w th water,

di hydro( 1, 4?8%1%‘?@8???%9‘6%?{#%. n?"l;{ gfﬁllp?r‘e%’ﬁeil Y[ FRstnmpKiuTe was extracted 4 5 naph

t hyri di n- HarEsiwitl®0yeof dsmopyeacetdien - The/drpane lagerata cambimed ihghdwilhragiwhesol i d.

1H\:3[8| Mf %%@%ﬁtﬁy%fvwraéedzw ﬂ},\ceg Pregsuse %g(l\?l_?On% g ?f @é& -dihydro-(1,4)dioxino(2,3-

3. 04E 2H, ?)c)pyrﬂﬁl—’ll—ym&ét‘hbhdfh? ébﬂﬁm oily substz;nce 4d. 3 , ( g

4498H 6.84(1H Hz), 7.47(1H 2,2.3Hz),7.87(1H,
3=9. okf}) GIW?‘@HC@S ‘8‘1%1(41#63%@{ IBL&?Q@B{SP&%@]H M%S)m Boo NN)

Ry#ALpO yoiet 0 LN#LILNA-4) 1120 To a suspension of 25.0 g of tert-butyl

(2,3-di hycgr o(1, 4)dioxino(2,3-c)pyridin-7- 31

yl met hyl )(Eiall(flﬁle(l'l f1 uor o- 2- oxo- 1, 5- napht hyri di n- 1(2H) -yl ) et hyl ) pi peri di n- 4-

yl ) car bamat R nmoof water, 48 m, of concentrated hydrochloric acid

was added FEi’ro vvlse] at-—28-tY 9. he reaction m xture was stirred for 3
hours and 30 nes at 40 to , cooled to roomterrperature, added with

et t o oo Soal itk BHekiadrd?) RAROPHENSRolt U oRRtlo 30l 0] BatRh S 2N

heated to 60C. The m xture was a
hydr ochl onit l118anld Oﬁmtﬂalﬁfﬁrqﬁt_ramflé\avgtoé mamgemesaackﬂedd& Wey aiﬁed thenaturdivas tcter

was f| er, he filter residue was hed usi.ng 25 nth of
wat er . h(g r?SI I(F)(fulr %QO%@fﬁqge YRR, PSR RB 1D nﬂ% TEIFHOm BTG a8 40C,

added Wi t Bubect&d foreklite FilteatidQ Yad @ filte? fRYidiOwhdeasas Ak SoG ALY t@Ahy d:l'?r?ﬂram- of
2- but anon nL of water, and refluxed with heating to di ssolve the

solid mat '?r@? ?ﬂf@@e addhe washiliagid were combingdhte evensrase ﬂte(fOll’@@ vader redused priessure.

roduct o of
5) ( ZU( . nghé‘bgt:ﬁﬁl;%’?’egi{dlié ﬁ/?ﬁfegl)??tglgﬁéd wenel i - é@ﬁﬁ{ol IO%I% s é’gf f’ 39

yl et hyl ) HVArQi @@pfnm(aﬁrc)yqo*etxmﬁcytbakﬁsfmra@a ligh-yieHpwisblid: i di n- 2( 1H) - one
monohygly abg NRACDCIs)s value : 4.38(4H,s),7.51(1ELs),8.31(1H,s),9.92(1ELs)

[0078]

Example 12

oid Bn~

0 — O
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
25 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



light yellow solid. 11-1-N VINCBC13)8 value : 1.35- 15 1. 50(2H, n), 1. 90( 2H,
d, J=12. 2Hz) , 2. 18 (2H, td, J=11.5, 2. 2Hz), 2. 46-

2.59(1H,m, 2. 64(2H, t, J=7. 1Hz), 2, 95( 2H, d, J2912. OHz) , 3. 79(2H, $) , 4. 26-

