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S. *WDh6zhThK DESCRI PTI ON TECHNI CAL FI ELD This invention relates to a
synt heti c qui nol one anti bacterial agent which is useful as nedi canents,
veterinary drugs, drugs for fishery use, or antibacterial preservatives.
BACKGROUND ART Since the discovery of norfloxacin, synthetic quinol one
anti bacterial agents have been inproved in antibacterial activity and

phar macoki neti cs, and many conpounds are now used in the clinical filed as
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TECHNICAL FIELD

This invention relates to a synthetic quinolone
antibacterial agent which is useful as medicaments, veterinary

drugs, drugs for fishery use, or antibacterial preservatives.

BACKGROUND ART

Since the discovery of norfloxacin, synthetic quinolone
antibacterial agents have been improved in antibacterial
activity and pharmacokinetics, and many compounds are now used
in the clinical filed as chemotherapeutic agents which are
effective for in almost systemic infectious diseases.

In recent years, generation of bacteria having low
sensitivity to synthetic quinolone antibacterial agents have
been increasing in clinical situations. For example, like the
case of Staphylococcus aureus (MRSA) and Streptococcus
pneumococcus (PRSP) which are insusceptible to p-lactam
antibiotics and Enterococcus (VRE) which is insusceptible to
aminoglycoside antibacterial agents, a case has been increasing
in which a gram-positive bacteria originally resistant to drugs
other than synthetic quinolone antibacterial agents also became
low sensitive to synthetic quinolone antibacterial agents. In

consequence, synthetic quinolone antibacterial agents having
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been increasing in clinical situations. For exanple, |ike the case of

St aphyl ococcus aureus (MRSA) and Streptococcus pneunpococcus (PRSP) which
are insusceptible to p-lactam anti biotics and Enterococcus (VRE) which is
i nsusceptible to am nogl ycosi de anti bacterial agents, a case has been
increasing in which a grampositive bacteria originally resistant to drugs
ot her thansynthetic quinolone anti bacterial agents al so becane | ow
sensitive to synthetic quinolone antibacterial agents. |In consequence,
synt het i i i L ; i s r @5,? are thus
bei ng de%ﬁ%@%%ﬁl@%&cﬁ?gtgﬁ] Eg?%%&s}a%ﬁl\?\?? %HP%\ggrl éh?' %Q? hseﬁ'islifléde e ?écts of
synt heti c qui ngl:.qne Lhacteri al n i i Ld .

nervous syst emwég?lnﬁgg%%gn(&éf ?ggt?fg\/\%i%ﬁfﬁggszggné%gﬁ%gﬁéﬁﬁﬁgﬁéﬂ orly,
t he i nduct.ion wi t h _nonst er oi dal

of, convul sion _resul ti,ng.from conbi ned e

ant i -i nf | AT e EtRhAE R ot 8%?&?%?,“ R %Beh%%t%ﬁsesxeaﬁeswm, and
t he devel opre of synthetic quinolone antibacterial., agents havi ng hi gher
safety i < PTILafLoR BETRE ty HAHIE 023 oP8 ARBARLER AR HPEL PALY ar 01 1 he
substituents at the 7-position and 1-position (or positions corresponding
to these IAIEFIRR; of heeuuft sitedt | Tappl iner STHT t €PN Hsearvyeth
influence on the antibacterial activity, pharnmacokinetics, and safety of
synt het i "epFiRridakhndnbacieflammatery s adenitfol e tehaxiaiityes, etving a
pyrrolidinyl group having an am nonethyl group at the 3-position, as the
substi t udaveit al e pastemie i lorowt, t Apdqihe| deceheornent skdl ewrthelic known
to exhibit strong antibacterial activity agai nst gram negati ve and
gr am posiquireolene anitabafbertabmgents havinghigher safety is thus also
7-[3-(1-am nomet hyl ) pyrrolidi n-1-yl]quinolone there are carboxylic acid
derivati vesindaclemmided. Medi ci nal Chemistry, vol. 29, p. 445 (1986) |
Furt hernore, known exanpl es of qui nol one carboxylic acid derivatives having
a substituent am is&rmanbahast tite eftrivedand obntehd slubgtdkmenftst A8 the
3-(1-am nonet hyl ) pyrrolidin-1-yl 2

7-position and l1-position (or positions corresponding to these

positions; the same shall apply hereinafter) have a large
influence on the antibacterial activity, pharmacockinetics, and
safety of synthetic quinolone antibacterial agents.

Quinolone derivatives, having a pyrrolidinyl group having
an aminomethyl group at the 3-position, as the substituent at
the 7-position of the quinolone mother skeleton, are known to
exhibit strongantibacterial activityagainst gram-negative and
gram-positive bacteria. For example, there are
7-[3-(l-aminomethyl)pyrrolidin-l-yl]lquinolone carboxylic
acid derivatives [Journal of Medicinal Chemistry, vol. 29, p.
445 (1986)1].

Furthermore, known examples of quinolone carboxylic acid
derivatives having a substituent on the carbon atom of the

aminomethyl group of the 3-(l-aminomethyl)pyrrolidin-1l-yl



group include 7-[3-(1-am noethyl)pyrrolidin-1-yl]quinolone carboxylic acid
derivatives [Journal of Medicinal Chem stry, vol. 36, p. 871 (1993)];
7-[3-(1-am no-1 nethyl ethyl)pyrrolidin-1-yl]quinolone carboxylic acid
derivatives [Journal of Medicinal Chemistry, vol. 37, p. 733 (1994)]; and
7-[3-(1-am noal kyl ) pyrrolidin-1-yl]qui nol one carboxylic acid derivatives

[ Chem cal and Pharnaceutical Bulletin, vol. 42, p. 1442 (1994)], etc.
However, though the abovenenti oned qui nol one derivatives, having a

3- (ami nongtbyh) AHAIdd 9= {3¥ |1 95RLRoe Bl {3y Pwpgmyilmg&#éwﬁé- yl
group, or a group having a structure simlar to these as a substituent, are
conpounds ) i bl i ri.al ARV SV f ound
Char due ForpRerFLY Ra MR A TiioRnd, BF ihi final SRSmiFELy )

Antim cropi al enpt her ap L33, 1. P85 (1994)], these conpounds act
not only %ﬁfbac erfa %ﬁ? g}%%g%%’gﬁé[gef St n%uk%ryotic or gani sms, and
they are difficult to use as. nedjc drugs. or as veterinary drugs.,

Ther ef or erf‘eéw]z%{:%%) %%’Frﬁ%ﬁh “Tliawa#bq‘f’rfg%"'e°%%bst it WhtSe not<hRen put
to actual cljnical use_up until_now. Meanwhile, quinolone carboxylic acid
deri vat i VaRELIVRELYehaldournak pfMeddSiordaChemisitol Vatn-37yIPgrbdd as a
substituent and are relevant to the present invention, have been described
in the fofh?¥) &/ braed cénE3pllramimalipob) pooos! idincth-vk by beelene
description of conpounds with the structure shown 3 in formula A or
fornul a Beagbexylisc wiaild adgniviatbvies cdfimmiccadi fodmPhaymnacéewtiedbt it uent
(X1) at the 6-position is defined as being a hal ogen atom or a hydrogen
atom Hovewkketim) yvoli nd? pre. cd4x(19¥4 ki dstavherein the fl uori ne atom or
ot her hal ogen atomis the substituent at the 6-position are disclosed

speci fical ly i Howeseahoshenmgit thhemsbopamentiapptiqteincdonederiefoteves,

PCT/ JP96/ 00208 does not provide a specific description concerning quinolone
car boxyl imaaingls weer ei B-Hpciagmethylspoztrolitdéd-atylhe 6gpospli on.a
Furthernore, this publication does not provide any specific disclosure as
enbodi mends(bfaminde tiny hosyrct albd did ) WY ofréipy| or a group having a

substi t ut ed- 6- hydr ogen- substi t ut ed- qui nol one carboxylic acids, wherein the
present igRndtwre simioaeetdeHesb® A¥udbsAli tddnt, are compounds which

exhibit strong antibacterial activity, it has been found that
due to the low selective toxicity [see for example, Journal of
Antimicrobial Chemotherapy, vel. 33, p. 685 (1994)], these
compounds act not only on bacteria but also on the cells of
eukaryotic organisms, and they are difficult to use as medical
drugs or as veterinary drugs. Therefore, quinolone compounds
having these substituents have not been put to actual clinical
use up until now.

Meanwhile, quinolone carboxylic acid derivatives, which
have a 3-(l-aminocycloalkyl)pyrrolidin-l1-yl group as a
substituent and are relevant to the present invention, have been
described in the formof a broad concept in PCT/JP96/00208, which

provides a description of compounds with the structure shown



[ In the above formula A X1 represents a hal ogen atom or a hydrogen atom
and X2 represents a hal ogen atom (The definitions of the substituents in

t he conpound shown in fornmula A are those given in PCI/JP96/ 00208 and are
irrelevant to the definitions of substituents of the present invention even
when the sane synbols are used.)] In the above formula A, R2 is represented
by formula B: 4 [Formula B] (CHZ)g Rs ~0 N ~NR (CH2)P [ In the above
formula B, p represents an integer from1l to 3, q represents an integer

from1 tojg, résmiBPRESeNESrRuly 3 09eRat D8 GFi ) a2kliY hoUbAMPcOR¥EARA L t0 6
carbon atons, R10 represents a hydrogen atom an al'kyl group having 1 to 6 .

carbon at ggsg, y]?al W'tﬂé%éﬂ‘@d&%tlékg Qt@ﬁ@%‘ﬁcﬁﬁ%é:ﬁgtg ggﬁiﬁegydroxyl

group, or an a group having 1T to 6 carbon ato al ogen

atom (The_definpitio f the substitu in the npaLin hown_in formula
3 are (hoS® BRUBH PnIBErBoB TG dhdaeedst oFedine HareTe terhiyt fons
of substituents of th resent i.nvention.even en the sanme synbpls are
ised )] ptFRRLoRRSERRIEITE adidis Fhegrif File driianta AHoT) R CERSS o
qgui nol one, carboxylic acid derjvative, which has a , |, )
3- (1- ani nBRYEFBRIAGAM H§rFhs FHPﬁFitb‘?nBr%‘hﬁhﬁng‘ﬁ’%s’r%’r%"\‘/é‘ﬁte fbsehesgdesent
invention,is Chem cal and Pharmaceutical Bulletin, vol. 42, p. 1442 (1994).
However, BRPSifieatbyurdndoblenctbevemenr i angddde2Eepti cPPRhEEIBEQRY
concerning 3-(1-aninOCécIoaIkylégérrolidinyI-substitpted-G-hydrogen
subst i t ut Eneyafase onePEE/ BBRGI 90268 | adoeshi kPt arkrevifunds BpeehEipr esent
i nvention. Furthernore, for exanple, PCT/WO99/14214 indicates a
6- hydr ogedesabiption edongenrdioge quimwborid ccatbdxubifvadigs whereinwhich a
ni t rogen-contai ni ng heterocyclic substituent, for exanple, the
3- (1- anm nbedhegényirs elukditi-tibed gtotpe G-pasittiguucefuritheamozehobhh$t r ogen
bond into the 7-position of

publication does not provide any specific disclosure as

embodiments of 3-(l-aminocycloalkyl)pyrrolidinyl-
substituted-6-hydrogen-substituted-quinclone carboxylic
acids, wherein the present invention is concerned.

[Formula A]

[In the above formula A, xt represents a halogen atom or
ahydrogenatomandX2representséhalogenatom.(Thedefinitions
of the substituents in the compound shown in formula A are those
given in PCT/JP96/00208 and are irrelevant to the definitions
of substituents of the present invention even when the same
symbols are used.)]

In the above formula A, R? is represented by formula B:



t he qui nol one skel eton and which is relevant to this invention. This
application describes conpounds represented by the forrmulas C and D.
However, this application does not contain any description whatsoever
concerning a 3-(1-am nocycl oal kyl )pyrrolidin-1-yl group, which is rel evant
to the present invention, as a substituent at the 7-position of the
qui nol one skel eton shown in fornmula C. Furthernore, this application does
not contain any description what soever concerning
3- (1- am ngepemaakkyh) pyrrolidinyl -substituted-6
hydr ogen- substi t ut ed- qui nol one carboxylic acids, which are relevant to the
pr esent |nvent|oRFqnd have the above nentioned group as a substituent.
[ Formul a C] ¢R3 ihe above formula C, Rl represents a cyclic al kyl group
having 3 t \Q b atons, an al kyl group having 1 or 2 carbon atons, a
strai ght - chg N al'Xe f‘group having 2 to 3 carbon atons, or a
br anched- cRain alk ngoup or al kenyl group having 3 to 4 carbon atons,
this al kyl group or cycllc al kyl group nay be 6 unsubstituted or the
al kyl group or C|IC al k rou may be substituted by 1 to 3 quorlne
atoms or by a p Q:I egPB éev\,%PEH nRIFARRGRXF 2 §“§GH§F freRdlpy 1 to
3 fluorine atons or is substltuted at the 4- tion by a single hydroxyl
group, R6tPehreEFerresgniyRvypiedesRrop :hyarﬁxﬁ‘% rSPSGEen’a}ﬁ 2RYABeaPBonyi
group, a bromi ne atom a cyano group, an alkyl group having 1 or 2 carbon
atoms, or adampkemallybgsovp haking(l te Sugatlken mtams oRY teppesentsns, and
this alkyl group nay be unsubstituted or the al kyl group may be substltuted
by a net hal hgdoogenraton ey balyyduprotmthaw ngndubst 6 taamxbrop tiomssubdst i t ut ed
by 1 to 3 fluorine atons or one hydroxyl group or am no group. (The
definiti oa3kyl dlvpshsing Uehd$ carboe adomsotinait Slaswa hyddfoxyiugro@par e
those given in PCT/ W09/ 14214 and are irrelevant to the definitions of
substit ueorsamfalikyd grespritaviwerit itoné exaarbonhahotmisetsatthas abbhtogen
used.)] In the above formula, X is represented by formula D. [Fornula D R7
RO [In thatehov@HeodeDini €iohy afethie sabstigneatsnm ghewgpmphirchshewhonded
to a carbon that is not adjacent the nitrogen

in formula Bare those given in PCT/JP96/00208 and are irrelevant

to the definitions of substituents of the present invention even
when the same symbols are used.)]

Besides theabove, anexampleof aliterature thatindicates
a dquinolone carboxylic acid derivative, which has a
3-(l-aminocycloalkyl)pyrrolidin-1~-yl group and is relevant to
the present invention, is Chemical and Pharmaceutical Bulletin,
vol. 42, p. 1442 (1994). However, this literature does not
contain any description whatsoever concerning
3~ (l-aminocycloalkyl)pyrrolidinyl-substituted-6-hydrogen-
substituted-quinolone carboxylic acids, which are compounds of
the present invention,

Furthermore, for example, PCT/W099/14214 indicates a

6-hydrogen-substituted-quinolone carboxylic acid derivative,



atom of the pyrrolidine ring and may be unsubstituted or substituted by one
or two al kyl groups with 1 to 3 carbon atons, or an am noal kyl group, which
is bonded to a carbon on the 7 pyrrolidine ring and may be unsubstituted

or substituted by an al kyl group having 1 to 3 carbon atons, RO represents

a group selected fromanong the group conprised of a hydrogen atom an

al kyl group having 1 to 4 carbon atons, an al kenyl group and al kynyl group

having 2 to 6 carbon atons, and fused and spiroal kyl group having 3 to 6

car bon atmhltdwaahkxkoeéﬁueoﬁeaiheﬁg mtéP@éﬁ oL @ URfod B eh tiNSedist i tut ed
or substituted by 1 to 37 fluorine atofrs, and e abovenentloned

bstit /o and - d RS
zgrac;ure\mtéétﬁg tégrgPyé?ﬁgh?§§gEﬂgfgﬁ§9ﬁggi gugf %frog?gfléyggrglng
bei ng for

definiti or% C{lﬁlee sd%stSa' fc"'%«%ﬁ g%gfqﬁggndﬂﬁ h"%%:)%g?ﬁrﬁ%%%# Bhare
th P 214 | evant def i t f
subst i fudi ”eshﬁf-nﬁensr%g%ﬂrﬁt%%ﬁ%ﬁ%@%ﬁr %\ﬁna%g“-%ge Ef

used.)] Ot her exanples of literature that_ indicate

6- hydr ogettisiBER} 1 o2 bHoy drAGFohes CombopdsTeRT P e BY itheL ofMIEs ar e

relevant to the present invention, include Journal of Medicinal Chemstry,

vol . 39, §.2n95D.(195everpneles  appdhcekion daastift §68§2ABt aBht ain

any description what soever concerni ng

3- (1- ami rdRseRigtign ) pyrrol | WhatseaMss i t ut ed- 6 concerning a

hydr ogen- substi t ut ed- qui nol one carboxylic acids, which are the conpounds of

t he preséht (amimnaeyel SElkYID PATHARR 0= 1Tyl gI&MlNTT(hiNPBiS relevardsent

i nventors have conducted intensive studies to obtain quinol one conpounds.

whi ch ar eeexdd paesent anvieb&dberi ab acsubstitudnghat nthef fi-gaosd tizord yet

excellent in safety. As a result, it has been found that

3- (1- am et yheeplindlone skélatoylshewhsin fatmdls C. Furthermore, this

dehal ogeno( hydr ogen- substi t ut ed) qui nol one carboxylic acid derivatives

r epr esentagspliyetdronul doek) mlescradiathiel any | dessaiptiand whalisaieasart her eof

exhi bit potent antibacterial activity upon a broad range of gram negative

bact er i a coitberEMO G (1 smiasiyerlion 1&vd, ) pyr gedriidienilarsubaddii du tedp@-ent

anti bacterial activity against drug-resistant bacteria, as represented by
hydrogen-substituted-quinolone carboxylic¢ acids, which are

relevant to the present invention and have the abovementioned
group as a substituent.

[Formula C]

RS O O
R6
! R3
Y
R8 R1

[In the above formula C, Rl represents a cyclic alkyl group
having 3 to 6 carbon atoms, an alkyl group having 1 or 2 carbon
atoms, a straight-chainalkenyl grouphaving 2 to 3 carbon atoms,
or a branched-chain alkyl group or alkenyl group having 3 to

4 carbon atoms, this alkyl group or cyclic alkyl group may be



gram positive cocci, including MRSA, PRSP, and VRE. Furthernore, it has
been found that, in addition to exhibiting such excellent antibacteri al
activity, the conpounds of this invention are excellent both in terns of
saf ety and pharmacoki netics and thus enable use in clinical situations,

whi ch coul d not be achieved with conpounds prior to this invention which
have substituents of the sane structure at the 7-position of the quinol one
not her skel eton. The present invention has been achi eved based on these
findi ngsuns%ﬁgerpeﬁté@rbxofthtehslﬁymy&&?gn%xsItag,)%llitaidaquguyehﬁ%ag%éoxy' Ic

acid derivatives represented by fornu I al 1 s and” hydrates

t her eof i I i i j j n wherein
the hydrassetSrited by SOP b RERNo off bY pnaR = EagRAES
substituted by.a fluqrine_atom Sshaws. t hat bot es_of _conpounds

oxhi bi 1 5 RO SSE B ot f A oRas S Fhoh 6 SAHBFARGeEPRBoth

gram negati ve bacteri n rgm positive bacteri i.ncl udi dr ug-resi st ant
ot er 1 s tkaior tited s Gl AP i Aokt tpgLe HGAYE Godh,

6- hydr ogen- substi t ut ed- qui nol one derivatives, which are the conpounds of
this in FPEH?SQPESGHHﬁU&HH§‘?H@PgﬁWY4£Rﬁ¥ﬁF§BHPtémﬁﬂin°carb°nyl

6-fl uori ne-substituted-quinol one derivatives, are conpounds of excellent
safety tFRAURy & BEPTEES RECReUR YNNG FHGHIN@Ns PgKYEi gaavPyhavingel in

m cronucl us induction, and al so exhi bit good pharmacoki netics, such as

i mpr ovedwiZ garponcabomsy or@d a¥hanyl sgrote qun adkynyil ngepuprkaniavg f ound

t hat even a qui nol one conpound, which has a

3- (1- anithdey 4| carkgh ayoms) Bdidnthi glalgrplgreur mgyabe ywisubstkiutedoup as a
substituent on the nethyl group of the 3-(am nonethyl)pyrrolidin-1-yl group
and whi adr dhehad kiydegroept maycoe ahihat i tutierbwy fombehydvwgroupedbrecdn ve
toxicity, wll unexpectedly be a conpound with excellent selective toxicity
and be atonpagruhpfthedcekl ensupstt tatediowetiisc subs tiidogeasbit 1i o83

gui nol one conpound with the structure of the present invention. That is,

t he presfHniorineenatoms Corcenes aifeoiyldsgran eSenhminby giratif.o0l { Thé ng

general fornmula (lI), its salts, and hydrates thereof: 10
definitions of the substituents in the compound shown in formula
C are those given in PCT/W099/14214 and are irrelevant to the
definitions of substituents of the present invention even when
the same symbols are used.)]

In the above formula, X is represented by formula D:

[Formula D]

R7

ot i

[In the above formula D, R7 represents an amino group,
which is bonded to a carbon that is not adjacent the nitrogen
atom of the pyrrolidine ring and may be unsubstituted or
substituted by one or two alkyl groups with 1 to 3 carbon atoms,

or an aminoalkyl group, which is bonded to a carbon on the



CoOR3 (c~)~ ~ ~ NA '"N'R2Z RS N~ R- Rs [wherein Rl represents an al kyl
group having 1 to 6 carbon atons, an al kenyl group having 2 to 6 carbon
atons, a hal ogenoal kyl group having 1 to 6 carbon atons, a cyclic alkyl
group having 3 to 6 carbon atons, which may have a substituent, an aryl
group, which may have a substituent, a heteroaryl group, which may have a
substituent, an al koxy group having 1 to 6 carbon atons, or an al kyl am no
group having 1 to 6 carbon atons; R2 represents an al kylthio group having 1

to 6 caron QMR ¥ ranBVHLAEY séqmsme%y %o@ngu15961@99¥8p5$%“ oned Rl

may be infegrated to forn1a ring structure corporating a t of the

mot her S‘éﬁ'g} %FohEOhEUEﬁ PG ch%oﬁaétSE{th%Qt@%&%{) 9“’ g

ri ng-consti n1 and he rin y an aI yl--gr oup
having 1 t ave, a tit resents a

oheny! al &) e@t(?%‘; 2 Omo st #”eaﬂrmy?m“g?% Phas “%raéea 2, b B ar oms

and a phe grou n al kyl group havin 1 to 6 car
aIkoxyne?ﬁ%V A5QYPn ﬁ6921tg T‘iJ RS, ap Qﬁﬂﬂﬁ %dehenyl

group, an acetoxyneth I grou a plvaloyloxynethyl group, an ethoxycar bonyl
group, a3dHyPYiIERWRIPAVANE ﬁﬁaafrlﬁ%ewm grefirsed znd spampr L up, 11
a phthalidinyl group, a 5-alkyl -2-o0xo-1, 3-di oxol e-9-yl met hyl group, a
3- acet ox greupxbBULRE gr baf qagrhoepaeeeﬁvstaﬁ al kYl gpup resbienst Otfo 6
carbon atons, an al kenyl group having 2 to 6 carbon atons, an alkynyl group
havi ng 2 these grgursmay betin sapsdiitasbpdpspbsbituged by d t® 3flborimeons, a
hydr ogen atom an am no group, a hydroxyl group, a thiol group, or a
hal ogenormetomgl, @ndutheadbonemeg tibaedbsubs tiltaeatsn87gaodp R®amalyabbe one or
nore substituents selected from anong the group consisting of an al kyl
group hadinteggtrateds toafbem atfused ar axpyil r@riye dwigng t2uickurec anilthn at ons,
and a fornyl group; A represents a nitrogen atomor a partial structure
repr esentche Pyriol iaine (ding ,awXth this fused or spirocyclic part being

formed from 2 to 5 carbon atoms and 0 or 1 nitrogen atom. (The

definitions of the substituents in the compound shown in formula

D are those given in PCT/W099/14214 and are irrelevant to the

definitions of substituents of the present invention even when

the same symbols are used.)]