4.34(6H m,6.81(1H.$), 6. 85(1 _ o By

H, d, J=9. 8Hebfaineddy (iiration to give 68 ofdrhenzyi-18£3.3 dihgdrosd g doxino@ fpo)pyridin-7-

8. 10(1 H, $)yiBedihbbrflinlFAnthtlin H98R)ride s Bvanplaigl7 C&13locQhit: ) 0 N 00
W00 ji w A solution of 3.03 g of tert-butyl
(2, 3- di hy dHMRAPeD)dwiehwe (: 2, B-2PP@Hirah, 4821, d,7=13.3Hz),3.13-3.21(2H,m),3 .62-

yl methyl) (1 (2-(71-f -2-0x0-1.5-n t Ldin- : t hyl ) pi peridin-4-y
QOcar bamat 8173%;%§1>r4lﬁ7§ﬁ%3f?%‘?3%Mk€$£é@§@ﬁmMi§é@S??;gg for 1 hour and 30
m nut ess at7 sPSHnt)@mEerature. The reaction mxture was cooled with ice,
added with 30 nth of water and 30 nL of ethyl acetate, and 25 adjusted to
pH 10 wit HO%%3 1ol /L sodi um hydr oxi de aqueous sol ution. The organic | ayer
was separ@ga%leal@d t he aqueous | ayer was extracted 7 tinmes with ethyl
acetate. The organic | ayer was conmbi ned therewith and the sol vent was

concentrat&%&&ﬂﬁoznder regp@m wher eby insol ubl e matter was
filtered out.—Th# gAt TWasTevap ateedin reduced pressure, and the
obt ai ned resi®ttle was purified by basic silica gel colum chronatography

[ el uate; 30 chl or of @o asotetidresfas]s-§af BbenzykRNkQ Stdihydra-€id4)iortio®@, ht)pyadinat hyl
acetate to,qgi 0.611 of 1-(2-(4- .32

a9 oy AR ot aPncribidiioridd T2 Ml RysTH 1 of e o RrAL Sl hy |
)1-1 7-1 f :\m r @f} fb%;aaialhi 1¥IFdxite rgdéuisliolatiéh wWadaMel @lde) icasodlink, Gltsudsellentty 8! 1 d-
139- 1. 472 29 rs*f-?teft.-%%llﬁ?@?ﬁomems added tharetp. Thaymixfyrs was stigred for 8 hours at room

g 9_55(5 1H, n')texﬁpe@é‘tﬁ%'ﬂna 19 mi ék"é'&)yl geethe WadRadindets3- 19e %l%aﬁil: 44%2@5&%«:8&@1%5%@ , 4.

4. 34( 4H, m>,; bbe 801193 g5} (Brasyierax-dVH 3876 SE)Y STASBIAMIGAD E§DeHyas addegghereiod, J=9. 6
856, 1 1B Gl Tl oM bRl i B PRGBS B
15 silica gel (Silica gel 60N, KANTO CHEMICAL CO., INC). For washing, 35 mL of ethyl
acetate was used. The filtrate and the wash liquid were combined and the solvent was
evaporated under reduced pressure to give 6.3 g of tert-butyl (1-benzylpiperidin-4-y1)(2,3-
dihydro-(1,4)dioxino(2,3-c)pyridin-7-ylmethyl)carbamate as a light yellow foam.
'H-NMR(CDCl5)3 value : 1.32-1.54(9H,m),1.55-1.74(4H,m),1.92-
20 2.07(2H,m),2.87(2H,d,J=11.5Hz),3.44(2H,s),4.07-4.18(1H,m),4.22-4.32(4H,m),4.33-
4.48(2H,m),6.72(1H,s),7.20-7.24(1H,m),7.27-7.31(4H,m),8.04(1H,s)
[0080]
Example 14

s}
O —m WO
Boc N 0 Boc N o
H,0

To a solution of 5.9 g of tert-butyl (1-benzylpiperidin-4-y1)(2,3-dihydro-
25  (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