Other examples of literature that indicate

6-hydrogen-substituted-quinolone carboxylicacidderivatives,

which are relevant to the present invention, include Journal

of Medicinal Chemistry, vol. 39, p. 4952 (1996). However, even

this literature does not contain any description whatsoever

concerning 3-(l-aminocycloalkyl)pyrrolidinyl-substituted-6-

hydrogen-substituted-quinolone carboxylic acids, which are the

compounds of the present invention.

DISCLOSURE OF THE INVENTION




(wherein X1 represents an al kyl group having 1 to 6 carbon atons, an

al kenyl group having 2 to 6 carbon atons, an al kynyl group having 2 to 6
carbon atons, an al koxy group having 1 to 6 carbon atons, a hydrogen atom
an am no group, a hal ogen atom a cyano group, a hal ogenonet hyl group, or a
hal ogenonet hoxy group, anong the above, the am no group may have one ore
nore substituents selected fromthe group consisting of an al kyl group
having 1 to 6 carbon atons, an acyl group having 2 to 5 carbon atons, and a
fornyl group, Theepeesenxt imvenbersfiaeraaniduededRi ntepsivei atediesed to 12
forma ring structure by incorporating a part of the nother skeleton , the
t hus forteed obtieg mmaygudaniane anonwggeds at orhi ch nisdveog@xcelldrntorim sul fur
atomas a ring constituent atom and this ring nay be substituted by an

al kyl ~gr Ou%ég%\éi‘%gegi%ét 98163 ERON Al n \é@rf?tha@y haveyarseRetiisgptin each

of R5 an8" pendently represerits an al kyl group having 1 to 6 carbon

at ons, asgyég(}p.gen atam gqr a,__.éggﬂzi,tuti% cgégoxyﬂ)egﬁoupfd,iﬁﬁi vegh{¢¥ om an

am no acid, dipeptide, or tripeptide, erein the al kyl group may have one

ore noregs b_saé,jd{%@%;csl o}ﬁ%ﬁﬁ?ﬁo&%ﬁoﬂ@cﬁ'ﬁ?ﬂg@%ﬂgtﬁ%ﬂiiﬁﬁt—isr-'g of an al kylthio

group havi hg ca an arkoxy group having 1 to 6 carbon
atons, a roxyl gro and al.ogen.atom .and n represents an. integer 1
o 2 e F Bt e Al R B PR e, " S BRETRE oA, &
conmpound, of, t he, above fornul a I i alts . is or. hydrates. fhereof |,
Sher ol n SRR RS OHR By v s RsRsH Rt Y bhr sk bRpound:
conpound of .t he formél ae(elg) .. 1ts salts or hydrates thereof, wherein n in
the formiabyAratres thereofphiil bPotrBtERHAAS @ 3¢ 2 ELIX WPYR hydr at es
thereof, wherein R3 in the fornula (1) is a hydrogen atom a coppound of
the forrful B¥epq range &of (FrHP- KA AR PIteora aARdr SEFTRPOSATENR fornul a
(1) is a hydrogen atom_ a conpound of the formula (1), its salts or

hydr at esPa¢edee? | 20fer éPn BRF HiFYiRr 1 P FRARLY I Poresnh Rpdibgeteridm 13  a

conpound of the fornmula (1) , its salts or hydrates thereof,
activity against drug-resistant bacteria, as represented by

gram-positive cocci, including MRSA, PRSP, and VRE.

Furthermore, it has been found that, in addition to
exhibiting such excellent antibacterial activity, the compounds
of this invention are excellent both in terms of safety and
pharmacockinetics and thus enable use in clinical situvations,
which could notbeachieved with compounds prior tothisinvention
which have substituents of the same structure at the 7-position
of the quinolone mother skeleton. The present invention has
been achieved based on these findings.

A comparison of the 6-hydrogen-substituted-quinclone
carboxylicacidderivativesrepresentedby formula (I), itssalts
and hydrates thereof according to the present invention with
qguinolone compounds wherein the hydrogen at the 6-position of

a compound of this invention is substituted by a fluorine atom



wherein Ain the formula (1) is a partial structure represented by the
formula ( I I ) ; a conmpound of the formula (I) , its salts or hydrates
thereof, wherein X1 in the fornula (Il) is a nethoxy group, a methyl group,
a difluoronethoxy group, a fluorine atom or a chlorine atom a conmpound of
the formula (1) , its salts or hydrates thereof, wherein X1 in the formul a
(') is a nmeth oxy group or a nethyl group; a conmpound of the formula ( | )
, I is salts is or hydrates thereof , wherein each of R5 and R6 in the

Formul aghblisi StRabYdb8URN B{BEL 2o£0MBAMBGuRdst hexhOb{H! dekbdliehts salts
or hydrates thereof, wherein one of either RS or R6 in the fornula (1) is a

f
hyd . . . i : |
13" 097 Rt BELEREI Al Sl BBn B dad MY of HEHIPGLAA-Aagd BEve 0" U1 @
f | I i hyd t d th th i tituted |
oo aprrbekinrant SrafeRel BTNEEa e MRl nd SRhu L HLBE ERRROXY] |

of the formula ( | i _is,salts s or_hydrates there , Wherein each of
Che Ro HROCRELAN (HWYSE (19E) 2o8 Reemh] FONTS Or Be R Gar by eF Ak ofhand o

met hyl %roup; a conpound of the formul a él%_, its salts, or hgdrates

t her eof ®~RHEFePRNRBUPALLEPRAAZIRIFO1eNY dBHEYR HLYRS, CHRbSRYPEYrB® deri ved
froman am no acid, a dipeptide, or a tripeptide, a conpound of the fornula
(1) , i compappdsRf fhdsata¥enhipRofrre| 2ompouBHE| Hhathe 1By EPPRABL RGP gr oup
having 3 to 6 carbon atons, which nmay have a substituent, in RL is a

hal ogenseyctigr dpyl uprine - subsdigahed-sfuined ongr ndegiyatkiyes,i axesalts is
or hydrates thereof , wherein the hal ogenocycl opropyl group is a

1, 2- ci se2mpalindendtextepl ephisafiedypthat evppraduted inrpecyte hokbeity ) |, i is
salts is or hydrates thereof , wherein the hal ogenocycl opropyl group is a
st er eochedi saghyf poartiybseducehtin micompueidsofintduetionpubhad(dlsoits salts
or hydrates thereof, wherein the hal ogenocycl opropyl group is a (1R

2S) - 2- hakhdgbh b gpaldyiraamd cajrioat; i as couglvand mpiroviee Umirmadyarécovery, i i s
salts is or hydrates thereof , wherein the hal ogen atom of the

hal ogeneeycl opropyl group is a fluorine atom

7-13-(R) - (1-am nocycl opropyl ) pyrrolidin-1-yl]-1-[2-(S)

fluoro-1- (R) -1t Gy opstd -Hreséh hyithivertax-Have found that even a

quinolone compound, which has a
3-(l-aminocycloalkyl)pyrrolidin-1-yl group having a cyclic
alkyl group as a substituent on the methyl group of the
3-(aminomethyl) pyrrolidin-1-yl group and which as has been
mentioned above is known to be low in selective toxicity, will
unexpectedly be a compound with excellent selective toxicity
and be a compound of excellent pharmacokinetics as long as it
is a quinolone compound with the structure of the present
invention.

That is, the present invention concerns compounds
represented by the following general formula (I), its salts,

and hydrates thereof:
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napht hyri di ne- 3-carboxylic acid,its salts or hydrates thereof;
7-13-(R) - (1-am nocycl opropyl ) pyrrolidin-1-yl]-1-[2-(S)

fluoro-1-(R)-cycl opropyl]-1, 4-di hydro- 4- oxoqui nol i ne-3 carboxylic acid, its
salts or hydrates thereof;

7-[3-(R) - (1-am nocycl opropyl ) pyrrolidin-1-yl]-1-[2-(9S)

fluoro-1-(R)-cycl opropyl]-8-chloro-1, 4-di hydro-4 oxoqui nol i ne- 3-carboxylic
acid, its salts or hydrates thereof;

7-[3-(R) - (1-am nocycl opn pyb)pyrrolldln 1-yl]-1-[2-(S)

fluoro-1-(R)-cycl opropyl]] - 8{fl uoro-1, 4-di hydro-4 15

oxoqui nol i ne-3-carb Chg P salts or hydrates thereof;

7-[3-(R) - (1- apiiChigcycl opr o yI)I yrrolldl n- 1xlyl] 1-[2-(9)

fluoro-1-(R) cl = 8pdi¥guor onet ho , 4-di hydro-4

oxoqui noliﬁe- caxboxylic agid, its salts or hydrates t her eof ;

7-13-(R) - ( ignocycl opropyl’) pyrrolidin-1-yl]- 1[2(8)

fluoro-1-(R)- cf§/cl opropyl ]-1, 4-di hydr o- 8- met hoxy-4 oxoqui nol i ne- 3- car boxyl i c
acid, its salts or, dratesther

7-13-( R) ‘i ?If‘%]tr?’@‘l 8)9@9 0?)‘? %&wﬂﬁqﬁ having 1 to 6 carbon atoms,
yl]-1-12-(S)-fluoro-1-(R)- cyclopropyl% 1, 4-di hydro-8

met hoxy- @’b)&)‘diﬁ“rﬂ igReuR baVRaLy i £Ca i gerber %ta‘l’ri‘%f & hafpaanaalidr eof ;
7-[3- (R -(1-am nocycl opropgl ypyrrolidin-1-yl]-1-[2-

f1 uor o- 1-GFYUR Y ERD By LP- &, R ERPR BB nat ﬁyplACcﬁiﬁm} rF ¥R MEdiDoxyl i ¢
acid, its salts or hydrates thereof;

7-[3- (R -3 p(ﬁr@ﬁﬁ?b&rﬁt@%yﬁhéghdw hpyersosubs ki tyent ] groafy) grnawm,o- 1- (R) -
cycl opropyl]-1, 4-di hydr o- 8net hyl - 4- oxoqui nol i ne- 3-carboxylic acid, its

sal ts or vhidrhamay hawe sfubstitiqrR) - p hgtanoarvli aoPpep ¢ lwipralppdy fhaven] i di n- 1
yl]-1-12-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-8

met hyl - 4-20)esndps tidiuerd: ,3ananbbryli gragp havirsy daltos 6ocahlyon & tBwng heneof

5-am no-7-[3-(R)-(1-am nocycl opropyl)pyrrolidin-1-yl]-

[ 2- (S) - f laroralky #R)irey goprmhdvding 4 didyalraardbdn @domss

oxoqui nol i ne-3-carboxylic acid, its salts or hydrates thereof; 16

5- am no- RY BepReséhtanimedketiopriep yrppp: hatiny it koyb] edrbon atoms or
[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 8- net hoxy- 4

oxoqui nold neydraxparb@tyd c acid, its salts or hydrates thereof;

wherein R? and the abovementioned R® may be integrated to
form a ring structure by incorporating a part of the mother
skeleton, the thus formed ring may contain a sulfur atom as a
ring-constituent atom, and the ring may be substituted by an
alkyl group having 1 to 6 carbon atoms, which may have a
substituent;
R® represents a phenylalkyl group composed of an alkylene group
having 1 to 6 carbon atoms and a phenyl group, an alkyl group
having 1 to 6 carbon atoms, an alkoxymethyl group having 2 to
7 carbon atoms, a hydrogen atom, a phenyl group, an acetoxymethyl
group, a pivaloyloxymethyl group, an ethoxycarbonyl group, a

choline group, a dimethylaminoethyl group, a 5-indanyl group,

11



5-am no-7-[3-(R)-(1-am nocycl opropyl )pyrrolidin-1-yl]-1-[2
(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 8- net hyl -4

oxoqui nol i ne-3-carboxylic acid, its salts or hydrates thereof;
5-amino-7-[3-(R)-[1

(et hyl am no) cycl opropyl ] pyrrolidin-1-yl]-1-[2-(S)fluoro-1-(R)-cycl opropyl]
- 1, 4- di hydr o- 8- net hoxy- 4oxoqui nol i ne- 3-carboxylic acid, its salts or
hydr at es t hereof;

10-[3- (R %‘%lﬁml?a%‘eﬁﬁl,%ﬂyglﬂﬂﬂ 12 dod 11 B 3 i D-43+ 1Rl tIRFNY | - 7- OX

o-7H pyri do[ 1, 2, 3 de] benzoxazi ne- 6-carbox is or hydrates thereof;
1-(cyclo - 8= netdvd < 7 3 (R) s .

(et hyl a%%@&:@cﬁpr%o%y%c]'%glgr,%léﬁ(ﬁ%@ﬁtﬁj] I FEi hydr o- 4

oxoqui noldsne- 3- car boxyli ¢ .agi d, i sal r -hydrates, t hereof:.,a

medi canedt SeRE et prrasd L st BaREnaR ROe RSO SRy
hydrates thereof as a ctive Lngredient;_an.gntihacteri agent, .which
compr | S TP RAING O1 £F i AR REoRRs 28 RN GiPRPobaPRER R s an
active ingredient; a therapertic agent for an infec%ious di sease, which
conpri se? FARPLFHPTSrF PR B‘Pﬁﬁl%cﬁfi having ) £ Byt O herkof as
an active ingredient; a nethod for treating a disease, which_ conprises
adni ni st M¥dEREery atom, MRS SFO¥Re ¥ BYAEPEYLILOYR s sl GrMRIr at es
thereof as an active ingredient; a nmethod for treating an infectious

di sease, athizrhakegenarathidrignairatdnty a conpound of the fornula (1), its
salts or hydrates thereof as an active ingredient; a nethod for producing a
medi canent, whawhngotbei sbeveer trheatmifgoa grotpomay bRvehenkoorulmerd ), its
salts or hydrates thereof as an active ingredient; a nmethod for producing
an anti baotbwtidtuagensel ehted fromanawstlie grolptdans is tdagpeiiad adkylhe
formula (1) , its salts or hydrates thereof as an active ingredient; a

met hod f arrquwdesiing dntonfecarbos alioensan aeytli ggoapehayimdi Zhtadpri ses
formul ati ng a conmpound of the formula (1) , its salts or hydrates thereof
as an actecasbom@teshentagndise ffrmylc@yyeaynyd of the formula (1 ) , i is
salts is or hydrates thereof for the production of a nedicanent; use of a

conmpound tepleskbatea aitrogen, aton orsaldaxrtinlosthydtaie repiysenitddr t he
production of an antibacterial agent; use of a conpound of the formula ( |

) i iswalfcrmalpr (Tydr at es t her eof
Y :

(wherein X' represents an alkyl group having 1 to 6 carbon atoms,
an alkenyl group having 2 to 6 carbon atoms, an alkynyl group
having 2 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon
atoms, a hydrogen atom, an amino group, a halogen atom, a cyano
group, a halogenomethyl group, or a halogenomethoxy group,

among the above, the amino group may have one ore more
substituents selected from the group consistingof analkyl group
having 1 to 6 carbon atoms, an acyl group having 2 to 5 carbon
atoms, and a formyl group,

wherein X' and the aforementioned R® may be integrated to

12



for the production of an infectious disease treating agent; and so on.
(Mode for Carrying out the Invention) The various substituents of the
conmpound of this invention represented by fornula (1): 18 OR3 (C-12)n RS
NRI (R, Rz, R3, RO, R5, R6, n and A are defined as has been descri bed
above) shall now be described. (For the 6-position of the quinol one nother
skel eton or an equivalent position in the structural fornulae indicated in
the present specification, in order to stress that a hydrogen atomis

bonded, 00N ALAIBENA byS SRAIEdratidgcar Balt WH Ehel moificRl |y not

i ndi cated as custormary I n structur rmul ae rgani c chemstry, is

i ndi cate C S r " H r t,ruct ural

f or mul ae%(])%e eﬁcl%rsﬁe épg?:'lgf Féggi%%ér% Llr{]r?g Féﬂﬁ%ﬁ*ﬁﬁ%’?vﬁ’%%e'h}‘{% e§ of

i ndi cation ,of structural for ae that are normall acticed in the field
of or gan i SRS BEGH, B SR B E AT 8 A A FLPBRERGRE & SParBh ot om
w Il not always be indicated but will normal]y be omtted.) The substituent
RL is an 248/ iIFifiiBYhRei AYPstLsuted P AL FPWR kaKinglok® Ravi ng 2
to 6 carbon _atons, a hal ogenoal kyl group having 1 to 6 carbon atons, a
cyclic algaybPagy @emsayivhd ch fr@ya%@énebanssazbeﬁ,tuﬁﬁmh may have a

substituent, an aryl group, which may have a substituent, a heteroaryl

group, weash af\R 2R Ry indenendentily sePEeRenys @roapkrdvarepr hayisgcar bon
atoms, or an al kyl am no group having 1 to 6 carbon atoms. 19 Here, an
al kyl gr dupehavarpoh atolscm bydragensatmy, v a substiightteshaanrboxyl
branched-chai n al kyl group, preferably an al kyl group having 1 to 4 carbon
at ons, nmoreupr ekegriatdy fawmeany amjnoupcidis dapepltiday| ogr tuppkptidg,2 to 6
carbon a tons , a vinyl
wherein the alkyl group may have one ore more substituents

selected from the group consisting of an alkylthio group having

1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,

a hydroxyl group, and a halogen atom; and

n represents an integer 1 or 2].

Thepresentinventionalsorelates toeachof the following:

a compoundof theabove formula (I), itssaltsorhydrates thereof,

wherein the compound of formula (I) is a stereochemically pure

compound;

a compound of the formula (I), its salts or hydrates thereof,

wherein n in the formula (I) is 1;

a compound of the formula (I), its salts or hydrates thereof,

wherein R® in the formula (I) is a hydrogen atom;

a compound of the formula (I), its salts or hydrates thereof,

wherein R? in the formula (I) is a hydrogen atom;

a compound of the formula (I), its salts or hydrates thereof,

wherein R' in the formula (I) is a hydrogen atom;
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group or a 1-isopropenyl group is preferable . As a hal ogenoal kyl group
having 1 to 6 carbon atons, a 2-fluoroethyl group is preferable. As a
cyclic al kyl group, a cyclopropyl group is especially preferable. The
cyclic alkyl group may have a substituent, and a hal ogen atomis preferable
as the substituent. A hal ogenocycl opropyl group is preferable as the cyclic
al kyl group, which nmay have a substituent, and a fluorine atomis
especially preferable as the hal ogen atomin this group. As a

hal ogen I g ohal ogeno P U ¢ ref erabl e
and a O%g%b%?tu%tkgdﬁég%%ﬁ?%ve ’rrg(r%% %%{g gr%ﬁﬁ&d%aml%gl%?gén aryl
group, i ch .may ha a_substituent.  include.a phenyl group, etc. . which
may have’ “ieo”éx‘sﬂb\s{;(%iet E%ﬁ?gige@cf‘gc? P?S#]l?l’]ies % uxé%ﬁ?lpgrﬁsﬁé& an al kyl
group hgaving 1 to 6 carpon atons, an al koxy group having 1 to 6 carbon

at ons, }%a'ﬂt?g =\ s&cﬂ ‘as fluorine atom chlorine atom and bromi ne

atom a hydroxyl graoup, an am no group, a vitro group, etc. (in the case
wher e t Ife CMpougRdoah E’é@ Formgtay qut)y 6FSsEﬁ§FFt%ﬁt\§2Pr"’tbrﬁ§ sheserfuent s may
be of a single type or may be of a plurality of types ) . To be nore

speci f i "hergimelyindghruporaudat(Ifdr bpRargihrbapoun, *metlaybewemd, group, a
2,4-di fl uorophenyl group, a 20 2-fl uoro-4-hydroxyphenyl group, a

3- am no-¥4 ddfdiuinemedbloxyy grgupups Bmbrine etém,| atra-Gilmsting atiomgpheny|
group are preferable. By aryl group, a group that is derived from an
aromat i @ leptpouadoofl theptormiiis (I9f,eitedsadtsBesilgedrates thergofgr oup, the
aryl group may al so be a naphthyl group or a tricyclic aryl group having
nmore ri ndseréAmetteinatlyé fpmmylld S(IX)gheup méthokg ghesup etk far eetayl
pentacyclic or hexacyclic aromatic heterocyclic conpound that contains one
or nore gwiwgy,oatons sel ected fromanong the nitrogen atom oxygen atom and
sul fur atom Apentacyclic or hexacyclic nitrogen-containing heterocyclic

subst i t yeompbandCcert Bhasfdrmil= (1)t 9geNsal B8Tor hRERAG Alhy rabef er abl e.
For exanple, a pyridyl group, pyrimdyl group, etc are tired. An al kyl

group, FHAAGEBadhOHE FEl£nd 6L P t@fLEabha1aS(BUhS! 4 tHiRHsga aktBase rings.
A 6-am no-3,5-di fluoro-2-pyridyl group is especially preferable . As an

al koxy @f QUmpdandN8srlthe foiiRON(1! 0iks 321 85 KO hyalrAlted RRkriedsderi ved
from an abovenenti oned al kyl group is preferable and anong these, the

met hoxy i rl Bnkl SE LA & RP0Sr ¥ 8h HAFRMAROYR) NAY INBydirbgef Carbon
atons, the al kyl
atom and the other is a methyl group;
a compound of the formula (I), its salts or hydrates thereof,
wherein one of either R® or R® in formula (I) is a hydrogen atom
and the other is a substituted carboxyl group derived from an
amino acid, a dipeptide, or a tripeptide;
a compound of the formula (I), its salts or hydrates thereof,
wherein each of the R® and R® in formula (I) is a combination
of a hydrogen atom and a methyl group;
a compound of the formula (I), its salts or hydrates thereof,
wherein R® in formula (I) is a substituted carboxyl group derived

from an amino acid, a dipeptide, or a tripeptide;

a compound of the formula (I), its salts or hydrates thereof,
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portion may be an abovenentioned al kyl group. A nmethylam no group is
preferable as the al kyl am no group. As the substituent Rl, a cyclic al kyl
group or a hal ogenocycl oal kyl group is preferable. Anbng these, a

cycl opropyl group or a 2-hal ogenocycl opropyl group is preferable. 21 As

t he hal ogen atomin the 2-hal ogenocycl opropyl group, a fluorine atomis
preferable. The substituent R2 represents an al kylthio group having 1 to 6
carbon atons or a hydrogen atom and RL and R2 nay be integrated to forma

ring str o ri ]¥qﬁt [ ' ating.a part
of the m%geggkgﬁgtd# ?tcﬁé%ﬁyg(a SO agé{%gg'gc?ﬁ giéqnc%gbﬁi r%ggé’nklia"? %Irln to
which Rl _j_s ogded and Eh@ carban agtomto ichnRZ i bonde%) . The thus

f or med rfrﬁéf yec%n?lé PR Ut htont A8 ga PH& O STPPIERY “af 8 and this
ring may al so have an al kyl grqup ,or hal ogenoal kyl group having 1 to 6

car bon ataoﬁﬁmﬁguagsﬁf)sé?? Lféﬂ‘?“.“‘%?hén or kB8 $31P r%yhgélrlaéﬁsaweg?ef to
hexacyclic in size and this ring may be al so saturated or unsaturat ed.

Anet hyl #PeESisr a fihfor onRMYPIRARNFI P IR er abl B¥@4Pt he 38bsti Buent on
the formed ring. Exanples of the fused ring structure formed in this manner
i ncl ude th&-fdsréwhadogrnocrelopraryhedsaBuPe fornula, R represents an

al kyl group having 1 to 6 carbon atons, such as a nethyl group, a

hal ogenoa keimpgundpofidthiendormud a6 (Gdr bbhs adalies oxublydxe tesf therenti hyl
group, or a hydrogen atom and Re represents a hal ogen atom such as a 22
fl uori newaeseinothe hztioggrocutbapiopyhygirage i satzomties gqootfegriaalldé yas t he
substituent R2 of the conpound of formula (1). The substituent R3 is a
phenyl al bylregsabgtizuahkyl group) conposed of an al kyl ene group having 1 to
6 carbon atons and a phenyl group, or an al kyl group having 1 to 6 carbon
atonms, aa abMpsYAB!EF|tHH Eepmidw 1g) 7 16s LD avdiated Bdregen atom
aphenyl group, anacetoxynethyl group, apival oyl oxynethyl group, an

et hoxycaibemshingr otle 2 EADb§BRCEYELSprépgi MEigRdui naay hyla gr qur, a
5-i ndanyl group, a phthalidinyl group, a

5-al kyl - 2s9x0-~ha3ogeaselel1dpybppl hgkolpoup, or a 3-acet oxy- 2- oxobutyl
group. In the case where a conpound of this invention is to be used for

ant i bact gr bahpBUAROSESthd tEdrinulaef(@) abl €s tniuse o> BghkaX¥Li €hd@séde conpound
wherein R3 is a hydrogen atom Meanwhile, a quinol one derivative wherein

the car barghbnathd HDI&Ien RASM @SN tHB S Poy &R cio’*pz‘&?}l‘“gbx%%;f‘ﬁynt hesi s

internmedi ate or as a prodrug. These aspects shall be descri’bed in nore
detail bgl ewyoRinkeREBRENtSs an al kyl group having 1 to 6 carbon atons,

7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-yl]-1-[2-(S) -
fluoro-1-(R)-cyclopropyll-1,4~dihydro-4-oxo-1,8-
naphthyridine-3-carboxylicacid, its salts or hydrates thereof;
7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-yl]1-1-[2-(8) -
fluoro-1-(R) -cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid, its salts or hydrates thereof;

7-[3-(R) - (1l-aminocyclopropyl)pyrrolidin-1-yl]-1-[2-(8S) -
fluoro-1-(R) -cyclopropyl]-8-chloro-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid, its salts or hydrates thereof;
7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-y1l]-1-[2-(8) -

fluoro-1-(R) -cyclopropyl]-8-fluoro-1,4-dihydro-4-
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an al kenyl group having 2 to 6 carbon atons, an al kynyl group having 2 to 6
carbon atons, an al koxy group having 1 to 6 carbon atons, a hydrogen atom
an am no group, a hydroxyl group, a thiol group, or an hal ogenonet hyl

group, and anong the above, the am no group nmay have one ore nore
substituents selected fromthe group 23 consi sting of an al kyl group
having 1 to 6 carbon atons, an acyl group having 2 to 5 carbon atons, and a
formyl group. In the case where there are a plurality of substituent

groups, tQﬁo&ﬁ?ﬁ&iE.Hgnﬁscg?%oﬁ’%‘];-iQﬁcqlti%;#]@sg?%ggstﬁﬁxﬁgaﬁg ero%‘;e 3

pIuraILty gf_dlfferent types. As an a ( nEy elt i

;F (r);jlpg %iﬁé?ﬁel(ﬁ{;?g%ﬁ, g’?ﬁ%§%§+£%€%%y}|i%ro%p ﬁrlgﬁgﬁ)—rgﬁp}}ﬁ%ﬁhpai S Y
1 Ceh. . . ) .

br anchod. EhaPRo ST Bp! TaYPRP SR B it atd el bl e 0 "

preferable. As. an_al kynyl group,. whig my be_a straight-chain or

Dy ahched: CRAMHBPbBS FaLFAEDSRT L & Seifhorie Pakes S PUARFHEP HIRRRPS 5
preferable. As the hal ogen of a hal ogenonet hyl group, a fluorine atomis
especi al | Y~ pPefB} abl zamheoeyie! eRroRY Lk s ek idin byl 1o - (@ an al koxy
group, which may have 1 to 6 carbon atons, a nethoxy group is preferable.
The substfivene—-Ra (Ry-gyelepreryl h-hydirdigardre dinmethaxiA~ group, or an
am no group, and anong these, a hydrogen atom a nethyl group, or

unsubst i texeduindhbngr3upatbokP) i¢ acddpectaibhy) tpraxf bydbh&es|thatw Tase
where R4 is an am no group, a hydroxyl group, or a thiol group, it may be
pr ot ect ed? bf3a(R) of te{methylamine haeycl eprupyipl yr neslddlin-X-Hhe rel evant
fields. Exanples of such protective groups include (substituted) 24

al koxycarpbhyl - {2 095+ f bucsho a5~ {RY t eyl apayasy oty | 4 glidiypiro-8-
2,2,2-trichl oroet hoxycarbonyl group, etc.; (substituted) aral kyl oxycarbonyl
groups, ShethesybeLrgybaxital hosy3 - cHsthoxy ok an®éhdxyberay| @aldar baswy|
group, paranitrobenzyl oxycarbonyl group, etc.; (substituted) acyl groups,
such as agpdyit@s otipersdf hoxyacetyl group, trifluoroacetyl group,

chl oroacetyl group, pivaloyl group, fornyl group, benzoyl group, etc.;
(substit urer3- aRKY |1 SARLRSCcPEL dSEBiSEl il iatial kyly1gr-aup - @ych as
tert-butyl group, benzyl group, paranitrobenzyl group, paranethoxybenzyl
group, tripherytIeiRYLcgEDoPros¥ L] +1 (FLitydrd-Ehmeitiars - such as

nmet hoxynmet hyl group, tert-butoxynethyl group, tetrahydropyranyl group,
2,2, 2- 11| SX6QE DR NOXY L By b SEPI: a8l 8, 1t2BH]1E8!dhyapdias tHadok )

substituted silyl groups, such as trinmethylsilyl group,

i sopropyl-fl et by Sid Y (mSFRrPami s ayiett o At g sid laigf-aup, tribenzylsilyl
group, tert-butyldi phenylsilyl group, etc. (here, "(substituted)" signifies

L hat agr oupppys hexepsibel doHENE) (=) ASAIRAUUBNALIING 20 HYEAR-Er 0UP. hydr oxy

group, or thiol group that is protected by such a substituent is especially

AR s S SR R e T O L S

thereof;

7-[3-(R)~-[1-(ethylamino) cyclopropyl lpyrreolidin-1-
yl]=-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylicacid, its salts or hydrates
thereof;
5-amino-7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-yl]-1-
[2-(8S) -fluoro-1-(R) -cyclopropyl]-1,4~dihydro-8-~fluoro-4~-

oxoquinoline-3-carboxylic acid, its salts or hydrates thereof;
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In the case where Ais a partial structure of the formula (I I ) , X1
represents an al kyl group having 1 to 6 carbon atons , an al kenyl group
having 2 to 6 carbon atons, an al kynyl group having 2 to 6 carbon atons, an
al koxy group having 1 to 6 carbon atons, a hydrogen atom an am no group, a
hal ogen atom a cyano group, a hal ogenonet hyl group, or a hal ogenonet hoxy
group, and anong the above, the am no group may have one ore nore
substituents selected fromthe group consisting of an al kyl group having 1

to 6 carBonatens. an (@sxl<1g%ﬁ\uq§roi@§§hgggé{>g,@>gxf%_?@aiawgnw]a d a fornyl

group. As a hal ogen atom orine ato a brom ne
atom are rekgr t r apd n e, especially
preferabl[E %2 §ﬁ5§| éaﬁucb%? Fgﬁpﬁa?ngéﬂadgF¥§%8h€ l%%alngg i
br anched- chaln roup havin 0 6 ca a,ne n ethyl
oroup. 8 P%&&&%E T§PalsRY R oA iop FaAL o 8 S Ahas ERarefT ac o
al kenyl roup ei,ther be a_strai -chai . Qr branche hai n group
havi ng 2 f&ménEWSbg%’éﬁinél'éméPﬁﬁVchBEBpgg BYEF@?&%FB 1ﬁ¥lén9a?ﬁynyl
group, which may be a straight-chain_or branched-chain groug having 2 to 6
car bon aﬁ§ﬁsflu&ﬁ°eﬂﬁ%ﬁ?FCyPéGBrPP¥1bréﬁérﬁbh@dr°ﬁg raERYhrdgen of a
hal ogenonet hyl group, a fluorine atomis especially preferable and the
nunber tﬁe?PﬁBﬂ-nlﬁPé}nBe%cﬁé'bstAéceﬂPJ&l,kéai%y spldpordnidna tes thayeciito 6
carbon atons, a nmethoxy group is preferable. As the hal ogen of a
hal ogenofeamdrp-drddp,(Rh-flluori ne atomis especially preferable and the
nunber thereof 26 may be 1 to 3. Anpbng these substituents, an al kyl group
or an al Kmeyhylempniod cycébpraple | pyArobidyh-grolprlab2e(8yt group, a
met hoxy group, or a difluoromethoxy group is especially preferable.
Furt her, flbbgoX1l-dR) -tigelabeveytitilotediRfdray8bmwethdrgrédted to forma ring
structure conprised of a polynethylene ring by incorporating a part of the
not her skebauanolineas-tarbomiydid ddirl ,cAtbaalaisoar hyddatels Heréobonded and
the nitrogen atomto which Rl is bonded) . The thus fornmed ring may contain
an oxygemoatBR(RA-NMilt-aniabcetlBpropyd) puktolidinrlagl f~2| Bg consti t uent

dihydro-3- (8) ~-methyl-7-oxo-~7H-pyrido([l,2, 3~

de] [1,4]benzoxazine-6~carboxylic acid, its salts or hydrates

thereof;

1-(cyclopropyl) -8-methyl-7-[3-(R)-[1-

(methylamino)cyclopropyl Jpyrrolidin-1-yl]l-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid, its salts or hydrates thereof;

a medicament, which comprises a compound of formula (I), its

salts or hydrates thereof as an active ingredient;

an antibacterial agent, which comprises a compound of formula

(I), its salts or hydrates thereof as an active ingredient;

a therapeutic agent for an infectious disease, which comprises

a compound of the formula (I), its salts or hydrates thereof

as an active ingredient;

amethod for treating a disease, which comprises administrating
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atom and this ring may al so have as a substituent an al kyl group having 1
to 6 carbon atons, which may have a substituent in turn. The formed ring
may be pentacyclic to heptacyclic in size and the ring constituent atons
are not limted to a carbon atom and may include an oxygen atom a nitrogen
atom or a sulfur atom Further, this ring nmay be saturated or unsaturated.
The thus fornmed ring may have an al kyl group having 1 to 6 carbon atons as
a substituent. This alkyl group may be considered to be the sane as the

above- degcebRgduabikyE BHOUfH AS(]W efifAlY +3 E%t HyerEQHptheirQbE al ky|

group may be substituted by a hal ogen atom an al koxy group, etc.

parti al ryat at e ring structure forned by X1 and Rl a
structur%gogﬁtﬁg%%bgl w%gggﬁgbgula -OCH2-CH ( - is preferable (the

right end of .th bove is_bonded.tq a nitro en 27 n% and. es ecially,
the qui ndl BREPSRe i efEh b G v BeeaRESy s%frs SaPes S3R°A s 2
parti al structure formula (I1) ferabl e conginatjons OL R4 and X1
are t hosBIMNGFES R&glé &R éFp 12 1§ hrdHofrhEBnEE an
am no group, a hydrogen atom or a_h droxyl grou and X1 is an al kyl group
havi ng 1hyvgratesr kbrracdnads an BPE6Y9 ¢rgtpdiend’/ 6 carbon atoms, a
hangenonethox&hgroup or a hydrogen atom Mrre preferable conblnatlons are
t hose i nafid1PdEcr proguging® pedipamean by #hdgbreairi sef F9Wrek3tindoup, or
a nmethyl group and X1 is a nethyl group, a nmethoxy group, a difluoronethoxy
group, od aompdundeaf athen fagpsld all)y, drisf srditise orohdnatesnthareofhose in
which R is a hydrogen atom a hydroxyl group, or a nethyl group and X1 is
a net hyl agr seapagtigenshgoryignbup. Each of substituent R5 and R6
i ndependently represents an al kyl group having 1 to 6 carbon atons, a
hydr ogenaatethodfcr punbducingeth aathbaygitegialipagent vy edhichocompriaseso aci d,
a dipeptide, or a tripeptide. This al kyl group may have one ore nore
substi t uEskmu28ting a compound of the formula (I), its salts or hydrates

thereof as an active ingredient;

a method for producing an infectious disease treating agent,

which comprises formulating a compound of the formula (I), its

salts or hydrates thereof as an active ingredient;

use of a compound of the formula (I), its salts or hydrates thereof

for the production of a medicament;

use of a compound of the formula (I), its salts orhydrates thereof

for the production of an antibacterial agent;

use of a compound of the formula (I), its saltsorhydrates thereof

for the production of an infectious disease treating agent;

and so on.

{Mode for Carrying out the Invention)

The various substituents of the compound of this invention

represented by formula (I):
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selected fromthe group consisting of an alkylthio group having 1 to 6
carbon atons, an al koxy group having 1 to 6 carbon atons, a hydroxyl group,
and a hal ogen atom As an al kyl group, which nmay either be a straight-chain
or branched-chain group having 1 to 6 carbon atons, a nethyl group, an

et hyl group, a normal propyl group, or an isopropyl group is preferable. In
the case where the al kyl group has a hydroxyl group as a substituent, the
al kyl group nmay be a straight-chain or branched-Chain group having 1 to 6
carbon atons, and the hydroxyl group is nore preferably substituted on the
term nal carbon atom of thdal group. As an al kyl group having a

hydr oxyl group, those ) 3 &?ﬁ8§n atons is preferable and a

hydr oxynet hyl grou & oup, a 2-hydroxypropyl group, a

3- hydr oxypr opyl_( dfeferable. In the case where the alkyl
group has a h&Qg 2 A Sy k2uent, the Al kyl group may be a
strai ght -chaisn of ~b{andghed-chai fy group having 1 to 6 carbon atons, and the
hal ogen atoﬁ'l‘"sl\l\pref erably a flRorine atom The nunber of fluorine atomns
may correspond tgf a nono-substituted condition to a perfluoro-substituted
condi tion. Exanples thereof include a nonofl uoronethyl group, a
difluoronetpylzgrqyp,da grinluoronethyl group, a 2,2,2-trifl uoroethyl

group, etdR | Rt cBse Rindte Rirndfkgre gefipeadaas rpmbrpnt described as a
substituent, the al kyl group may be a straight-chain or 29 br anched- chai n
group haviahgvé)t sh@ldamipon kst alesqridoedi .t he Fairk yhe Ha-pagicupmegf athgo be a
s traight-chain or branched-chain group having 1 to 6 carbon atons . As an
al kyl grogpihalbng aothlekylskieiletgpnowr, =an edudnaldrdmaided tigirouin tlne

al kyl t hi oet hyl group, or an al kylthiopropyl group is preferable and it is
nore pref etabbéukral fdemaldeyhinhlicagedum theherasenouwpekdfingtiong Bncar bon
atons as well. Moire preferable exanpl es thereof include a nethylthionethyl
group, anoetibyl tbi otréys tHotim hMitcyde bty RisoBbhAdbdgr th@. hydrddien case
where the al kyl group has an al koxy group as a substituent, the al kyl group
may be a stemigHit ¢@dbSndéd to a carbon, which is normally not indicated

as customary in structural formulae in organic chemistry, is
indicated in some cases (in the form of “-H”). However, the
structural formulae of this specification are indicated in line
with the rules of indication of structural formulae that are
normally practiced in the field of organic chemistry, and a
hydrogen atom that is bonded to a carbon atom will not always
be indicated but will normally be omitted.)

The substituent R' is an alkyl group having 1 to 6 carbon
atoms, analkenyl grouphaving2 to 6 carbonatoms, ahalogenoalkyl
group having 1 to 6 carbon atoms, a cyclic alkyl group having
3 to 6 carbon atoms, which may have a substituent, an aryl group,
which may have a substituent, a heteroaryl group, which may have
a substituent, an alkoxy group having 1 to 6 carbon atoms, or

an alkylamino group having 1 to 6 carbon atoms.
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branched-chain group having 1 to 6 carbon atons , and the al koxy group may
al so be straight-chain or branched-chain group having 1 to 6 carbon atons .
As an al kyl group having an al koxy group, an al koxynet hyl group, an

al koxyet hyl group, or an al koxypropyl group is preferable and it is nore
preferable for the al koxy group to be a group having up to 3 carbon atons
as well. More preferable exanples thereof include a nmethoxynethyl group, an
et hoxynmet hyl group, and a net hoxyet hyl group. Preferable conbinations of RS

and R6 are thoggpin %:gglﬁgfe £ Su ﬁy\ﬁj{)@eﬁ @?“c%%otnh%t%%e'iné b

hydrogen atom an Al up? orras ituted carboxyl group derived from

an am no _agj . i .1.de.. .0 trl t.id h i_nation in
whi ch oné %ft(}gllgﬁgr"gﬁgagr°ﬁ6b]%asnace{1e:1c§7proglenngé%cg%ngﬁ%uéh?rg%%%}a%ﬁ gghydrogen
atomor an.alkyl grqup.s re preferable. As 30 __an alkyl gro a net hyl
group or a;mcyét ﬁ‘ﬁ?gaﬁ'ﬁﬁﬁq% E&-’%fle‘??ﬂﬁ@ atoms, more pre%eralk(:).{y gn e'\l:?\Yl

andanet hyl gr oupi sespeci_al | ypreferahl e., Thus, aconbination in which_both R5
and R6 arEFIfRtr offErredderyl IreBRFATDA EQ QRREROBNRLONS eid NEPYR5 or R6
is a hydrogen atomand the other is a nethyl group is especi al

pr ef er ablgFOUR @BHAPOHFPPEPPERYd IR haPrefetaRlespats EF‘P}OQ@Péﬁ-é‘Yﬁavor abl e
physi ol ogi cal activity as an anti bacterial agent. A quinol one derivative,
wher ei n @ROWH having ks € carpen RBtops Rea| 2-§lugueetbyl agsaiRndst he
other is a substituted carboxyl group derived froman amno acid, a

di pept i deerefferabtlie .pepsi decysl s petkyl |grauef | cyslopnapdtlugrospedsf i c
exanpl es regarding this shall be described bel ow. A description shall now
be gi ven espegriralilyy plefdrdmigenocTioé opyopyt gléyp cfrdRp mdye babe aituent
hal ogen atomis preferably a fluorine atomor a chlorine atomand a

f | uori ne satb@biituiendpetdhhalpgena tdm £s pire flerabl pecs ehé gupsefienahlte for the
stereochem cal environnent at this noiety that the hal ogen atom and the

qui nol ona halba¥nbicgcieptoppilegyolpVis pirefeeableusst tivg @relliwe atkellopr opane
ring. Al so, though the cis-configuration substituent in this case nmay take
the for mgdoup 2 whi)chh a8y &3drel a( Bubstilaen@nyandr aUFlAbrane atom is

2- (R) - hal ogeno- 1- (S)-cycl opropyl group, the fornmer is preferable . Though
so- cal | e@speilElQRD pildiferab0@EhLE @he RAES§EL Atém3n tHik Idup. As

ci s- 2- hal ogenocycl opropyl noiety alone of Rl, all of such isonmers have been

found to abaa&bbaaacyalagkbpgf@t §tbap , 3% noAdhA 13y g 1iobrophat Yrofpconmpound

of this invention, exhibits excellent characteristics when there is a

substitugry gi»era.e;asiéucatﬂu eal €@ §SeRb£Ei Byrddne ghr@huloWM 89 dwiuhadrE at the
7-position of a quinolone nother skeleton, in particular, a 1- [2- (9S)
- fl uor o- hbddBera¥aleopr opyl ] - 1, 4- di hydr o- 4- oxoqui nol i ne- 3- car boxyl i c