[ 0084] 10 Conparative Exanple 1 (WD 2007/138974) 0) 3HO1 To a
suspension of 0.30 g of tert-butyl

(2, 3-di hydro( 1, 4) di oxi no(2, 3-c¢) pyridi n-730

yl met hyl ) (1- (2-(7-fl uoro-2-oxo-1, 5-napht hyri din-1(2H)-yl)et hyl) pi peri di n- 4-
yl ) car banftapofatedungenredcedpispsoprandihe obtaimed residag wanieerapibliagdeliomn y diloeftind i ¢

o o S P AU 8 S B PR DO 0 0

m nut es under ‘ ating: on"m xture 15 was
5C, and t hbmsbyi@insidingbyarmehabympndhydrateiapn vihige gpwder0. 28 g of 142444( 2, 3-

1yt nyt pARRChS e A S i Siefymd R TR ALl oemo 4 g
et nyi JASRARESRCOS Ak Brte et st SR b B T R L Ll resaimy g7

yel | 0W5’50|3.i1@(2H,&1%4.M:3@273—Q)n%6.\77@tIWESQQS.OS(IH 5)

2.00-2.16(2H, ny, 2.52-2.61(2A m), 3.°23-3.35(2H m, 3. 61-

3.67(2H, m99%8159-3. 80(1H, m, 3. 98-4. 07(2H, M) , 4. 46- 4. 51(2H, m) , 4. 52( 2H, $) , 4. 55-

20 4.63 g%;%g%'?571-4.96(2H,n),6.99(1H,d,J:9.8FE),7.44(1H, s), 7.93-
7.99(1H m, 8. ) 1H, d, J=9. 8Hz), 8. 36(1H, $), 8. 57(1H, d, J=2. 2Hz) [0085]
Production Exanple 1 Okt FN'Go |-1/ To a suspension of 3.00 g of

7-f|uoro-l,5-naphthyriﬂir§§£fﬁ)-one and 5. g _of .25 pot assi um phosphate in
gg

12 ni of dipgthyl sulfoXi 4.68 g of 27 Bfﬁﬁzi:'ethoxyethane was added
at room te@'ﬂfh@;ﬁnd t he"?ésll ¢ LRt ur €°Wa
agt Pom ig;ﬂ;ﬁj

irred for 4.5 hours at
94C. The re ure was cool ed, - 21 inL of water and 12 tnL of
cycl opentyl fethyl ether were 33 added thereto. The mi xture was adj usted
to pH 5.8 with 12 nTna oheicaafils@rg of tarcbdtyl @ Bdikgdreflt4)fiokine(2|n)pyridid-8- mat t er
was filtered out,. and the filter resjdue wa shed twi.ce with 3 of
eycl opent ysiDiipatngnDethange iy i BE of Nemtiicr matrapie S sebtand
the wagh |(7-gubid-264e1,5 2R Rt 1 @Byt Addhy &y dvéshloda R elyRitht & vk A dded,
reduced pressure. The obtained residue 5 was purified by silica gel colum
chr omat ogPBpi MiEuEs was strred fog 1 dour at room teppstafky etdipe urkture, 4.3 g of sodium
fl uoro-1, HifaRkidbystydid WislddiePBiCidadlydn hgp&l@ibny&}e} Y pRHd of BRI ARE Ender ice
| H NMR(CDC13) 6 valué : 1.12(6Ht,J=7.1Hz), 3.47-3.55(2H m, 3. 74- _
3. 82( 2H, nyodingoqpithemixage wag ytirnedABY 1 ppur apd-40 mimpyesginder(iag-£agling:9. Afet hgat®g( 1H,

dd, J=10. 6 t@l@égﬁ%%lggrit%?e(, ek oflxebrw B ke B ot 03 B bediafor 4h AdjdRed BYBOI1 5 with