Examples of an aryl group, which may have a substituent,
include a phenyl group, etc., whichmay have 1 to 3 substituents
selected from the group consisting of an alkyl group having 1
to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
a halogen atom such as fluorine atom, chlorine atom and bromine
atom, a hydroxyl group, an amino group, a nitro group, etc. (in
the case where the aryl group has a plurality of substituents,
the substituents may be of a single type or may be of a plurality
of types). Tobemore specific, aphenyl group, a2-fluorophenyl

group, a 4-fluorophenyl group, a 2,4-difluorophenyl group, a
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acid skel eton having a 2- (S) -hal ogeno-1- (R) -cycl opropyl group. [Fornula
E] ~CHz~n R5 Rs/N N For this subs tituent, two optical isoners that are in
an enantionorphic relationship exist as a result of the asymetric carbon
atomat the 3-position of the pyrrolidine ring. To be nore specific, these
are as follows: [Formula F] (CHz)n (CHz)hn R\ R RS/ NH' N ' Rs/NH~ N
Meanwhi |l e, the correlation of the structural activities of two types of
optically active conpounds that are due to the steric configuration of the

A L S S T e

7-[ 3-(1- amnone nol~one ~car boxyl ¢ ~aci

and the correlation of the structural_activities of four types of optically
active s@&é’tu&’rfceéngha? at et Lb°’f‘?re3‘§'e9e‘?‘?%1%rﬂ?%1ﬁfﬁﬁi o@lr(%f’“‘ﬂ h8re
substituent at the 7-position of a ] ,

7-13-(1- aﬁq#@aahh%~pygwoﬁruingfgypyqai H5PYRe thatndRy AT iyedd fgem @8t i ve are
described in Journal of Medicinal Chem stry, vol. 36, p. 1442 (1994). In
this |itarematdc ihvdrogarhamteemraind ahbngefaesedobei caBepidatr §het he

i somers of the structures shown in the followi ng fornmula are highest in
ant i bact ehiealy lagriovpt,y the SagRl Eg¥php Hngy-, a0 ;bae{aNngphthyN Brompt k& steric
configurations at the 3-position of these pyrrolidine rings, the present

i nvent or & dovisiyddried atrtydt gorbuphdatimgopbireakingener s shown in above formul a

F, the follow ng isoner was nore preferable: tCH2~n RAN 3R Rs/ H,,, "N-.
Thus, a nore paehatebbargbnpeonp dls Bheyreanpothds D8 darsvedvEpbmon has the
structure represented by the followng fornmula 33 JOR3 RS N H Rs That is,
3-(1- am peeyteloyalldyy ppHdexddytilid aromatic heterocyclic compound that
contains one ormore heterocatoms selected fromamong the nitrogen
atom, oxygen atom, and sulfur atom. Apentacyclicor hexacyclic
nitrogen-containing heterocyclic substituent that contains 1
or 2 nitrogen atoms is especially preferable. For example, a
pyridyl group, pyrimidyl group, etc are cired. An alkyl group,
a halogen atom, etc. are preferable as substituents on these
rings. A 6-amino-3,5-difluoro-2-pyridyl group is especially
preferable.
As an alkoxy group having 1 to 6 carbon atoms, an alkoxy
group that is derived from an abovementioned alkyl group is
preferable and among these, the methoxy group is preferable.
For an alkylamino group having 1 to 6 carbon atoms, the alkyl
portion may be an abovementioned alkyl group. A methylamino
group is preferable as the alkylamino group.
As the substituent R!, a cyclic alkyl group or a

halogenocycloalkyl group is preferable. Among these, a

cyclopropyl group or a 2-halogenocyclopropyl group is preferable.
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substi t ut ed- 6- hydr ogen- substi t ut ed- qui nol one car boxylic acids, represented
by formula (1), its salts, and hydrates thereof (especially conpounds
having the structure where the 3-position of the above pyrrolidine ring is
R-configuration, its salts, and hydrates thereof) exhibit potent

anti bacterial activity against a w de range of gram negative bacteria and
gram positive bacteria, and in particular, a characteristic of these
conmpounds of this invention is that they exhibit potent antibacteri al
activi t pWagthreshalegpst afompdat efhen ashalbpgenesyetopyopyhnopovbti we cocci ,
including | ~SA, PRSP, and VRE. In addition, the characteristics of the
conpoundSl urfritite satianvarg ippefarakilleat t hey exhi bit excell ent safety and good
phar macoki neti cs that enabl e the conpounds to be used in clinical
situations, whehsabstituett [R¥ aepresedtsi ah Llngiothicts grduy hiawritnly S
invention even if they had substituents of the sane structures. Such

excel | ent 4y @ alrin &ftoidseocioapaga%gah hitbm, i AMANRF (h@ I sl Bid ed by
conmpounds in which the n in the above-described substituent is an integer

of 1 or j}hteyhtdiEtdForm £%¢8Y HHuAIRSLSMBEEsEQYTE £ PRAYRIthY 1WHN

conpounds for which nis an integer 1. That is, conpounds wherein the

cyclic Radin Syaiﬁé&fﬁéfiﬁiﬁé Wpake OFf A abtRetOsPOYEESn (thddgsLase where
a conmpound of formula (I) of "this invention has a structure in which
diasterquny’ r I n a6 d L sed: ing| ' eonmer is
preferably astszlr%?’ni%gpgragg \ gnntggggggﬁpggﬁﬁp% ‘?ﬂ}gﬂl%vgrﬁq?jgﬁcﬁa?% %rni stered
to humano NI SeofNEol A1y RO £3600) 2 AlOUS, AlANeLeomR as used
erein nmeans not only a case n which PEOPs conpletely free trom the other

dlastere%peE g%talso a

i,n_ which it is i hem cal | d :
That is,™d V&t ?nﬂ"}el(r:pl?rgtag%ﬁ ﬁ!‘é'\tca tgﬁé‘gg?’ﬁégtgitggfe‘g cg%%/ aﬁg%/%ﬁ'é‘%ggﬁte ai ned
as long as there are no infl nges.on t he gﬁgsical £9 stants. and .
physi of SENEFYA 87 PAYE 3 Aty I SRRURIRE PALEGSRPREKVL AR PBIRREN cal | y

pure"as ,used_herejn neans that, in the case where_a copgpound or the |ike
oxi sts iint8 Bl GREPPR,AEOTT At SHBETE HHEBH o The THFRRR i may Rfret r o
carbon ataons, the caonpound is _conprised of only one of them The term
"pure" iTRHIRY CdSe taheasyald ccdis Sdére drh %ﬁé ARG MENnEe &dS@escri bed
above. Though t he qui nol one carboxylic acid derivative of this

i nvent i RS eSRIRAREUFAteds ABethyl groppar aflyuereralhyl group

is preferable as the substituent on the formed ring. Examples
of the fused ring structure formed in this manner include the

following:

(In the above formula, R7represents an alkyl group having 1
to 6 carbon atoms, such as a methyl group, a halogenoalkyl group
having 1 to 6 carbon atoms, such as a fluoromethyl group, or

a hydrogen atom, and R® represents a halogen atom, such as a
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salt or a salt of its carboxyl group. Exanples of the acid addition salt

i nclude inorganic acid salts, such as hydrochlorides, sulfates, nitrates,
hydr obr om des, 35 hydr oi odi des, phosphates, etc.; and organic acid salts,
such as net hanesul f onat es, benzenesul fonates, tol uenesul fonates (and ot her
sul fonat es), acetates, citrates, nal eates, fumarates, |actates (and ot her
carboxyl ates), etc. Exanples of salts of the carboxyl group include alkal
nmetal salts, such as lithiunmsalts, sodiunsalts, potassiunsalts, etc.;

al kal i neféuprhngeaspmsaprsa bMdnoasnnagQ@s)un1salts calciumsalts, etc.;
ammonium salts, triethylam ne salts, N-nethylglucamne salts,

tris- (hydroxyrfetmr)cgammmmemms*abeltec as, tied subess tuenitd R3i ofier be
inorganic salts or organic salts. Also, these free form acid addition

sal ts an#theaktbmpofindascbofgkmglaupIpt{ the qui nol one carboxylic acid
derivative may be present as hydrates. Though in the case where a conpound

of this inventTHasubsttsiedeh@rRBDEIDpREAYIALKPUI POSES (aFalkiNOF¥bup) aci d
conmpound wherein the subs tituent R3 is a hydrogen atomis preferably used,

a qui nol aBRPEEHVEE| XE ANBPFar@’RVBUP HaAGdl 1MRCEY ch8bd8A §86ME ARqusef ul
as a synthesis internmedi ate or a prodrug. For exanple, alkyl esters, benzyl

esters, gl KRy ﬁi KtoS! &S 1anpggﬂ¥h.ag\¥¥up%ﬁ§g 2R BhSQ}.‘boﬁSi%&ﬁsare

useful as synt esl s interned at es the ester to be used as a prodrug

Is an eSLﬁr ?xgééré gséan%;?M\Plry of gt Q%rru' W QQoH ﬂng:Q gnfree

form of carb oxy ( its exanples in e oxoa ter such as
scet 0L, ity Sl oU STl R e wag@%@%g%ﬁ@%ﬁ;ff
gs;g;t ox?gﬁhékobﬁ?’ ¥ e]t ’?ygﬁ;ur?'}}élrylggég holegtngrc= é:’r]'?‘\r/]g“tl v%m%er el'n one of
ei t her th bs.tit s _R5 and I S,a hydrogen aton1 0 her |s a
Subst tuﬁéﬂega}fgswwa?ﬁxﬁa GEPFDed( Potidnreli EOGRr o BPATRLhATBEL o
tri peptlg’e i:)s uaSe uélk)?l a2 pén(c)g ]Ejg.? dioxole-4-ylmethyl group, or a
3-acetoxy-2-oxobutyl group.
In the case where a compound of this invention is to be
used for antibacterial purposes, it is preferable to use a
carboxylic acid compound wherein R? is a hydrogen atom.
Meanwhile, a quinolone derivative wherein the carboxylic acid
moietyhasbeenmadeanester isuseful asasynthesisintermediate
or as a prodrug. These aspects shall be described inmore detail
below.
R represents an alkyl group having 1 to 6 carbon atoms,
an alkenyl group having 2 to 6 carbon atoms, an alkynyl group
having 2 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon
atoms, a hydrogen atom, an amino group, a hydroxyl group, a thiol

group, or an halogenomethyl group, and among the above, the amino

group may have one ore more substituents selected from the group
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An am no acid, a dipeptide, or a tripeptide to be used for obtaining such a
prodrug is one wherein the peptide bond, which is fornmed by the carboxyl
group derived fromthe am no acid, dipeptide, or tripeptide and the am no
group that exists on the subs tituent at the 7-position of the quinol one
carboxylic acid derivative, can be easily hydrolyzed in the |iving body and
formfree form ofam ne, anditsexanpl esi ncl udet hosederived from gl yci ne,

al ani ne, aspartic acid, and other am no acids, glycine-glycine,

gl yci ne- 8PRftAELng| efhpRca bkghigrourahavinadr tei peprbeasateoms, an acyl

gl yci ne- gl yci ne-al ani ne, gl yci ne-al ani ne-al ani ne, and other tripeptides.
The conpgupdbohaving 2 nverft icarboapréomat candya tfrrnivk mricuy. | Ih the be
produced by various nethods , and in a preferred exanple, such a conpound
can be pradeceHeter theaapheeby praralityaofoapbsahitueptegeotps, bghéor nul a
(rer)y: 37 O R31 [wherein X2 represents a substituent which functions as a
| eavi ng gubspitadabBsamifatliisd ofutles samelitigbd Sirl hay & pheanyplerhl voy!

group, a substituted or unsubstituted al kyl sul fonyl group having 1 to 3
carbon abgnaifa@ebbHer tigeatom a chlorine atomor a bromne atom R31 is
the R3 defined in the formula (1) or a boron-containing group represented

by formula (1\s arBal¥32) g33up, WREERInfhy 34 tHet %23 aNBYrREghBEcRATR OF

different from each ot her wﬁtg'each being a fluorine atomor an

al kyl car BQ”BEQK&hH&QHﬂabﬁYJjPB%% ygé\rﬁ{ GRrhPE LRk a2BfsRla rﬁQFhﬁ.‘ 3 RS,

R6, and A are as defined in t ormula (I') ] wmth a conmpound o

[wher i nSEceR7 ot b e RRE RbBEndE nioPYh it Sha e Betbett om an
al kyl o7 gug,haud §0. o0 £a7 RN ALAYR00 AeBLAL AL %S PR EhQL 80 ami NO

group, her 0 repr

a straight-chain or branched-chain group having 2 to 6 carbon
atoms, a vinyl group is preferable. As an alkynyl group, which
may be a straight~-chain or branched-chain group having 2 to 6
carbon atoms, an ethynyl group is preferable. As the halogen
of a halogenomethyl group, a fluorine atom is especially
preferable and the number thereof may be 1 to 3. As an alkoxy
group, which may have 1 to 6 carbon atoms, a methoxy group is
preferable.

The substituent R® is preferably a hydrogen atom, an alkyl
group, or an amino group, and among these, a hydrogen atom, a
methyl group, or unsubstituted amino group (-NH;) is especially
preferable.

In the case where R is an amino group, a hydroxyl group,
or a thiol group, it may be protected by a protective group that
is normally used in the relevant fields.

Examples of such protective groups include (substituted)
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a hydrogen atom and the other represents a substituted carboxyl group
derived froman amno acid, a dipeptide, or a tripeptide wth an am no
group that is unsubstituted or is protected by a protective group for an
am no group, and this al kyl group may have a substituent selected fromthe
group consisting of an alkylthio group having 1 to 6 carbon atons, an

al koxy group having 1 to 6 carbon atons, a hydroxyl group, and a hal ogen
atom and n is the sane as defined in the fornula (1)] (in the case where
an addi t P3HORACRTPENYIe @rQURS r e8¥EN 0AS| sterkThwpxNFaxhRF]l t GECPPesence of
reagents that cause the addition salt to becone a free forn). Exanples of
t he aci d2addilrityachabroeithokydarbaovgantcoupid esrts, dauhsiituted)
hydrochl ori des, sulfates, nitrates,

hydr obr omirdd &y patvenebiodgd, girospkat sacht as; badzyl gagcarhongl sgkbsp, such as
met hanesul f onat es, benzenesul fonates, tol uenesul fonates (and ot her

sul f onat paramathbai/benzglbkgeatrborglleat es, fumarates, | actategrébapd ot her
carboxyl ates); etc. The reaction may be carried out using a solvent or

Wi thout waira@idrobenel oxPcaebvaill g@dtp Utk N {H6bseREE L&) MAYye any
sol vent whi ch have no an adverse effect on the reaction, and its exanples

i nclude dirgbay! ssidwxi d8, R¥dEdEfine, gassponi ifddbxfidnal . gobapof orm
di et hyl grngnide, dinethylacetgﬁgde,gN-n%thylpyrrgﬁﬁ%one, te?rah%drofuran,

vat er, 3t'i‘itf'196_¥~%¥:§’&?h1 g¥oud M1 thiler §up 3%ivd 16yl €geblgn i S

preferably carried out under "the presence of ‘an acid receptor, such as an

| nor9an oyt GEodf, UMD WSty | SECCK S ALY S Lisbs

o ol | e Gyl A 0 980 SHA LB RATPOH M P Eub k2™ o
N,N—dl|S§Qrggélet%&janlne et c., The reaction tenggrature SrOU|d normal ly be

inthe t t ufk ﬁﬂhﬁ§qﬁeq%¥%nt%ﬁﬂﬁﬁ@uLP%F?%F ?ﬁygﬁ%z% engSBPy in the

range of 25 to 150C, . The reaction time shoul.d be i,n the range of 30 m nutes
Lo 25 holFaP ARy LPRE Y dagero i & or el Tape ot tuted et d'%%ush 25

methoxymethyl group, tert-butoxymethyl group,
tetrahydropyranyl group, 2,2,2-trichloroethoxymethyl group,
etc.; and (alkyl and/or aralkyl) substituted silyl groups, such
as trimethylsilyl group, isopropyldimethylsilyl group,
tert-butyldimethylsilyl group, tribenzylsilyl group,
tert-butyldiphenylsilyl group, etc. (here, “(substituted)?”
signifies thatagroupmayhaveasubstituent). Acompoundhaving
an amino group, hydroxyl group, or thiol group that is protected
by such a substituent is especially preferable as a production
intermediate.

A represents a nitrogen atom or a partial structure
expressed by formula (II):

e I

X
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conpleted in approximately 30 mnutes to 8 hours. The protective group of
an am no group may be any protective group that is generally used in the
relevant field, and its exanpl es include al koxycarbonyl groups, which may
have a substituent, such as tart-butoxycarbonyl group,

2,2,2-trichl oroet hoxycarbonyl group, etc. ; aral kyl oxycar bonyl groups, which
may have a substituent, such as benzyl oxycarbonyl group,

par a- net hoxybenzyl oxycar bgnyl group, para-nitrobenzyl oxycarbanyl group, etc.;
acyl groups, whithRaFagauhere finistd Paeitdalsgtrugtuse af thg gpmula

met hoxyacetyl group, trifluoroacetyl groug, chl oroacetyl group, pival oyl

gr oup, f(SFﬁS//Ir glr sepregenteyangrldupl anaup hayipg| l ko $psarpRncAtaRy  have a
subs tituent, and aral kyl groups, which nmay have a subs tituent, such as
tart - but §h ytbepybeggup datimg 2r Sonbteattieery Ataprsoupn adkynyl group

par a- met hoxybenzyl group, tri phenyl met hyl group, etc. ; ethers, which nmay have a
substi t ubavingu itcaé cextdooxstenby| amrRdkpxyt @roup teoxiyngeihtyd 6gcavben

t et rahydropyranyl group, 2,2,2-trichloroethoxynethyl group,etc.; and

substi t uaedmsi, | y hydirodges, atot) a6 aini n6BgPYlS) layhaloégen,atom, a cyano

i sopropyl di methyl silyl group, tert-butyldi nmethylsilyl group, tribenzylsilyl
group, tgikbupyty hdilphemvneithyl greuwp, i &.hdYoddifom@stoxPeroupgcanal R3 and
R31 is an al kyl group having from1 to 6 carbon atons, an al koxynet hyl

group haymBfgithelbovd, théamPAB gdl¥FnAf havedBREVrkdte S685Pi tAEALLY!
group) conposed of an al kyl ene group having 1 to 6 carbon atons and a

phenyl gg@yRetbl P@&nb&x&‘ﬁg\b%bt 88nkikRiAgCOE &9 RANING roRP ANV  hg &cCi d by

treatment under acidic or "basic conditions which are generally uSed for the

hydrol ysig gf c&?}?%xﬂé;ntﬁs gcairﬁi FHE 'Frodd! é-.‘a%n%a% t8her 8aRBonN3BoRgSt ruCt Ure

of the formula an be converted Iintd a correspondi ng carboxylic

aci d by §Hﬁj gc%bggg%g%%ygydrol ysi s under acidic or basic conditions after

al | owi ng e conpo fo react with the conpound (I1l1) . In the case

where deprotegl] gnyL$ 0EEESSAl Y o FGFIHRONPL, O, I AL A e LERIESERGEd DY
€0 % pro

the formula (I')” can tarned by remving é ective groudp under
2D OPL! 81 AL LR SULLERL Lok ALPHALBEILNG SLOMR ALRPIBRHDY f e
in PCT/ JB96/ 00208, may. bo gi ven s a1 exagpl e, Ljje mehod of, production is
be a straight—-chain or branched~-chain group having 1 to 6 carbon
atoms, a methyl group, an ethyl group, a normal propyl group,
or an isopropyl group is preferable. As an alkenyl group, which
may either be a straight-chain or branched-chain group having
2 to 6 carbon atoms, a vinyl group is preferable. As an alkynyl
group, which may be a straight-chain or branched-chain group
having 2 to 6 carbon atoms, an ethynyl group is preferable. As
the halogen of a halogenomethyl group, a fluorine atom is
especially preferable and the number thereof may be 1 to 3. As
an alkoxy group, which may have 1 to 6 carbon atoms, a methoxy

group is preferable. As the halogen of a halogenomethoxy group,

a fluorine atom is especially preferable and the number thereof
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A conpound of the fornmula (V) can be produced by renoving Q froma conpound
represented by the followwing formula (M): (CH2)n Rs~2 /N H,,, NQVI R[In
the above formula (VI) , R512 is the sane as the R5 defined in the formula
(I') or represents a protective group of an am no group, Rs and n are the
same as defined in the formula (1), Qis a protective group of an am no
group, wherein the protective group of an am no group may be selected from
t he groupconsi stingofa (substituted) al koxycarbonyl group, a (substituted)
ar al kyl ofpdamsordy|ltagroup, a (substituted) aryl group, a (substituted) alkyl
group, a (substituted) aral kyl group and a substituted silyl group.] An
above- descr i bedmongtbese subs thidyardsenanial kylegfeuprogfarea tkoxy ghreugof , a
hydrate thereof, or a hydrate of the salt. Exanples of the acid addition

salt inclisdprefierghhec acmdtbyl igroupd angethiyd group s al hethd&pe girbup ,exanpl es
t hereof include inorganic acid salts, such as hydrochl orides, sulfates,

hydr obr orgrdes diyfliretiettoxyh giphpt 6% specind 19 paeiferadild.salts, such as
nmet hanesul f onat es, benzenesul fonates, toluenesul fonates (sulfonic acid

salts); acetatggrthét| &hes X" ELEAEAbo RN Bhed FIGiA) BS inGdighared ¢ acid
salts); etc. Wen both R512 and Q are protective groups of an am no group,

they may (¢ rohfh §aFEn@'s thddtRIfeN ook \sRRAC B 0L 641 iy 1 S nore

yiidOMBYEdne 44 n
favorabl e for the production of conmpound (I) that "each s cut off under

di 11 er ents J AL ANl bhPPSr RINRLEReR' oRE12LAA0(Q 40 RREaROt ective

groups of am fio groups, 1Tnc oW ng. t 1S, exanpl esthereof

7! e S USRSl 8 YRS bGP LU LB om ) 1
9L0UP:, SRR SNSadr! bR s ALY BB KR
as Lot BULeXYSarbOnXL A" B, %P o2 abiehlY QEGR DY S Ml AW O
atom, and this ring may also have as a substituent an alkyl group
having 1 to 6 carbon atoms, which may have a substituent in turn.
The formed ring may be pentacyclic to heptacyclic in size
and the ring constituent atoms are not limited to a carbon atom
and may include an oxygen atom, a nitrogen atom, or a sulfur
atom. Further, this ring may be saturated or unsaturated. The
thus formed ring may have an alkyl group having 1 to 6 carbon
atoms as a substituent. This alkyl group may be considered to
be the same as the above-described alkyl group and is preferably
amethyl group. This alkyl group may be substituted by a halogen
atom, an alkoxy group, etc.
As apartial structure that forms the ring structure formed
by x* and R!, a structure of the following formula:
-0-CH,-CH (-CH3) -

is preferable (the right end of the above is bonded to a nitrogen
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ar al kyl oxycar bonyl groups, such as benzyl oxycarbonyl group,

par a- met hoxybenzyl oxycar bonyl group, para-nitrobenzyl oxycarbonyl group,
etc.; (substituted) acyl groups, such as acetyl group, nethoxyacetyl group,
trifluoroacetyl group, chloroacetyl group, pivaloyl group, formyl group,
benzoyl group, etc. ; (substituted) al kyl groups or (substituted) aralkyl
groups, such as tart-butyl group, benzyl group, para-nitrobenzyl group,

par a- net hoxybenzyl group, triphenylnmethyl group, etc.; (substituted)

et hers, atem) asndelpeghalhyl theodapincdernepskekgben ofl thedigpllowing

t et rahydropyranyl group, 2,2,2-trichloroethoxynethyl group, etc. ; and subs
titut edsstybictupapss sreferablei net hyl silyl group, isopropyldinethylsilyl
group, tert-butyldinmethylsilyl group, tribenzylsilyl group,

tert- butyldlphenyIS|IyI group, etc. 43 I n producing the conpound (1)
usi ng an abovenen$i oned conpound having Q as a protective group, it is
necessar )t o oucd®y reaction by renoving the protective group Q In
this case, fon with the conmpound (I1l) or (V) may be carried out
by a so-cal hot reaction or the reaction nay be carried out after
once isolatit m compound (V) by renoving the protective group. As with a
conpound of t rmula (V) , a conpound of the fornmula (VI) can be
produced by t hods, and though a nethod described in

PCT/ JP96/ 00208 may be3gi ven as an exanple, the production nmethod is not
limted thereto. Ci s-2-fluorocyclopropyl am ne conprised of a single isoner,

which is desingbhe; ]I,og AR il Beooupaund ot S Lok d )

conprised of a S|ng e I"'Soner, Sy i hesi zé exa nmet hod
descri be |n JP 75 (¢ "JP—A" d; herei ans._an

Cnexan g ﬁ%aﬁ@éie%% T SR T et

conpoun of for ri,sed of a sin i somer us an o tlcal
acm)ve ciay JZ“QFI c‘é&f 25 |t8f?isnea8e?i“€78g| 95°'68t a"l‘r@(f# gq %ﬁ Y
descri bed abova raM/nat rlal , i g carri out £?r g e |n

accor darR® Y r?ﬁ)é ERARI2BESC 1 HAD ALY, XENPIR 0 D gpecific

exanpl es of conpounds of this invention_include the follomﬁng.

7- [ 3- (R 2 ¥ HO AFKBRT BFFHPpY rF1§ GrAbPR pEOmS| 72 Aplogenomethoxy

group, or a hydrogen atom.

More preferable combinations are those in which R® is an
amino group, a hydrogen atom, a hydroxyl group, or a methyl group
and X' is a methyl group, a methoxy group, a difluoromethoxy
group, or a hydrogen atom.

Especially preferable combinations are those in which R*
is a hydrogen atom, a hydroxyl group, or a methyl group and x*
is a methyl group or a methoxy group.

Each of substituent R® and R® independently represents an
alkyl group having 1 to 6 carbon atoms, a hydrogen atom, or a
substituted carboxyl group derived from an amino acid, a
dipeptide, or a tripeptide.

This alkyl group may have one ore more substituents
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(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-4-oxo-1, 8

napht hyri di ne- 3-carboxylic acid [shown in the followng fornmula]; GOCH H
7-[3-(R) - (1-am nocycl opropyl )pyrrolidin-1-yl]-1-[2

(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 4- oxoqui nol i ne-3 carboxylic acid
[shown in the followng fornmula]; H

7-13-(R) - (1-am nocycl opropyl ) pyrrolidin-1-yl]-1-[2

(S)-fluoro-1-(R)-cycl opropyl]-8-chloro-1, 4-di hydro-4

oxoqui nol§Seackachf BeR Hhecg BewRl CoBRaRE 1ng Qfhanfal vkt giroup having
7-[3-(R) - (1-am nocycl opropyl )pyrrolidin-1-yl]-1-[2 45 fornulal;
(S)-fluorlote-§ R?rbyola)fmmﬁpyB}\-@ll{m&wg@‘oupélhd\'fimrlotmﬁ(oqubqolatmn$r car boxyl
ic acid [shown in the follow ng formnula];

7- [ 3- (R & hyadroxydy gdremumopyando yr halliodien- btpm).- 1- [ 2

(S)-fluoro-1-(R)-cycl opropyl]-8-difluoronet hoxy-1, 4di hydr o- 4- oxoqui nol i ne- 3
-carboxyl i c achd dshayl yddup,f ehlien nagyf@.’cﬂwéﬁ]be GOsirfhight-chain
7-[3-(R) - (1-am nocycl opropyl )pyrrolidin-1-yl]-1-[2(S)-fluoro-1-(R)-cycl opro
pyl]-1, 4-oh Mm@h&dmmwﬁaﬁpquawhgng Bo Cerdippydr G, [aS awhyiln t he

fol 1 ow ng formul a]; 46

7-[ 3- (R) -grknli BACKERQR' GBYh: HrQJrh@ln ropyl - grbdh D)o |40 1cycl opro
pyl]-1, 4ddl;hydro 8- me? ?p%ﬂp o>?oqui noFl ﬁieSlY %gr blgxy?l C acl%bla [ shown in the
fol I ow ng;rfd?fpm-llsa]preferable.

In the case where the alkyl group has a hydroxyl group
as a substituent, the alkyl group may be a straight-chain or
branched-chain group having 1 to 6 carbon atoms, and the hydroxyl
group is more preferably substituted on the terminal carbon atom
of the alkyl group. As an alkyl group having a hydroxyl group,
those with up to 3 carbon atoms is preferable and a hydroxymethyl
group, a 2-hydroxyethyl group, a 2-hydroxypropyl group, a
3-hydroxypropyl group, etc. are preferable.

In the case where the alkyl group has a halogen atom as
a substituent, the alkyl group may be a straight-chain or
branched-chain group having 1 to 6 carbon atoms, and the halogen
atomispreferablya fluorineatom. The number of fluorineatoms
may correspond to a mono-substituted condition to a
perfluoro-substituted condition. Examples thereof include a
monofluoromethyl group, a difluoromethyl group, a
trifluoromethyl group, a 2,2,2-trifluoroethyl group, etc.

In the case where the alkyl group has an alkylthio group

as a substituent, the alkyl group may be a straight-chain or
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OCH

5-am no-7-[ 3-(R)-(1-am nocycl opropyl )pyrrolidin-1yl']-1-[2-(S)-fluoro-1-(R) -
cycl opropyl ] -1, 4-di hydr o- 8f | uor o- 4- oxoqui nol i ne- 3-carboxylic acid [shown in
t he

5-am no-7-[3-(R)-(1-am nocycl opropyl )pyrrolidin-1yl]-1-[2-(S)-fluoro-1-(R)-
cycl opropyl]-1,4- dlhydro 8 nethoxy 4- oxqu|noI|ne 3 carboxylic acid [ shown
in the 47 follow foll owi ng fornu L

5- ani no-§ranched- %ﬁamﬁeegéﬁefﬁpa&ytoy Byariiong tems yphg the allkyl thio
-fluoro-1- (R) -cyclopropyl ] -1, 4-dihydro-8

net hyl - 4gmweﬁuaha9éo%a@§rrﬁdﬁm-@haémr[bﬁ%ﬂheﬂ chaipgreyRihay s nul a) ;
OOH ~N HzZN 10-[3-(R)-(1-am nocycl opropyl ) pyrrolidin-1-yl]-2,3

di hydr o- B£e3) carbapatpmexo- Xstamalkin] aroup heejiing ah pdkydkhiogrdirar boxyl i c
acid [shown in the follow ng fornula]; OH

7-[ 3- (R ag 1adkiyddbyiomebbiy| )gpnoum/ i annalkyllthioe2h4d group, or an
(S)-fluoro-1-(R)-cycl opropyl]-8-difluoronethoxy-1, 4

di hydr o- 41 lexbtii sxstopiel Irreaibasypréfacallé sravit i st heré ghtaferupIeor mul aj ;
F

3- (R £62 -tE adryTtRDOtgH Uy tbabé @i rdup Haviid? (Sto I3 varbor-{tRmLyCl opr op
-1, 4- di hydr o- 8- met hoxy- 4oxoqui nol i ne- 3-carboxylic acid [shown in the

0
3

7-[

yl]-1,:¢

fol | ow ngsf ogentl a] ; More Freferable examples thereof include a
7-[3-(R) - (1-am nocycl obutyl)pyrrolidin-1-yl]-1-[2(S)-fluoro-1-(R)-cycl oprop
yl']-
f ol

(1) 4- Hé@ﬂﬁiﬁhﬁorﬁ@éclg{i é%ﬂﬂi“ Nyl nStﬁyQ%Bfi?Bé)ﬁh’yﬁ agrdupshoyma i ma t he

wi ng formnul aj
methylthioethyl group.

In the case where the alkyl group has an alkoxy group as
a substituent, the alkyl group may be a straight-chain or
branched-chain group having 1 to 6 carbon atoms, and the alkoxy
group may also be straight-chain or branched~chain group having
1 to 6 carbon atoms. As an alkyl group having an alkoxy group,
an alkoxymethyl group, an alkoxyethyl group, or an alkoxypropyl
group is preferable and it is more preferable for the alkoxy
group to be a group having up to 3 carbon atoms as well. More
preferable examples thereof include a methoxymethyl group, an
ethoxymethyl group, and a methoxyethyl group.

Preferable combinations of R® and R° are those in which
one is a hydrogen atom and the other is a hydrogen atom, an alkyl
group, or a substituted carboxyl group derived from an amino
acid, a dipeptide, or a tripeptide. Among these, a combination
in which one of either R® or R® is a hydrogen atom and the other

is a hydrogen atom or an alkyl group is more preferable. As
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- [ 3 (R -1

(met hyl am no) cycl opropyl ] pyrrolidin-1-yl]-1-[2-(S)fluoro-1-(R)-cycl opropyl ]

-1, 4- di hydr o- 8- met hoxy- 4oxoqui nol i ne- 3-carboxylic acid [shown in the

following fornmula]; OCOHH3 7- [3- (R - [ 1

(et hyl am no) cycl opropyl ] pyrrolidin-1-yl]-1-[2-(S)fluoro-1-(R)-cycl opropyl]

- 1, 4-di hydr o- 8- net hyl - 4oxoqui nol i ne- 3-carboxylic acid [shown in the

following formula]; HH3 7- 3- (R -1 (ethylanino) cycloprog¥l

] pyrroli @naikyl group, pomethyl group or an ethyl group is preferable

fluoro-1-(R)-cycl opropyl]-1, 4-di hydro- 8- net hyl - 4oxoqui nol i ne- 3- car boxylic

acid [sh arnetlmef pspPupvisreprestiml la preferable 'Thuspte eNmbi BakiPno- 7- [ 3-

(R - [1 (rethyl am no)cycl opropyl]pyrrolidin-1-yl]-1-[2-(S)

f1 uor o- 1ipRyhigh| bpthR7| ind, R® dirkeyHydr8gert dtydmsl o quickobiinat3opaihoxyl i ¢

acid [shown in the following fornula]; H3C 10- [ 3- (R - [ 1

(et hy| amhiehc pakopf opithey rRobirdrA-ils \d |hyRirdgen atom and the other

di hydro- 3-(S)-net hyl - 7- oxo- 7TH pyri do[ 1, 2, 3 de] [ 1, 4] benzoxazi ne- 6- car boxyl i c

aci d [ shawnaimethia §eblipviidgspecitl al,préfd¥able. A compound of this

1-(cycl opropyl)-8-nmethyl-7-[3-(R-[1 _

(et hyl agon®)ieaelionr @Ryl ldapgddildidiy-dxpitdssl, fadbPyE1&- physiological
activity as an antibacterial agent.

A quinolone derivative, wherein one of either substituent
R® or R® is a hydrogen atom and the other is a substituted carboxyl
group derived from an amino acid, a dipeptide, or a tripeptide
is especially useful as a prodrug. Specific examples regarding
this shall be described below.

A description shall now be given concerning the
halogenocyclopropyl group of R!.

The substituent halogen atom is preferably a fluorine atom
or a chlorine atom and a fluorine atom is especially preferable.

It is especially preferable for the stereochemical
environment at thismoiety that thehalogenatomand thequinolone
carboxylic acid moiety have c¢is-configuration on the
cyclopropane ring. Also, though the c¢is~configuration
substituent in this case may take the form of a
2-(S) -halogeno-1-(R) —cyclopropyl group or a
2-(R) -halogeno-1-(S) -~cyclopropyl group, the former 1is

preferable.

Though so-called enantiomorphic isomers are present due

31



51 oxoqui nol i ne-3-carboxylic acid [shown in the following fornula]; OH
Si nce the conmpound of this invention has potent antibacterial actions, it
can be used as nedicaments for use in human bodies, aninmals, and fishes or
as preservatives of agricultural chemcals and food. In the case where the
conpound of this invention is used as a nedi canent for human bodies, its
dose is within the range of from50ng to | g, preferably from 100ng to
500ny, per day per _adult. In the case of use as a nedical dru%_for an

ani mal , EethesisvarhatogepesvelrperPY haopetyions of ik /adkd PLse¥aRi on
(treatnment or prevention) , kind and size of each animal to be treated,

ki nd andigegets havebeen fiveed &P bat sioeeny drbantébhpgherbal actiwi®yn t he
range of generally fromlng to 200ng, preferably fromb5ng to 100ny, per |Kkg
body wei ghd bigbath safety.as a daily dose. The daily dose is admnistered
once a day or by dividing it into two to four doses per day. As occasion
demands, the @dai lcpmpesadraypfexthed t bavahbiengntéexingsi asouwtcelbént Since
t he conpounds of this invention are active against a broad range of

M cr oor genasaBtebhi $HiceuAtery AHeS iishheslibets tdbA€asESthé ts i tirat ,
prevent or alleviate diseases caused by such pathogens. Exanpl es of

bact eri ar@pflebasted i ¥y tHE €600b693RGSFErRAl MK Gt the gopBeuRdSnObLtAi S
invention are effective include the genus Staphyl ococcus, Streptococcus

Py 0genesegu REPENE nfo thidrePk QLOESH S i nGd £F DGPLLHS a Pﬂﬁ}mp.ﬁpﬁﬂﬁoréhﬁ— genus
Pept ost r épt ococcus, Neisseria gonorrhoeae, Escherichia coli, the genera

Ci trobacgg;,c§gfopf8ﬁ§1fhigfléfhy&%fﬁﬁﬂéﬁééhfHE%%HEuéﬁha BExPEEr a

Ent er obacter,  the genus” Serrati d, the genuSProteus, Pseudononas

; ) : . ~ 1S _Aci t
oot oA PR A IS R A o
[Formula E]
(CH,),,
R"'\N

Rs/ N—

For this substituent, two optical isomers that are in an
enantiomorphic relationship exist as a result of the asymmetric
carbon atom at the 3-position of the pyrrolidine ring. To be
more specific, these are as follows:

[Formula F]

(CH,), (CH,),
R\ L NS 4
\ ) ! p
RS W' N— R H/CN——
Meanwhile, the correlation of the structural activities
of two types of optically active compounds that are due to the
steric configuration of the substituent at the 7-position (or

its equivalent position) of a
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Exanpl es of the diseases caused by the above pathogens include
folliculitis, furuncle, carbuncle, erysipelas, phlegnon, |ynphangitis
(l'ynphadenitis), panaritium subcutaneous abscess, hidrosadenitis,
aggregat ed acne, infectious atheronma, anal abscess, mastitis, superficial
secondaryi nfections of traumatic wounds, burn wounds, operative wounds, etc.,
pharyngol aryngitis, acute bronchitis, tonsillitis, chronic bronchitis,
bronchi ectasi s, diffuse panbronchiolitis, secondary infections of chronic

r espi r at or §/3dl Teamnomerhy oy e olpiyds rorlepphi iquinolorst i t | ssanbanyldtd ti s,
epididymtis, gonococcal urethritis, non-gonococcalurethritis, 53

chol ecysacidderdiialtargiandthéaoriredayidnsdhtiee gtraptarafissgtiviftisasmat i on of
the uterine appendages, intrauterine infection, bartholinitis, blepharitis,
hor deol usf flaor oRysd idf optiaatadgeactive sabstahcabCehat Giré i duarettea,
sinusitis, periodontitis,pericoronitis, jaw nflammation, peritonitis,
endocar dthé Ss tHERS icon fIgiradi bhSof Skhd JubRGiHuRMt AtCthEUTidwditex@anpl es of
aci d-fast bacteria on which the conpounds of this invention are effective

i ncl ude gphenclig- QQC!ahE.hoEW?QPﬁQLEB!LHmﬁai’byﬁrd;@iﬁgléﬁe"cl:\ﬂfboMﬂﬁ nafter)

tubercul osis, M bovis ricanuni, atypical acid-fast bacteria [M

kansasi i 3o g d@%&bat%ehﬁréﬁé% naﬁfﬂmw\&r Vi &ffmeg& Fa%&aarértﬂ@

xenopi, M fortuitum M etc e acl ast bacteria |nfect|ons

that are% SRUSES, By, t1'2‘3§e(P§%EPgerh% e d 35¢ E&tﬁ#@ssiﬁ.'f‘g AL #’éé‘cﬂ to the

causi ng acteria”into th ree of tu erculodis , atypic aci d- f ast
bacteri agj “no £n88d d Hical sl add'tth r‘R %Qe ¢ - TheS t%&é)eéz%e baci |1
|nfect|ons nay seen” i TIE t ora Fe/cant Fach ronc Iynph
nodes ener senln nner |n bones & ornt
nenrngesqv BF at'h, QW?g%éi r?%niﬁﬁ é% %hﬁ#r

gl ands, ntddle ear / throat urinary tract, nale genrtals fenale

genltals E&%&tﬁhe lungs are the main affected parts of atypical acid-fast
bacteria infections (non-tubercle acid-fast bacteria infections), and ot her
exanpl es of atypical aci d-fast bhcteria infections include |ocal

i 43R infections, articular infections,
_type i MpNs) et c. The conmpounds of this invention
are also effec i ai nst vari dis I Noorganrsns that cause infections in
ani mal s. Exanpl es such m croorganrsnsi ncl ude Escheri chi a, Sal nonel | a,
Pasturel | a, Haenophilus, Bordetella, Staphylococcus, Mycoplasm, etc.
Specific exar’q!i'Wré’S1 the Ehpirigi cenEigurrtioRs @%h@l%ﬂ%t@-omeflﬂ%ﬁﬁ di sease,
fow paratyphoid fever, fow cholera, infectious coryza, staphylococcal

i nf ect i PYriyiopine A NOAT, cthe pnesent:.i,nwemzfs conridpred Wiappf theeases

i ncl ude escherichiosis, salnonellosis, pasturellosis, Haenophilis

i nf ect i oo apkbphil d somerristshewrekn dhoired capider i the folilowpiingsingomer
infection,etc.,specific exanplesof cattle diseases include

escheri cmosnsye gpnefetdlwise s, henorrhagi ¢ septicem a, Mycoplasnma infection,
cont agi ous bovi ne pl europneunonia, nmastitis, etc., specific exanples of dog
di seases in BHg)ql i emi a, Sal nonel | a |nfect|on henmorrhagi ¢ septicem a,
pyonetragscys\ytis, etc. , and specific exanples of cat di seases include
exudativ«gz ' cystitis, chronic rhinitis, Haenophilus infection,
kitten diga#t | asma i nfection, etc. An antibacterialpreparation

whi ch coﬁgrises conpound of this invention can be prepared by sel ecting
an appropriate pharmaceutical preparation in accordance to the nmethod of 55

adnmi ni strati orhaRd AHdi@ pRYretable &ﬁ:&%xﬁld £UEIRE JBRIgIRIRIOEEPERDRT | Ng
varrouspharnaceutrcal preparatrons regard to the dosage forns of

anti baCtﬁNé”rlthﬁH&%%'e%ﬁ:&%i &&F‘P@&’BgtﬂE Adi1Buli rﬁ\befﬁfr%‘lés its
princi pl e agent ers, granu es apsul es, ut1ons, syrups,
elixirs, oily or aqueous suspensions, etc. can be given as exanpl es of
fornms of oral pharmaceutical preparations. In the case of injections, a
stabilizing agent, an antiseptic agent, a solubilizing agent, etc. nay be
used in the preparation, or a solution which may contain these auxiliary
agents may be contained in a container and thereafter made into

gener al

G:ZS
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a solid preparation by freeze-drying or the like neans to be re-di ssloved
when used. Also, a single dose may be contained in a single container or
mul ti pl e doses nmay be contained in the same container. Exanples of forns of
external -use preparations include solutions, suspensions, enulsions,

oi ntnments, gels, creans, |lotions, sprays, etc. A solid preparation may

contain pharmaceutically acceptable additives together with the active
conpound. For exanple, fillers, extenders, binders, disintegrators,
sol ubi | i zati on enhanci ngRagef®s, nmoistening agents, |ubricating agents,
etc. may be sel ect edyand lyi xgd asg sary to forma preparation. Exanples
of fornms of liquid preya f cl'ude solutions, 56 suspensi ons,
enul si ons, an@bﬂbese suspendi ng agents, emul sifying agents,
etc. as addifipyes" anpRe ephods of adm nistering the conmpound of
this inventiorp+& anjani gal ilnclude a nmethod of direct oral adm nistration
or oral aﬁ&LmisHi on by ni*?ng it wth feed, a nethod of preparing a
solution and ltghen performng oral adm nistration of the solution directly
or upon addi Ron of the solution to drinking water or feed, a nethod of
injection adm nistration, etc. A pharmaceutical preparation for
admi ni st eri ng fH: GHTPENA -Rmithid dl'&‘é@.ﬂl}/'l@?ﬁr@o&'id&ﬂ&@' can be prepared
optionally as powders, fine granules, soluble powders, syrups, solutions,
or i nj eck{1888i Y tEAC6LREHROGERSsTEHE] Bhtdd LgethdToddie T el syABL. i £Ld.
Formul ati on exanpl es of " pharmaceuti cal preparations are shown bel ow
For mul at L gfgExapphe %eégaa%gekbrﬁa oy Ofit?asrgizlt?s 1 Q9 (p@-LeL8 starch
CMC cal ci um 28. 55 mg Hy roxyne?ﬁyﬂ cél I'ul"ose 3. Oy
thereof (especially compounds having the structure where the
3-position of the above pyrrolidine ring is R-configuration,
its salts, and hydrates thereof) exhibit potent antibacterial
activity against a wide range of gram-negative bacteria and
gram-positive bacteria, and in particular, a characteristic of
these compounds of this invention is that they exhibit potent
antibacterial activity against resistant bacteria as
represented by gram-positive cocci, including MRSA, PRSP, and
VRE. In addition, the characteristics of the compounds of this
invention are that they exhibit excellent safety and good
pharmacokinetics that enable the compounds tobeusedinclinical
situations, which could not be achieved with compounds prior
to this invention even if they had substituents of the same
structures,.
Such excellent properties of the compounds of this

invention are exhibited by compounds in which the n in the

above-described substituent is an integer of 1 or 2, and the
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Magnesi um stearate |.5ng Total 150. Org 57 Formul ati on Exanple 2

(Sol ution): Conpound of Exanple 1 Acetic acid or sodi um hydroxi de Ethyl
par a- hydr oxybenzoate Purified water 1 to 10g 0.5 to 2g 0.1g 88.9 to 98. 4g
Total 100g Formul ati on Exanple 3 (Powder to be m xed in feed) Conpound of
Exanple 1 1 to 10g Corn starch 98.5 to 89.5g Light silicic anhydride 0.5g
Total 100g BEST MODE OF CARRYI NG OQUT THE | NVENTI ON The foll owi ng descri bes
the invention based on exanpl es and reference exanples, though this

i nvent i @xdaelllent pEfectd axe skencespe®d bl midhEgampbends fRithyhich
2-(2,4-difluoro-3-nethyl benzoyl) - 3di net hyl am noacryl at e

2, 4- Di f lrudsoa-imetdgebdnz oZhat (s O tpmpdindisnwhereas the sptaldd: parttol uene
(50nl), and after adding N, N-di nethyl formam de (0. 1nl) and thionyl chloride
(3. 16nl,ist& dpimdjcliikerding drde paefairabled compolihdsours in an oil bath of
80C. The reaction solution was then cooled and thereafter 58 concentrat ed

under a reducefl thieRS£dd fheé bionitlinilof SbuRGEal(T)idEthesiiawendAdn epeat i ng
concentration under a reduced pressure, the residue obtained wasdi ssol vedi n

tetrahy i ur frddOild i nThhe cAU 144 ek diferdlded JraBNAES é"’&bl‘n‘fzo@xﬁ@' ing with
ice to a solution in which ethyl 3-dinethylam noacrylate (

34. 7mmo rrng}ﬁ.sterd glehy | &g 32848 ecplrl et 14} %ﬁﬂﬁ‘l‘ﬁgt'e'}ed

tetrahydrofuran (20nl). ter conpletion o rippi ng,” the reaction solution

was  heatgl Hnger colﬁ\g, bl 8. %Bere%ﬂé? f%x’ief GOl At yCdHr C\):‘cm‘noﬁn"a ction,

the reaction sol ution was riethy anlne e salt

ves T emueds (gl el e WBABLIGL o PUd,LhE LILIAIS JR foggentrat e

under a reduce pressure e res ue Ob al ne 0 a short
| | t h ds. { tit
112 S PR SRAR B Oa (150 1 e (s Cfe@%#’ﬂﬁ%re&et ate =

11 el ua1‘.trc:3m the other diastereomer butalso a case in which it is in

a chemically pure degree. That is, it may be interpreted that
the other diastereomer may be contained as long as there are
no influences on the physical constants and physiological
activities of the compound.