Producti on
15 an aqueous solution of 20% sodium hydroxide. To the mixture, 20 mL of N-methyl-2-

pyrrolidone was added at 70 to 80°C, and the mixture was stirred for 2 hours and 30 minutes at
the same temperature. The reaction mixture was cooled to room temperature and the solid
product was obtained by filtration and washed with water to give 6.5 g of tert-butyl (2,3-
dihydro(1,4)dioxino(2,3-c)pyridin-7-ylmethyl)(1-(2-(7-fluoro-2-oxo-1,5-naphthyridin-1(2H)-
20 yDethyl)piperidin-4-yl)carbamate as a light brown solid.
'H-NMR(CDCl)3$ value : 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,J=9.9Hz),7.47(1H,dd,J=10.2,2.3Hz),7.87(1H,d,]=9.9Hz),8.05(
1H,s),8.41(1H,d,J=2.3Hz)
25 [0082]
Example 16

O >
o) OO
oc
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N/ / N/ P H,O

To a suspension of 25.0 g of tert-butyl (2,3-dihydro(1,4)dioxino(2,3-c)pyridin-7-



OEt FN O --a.- | FN HOF H20 To 480 nL of 2-butanone, 30 nL 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- dlethoxyethyl)3? fluoro-1, 5-

napht hyri dj 191 )J2's I added. dr opwi se, foll owed
by refl ux 6%55@5( Q)et}dor{'o toé(quésooa[phﬁ'a Q?@%&‘X\%)WHW BrisyDerrmeate infse
solid pr odmbtof\mser altgtrail Mnbghtrﬁtehmp@{bblﬂﬂrlm WRSHHRE WiohRiséa M%}@g@ﬂ@ th,Ji ve
50.3 g of (7-fluaro-2-o0x0-1,5-naphthyridin-1(2H) - yl)acetal de

hydr ochl or {CAB RSN RIVaY shirgd f%f 3 hoyrstang 3P b pwtesodt i46 to BRCE@omsmdaﬂ ON OF THE

?E?X\ZTSS?’E QE8 bt R dlvigheMar LRg 2.00WHE Bm&yd@kldg Iaalfxero%g RSP ahhsTL Of

di hydr 0(51 wtaq WlhQ@t@QtOIﬁQ?ﬁpyifhdmmtﬁreWasmdjbst&aﬂmpl}m pitpesdcehtiaéd BYdkQLRYL) - 7- f

| uoro-1, 5- t dpn-2 n rmnoh drate. | NDUSTRI AL APPLI'CABI LI TY
[0088] 2 512}%3’1?‘?[{& 2@ymf4 of Wate I_é)ad(c)ief thereto )fnsoluble matter was filtered out at 50°C and the

1- (2- (442, mtaalrawwalméa&u%hﬁqs %,L?»ofq;)a%fr | ghd s gﬁh%?dg{sﬁﬂg t éeoe“ di n-

1-yBethyl)-7-f1uoro-1 yridin-2(1H)-one non pr esent

i nventi on ©H “l?§§n§??3(§?9gt0éﬁf¢ l@dé@de'mﬂaB éwth of] atZQ‘VeMmIm lg,kdr@@dﬁqueox(s%blug&gs
not exhi bi [QSCOpI Gi t eas to handle, (4)

pr oduced ultssloglgl“ gmsjgﬁt\%rgdr?llt% %vxﬁ Eig)sﬁ”sag s “?66%%#‘%&8%"“% isjolve tﬁﬂscﬁﬁddﬁﬂi@éd
under @é8ndFheireapsionimitture wais icbdled @NMIPC Qﬁdrﬂiatsalld praaetse Bbtaﬁ\@&jbyﬁ ﬁﬁtraﬁ@ﬁ' “ngwg%%
pr oduced, ‘;nlaler eb bel use har maceut i cal

142444(2, 3"-di ﬁte 43)%1?%&@1@(@2% d‘lB’}ifﬁﬂ ﬂh’i‘qililnp(%ﬁ-cim'flﬁl}ﬂ%m no) pi perid

in- 1 - ylyalmeﬂhylbami ipegi@=11yl % e _gg ) g te. 2.
met hod for gﬁ u0|lnc)cplplé 2- 44(%5!{%pd| hy(?lro( %a%{t &f%@f‘gggg%%@%ﬁ%ﬁf
yl met hyDar‘H E)X%Oiﬁ’eﬁo i n-1- yOet hyl ) - 7-fl uoro- 1, 5- napht hyri di n-2( 1H) - one

monohydr at'g Nem(EpenhSehiky: {58 formila
15 1.50(2H,m),1.90(2H,d,J=12.2Hz),2.18(2H,td,J=11.5,2.2Hz),2 46-
2.59(1H,m),2.64(2H,t,J=7.1Hz),2.95(2H,d,J=12.0Hz),3.79(2H.5),4.26-
4.34(6H,m),6.81(1H,s),6.85(1H,d,J=9,8Hz),7.56(1H,dd,J=lO.2,2.4Hz),7.88(1H,dd,J=9.8,0.5Hz),
8.10(1H,s),8.41(1H,d,J=2.4Hz)
[0083]
20 Example 17
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H
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A solution of 3.03 g of tert-butyl (2,3-dihydro(1,4)dioxino(2,3-c)pyridin-7-

ylmethyl)(1-(2-(7-fluoro-2-oxo-1, S-naphthyridin-1(2H)-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 mlL of ethyl acetate, and

25 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;

30  chloroform:methanol=92:8], recrystallized from 3 mL of ethyl acetate to give 0.611 g of 1-(2-(4-



[Formula 201 N O characterized by reacting (1) a naphthyridine
derivative represented by the fornmula [Forrmula 7] rt*0 and produced by
reacting a pyridine derivative representéd by the fornula [Fornmula 1] NH2
NG with an acrylic acid ester to give an acrylic acid derivative

r epr esent €d-3pitdie(l g‘édi@*im(zﬁdr)midégﬁ?&ﬁhyllﬁnﬂjlo)ﬁpﬂi@ﬂﬂﬂlmh%%ﬂwrﬁ- Le
hord dor | Loy RelA(LL Bt e R BN e 0, i Ve T epr esont &d by
the for muE-NNIR(GRCI)53klue : 3639-1.47(2H,m), 1.87-1.93(2H,m),2. 18(2H,1,J=10.8Hz),2 49-
2.55(1H,m),2.64(2H,t,1=7. 1Hz),2.92-2.98(2H,m),3.79(2H,s) 4 26-4 29(2H,m) 4 29-
5 4.34(4H,m),6.82(1H,5),6.85(1H,d,J=9.6Hz),7.55(1H,d,J=9.6Hz),7 88(1H,d,J=9.6Hz),8.10(1HLs),
'8.41(1H,d,J=2.3Hz)
Anal. Calcd.For C23H26FN503:C,62.86;H,5.96;H,15.94;N,15.94;F,4.32
Found:.C,62.58;H,5.92;N,15.80;F,4.21
[0084]

10 Comparative Example 1 (WO 2007/138974)

o. . o
OO0, oD
m W 3HC
To a suspension of 0.30 g of tert-butyl (2,3-dihydro(1,4)dioxino(2,3-c)pyridin-7-
ylmethyl)(1-(2-(7-fluoro-2-oxo-1,5-naphthyridin-1(2H)-yl)ethyl)piperidin-4-yl)carbamate in 2
mL of 2-propanol, 0.23 mL of concentrated hydrochloric acid was added, and the resultant
mixture was stirred for 1 hour and 50 minutes under reflux with heating. The reaction mixture
15 was cooled to 5°C, and the solid was obtained by filtration to give 0.28 g of 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 trihydrochloride as a light yellow solid.
'H-NMR(D;0)3 value : 2.00-2.16(2H,m),2.52-2.61(2H,m),3.23-3.35(2H,m),3.61-
3.67(2H,m),3.69-3.80(1H,m),3.98-4.07(2H,m),4.46-4.51(2H,m),4.52(2H,s),4.55-
20 4.63(2H,m),4.71-4.96(2H,m),6.99(1H,d,J=9.8Hz),7.44(1H,s),7.93-
7.99(1H,m),8.10(1H,d,J=9.8Hz),8.36(1H,s),8.57(1H,d,J=2.2Hz)
[0085]