Also, the term“stereochemicallypure” as used hereinmeans
that, inthe casewhereacompoundor thelikeexistsinaplurality
of isomer forms due to the bpresence of asymmetric carbon atoms,
the compound is comprised of only one of them. The term “pure”
in this case canalsobe considered in the samemanner as described
above.

Though the quinolone carboxylic acid derivative of this
inventionmaybeusedeitherinits freeformorasanacidaddition
salt or a salt of its carboxyl group. Examples of the acid
addition salt include inorganiec acid salts, such as

hydrochlorides, sulfates, nitrates, hydrobromides,

35



i H NVR (400MHz, CDC13) 5: 0.95 (3H, t, J=7.08Hz) , 2.18 (3H, t, J=1 .95Hz)
, 2. 92-3.24 (6H, m , 3. 99 (2H, g, J=7.08Hz) , 6.86 (1H, dt, J=1.22,
8.55Hz), 7.43 (1H, brs), 7.75 (iH s). IR (KBr, disk) : 3055, 2985, 2933,
2875, 2814, 1942, 1693, 1630, 1593, 1477, 1431, 1379, 1277, 1255,
1221crril. Melting point: 82 to 84C El enental analysis: As C 5H ~F2N03;
Calcd.: C, 60.60; H 5.76; N, 4.71 Found: C, 60.31; H 5.73; N, 4.73

Ref erence Exanple 2: 59 ) )
Ethr~f|udﬁ%ﬁﬁ?HQ§H§§F4fPb@ﬁ&hfieRy-8§€r6p?%ﬁwﬂﬂg%9¥9 acid salts, such

di hydr o- 8- net hyl - 9- oxoqui nol i ne- 3- car boxyl ate Et hyl

2- (2, 4- digg upeEhaneru W onatesy | Penzanesuhionatedactpluenegulfogatess7mol)
was di ssolved in tetrahydrofuran (15ml) , and after adding the

par a- t ol uemsbothiensuvlfiondtesa) | agletaitls,28)tratdd uoabeytéopfoppratese
(970ng, 3. 93mmwl) , a solution, in which triethylam ne (552A , 3.96mp1)
was di ssdlasthtigs t(aindalmtiieaf waaiboiylhles)waste.

addeddr opwi seunderstirringat-15C. After stirring the reaction solution for
2 hours at rooPX&ePDes bl PDtars HHencaabaxyat erotlipcladebamra)iand

t et rabut yl ammoni uncthl ori de (49.6ng, 0.179nmp1) were added, and this

react i on nfdtslessl ©F), ¥ashhedl ethiuikleal tef kayivhid= 5 | potagsieh shldays.
After cooling the reaction solution, the tetrahydrofuran was evapol at ed

under a rRQICEHINASHY Lakdf horOeifpre, (é@aﬂ)a&gﬁnﬁ?eaieﬂldeaﬁt@ﬁ he

resi due, and while cooling with ice and stirring, 1 hydrochloric acid

vas addediran SeaBEAIUBLEY ;| Antdinith 10 (U} | Or FBEPXLABAE! YafeaThen

after stirring for 15 mnutes at roomtenperature, extraction wt

di chl or OfRLRARS CANG nd) WS dS" { QTR (nEHERLHEYRYT ) B hoARRKIRAUS

sodi um sul fate, tTation was pérformed,

concent r YA4ueE. 5 LAAHGRIA B310 8; AR O ESEHER, LI 5 BREARORD Wer e

stirred and purified In e sfurry State 1n'e acet 5~) of
t he titl%ﬁ& ound was thereby obtained in the formof colorless crystals.
60 i H Q%QOONPE, CDC13) b: 1.41 (3H, t, J=7.08Hz) , 1 .56-1. 62 (2H,
m, 2.66 (3H, J=2..69Hz) 3.%?-3.89 H . 4. 39 (2H, Jz?.E@%&),
4.7B-4.79 and g??) : ] ey °r5262?g/ékﬁ§$1*7%‘1% 3 ,sta‘,“%]i‘@?&f . '8.36
(1H, dd, J=6.71, 8.91Hz)_,.8.56, (1H, d, J=2.93Hz). IR (F~r, disk) : 3438,
3097, 2983TLYd 9‘2@6@,351§6?,q‘1‘7 ,°’i%§6‘,rbf3‘9é,1313%‘,‘ 2 ?ﬂa¥387,
1367, 13%,,3 1250crnl. |ting point: 187 to 188C El enental anal ysis: As
Ci 6H15F2RF3 Presett Aschygsases. 4. 92; N, 4.56

Though in the case where a compound of this invention is
used for antibacterial purposes, a carboxylic acid compound
wherein the substituent R? is a hydrogen atom is preferably used,
a quinolone derivative whose carboxylic acid moiety is an ester
isuseful as asynthesis intermediate or aprodrug. For example,
alkyl esters, benzyl esters, alkoxyalkyl esters, phenylalkyl
esters, andphenyl esters are useful as synthesisintermediates.

Also, the ester to be used as a prodrug is an ester which
is easily hydrolyzed in the living body and form free form of
carboxylic acid, and its examples include oxoalkyl esters, such

as acetoxymethyl ester, pivaloyloxymethyl ester,
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Found: C, 62.41; H, 4.87; N, 4.53 Reference Exanple 3:
7-fluoro-1-12-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-8

nmet hyl - 4- oxoqui nol i ne- 3-carboxylic acid Ethyl 7-fluoro-1- [2- (S)
-fluoro-1- (R) -cyclopropyl ]

1, 4- di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-car boxyl ate (1.40g, 4 .56nmmpl) was
di ssolved in acetic acid (4nl) , and after adding
concentratedhydrochlorlcaC|d (4nl) thereto, itwasheatedunder reflux for 3
hours . AFhexYessPphyl ester:ahaligie 98ker siMpEbYisIiaeethve eeketat er
(50nl) and the precipitated crystals were filtered out. After washing the
filteredSobndanybtals witleshexcess anoRhthalidan¥l, washi ngestexol d

et hanol and washing in diethyl ether were perfornmed in that order, and
after dr§ragkvhderozorbdicdioprbessdrrelmdthvii8g ( 93~psakrshe titIeam@npound
was obtained in the formof a white powder. 61 i H NVR (400MHz, CDC13) 5:
1.48-1. 3Z2atd@tbxpy2roRobubyl 3ébtér.J=2 .56Hz) , 4.01 (1H, dd, J=2.81,
5.25Hz) , 4.83-4.84 and 4.98-5.00 (1H, dm J=62.74Hz) , 7.31 (1H, dd,
J=2.20, 8. 79H&Furthdri0a8Sqlinolbnemierifaivé]lHh8relrZo®dHES  eilthdd (1H,
brs). IR (l~r, disk) : 3097, 3014, 2956, 2642, 1957, 1728, 1618, 1566,

1508, 1468, tHd FubstiGhenk® R’ drdR® igcmwarduad aftemPahat the ¥rh&r 253C
[a]D24.3 = 50.00 (c 0.145, 0.1npl/1 NaOH) El enental analysis : As

CIOHI1F2)Q3; %sp@itut%d @Qr%%xyt* gBodp: ddbived % fm /At afning%8a, A 3. 98

N, 4.92 Exanple 1. 7-[3- -(1- anlnocyclopropyl)pyrrolldln 1-yl]-1-[2-(S)
fl uoro-15§ §L0Pg p % EH dr oz 85 i ne- 3-carboxylic
acid ﬁﬁterﬁgp ?ng 3- ? § g%é?t fox?c Q%%nylanlnocyc:Q%#opyl]pyrrolldlne

(1000 BT Bt B Y BEhB{BeS00D) | cthageh el ML s oo

oo ot o 15 HLAELAE A BEs ik g U L B M

at MSPNEf1 o’ § £Lr 408 rgamsesgzﬁ;g 4760500 SELULLEN OMeTng LEtisec
acid, dipeptide, or tripeptide and the amino group that exists
on the substituent at the 7-position of the quinolone carboxylic
acid derivative, can be easily hydrolyzed in the living body
and formfree formof amine, andits examples include thosederived
from glycine, alanine, aspartic acid, and other amino acids,
glycine-glycine, glycine-alanine, alanine-alanine, and other
dipeptides, and glycine-glycine-alanine,
glycine-alanine-alanine, and other tripeptides.

The compound of this invention represented by the formula

(I) canbeproducedbyvariousmethods, andinapreferred example,

such a compound can be produced for example by reacting a compound

represented by formula (III):
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in ohloroform (50mL) . After washing the organic |layer with a 10~ aqueous
citric acid solution (25nmL) , the organic |ayer was 62 dried over
anhydrous sodium sul fate. After filtering, the filtrate was concentrated
under a reduced pressure, and after adding dropw se concentrated
hydrochloric acid (5ml) to the residue while cooling wth ice, stirring at
roomtenperature was perforned for 30 mnutes. Inol/1 Hydrochloric acid
(5m) was then added to the reaction solution, and after washing the yell ow
aci di ¢ aqueousgéol @i on with chloroform (20nm x 3) , the pH was adjusted to
12 . 0 with anlaqudpus sodi ym hydroxide solution and the insolubles were
renmoved by f r adjusting the pH of the basic aqueous
solution to | mol /1 hydrochl gii ¢ acid, extraction with chloroform
(100mL x 4) After drying over anhydrous sodi um sul fate, the
sol vent wls ev&pol N ed finder a reduced pressure. The residue thus obtained
was purified by pr@larative chromatography (devel opment at the | ower |ayer
of a 7:3:1 mxture of chloroformnethanol:water), recrystallized in

et hanol , [EME@iireXf HOFPEsent£E RadiiasntewvhildR FEnte3ohsds 4 Neakiihlge

conpound was thereby obtained in the formof yellow crystals. 1HNA

(400Mz, dadup) /s%dNaQQ)absuﬂséﬂt&&k& Sk ulsudibithteh is%e%ya%uﬁ%ﬁn
15816(1H , 1.66-1.69 (1A, n),zooz 011 2. 16-2.17 (1H,

N2 3l asgubsalwtéda%mbg%% SBIrd 1 ééﬁgl:%rogﬁh%%gs%ﬁ?,

i 0 (i 3]%%%‘;‘%%8&‘; R4 5548 R psinpiafiiord ppgliihe o

1399, 139§x8;315 1257crri 1. Meltin g point: 228 to 230C [a] D29
-235.09 285, O. lnol/1 NaOH) El enent al analy5|s As Cz1H29FN303;

Cal cd 3165 10.90_F 10; H 6.32: N, .10. 76

el ga?\nge% Exa{rrzzlz’e 4 %ﬁwe@' i 38%0%9@9?3& ){ L%Fofoif"’ﬁjc?fﬁ?ﬁ&:&l P19
| U X Xt U

(2,9 3 dlfﬁﬁﬂa?lf 6?6?%% fkrg§§?aﬁég§4g 8g, 189mm1), synthes?zed by

t he
—B(Y?)Y® v

(wherein ¥*2 and Y*2 may be the same or different from each other
with each being a fluorine atom or an alkylcarbonyloxy group
having 2 to 4 carbon atoms); and

R', R?, R', R’, R®, and A are as defined in the formula (I)]
with a compound of the following formula (V) or an addtion salt

thereof:
(CH,),
R\
/N v
R¥ H N—H
[wherein each of R*® and R®* independently represents a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms or a protective

group for an amino group, or one of either R® or R®! represents

38



met hod described in PCT/ U598/ 19138, triethyl orthoformate (78 . 6nl ,
972mvl) and acetic anhydride (250nl ) was stirred while heating for 6
hours in an oil bath of an external tenperature of 12 0C. After letting the
reaction solution cool, concentration under a reduced pressure and
solidification by drying were perforned. The yell ow extract obtained was

t hen di ssol vedi nt ol uene (800mL), thepara-toluenesul fonicacidsalt of (1R,

2S) - 2-fl uorocycl opropyl am ne (60.1g, 246mmol) was_added, and while stirring
at - 15C, adr¥drqgenatompanchithp athes Kepapsaatss sgbetityisfdpaarhexyHi ssol ved
in toluene (200m) , was added dropwi se thereto. After stirring the

r eact i ongsouptdeyived romoanaming asid, eapdivpapiticde warea tsQoemYides added,
and the organic | ayer was separated. After washing the organic |layer with
sat ur at ewithl aneasipheitgrour 30t is Bhspbstitasedr cedisverotecteditbydr ous
sodiumsulfate. After filtering, the filtrate was concentrated under a
reduced arpssteetind groed. fdhealy eahiwe oftryusbsidince obt ai ned was then

di ssol vedi nl , 4- di oxane(600mL), and while cooling with water, 60~ oily

sodi um hydri deHi%s 248y1 3P hhyWesvaddstbst aduaht selAidtid Skbimtng t he
reaction mxture for 30 mnutes at roomtenperature, concentration under a

reduced greapHonsWatiRQdPaARd kY1 ithl ol MUShETENEN £d16 da®ein Do) Ut | ON
becanme approxi mately 300mL. The concentrate thus obtained was sl owly poured

nto | mobh la PGS haRAind 198508 A iwtichth 2a0hgarbegy viidugat er, and

the precipitated crystals were filtered out. After washing these crystals

with excgs§g RUARLEI wg , mal | anpbunt of ethanol, and excess di et hyl
et her, in that orggg? tﬁgﬁér%ﬁg crystal s obtained where slurried in ethyl

acetate Rﬂﬁspﬁﬂgfésﬂe 434 fi#gdglono‘i-hégf%‘ﬁtfi}“lﬁ mound was t her eby

obtained in the formof colorlfess crys (400MHz, CDC13) a:

1.42 (3H,.¢t, =7. 08Hz 1.55-1.64.(2H , .3.88-3.9 1H 4.04 (3H, d,
321 bt yihythg eSil nerg 2 helitibhaa Tl 34 Bad; "t kallion 44

J=62. 61Hz .2 1 1 J=8.79Hz) _, 8.24 (1 d, J=5.86 . /9Hz) , 8.60
100 o BAgki danBtatidds theBresdnas b naidantn b€ Bapdp drar aditinn o

7-fl -1-[2- -fl -1-(R) - | [1-1, 4-di hydro-8
nethgg;?ﬁgﬁgoﬁéfgﬁ??ﬁérg-%ﬁé%) C’ﬁ%PQL?Syﬁ&ter digsglcfng et hyl
7-fluoro-1-[2- S)-fluoro-l-%?t_ oo , ) . ,

cycl opropyl | - EX2mRLRfeh theptihrgditivpfnlia i nelude inpgernds acid; e

(34.0g, 105mmo1) in acetic acid (400m) and then_addi ng )
salts, such as hydrochlorides, sulfates, nitrates,

hydrobromides, hydroiodides, phosphates, etec.; andorganicacid
salts, such as methanesulfonates, benzenesulfonates,
toluenesulfonates (and other sulfonates), acetates, citrates,
maleates, fumarates, lactates (and other carboxylates); etc.

The reaction may be carried out using a solvent or without
using a solvent. A solvent to be used in the reaction may be
any solvent which have no an adverse effect on the reaction,
and its examples include dimethyl sulfoxide, pyridine,
acetonitrile, ethanol, chloroform, dimethyl formamide,
dimethylacetamide, N-methylpyrrolidone, tetrahydrofuran,

water, 3-methoxybutanocl, or a mixture of thereof.
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concentrated hydrochloric acid (400nml) thereto, it was heated under refl ux
for 3 hours . After cooling, the reaction solution was poured into ice
water (1500nl ) , and the precipitated crystals were filtered out. After
washing the filtered-out crystals with an excess anount of water, it was
washed with cold ethanol and diethyl ether in that order, and after drying
under a reduced pressure, the crude crystals obtained were purified by
recrystallization from.a m xed sol vent of acetoni trile - ethanol and then
dri ed under a TRAFEEF ﬁ?é’.refﬁrfgﬂéfﬁ%l% teupder |he-BRp8ERESwas

t hereby obtained in the formof a white powder . 1H NMFt (400MHz, CDCl13) a:
1. 45- 1. 79 2n, apjd receptgrgssyghy agyan inqrganyg basejer 5prganieg- 4. 81
and 4.97-4.99 (1H, dm J=62. 68Hz) , 7.30 (1H, t, J=8.79Hz) , 8.27 (1H, dd,
J=5. 86, ®apghiz)for gexmnpliey ah. inprghangcpbpsic ZEMpourgi3C fwrtoapoded)
Example 2: 7-[3-(R)-(1-am nocycl opropyl)pyrrolidin-1-yl]-1-[2-(S)

f 1 uor o- 1-caRpompdieoprobikbhrbordatie hgfiran &listlHice metedogui Aol abkalivear boxylic
acid After adding 3-(R-[1-tert butoxycarbonyl am nocycl opropyl]pyrrolidine
(165ngy, Aarthumstgyl aod anromgdnilcivasiec €6mpouhy , tsmakrastrileteyhyinisal f oxi de
(2m) , 7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1, 4-di hydro-8

met hoxy- py@icdduie)ol ilne8-diezobixyclouadedenédOny-me@hylunpipevidens, added
thereto and i t was heated under reflux for 13 hours under a nitrogen

at rmspheINE;N-ﬁfi&%bpﬁ@@?&@th?ﬁhﬁ.ﬁlnbbeeteacti on sol ution under reduced
pressure, the residue was dissolved in chloroform (100nml) . After washing
the organic | apes Wehl:td ohO &S IKE t Eh6ulal haxdalywNbeSOHL) thet he
organi c | ayer was dried over anhydrous sodiumsulfate. "After filtering, the
filtrate t I LEESUs §p° h 09
dr opw setco gg%? r%gct% e‘é%@%r%‘?ﬁ?’% eg"g’ilé%%%glr%f) Etao"lét ecar% gg? ggﬁgfﬁgggggcool i ng
wWth ice, stirri pgkf r ratuce fo iputes. Inol/1
Hydr ochl of tghgckgggéanéf %sg{)ﬁﬁoiéfde ?05:;3%2: rlegcé:lgg‘% éggg%g‘oﬁg gﬁd after
washi ng fatid I; | O i I 4) , the
pH was atg]h%s%%l’aé%\g 1 .gl&wut% %g:%jgg]a{e%@}sé ’sgalanuérﬁﬁggrggé?ég 1290%?1?%#5”0' t he

i nsol ubl es re _r.enpv filtrati gp. After adjusting the pH of the basic
aqueous ggrngiﬁlegﬁdt g%7g.gg%xtlh\aﬁ:ﬁ§¥/ %Bhg} ngﬁﬁog%’caaié?gfséxt raction with

chl orof orm (10Qml_x %éﬁgas perfornmed. After dr%‘ihng ver anhégmﬁs sodi um
sul fate, the solYBARP 1YGHAUR Lo AT I T RRT H%ﬁr%%%ﬁlr “e?éVPesi due

t hus obt ai ned s purified b repar,ati ve. chr omat ogr aph devel.o nt at
the | oveB™PRPe Tt 47 98RerALAVyFBog; 1BnEBRoF BLRVABEN AR/ vARE: J £2

reery St Al el e LSRR b1 RS o RRE Froibe i S Hhve a

substituent, such as tert-butoxycarbonyl group,
2,2,2-trichloroethoxycarbonyl group, ete.; aralkyloxycarbonyl
groups, which may have a substituent, such as benzyloxycarbonyl
group, para-methoxybenzyloxycarbonyl group,
para-nitrobenzyloxycarbonyl group, etc.; acyl groups, whichmay
have a substituent, such as acetyl group, methoxyacetyl group,
trifluoroacetyl group, chloroacetyl group, pivaloyl group,
formyl group, benzoyl group, etc.; alkyl groups, which may have
a substituent, and aralkyl groups, which may have a substituent,

such as tert-butyl group, benzyl group, para-nitrobenzyl group,
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pressure . 14 6ng ( 60~ ) of the ti tle conpound was thereby obtained in
the formof yellow crystals. 1H NVR (400MHz, 0. Inol/1 NaOD) S: 0.56 (4H,
brs) , 1.31-1.37 (1H, nm, 1.50-1.56 (1H, m, 1.77-1.78 (1H, m, 2.02-2.04
(1H, m, 67 2 . 19-2.21 (1H, m , 3.31-3.32 (1H, mM , 3.49-3.51 (3H, m ,
3.50 (3H, s), 4.00-4.02 (1H, m, 4.93-4.94 and 5.09-5.10 (1H, dm
J=62.87Hz) , 7.01 (1H, s) , 7. 90 (1H, d, J=9.03Hz) , 8.39 (1H, d,