Production Example 1
Et
H ’iOEt
N N
To a suspension of 3.00 g of 7-fluoro-1,5-naphthyridin-2(1H)-one and 5.04 g of
25 potassium phosphate in 12 mL of dimethyl 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



then reacting the obtained di hydronapht hyri di ne derivative with a conpound
represented by the general fornula [Fornula 4] t _tr'YH wher ei n
LI represents a | eaving group, Y represertds a protected carbonyl group, to
give a di hydronaphth ridine derivative represented by the Igeneral formul a

[ For mul a 5ided therefor | tThe maxtere prss pdipsiedrtoindl @ mithdd mal/Tydieshioripesidoxi di zi ng

the obtai rkﬁE‘seQxhéi'M? E&ﬂ%ﬁb‘fé’xﬁh@ér%s @Rérb&’ 8l ¥R tB@ﬁEér‘f@suﬂle'WaQmagh(erd'tgvic@%vx 3
derivative represented éﬂt e general formula [Formula 6] YH wherein S

def i ned asInIaB sloperiyl metey] ethepr ohsorganiy lavses GhhawhiaedEphte ra,yql thdiwaeh liquid
derl VRt e AR, G SIS UG FOTLENRTLEY DhdbRRIl
group ahd vesedufietbybyilicasgetedlmgn ehremptograplty © gierd. Viag Df/b(lbldteﬁ&%}’mﬁd) By the
general f cHuor T ?SInE&tmlcﬁn-galfﬁ%ne asa I?’gh%"y%”llm) oily substance.
'H-NMR(CDCls) value : 1.12(6H,t,J=7.1Hz),3.47-3.55(2H,m),3.74-
3.82(2H,m),4.29(2H,d,J=5.1Hz),4.78( 1H,t,J=5.4Hz),6.86(1H,d,J=9.8Hz),7.82(1H,dd J=10.6 2.4
Hz),7.92(1H,d,J=9.8Hz),8.41(1H,d,J=2.4Hz)
10 [0086]

Production Example 2
Et
‘j\o& o
N N 2

To 480 mL of 2-butanone, 30 mL of 12 mol/L. hydrochloric acid was added, the
mixture was heated to 70°C and a solution of 60 g of 1-(2,2-diethoxyethyl)-7-fluoro-1,5-
naphthyridin-2(1H)-one in 60 mL of 2-butanone was added dropwise, followed by reflux for 2

15 hours. After cooling the reaction mixture to 25°C, the solid product was obtained by filtration

and washed with 2-butanone to give 50.3 g of (7-fluoro-2-ox0-1,5-naphthyridin-1(2H)-
yl)acetaldehyde hydrochloride monohydrate as a light yellow solid.

BRIEF DESCRIPTION OF THE DRAWINGS
[0087]

20 Fig. 1 shows the powder X-ray diffraction pattern of 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. -

INDUSTRIAL APPLICABILITY
[0088]