J=3.17Hz) IR (I ~r, disk) 3373, 3315, 3091, 3003, 2976, 2935, 2856, 1903,
1714, 1maT@moxymzﬂmouaemslplleezlmgglmé@ﬁoumwngefébreﬁﬁ, 189 to
192C [a] D24. 7 50. 83 (c 0.240, O imol/1 NaOH) El enental analysis: As
C21H24FMMIEh<QQXKhaVQ:aGQUBStltue®t03suah as. methoxymetltyl 6grs0p,H, 6. 04;
N, 10.26 Exanple 3:

7- [ 3- ( Rtert-dutaoyyatiylopy| )gpoum) | di ntétyahydroyygtapybpyl group,

-1, 4-di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-carboxylic acid After adding 3- (R
- [ 1- @22 utiehledicdethbkxyficth) e\t 0aYe] Pyndosulsk ticty e By Lyh85E. ~np1l)
and triethylamne (24y,1, 1. 76mol) to dried dinmethyl sulfoxide (1nd),

1- cycl oyrefids, 7 shibHOA 8- r Anait HYXH 108 Y - 4 sepeapinalmaengisalhoxylic
aC|d BF2 chel ate ( 181ng, 585~.unol ) was added thereto and it was stirred

room r r tr Le er addin
gtx%rﬁ?legoze%ﬁtteghg 13 maH3 sH1ger gRolibl, I e3¢BeALYRERNG gréﬁb g

coId wat e reaction sol ution andfllterlng out the

preci pi tiah,qd p@h1¢8 hggglgqhgq fgghglng@ cwere suspended in a mxed sol vent
(200mL. ) of ethanolfhat , and triethylamne ( 1m ) was added

thereto and tfmh@eéésegv@mregai L g ROy S, ) a1,y nGQARENt rat i ng

the reaction solution un a reduced pressure, ssolved
sucous S L4l %t%ft%;a%?w%%@%%%@é&qayer AL
a0 04 FRALHIL SR € o AASH LRI (S SRS BamRRRgAT o
ity ed Iﬁ(’:‘ogﬂ‘é’é%ﬁg& brbe F%ﬁ%%' ﬂfﬁ%v%; caeﬁl?%oia'f PBEhPOPPERKY d (2rm)
was t he%r%%%e,d %atnhge rceo%'xcx;érotne J.n o a correspond:.ng carboxylic acid
by treatment under acidicorbasicconditions whicharegenerally
used for the hydrolysis of carboxylic acid esters.
In the case where R*® has a structure of the formula (IV),
it can be converted into a corresponding carboxylic acid by
subjecting it to hydrolysis under acidic or basic conditions
after allowing the compound (V) to react with the compound (IITI).
In the case where deprotection is necessary, the compound
of interest represented by the formula (I) can be obtained by
removing the protective group under appropriate conditions
suitable for the protective group.
A compound of the formula (V) may be produced by various

methods, and though a method shown in PCT/JP96/00208 may be given

as an example, themethod of production is not limited to thereto.
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and after washing the yellow acidi c aqueous solution with chloroform (50ml
x 3) , the pH was adjusted to 12 . 0 wth an aqueous sodi um hydroxi de
solution. After adjusting the pH of the basic aqueous solutionto 7 . 4
with Inol/1 hydrochloric acid, extraction with chloroform (100nmL x 4) was
performed. After drying over anhydrous sodium sul fate, the sol vent was
evapol at ed under a reduced pressure. The residue thus obtained was purified
by recrystallization in ethanol and then dried under a reduced pressure.
99. 6ng (46~) 6&f comrownd |of EbAptRFEHIRI VY herrRe BEPAPREE P BEREOVESGN of

yell ow crystals. 1H NVR (400MHz, O, Inol/1 NaOD) a : O . 55-0 . 57 (4H, m
, 0 . 7R(fromya cpaprond reprggepted pyHhejfolliowing forzyleH (V| : 1
.24-1.26 (1H m, 1.75-1.77 (1H m, 2.03-2.05 (1H, m, 2.21-2.24 (1H m,

2.48 (3H, s) ,3€AR.38 (3H m , 3.53-3.55 (1H m , 4 . 10-4 .12 (1H
m, 7.07 (&b, 736 (1H, s), 8.57 (1H, s). Melting point: 230 to 233C 69
Specific o -OR, ]D24"" - -169:35 (c 0.385, O lnol/1 NaOH) El enental
anal ysi s: / (B.~Calcd.: C6B. 48, H 6.86g N 11.44 Found: C 68.46g H

6.71g N 1138 Reft e e(Exaane 6: Ethyl 2-(2,6-dichloronicotinoyl)acetate
Monoet hyl mal onate (6.61g, 50. Omol) was di ssol ved in anhydrous

t et r ahydrod wirad afobRfenEbrmudgd (v § errR¥B8di HEHEPE @AM HE ehBORT R fihelby,
28. Omol) thereto while cooling with ice, it was stirred at room

tenper atif @ helfosmiPa’ (&) sberdSAsddrits 80bHbLEBLYRE Jriitip S8 RMigled under
a reduced pressure, thereby preparing a nagnesium salt of nonoethyl
Lo SR S SHOERERO L Lol dx(dgaffa 28 coprbkyrps tber
L e e ad il PSR Yool iR L8, L e
ool DR LP B BEEROR A TMARELU A SLPRRSUN Tl © oo,
Per! 00 PPN S A R R ol SRR B3t PP 19
a (substituted) aralkyloxycarbonyl group, a (substituted) acyl
group, a (substituted) alkyl group, a (substituted) aralkyl group
and a substituted silyl group.]
An above-described compound may be present in the form
of a salt thereof, a hydrate thereof, or a hydrate of the salt.
Examples of the acid addition salt include inorganic acid salts
and organic acid salts. Specific examples thereof include
inorganic acid salts, such as hydrochlorides, sulfates,
hydrobromides, hydroiodides, phosphates, etc. ; andorganicacid
salts, such as methanesulfonates, benzenesulfonates,
toluenesulfonates (sulfonic acid salts); acetates, citrates,
maleates, fumarates, lactates (carboxylic acid salts); etc.

When both R**? and Q are protective groups of an amino group,

they may be the same or different from each other. However,

42



and thereafter, stirring was perfornmed for 4 hours . After addi ng ethyl
acetate (200nl) to the reaction solution, the organic |ayer was washed with
a 10~ aqueous citric acid solution (150nl x 2) , saturated

sodi unbi carbonate water (150nl ) , and saturated saline 70 sol ution (
150mL ) , in that order, and then dried over anhydrous sodi um sul fate.
After filtering, the residue obtained by concentration under a reduced
pressure of the filtrate s applied to silica gel chronatography , and
4 24g (813 igk MORE ERVPEALLAREARCENRPTRALTHRR [9F GRBERHN Jitla Chake. pi nk,
oi |y substance from an n-hexane: ethyl acetate = 3:1 eluate. 1H N ~t
(400MHz, @ PHs suty off nnder diffgrent,rggctipn gpndikionss. 4 35 (2H
5.72 (0.5H, s) , 7.37 (1H, dd, J=14 .5, 8.1Hz) , 9.49 (1H dd, J=16.4,

8.1 Hz), 12.52 Epasples)of T eramtQ Bripthe ae mMuptiective groups of

6-di chl oronicotinoyl) -3- [2- (S) -fluoro-1- (R) cyclopropylam no]acryl ate
Et hyl 2- @igvagcdhps pancdudedte) Secklaving 7. M@t 26, ensnp) ewdhediessdl ved i n
acetic anhydride (30mL) , and after adding triethyl orthoformate (60ml)

t her et 0, iirclweie at (sulettiitutani)oal kbaybapboiyD@rioup ,2a hfaulsti tAfttet) | et ti ng
the reaction solution cool, it was concentrated under a reduced pressure,
and af t eraraddyigxyamaretyls50gtdup p tahe (sebstitutddpi sl ageeapenta ati on
operation under a reduced pressure was perforned. This operation was
repeat ed @ubsHsutid) bRyl efidlie, abtahpee watedy aed1ugdesroup pditeed
pressure. 8.42g of ethyl 2-(2,6-dichloronicotinoyl)-3-ethoxyacryl ate was

thereby ebt@iumadithtdi f«QnRmofgraupel | ow oily substance. Next, this crude
et hyl 2-(2,6-dichloronicotinoyl’)-3 ethoxyacrylate (2.11g, 6.62mvpl) and the

para-tol uenesugbepi £idl el el t tAbrdafS) -fddiids 1- (Blipsyshareapy! am ne
(2.45g, 9.91mmo1l) were suspended in dichloronethane (30nl), and

triethyl ag : !gynl d j ﬁgﬂf I t
WII:I: ?e gt %;I'r]él?)n atr %&, 1(%llic'tggr 'corgrf)l}ggtsi% g%”ﬁf‘?‘gwp%’n c&l{‘ e %aétr{og r'gof)uti on
was stirred %—Eﬁ%ﬂfo?&%%u I rbd 6502&‘6 o ALhe ,-adC{'s%%s"ttifj}be\;net etate

(100m) td°t'he Teaction s i-on, ganré | ayer ‘'was washe a 10~

o . LUt - : h . . ¢
Cieons SRRSO R LRI syche by SRRt IR MBLERC ORI o
dried over. _.anh 3{ous sodignlsulfg}e. After filtering, the filtrate was

concentr§F537m# DOXYORRFYCOFYSPEOOIVE,  and 2. 10g (90~, 2 proc@ES¥®y of the
title conpound .was.thereby obtained as a yellow sh-brow, oily substance
(5 2° 1 B h oD ey G TEOBY i A8 SRAs SiGed \AOPRE LEHLEEA B I oot i on
wi t hout further purifjcation. i HN ~t QAOON+E, CHC13) a:, 0,85-0.89 (0.7H,
m , 1. 06TPURE /(2 SRchpy as | acetyl 3gresR, mmethoxygcety nproup, g4 4
05 (2H, m ., 4 . 65-4 .84 (1H m , 7.27-7.31 (1H m  , 7.50-7.57 (1H m
8. 29- 8. 3GTAFHUARPACLLYE? P, FHPLTRATBHFEORR ePENRECO X afFPEPS:

formyl group, benzoyl group, etc.; (substituted) alkyl groups

or (substituted) aralkyl groups, suchas tert-butyl group, benzyl

group, para-nitrobenzyl dgroup, para-methoxybenzyl group,

triphenylmethyl group, etc.; (substituted) ethers, such as

methoxymethyl group, tert-butoxymethyl group,

tetrahydropyranyl group, 2,2,2-trichloroethoxymethyl group,

etc.;andsubstitutedsilyl groups, suchas trimethylsilyl group,

isopropyldimethylsilyl group, tert~butyldimethylsilyl group,

tribenzylsilyl group, tert-butyldiphenylsilyl group, etc.
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Et hyl

7-chloro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4di hydr o- 4- oxo- 1, 8- napht hyl i d
i ne- 3-carboxyl ate After dissolving ethyl 2-(2,6-dichloronicotinoyl)-3-[2
(S)-fluoro-1-(R)-cycl opropyl am no]acrylate (2.07g, 5.97mmol) in 1, 4-di oxane
(30ntL) , 60~ oily sodium hydride (287nmg, 7. 18mmmol) 72 was added
gradually thereto while stirring at 5C. The reaction suspension was then
stirred for 1.5 hours at roomtenperature_and then concentrated under a

r educed pressu¥%.p¥@$¥ﬁlQﬁsEQﬁv??é%?Wﬁgré%ld%%l?% 2R BPOYBPANELIBBRE) |, the
organi c | ayer was washed with a 10~ aqueous citric acid solution (80ntl),

sat ur at e GOTRIUDA M ENDHE AR 8 REtectiyeEyouRnd tskt DRELEAIEYITRC3BFYL i on
(80ml) , in that order, and then dried over anhydrous sodiumsul fate. After
filteringutt Ghef Feaehien s neeydmgr fhedenatieetive egnurl Qr edsukbisdi et hyl
ether was added to the residue thus obtained, and the precipitated crystals
were fil resed bt reaathedvwi thlithehgérmpdrend (Id)tden(V) may be carried

dri edunder ar educedpressure at 60C for 16 hours. 1.25g (67~) of the title
conpound owdabyt hacekaldetaomeddthrahet i on srafthearabc t Fopmagdie cdHr NMR

(400MHz, CHCl~) S: 1.41 (3H, t, J=7.1Hz) , 1.59-1.72 (2H, m, 3.58-3.63
(1H, m, ohtdlafitdd oShcd=Isbéliiindg. BReScodmpblhd W), bi Sfemowilng lthem , 8.
65-8.68 (2H, mM . M5 (nmz) : 310 (M+) Reference Exanple 9:

7- chl or optoltéctdirel etup- 1- (R) -cycl opropyl | -1, 4-di hydro- 4

0x0-1, 8- napht hyl i di ne-3-carboxylic acid A m xture of ethyl

7-chloro- 1- [ 2-AS)rifluar Sokpéihd of the formula (V), a compound of the

cycl opropyl ] -1, 4-di hydr o- 4- oxo- 1, 8- napht hyl i di ne- 3 car boxyl ate (567ny,

L. 83MMD1EoraiGehl fvEr! s HElLraateanbg N4 2l ods MUY Okt #hibigh2gl) was
heat ed under reflux for 2.5 hours. After cooling the reaction solution with
ice, 73 L : i r | | YLl t he

br oci pi ¢ BeSAOdr e Ferise i PRR/BBYE7H0208 ' Bl GEGER AL 30 LlaiPLot ocs

wat er, atﬁgagkcaréﬁgg%n%e%%g 'Ehﬁ‘gfﬂ' 1iﬁ§.‘9eﬁxEﬁégﬁgket hyl ether, the

crystals were ¢ under "a reduced pressure a ( for 18 hours. 999ny

heed! e cryst A1 SRR A ST R ar b htad 855 Kingl 4y Somdlhy %5 1
1H, 9 98-5. .17 (1 7. 1H, J=8. 3Hz 4 1H, d,

125 sry) whigh ipagsitiplatarilng shnthdsaiof adamieti gF fhe Sebmiiasn,

(I) comprised of a single isomer, may synthesized for example

by the method described in JP-A-2-231475 (the term "JP-A" as
used herein means an unexamined published Japanese patent
appliction"). Synthesis of the compound of formula (I)
comprised of a single isomer wusing an optically active
cis-2-fluorocyclopropylamine derivative obtained in the manner
described above as a rawmaterial, may be carried out for example
in accordance with the method described for example in
JP-A-2-231475.

Specific examples of compounds of this invention include
the following:

7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-yl]-1-[2~
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Specific rotation: [a,]DZ9.s - +26.90 (¢ 0.922, O lnol/1 NaCH) El enental
anal ysis : As C12HBCLFN203; Calcd.: C 50.99%; H 2.85 g N 9.91% Found: C
50.90%; H 2.71%; N 9.91%$ M5 (mz) : 282 (M) Exanple 9:

7-[3-(R) - (1-am nocycl opropyl )pyrrolidin-1-yl]-1-[2-(9S)

fluoro-1-(R)-cycl opropyl]-1, 9-di hydro-9-oxo0-1, 8 napht hyl i di ne-3-carboxylic
acid After adding 3- (R - [ 1- (N ( tert

but oxycar bonyl ) am no] cycl opropyl ] pyrrolidine (339 ) 50nm)1 ) and
triethyl d&) n@@-uPrOGgrrfL(R)’rGYGllPEGORYéﬂoﬂalrﬂriilbY@nggﬁ?xo 1,
7-chloro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1,9-di hydro-4

oxo- 1, 8- maphtthyridiine-3-carboxylic acd:tld(Z%mgqnl iD0Omthe) fedlewiled t hereto
and the m xture was heated under reflux for 1 .5 79 hours under a

ni trogen fermodpljere. After concentrating the reaction solution under a
reduced pressure, the residue was dissolved in a m xed sol vent of ethyl
acetate (100nl) and dichlor et hane (50nmL ) , and after washing the organic
| ayer with a 10~ aqueous citffic acid solution (50ml) and saturated saline
solution (50nl) in tha GROHt ganic | ayer was dried over anhydrous
sodium sul fate. After [Ti g, the filtrate was concentrated under a

reduced pre re,~an di ng dropwi se concentrated hydrochloric acid
(15nl) to th i diYe V\NIeN:oollng with ice, it was stirred at the sane

t enper at urpg nut es. !I nmol /1 Hydrochloric acid (10nml) was then added
to the reacztl on sol ution, ter washing the yellow acidi ¢ aqueous

solution wth chl oroform(50ml x 4) , the pH was adjusted to 11.0 with an
aqueous sodi um hydroxi de solution. After adjusting the pH of the basic

| ut th | ) ion with
?ﬂgeloga??ol ;y:arTh%OHzn)& &14_ Vr\fur;foc r@'&frf%ﬁ% erQOJTldclhCI1 aﬁ'ﬁl o hgzo}M: W?Ler
was per e Qrganic ers e and, af t er in e
orgaﬁl c | yerlg\‘?éf’ g 33 r8¥§ Bﬁf’ﬁ uﬂ'fgt g"EYHb gr%ﬂ?"h&% é{}ﬁpélzat gd
d d d Th d i db
lrjgcregls?alrc%r;gfe‘w& re%%g?ﬁéﬁgf"%ﬁag’s‘lt ggﬁ g?ﬁ'glﬂagﬂg\é\?°5‘%gﬂ&::gd p)r/es sure . 2
63ng ( 7 4 ~ ) of the ti tl a conpound was t hereby
0

COOH

7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-yl1]}-1-[2-
(S) -fluoro-1-(R)-cyclopropyl]-8-chloro-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid [shown 1in the following

formulal;

7-[{3-(R) -~ (1-aminocyclopropyl)pyrrolidin-1-yl]-1-[2-
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obtained in the formof white crystals. i HNW (400MHz, O lnol/1 NaOD) S:
0.49-0.55 (4H m , 1.50-1 .75 (3H mM , 1 . 95-2.15 (2H, m , 3.00-3.80
(5H, m , 4. 90-5.15 (1H, 75 m, 6.38 (1H, dm J=9.1Hz), 8.01 (1H, d,
J=9.1Hz), 8.31 (1H, s) . IR (KBr, disk) v: 3089, 3008, 2871, 1712, 1624,
1566, 1508, 1446, 1379, 1333, 1257, 1187, 1136, 1095, 1024, 985crtil.
Melting point: 216 to 218C Specific rotation: [a]D24.s = +63.50 (c 0. 310,
Olnol/1 hncrg El emental anal ysis: As CI9H21FNAQO3; Calcd.: C 61.28g H 5.68¢g
N 15.04 KShn@ivergrligR) repcbeprapyb] o8-fAHere2)  4-divdret] )+ Reference
Exanpl e 10: Ethyl 2,4-difluorobenzoyl acetate Under a nitrogen atnosphere,
nmonoet hypxgansnal énes326arbgrytheniacids Ushewn vetni nthehyfpblewing
tetrahydrofuran (150ml) , and after addi ng nagnesi um et hoxi de (4. 17g,

36. 8nmolfowmialal¢ooling with ice, it was stirred at roomtenperature for 1
hour. The reaction solution was then concentrated under a reduced pressure,
t hereby preparing a nagnesi um salt of nonoet hyl mal onate.