25 The 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 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



0 wherein R2 represents a hydroxyl protecting group, 37 with a conpound
represented by the general formula [Formula 9] wherein L2
represents a |l eaving group; X represents3d |eaving group, to give a kolic
acid derivative represented by the general fornul a@LFor mula 10] O ---

wher ei n RPredigedungeeconditionewithg liglgeparonmeas! bradens prkto) frp Reraass prodissdd koj i ¢
aci d deri L i j | i.d:derivative represented by the general
formul a [éfo?érr%ﬁjgm%l\gé%pﬁ%o%%%@é@%eg(u%g defined as above, then reacting the
obt ai ned kojic acid derivative with ammonia to give a pyridine derivative
represented by the fornmula [Formula 12] HO 0 O



t hen oxidi zing the obtained pyridine derivative to give a pyridine
derivative represented by the fornula [Fornula 13] 0) then reacting the
obt ai ned pyridine derivative with a pipﬁridine derivative represented by
the general fornmula [Formula 14] 38 3 R -NNH 2 wherein R3 represents an
I mno protecting group, to give a p|p derivative represented by the
general fornmula [Fornula 15] R3-N erein R3 is defined as above,

t hen prlot ecting tlh@-{(4ri(R3- (@h}(ﬂﬂ@(1t4)dlgkme(2;l.3pbmlrdlrdvljﬂndﬁyl)Mﬁirio%ﬂpérﬁﬁﬁ-qsent ed
by the yg)%ﬂl f)a} ﬂ]:18rro -naLhtﬁyr%naZ(fI—Gd -one monohydrate

2. A method for producing 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
represented by the formula

[Formula 20]

characterized by reacting

(1) a naphthyridine derivative represented by the formula

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

and produced by reacting a pyridine derivative represented by the formula

[Formula 1]
Fao N NH,
o |
N Cl
with an acrylic acid ester to give an acrylic acid derivative represented by the general formula
[Formula 2]
N | NH,
N =
N 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
N

F 0

d
~
N



0 wherein R4 is defined as above; R3 is defined as above, and
then deprotecting the obtai ned piperidine derivative to give (3) a
napht hyri di ne derivative represented by t3%e general fornula [ Formul a 18]
wherein R4 is defined as above, and then deprotecting the obtained _
napht hyri di ne derivative. 3. A nmethod for producing a piperidine derivative

repr esent ekenli¥acting (@bl ditgurabphtlyrRIHAHeAvaAE wil a)cbmp})ﬁlngfél\‘gage'h@d by e

represents an unino protecting group characterized by reacti a kojic acid

deri vati v& <ot ed by the general 39 [Fornula 8] R20 0 OH
wher ei n RZrs@pILpEnt s a hydroxyl protecting group with a conmpound
represented by the general fornula [Fornula 91

LY >YH

wherein L' represents a leaving group; Y represents a protected carbonyl group,
to give a dihydronaphthyridine derivative represented by the general formula
{Formula 5]
(YH
F N.__O

g
N
N
wherein Y is defined as above,
then oxidizing the obtained dihydronaphthyridine derivative to give a naphthyridine derivative

represented by the general formula

[Formula 6]
'/YH
F = I N O
"
N =

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]

l4 |
R N
(6]

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

(O~
OH

wherein R represents a hydroxyl protecting group,



wherein L2 represents a | eaving group; X represents a |leaving group to give
a kojic acid derivative represented by the general fornmula [Fornmula 10]
R200 ...""%;."er'..." .? wherein R2 and ¥ are defined as above, then

jic acidﬂgriv tive to give a kojic acid

depr ot ectiwnghthe obt ai ned ko
derivative'r e%?%r%%oﬁpgﬁe%ﬁ?e‘ftﬁ% YoR&rsra {SMMA a [ For mul al1] He-y- ON-0"-% 0

wher ei n X [Fsrmdlgd bned as above, then reacting the obtained kojic acid
derivative with Qmmnia to give a pyridine derivative represented by the
fornul a [ RGrAha™12] HO 0 O then oxidizing the obtained pyridine
derivative to give a pyridine derivative represented by the formla
[Fornula 13] 0 40 theisinlezepresegtstaeavitg gipue X pyresaisreledénd gratpve with a

pi peri di ng, %ﬁfeia\{@f(ii: ¥&d H&Waﬁ§g{&)?ege£éﬁ l;)nﬁe S&E ?olrmtlf%r mil a
[Formula 10]

[0 NP~ X
0/\/

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 11]

Oz 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]

)
N
(o]

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

formula

[Formula 13]
)
NX
O
then reacting the obtained pyridine derivative with a piperidine derivative represented by the

general formula

[Formula 14]



[ Formula 14] R3-1.1/N H2 wherein R3 represents an imno
protecting group to give a piperidine derivative represented by the general
fornula [Fornula 15] 3 / -N H whereigR3 is defined as above, then
protecting the imno group to give a piperidine derivative represented by

t he genearal mula [Fornula 16] wherein R4 is defined as above; R3 is
def i nedRasNaboye;NHygnd t hen deprotecting the obtai ned piperidine derivative.
4. The produet+on nethod according to claim2 or 3, wherein R3 is an aral kyl

group; R4 is an 0 kox roup. HO0,1 O
characteri zed by%?g}}e/eaec1 E{nggpreﬁ%]as @ lgléqodgrggﬁcf) éfo\}‘g represented by the
gener alto gdermpiper[diy darivatigd repredéht@dbY the general formula

[Formula 15]

~ )

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

[Formula 16]

L4 |
R Nx
-0

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]

)

4

R N

x>
\ =
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

CMCU

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

formula



wherein R2 represents a hydroxyl protecting group with a conpound
represented by the general fornmula [Fornula 91 41 wherein 1,2
represents a | eaving group; X represent? a leaving group to give a kojic
acid derivative represented by the gene % formula [ Fornmula 101 O wherein
R2 and (a8, def |ned as above, then deprotecting the obtained kojic acid
deri vatl ve to gl ve a kojic acid derivative represented by the general

forrrul wherein X is defined as above, and then reacting
t he obt |nediEOJ |!c aC|d derivative with ammonia. 6. A nethod for producing
a pyridine de ye represented by the fornula [Fornula 1 2] HO O
characteri zed by reactl ng a kojic acid derivative represented by the

general formula [WierditlRArdpkseRtsQ Hdroxyl protecting group

with a compound represented by the general formula
[Formula 9]

wherein L? represents a leaving group; X represents a leaving group

to give a kojic acid derivative represented by the general formula

[Formula 10]

10 NP~ X
O/\/

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 11]

Oz X

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

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

3

formula

[Formula 13]

e



wherein X represents a |leaving group with ammonia. 7. A kojic acid
derivative represented by the general fornmula [Fornmula 19] R2800 0 O
wherein e represents a hydrogen atom or hydroxyl protecting group; X

represents a | eaving group 8. An antibacterial agent containing
142- din-1
“ype 'Ehfhlégl %ea%1 % Eﬁrégfb%(lﬁe Qﬁhd?é?y(g@ggug‘e \'2 tﬂﬁfﬂéﬁééwg%eyn%éﬂﬁrhnw r)eﬁF@sQﬁ)a@ bpekd di n-

general formula
[Formula 14]

RLND—NHZ

wherein R? represents an imino protecting group

to give a piperidine derivative represented by the general formula

[Formula

Qﬁj

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

formula
[Formula 16]

atanee

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.
S. A method for producing a pyridine derivative represented by the formula

[Formula 12

ﬁ]

characterized by reacting a kojic acid derivative represented by the general formula
[Formula 8]
R0 NP
Oz OH
wherein R? represents a hydroxyl protecting group
with a compound represented by the general formula

[Formula 9]



41
LZ/\/X

wherein L.” represents a leaving group; X represents a leaving group

to give a kojic acid derivative represented by the general formula

[Formula 10]

R0 2
Oz 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 11}

0
HO =~

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 12]

o
)
NS
0
characterized by reacting a kojic acid derivative represented by the general formula
[Formula 11]

0]
HO =~
wherein X represents a leaving group

with ammonia.

7. Akojic acid derivative represented by the general formula
[Formula 19]

R0 NP

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.