2, 4-di fl uorobenzoic acid (7.7791g, 50. Ompl) was then dissolved i n anhydrous
tetrahydrofuran ( 100ni aQd @@ addi ng 1, 1-car bonyl di i m dazol e
(8.52g. 52.5mmo1) whil g with ice, it was stirred at room

t enperat ure r 1 hout i% solution,a solution, wherein the previ ously
prepared nag i Nl noet hyl mal onate was di ssol ved i n anhydrous
tetrahydroﬁqqan 60m1), mas added dropwi se while cooling with 76 i ce.
After conpl@étion of drippin e tenperature was gradually brought back to
roomtenperature and thereafter, stirring was perforned for 16 hours. After
addi ng toluene (100nl) to the reaction solution, the organic |ayer was

bi car bonat evar ert Y 1aHy: - SHaki AR Ra R PR g 125 o7 T

(S) -fluoro-1-(R) -cyclopropyl]-8-difluoromethoxy-1,4-

dihydro-4-oxoquinoline-3-carboxylic acid [shown in the

following formulal;

e !
H,N o)
F\( F
F
7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-yl]-1-[2-
(S) -fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methoxy-4-

oxoquinoline-3-carboxylic acid [shown in the following

formulal];
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in that order, and then dried over anhydrous sodiumsulfate. After
filtering, the residue obtained by concentration under a reduced pressure
of the filtrate was applied to a silica gel chromatography, and 11.0g (95-~)
of the title conpound was obtained in the formof a pale-yellow, oily
substance from an n-hexane: ethyl acetate = 9:1 eluate. 1H NVR (900MHz,
CHC13) 5: 1.24-1.36 (3H, m , 3.95 (2HX2/3, d, J=3. 66Hz) , 9 .20-4 .30
(2H m , 5.80 (1HX 1/3, s) , 6.86-7 .02 (2H m , 7.88-8.04 (1H, m ,
12.72 (1HX1/3, s) . Referen Exanpl e 11: Et hyl

7-fluoro-1-[2-(S)-fluoro-1-(R -cycl opropyl]-1,9

di hydr o- 4- oxoqui nol i ne QOH A mixture of ethyl 2,4-difluorobenzoyl
acetate (5.50g, 29 . riethyl orthoformate (8.00m, 48.2mv1l) and
acetic anhy tirred in an oil bath of 120C for 16 hours.
After letti
reduced priggpure) O} \addi ng toluene (30nml) to the residue obtained,
it was concentrated under uced pressure again, and then dried under a
reduced pressure. 77 A yell ow oily substance was thereby obtained. This
substance was di ssolved in toluene (100nl), and after adding the

par a- t ol uenesuy £ pBi (rRp<{ U~ &l io&fc Lo Fpyl HeFOrdt {dn <y P+ vpyd -ani ne
(6.46g, 26.1mm1l), triethylamne (4.95nl, 35.6mvDp1l) was added dropw se
gradual | y(hhanidr o ) Sldyidliopdoply1112G4 -8 hgtirec@Pakhgn et dri pping, the
reaction solution was stirred at roomtenperature for 18 hours. After

addi ng wWah&lqi hRfAThle 32 2B x§AG1 0Bciel UllsABwn®XihACkhAN Yol ofh RY
acetate (150nl x 2) was perforned. The organic |ayers were conbi ned and
washed vwgd}ngagHgated saline solution ( 150nl ) and then dried over
anhydrous sodiumsulfate . After filtering, the filtrate was concentrated
under a reduced pressure, and a brown oily substance was thereby obtained .
After dissolving this substadce in dinethylformam de (35ml), potassium
carbonate (6.55qg, 47 .4m d thereto and then stirred at room
tenperature for 21 hou yfii | e cooling with ice and stirring, 2nol/1
hydr ochl ori c i
room t enper
and t hen was
excess dieHHyI et

s\~ The precipitated crystals were filtered out
ter, a small anount of cold ethanol and
i depcrystal s obtai ned were then

5-amino-7-[3-(R) ~ (1l-aminocyclopropyl) pyrrolidin-1-
yl]-1-[2-(S)-fluoro-1-(R)-cyclopropyl]l-1,4-dihydro-8-
fluoro-4-oxoquinoline-3-carboxylic acid [shown in the

following formulal];

5-amino-7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-
yl]-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-

methoxy-4-oxoquinoline-3-carboxylic acid [shown in the
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purified by recrystallization in ethyl acetate and then dried under a
reduced pressure. 5.92g (84~) of the title conpound was thereby obtained.
""H NWR (400MHz, CHC13) b : 1 .91-1 .43 (3H m , 1 . 69-1. 76 (2H, m , 78
3.39 (1H, brs), 4.37-4.43 (2H, m, 5.09 (1H dm J=62.46Hz), 7.16-7.22 (1H,
m, 7.41-7.44 (1H, n), 8.49-8.57 (2H, m. Melting point: 227 to 230C

Ref erence Exanple 12:
7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-4oxoqui nol i ne- 3-car
boxylic feldowingxfarmubdlethyl 7-fluoro-1-[2-(S)-fluoro-1-(R)

cycl opropyl ] -1, 4-di hydr o- 4- oxoqui nol i ne- 3-car boxyl ate (4.08g, 13.9mmvl),
acetic acid (9nﬂ) and concentrated hydrochloric acid (9m) was heated under
reflux for 21 hour. AftlE follng the reaction solution with ice, ice water
(50nl) was poured into leackipysol ution, the precipitated crystals
were filtered out, a vwshlng W th excess water, a small anmount of
col d et hanol4and exce | ether, the crystals were dried under a
reduced pr ur orNI6 hours . 3 . 51g (95~) of the title conpound
was t herepy Obt )i ngd I&é efformof a whi to powder . 1H NVR (400MHz,
CDC13) a: ﬂ“78 1784 (2 B.52-3.53 (1H, m , 5.13 (1H, dm J=64.59Hz),
7.31-7.36 (1H, m, 7.59 (1H~"d, J=9.26Hz), 8.54-8.53 (1H, nm), 14.55 (1H,
s). Melting point: 302 to 305C Specific rotation: [a]DZa.s = +0.38 (c

0.560, O | / = _
7.[3-(R): (T’an%lr?%@?é?'opr%py Siramigosyplopropyl bpvErpLidinTt g cyel opro

yI] 1,4-dih X carb t adding 3- (R
th %‘l ? gsfo‘g%%? ony%ﬁrﬁnzo]]%%r?%g%pyﬁ pyrS{)ﬁ?A‘&it d%le (203ng,
817~ |et Ianl to dried d| th squOX|de
1 uor of 9‘6 4549 %+*a° Rndgs tnoRetts - S48 Wendi dnd"
di hydr o- g gf QUInO i ne- arboxylic acid (197ng 743~, nol) was added
t her et o afd HE"Hi ?ﬂWé § heated reflux for 15 hours under a nitrogen
at nosphere. After letting gaction solution cool , water (30mL ) was
added to the reaction sol Uj yfhil e cooling with ice, and the precipitated
crystals were filtered out and sheq?eﬁ? with water. After adding
concentrat ed hydrochl ori ; e obtained crystals while cooling
with ice, stirring at t perature was performed for 30 m nutes.
| mol /1 hyd g5 then added to the reaction solution,
and after i I-M/achhlc aqueous solution with chloroforn1(50nﬂ
x2) ,t mnth an aqueous sodi um hydroxi de
sol uti on! g he basic aqueous solution to 7. 4 with
| rol /1 hydrochl oric acid, extr ns into chloroform (100nL x 3 ) and a 95
5 mxture of chloroforn1 nmet hanol 100nmL x 2 ) were performed. The
organi c Iayeréowéﬁe(Bhedlcembnn@wclandoavﬂépydryimginhé-UlgaﬁbB-Iayer over
anhydrous sodium sul fate, the
dihydro-3-(S) -methyl-7-oxo~7H-pyrido[l,2,3-

de][l,4)benzoxazine-6-carboxylic acid [shown in the following

formulal];

7-[3-(R) -(l-aminocyclobutyl) pyrrolidin-1-yl]-1-[2-
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sol vent was evapol ated under a reduced pressure. The residue obtained was
purified by recrystallization in ethanol and then

dri edunder ar educedpressure. 203nmg (74~) of the titleconpound 80 was

t hereby obtained in the formof yellow crystals. i HNW (400MHz, 0. Inpol/1
NaOD) 5: 0.50-0.54 (4H, m} , 1 . 63-1 .68 (3H, m , 2 . 00-2.12 (2H m ,
2. 94-2.97 (1H m , 3. 16-3.36 (4H, m , 5.16 (1H, dm J=62.40Hz) , 6.43

(1H, s) (1M d J=0.02Hz) . 7.97 (IH d. J=9.02Hz), 8.32 (1H s).
IR (fir (sln §9<)1°€° 3p4R) 912591301029181112%5@1 hyowomegiaxy15phT 1471, 1458,
1396, 1363, 1371 , 1250cx~i i . Melting point: 251 to 253C SpeC|f|c

rotatloﬁthéFEEA“Qxequlnobgnec3GCQBDOXth¢/1aNaéH)[Ehgﬁﬂueﬂnan§h95|s As
C20H22~303; Calcd.: C 64.68g H 5.97g N 11.31 Found: C 64.69g H 5.96g N
11. 2y RﬁbéiewéegEfanpuéaIB:

7- brono-1-cycl opropyl - 8-di fl uor onet hoxy- 1, 4-di hydro-4

oxoqui nol i ne-3-carboxylic @&id BF2 chelate Wiile heating and stirring a

m xed sol ution of ethyl
: Qﬁﬁxhoxy-l,4-dihydro-4

j.Olg, 5. 00Omol), acetic acid (5nl) and acetic
pat'h of 110C, a boron trifluoride -
0!:3nﬁ, 7 .50mol) was added dropw se over a

oxoqui nol
anhydri de
t et r ahydr of
peri od oft,B mi n ABt er ring the reaction solution at the sane
tenperature for 1. our s, cess diethyl ether was added whil e cooling
with ice, and the prdcipitated solids were filtered out (and washed with
di ethyl ether). After drying under a reduced pressure at room 8Z

ovber S s SRRl g - aikalngd o8, o ol e 9Ly
(IH 1t (dFTH 820-1 8 RP-EHh ofleof? 1) oot WonGendzf- giv). 5 56 (10

Exa

oxoquinoline-3-carboxylic acid [shown in the following

formulal];

7-[3-(R) - (l-aminocyclobutyl)pyrrolidin-1-yl]-1-[2~-
(S) -fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methyl-4-
oxoquinoline~-3-carboxylic acid [shown in the following

formulal;
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7-[3-(R) - (1-am nocycl opropyl ) pyrrolidin-1-yl]-1
cycl opropyl - 8-di fl uor onet hoxy- 1, 4- di hydr o- 4- oxoqui nol i ne-3 carboxylic acid
After adding 3-(R)-[1-(tert butoxycarbonyl anm no)cycl opropyl]pyrrolidine
(338ng, 1.50mm1) and triethylam ne (209al, 1.50mvl) to dried dinethyl
sul foxi de (2nl), 7-brono-1-cycl opropyl-8-difl uoronethoxy
1, 4- di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid BF2 chelate (422ng, |.OOmDl)
was added thereto and stirred at roomtenperature for 39 hours under a
ni trogen at mosphetelRIAfklsr concentrating the reaction sol ution under a
reduced pressure, ethanol (20nﬂ£ , triethylamne (4ml) and water (4nl) were
added t o (PaEhrbaBine) avelartopvhl pyrvetibtdineltykltbr(2-fBurs . After
concentrating the reaction solution under a reduced pressure, the residue
was di ssbluedoirih-¢R) ocyEbopropPbitl , 4 -dihlydfoed-makinvxy-4+he organic | ayer
in a 10~ aqueous citric acid solution (50nmL ) , the organic |ayer was dried
over anhggoquinebdilhanBsohtborylidftacidi | {showy, ihme thét rfdklemsng
concentrated under a reduced pressure, and after adding dropw se
concent r gbeslubsdirochl oric 82 acid (5ml) to the residue while cooling with
ice, it was stirred at roomtenperature for 30 mnutes. 3nol/1 Hydrochloric
acid (30nl) was then added to the reaction solution, and after washing the
yel | ow aci di ¢ aqueous solutionShith chloroform (50nL x 2) , the pH was
adjusted to 11.0 with an agyeous sodpaphydroxi de solution. After adjusting
the pH of the basic aqueqds $ ron to 7 . 4 with Inol/1 hydrochloric
acid, extracti with chl 'ornJ 50nl x 2) was perforned. After drying
over anhydrous i AnTNUl " &3te, "N'he sol vent was evapol at ed under a reduced
pressure. [ hus ned was purified by recrystallization in a
et hanol / di'e Fher and then dried under a reduced

mi xed sol veht
pressure. 3lng (8% of the tit conpound was thereby obtained in the form
of a yellow powder. 1H NMR (400MHz, O Inol/1 NaOD) 5: 0.57 (4H, brs) , 0.81

iH m , 1.03 (1H,Jg0,.L 11 (1H m, 1.25 (1H m, 1.78 (1H m, 2.05 (1H,
fnl), 2.”)22 (1H, 3’%[]3’*3‘.@3-%1. 60 (ElH, m)rr? 4.08 ((lH, m)rr? 6. 45 ((lH, dg? J:76.3,(

73-810). chRihyf dhhnd) cdafofbBbyr FePRed ity i1 2581 3o Bl (1M 9).
fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylic acid [shown in the following

formulal]:;

i i
Hac~‘r}|| CH, E

7-[3-(R)-[1~
(ethylamino) cyclopropyl ]lpyrrolidin-1-yl]-1-[2-(S) -
fluoro-1-(R) ~cyclopropyl]-1,4~-dihydro-8-methyl-4-
oxoquinoline-3-carboxylic acid [shown in the following

formulal];
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Melting point: 206 to 207.5C Specific rotation: [oc]p2a.s _ -67.70 (c
0.295, O lnol/1 NaOH) Elenental analysis: As C21H2sF2NsOa ' 0. 25CH3CH20H;
Calcd.: C59.92% H 5.73% N 9.75% Found: C 59.85% H 5.62% N 9.68%

Ref erence Exanpl e 14: Et hyl

6-am no-7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl] 83

1, 4-di hydr o- 8- net hyl - 5- ni t r o- 4- oxoqui nol i ne- 3- car boxyl at e Et hyl

6, 7-di fluoro-1-[2-(S)-fluoro-1-(R) -cycl opropyl ]

1, 4- di hydr o- 8- et hyl - 5-vi tr o- 4-ggxoqui nol i ne- 3- car boxyl at e (10. 04qg,
27.12mol) was di ssol ved i ndi &&Hﬁm de (150m), and 28~ anmoni a water
(32.1nml) was added dropw g™ e stirring and cooling with ice.
Wil e sealing the reacti q l ut||n in a sealed tube, it was stirred at
room t enper at for, NS e reaction solution was then dissol ved

i nmet hanol (200 and condent Mt ed under a reduced pressure. The residue
obt ai ned %@?{JNI’I fi&d-Dy r&yR al tvazatl on froma m xed sol vent of

2- propanol / chl Hroforn128~ ter, and after drying under a reduced
pressure, 7.07g (71~) of the title conpound was obtained as a yell ow
powder. 1H NMR (400MHz, CDC13) a: 1.35-1 .44 (5H m , 2.67 (3H, d,
J=3.41Hz) , 358im3nd¢7C(i8~ (R)~[4-33-4.41 (3H, m, 4.75-4.78 (0.5H, m,
4.90-4.94 (0.5H, m, 8.47 (1H, d, J=3.41Hz). Elenental analysis: As

ClEHLSF2NRseny fa@hirb ) o redl iR 11 .ﬁoug;_ﬂ. 52.62 g H4.16g N
11.12 Replgerence Exarrpl%%&%&ﬁlyl -1l uorlo 1- 12 (fslquoro 1- (R

| Sty ERiand- T (R ALV, '%m”@%s e e G CaouL)
gngmwgg'@ﬁ%%m@ c% %,g\glr d"’“e[rsﬁl-lcﬂvr?t "YWl the Ffollowing

cycl Oprqﬁ%é%u ﬁ di hydr o- 8- net hyl - nltro 4- oxoqui nol i ne-3 car boxyl ate

(5. 00g, rmol) was dissolved in di met hyl f or mam de (60ml), was added
dropwi se over a period of Ni-lzhcmrs. After conpletion of dripping, the
reaction solution was stirlred [at 6&86ﬁr 4 hours, allowed to cool, and then
pour ed |

g-@“ N
HC—N CH, % -

10-[3-(R)-[1-

(methylamino)ceyclopropyl ]Jpyrrolidin-1-yl1]-2,3-
dihydro-3-(8) -methyl-7-oxo-7H-pyrido[1l,2,3-
de] [1,4]benzoxazine-6-carboxylic acid [shown in the following

formula];

COOH

|
%N N
H3C~H O\J\CH

1-(cyclopropyl)-8-methyl-7-[3-(R)-[1-

3

(methylamino) cyclopropyl]lpyrrolidin-1-yl]-1,4-dihydro-4-
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into water (500ml). After extraction with chloroform (200m x 3), the
organi c | ayers conbi ned were washed with I nol/1 hydrochloric acid (200nl)
and saturated saline solution (100nl x 2) in that order, and then dried
over anhydrous sodiumsulfate. After filtering, the filtrate was
concentrated under a reduced pressure, and the residue obtained was applied
to a silica gel chronmatography to obtain 2.91g (61~) of the title conpound
in the formof a _white powder froma chlorof orm nethanol 30: 1 eluate.
1H NVFt  QsOWiRoldperd-sgrbpxyticzqacid jiphgany) in 1the-1feilezrrngm ,
2.70 (3H, d, J=2. 93Hz) , 3.89-3.93 (1H, m , 4 34440(2H m, 4.79-4.83
(0. 5H, n)formsle-]zr 98 (0.5H, m), 8.55 (1H d, J:2.93Hz). Ref erence Exanpl e
16: Ethyl 5-amno-7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]

1, 4- di hydr o- 8- net hyl - 4- oxoqui n8I i ne- 3-car boxyl ate Et hyl
7-fluoro-1-[2-(S)-fluoro-1-(R)jcycl opropyl]-1,4

di hydr o- 8- net hyl - 5-vitro-4 dui pOOOte- 3- carboxyl ate (2.50g, 7.10mopl) was
di ssol ved inacetonitril and after adding a 5~ palladi um carbon

catal yst (wat con nt' 1.J ) 85 thereto, it was stirred at room
tenperature fo hot derNa hydrogen atnosphere at atnospheric
pressure. |-At:t-qq re ng tgye chtalyst by filtering (nethanol washing) , the
filtrate was dbncentrated und a reduced pressure, and the residue

obt ai ned was dissolved in ethyl acetate (10nl) and heated under reflux for
30 mnutes . n-hexane ( 10nml ) was then added, and after perform ng heated

refluxing for g0 @LNUELSS o rﬁ?oﬁr?c?(:tdfm | Ut QR MES o | ?ﬁ B+ahand under
tere

roomterrperature The precl pi'tated cryst s were then fi out, washed

Wth a 1,pk; @a&%ﬁ%&oécggpﬁ%eg ﬁgeéé‘ﬂe%%gﬁéﬁ(c% S%C?Jeﬁ#l% and ey ieed wader a

reduced pressure at urs e title conmpound was

herehy Qi g 3o, 'a%ra@azrr o g M £ R Tk 61 1

J 2. 20Hz 7 (1H H g, J=7.0SHz). 4.71-4.75 (0.5H,
. 4. 87)49"-‘@:5“?3“&1 r‘%" (fﬁd §° =‘11.qg6Hz), 8.3)7 (1H, d, J:3.(42Hz).

Ref erence Exaanlu e1:he ‘case where the compound of this invention is used

as a medicament for human bodies, its dose is within the range
of from 50mg to 1lg, preferably from 100mg to 500mg, per day per
adult.

In the case of use as a medical drug for an animal, its
dose varies depending on the purpose of its administration
(treatment or prevention), kind and size of each animal to be
treated, kind and degree of each infected pathogenic bacterium,
but is within the range of generally from 1mg to 200mg, preferably
from 5mg to 100mg, per lkg body weight of each animal as a daily
dose.

The daily dose is administered once a day or by dividing
it into two to four doses per day. As occasion demands, the

daily dose may exceed the abovementioned amounts.
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5-am no-7-fluoro-1- [2- (S) -fluoro-1- (R -cyclopropyl ] -1, 4

di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3- car boxylic acid Ethyl

5-am no-7-fluoro-1-[2-(S)-fluoro-1-(R)

cycl opropyl ] -1, 4-di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-car boxyl ate (735ng, 2
.28mvol) was dissolved in a l :1 mxed solution (8nml) of acetic acid:

wat er, and after adding concentrated sulfuric acid ( 90.1 ) thereto, it was
stirred for 9 hours in an oil bath of 120C. After cooling the reaction

sol ution with Siwce Fheeeompound® mfl Fhivgsipeven bion lrmepetizgrgainst xed
reaction solution was stirred at roomtenperature for 2 hours. The

preci pi t atlebad yainglesofieriefadigandémsuwhivh strsavwaliexnsessfeat eousa snal |
anount of cold ethanol and excess diethyl ether in that order, and then

dri ed undéseasesductedean dxsagte, FrlRGtf or dTlboliate. dbsE8ages SGaysed t he
title conpound was thereby obtained in the formof yellow crystals. i HNW

(400MHz, ppMB@cHSpabhodend3-1 .38 (1H, m , 1.56-1 . 66 (1H, m , 2.39 (3H,
d, J=2.20MHz) , 4.14-4 .22 (1H m) , 4 .96-5.00 (0.5H, m) , 5.12-5.16 (0.5H,

m , 6.50 (1Hgyhm 'e]s2c7@|'ﬂ¥acte18.ta Ghd lﬁﬁcﬁjer:.]cn?d Ift&oopacidhe &Rt ation:
[oc]p2a.s _ _111.00 (c 0.510, O lnol/1 NaOH) Exanple 7:

5- am no- ¢nf an(#Re EémBBhHHQYé% ‘EB&QWA\)&YH&% h@lerlaﬂfé(éiln}e APl £060-1- (R) -

cycl opropyl]-1, 4-di hydr o- 8- net hyl - 4oxoqui nol i ne- 3-carboxylic acid After
(643 3555%%&@%%%???%?’#? E%C%’ép?%%??t 78] PFeddh 281 FEAY B o
(11Tl zjl hyae’%ge ?%LFQLOOE%%%?é%?#:e &qb %O%\égagll%do%kb %%Blisunol)
it ogen aPHGEEREPESCaPbp” e fy %&%feg%?“@%éﬁ%"“r%o?“ﬁt RS
reaction_sol ut| on vvas congentrat ed nder a red ﬁess the esi due

obt ai ned™ R8s IPREF v FIPRAFRE 87 ¢ eacﬁ?&t‘@ ( 2an ﬂ’eﬁl th a 10~

aqueous citric acid solution (50ml nd satur ed saline solutio 30
o s aRheuep Eae o Ehe Arar BN HRAbAE AN Ghe. SBAPaSCEFRLLe: "IhG of (o

filterin the filtrate was concentrated under a reduced, pressure . The

resi due SBRHPREAEYS HRIFIRRITRRR POTHSLRGPR / Haguaphi lus iRfluenzae;

the genus Acinetobacter, the genus Campylobacter, Chlamydia
trachomatis, and the like.

Examples of the diseases caused by the above pathogens
include folliculitis, furuncle, carbuncle, erysipelas,
phlegmon, lymphangitis (lymphadenitis), panaritium,
subcutaneous abscess, hidrosadenitis, aggregated acne,
infectious atheroma, anal abscess, mastitis, superficial
secondary infections of traumaticwounds, burnwounds, operative
wounds, ete., pharyngolaryngitis, acute bronchitis,
tonsillitis, chronic bronchitis, bronchiectasis, diffuse
panbronchioclitis, secondary infections of chronic respiratory
diseases, pneumonia, pyelonephritis, cystitis, prostatitis,

epididymitis, gonococcal urethritis, non-gonococcal urethritis,
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gel chromatography and crude crystals were obtained froma chl oroform

nmet hanol - 30:1 eluate. After adding dropw se concentrated hydrochloric
acid (5m) to the crude crystals while cooling with ice, it was stirred at
the sane tenperature for 30 mnutes. |Inol/1 Hydrochloric acid (10nm) was

t hen added to the reaction solution, and after washing the yellow acidic
aqueous solution with chloroform (50nmL x 2) , the pH was adjusted to 12.0
wi th an agueous sodi um hydroxi de solution. After adjusting the pH of the
basi ¢ aqobebsc¥stitisn ehokangitip hbaabllarynydysenteryc erteritk®racti on
with chloroform (100nL x 3) was perfornmed. The organic | ayers were then
conbi nedinfilaumatilonwérthmuer bus appéndages!, fimtyrautar itneenféettohvent was
evapol at ed under a reduced pressure . The residue thus obtained was

purifi edbbythetinstab| i zatlaphdriomset haholrdendumhen daceyooysieitiasy educed
pressure. 32ng (9~) of the title conmpound was thereby obtained in the form
of yel |l ovaesydénisis]lH bbAnédD0NMdlcelt., lnalfitisaOfjledsa 0. Sdiudirt{dH m ,
0.60-0.67 (1H, m, 1.23-1.55 (3H, m, 1.74-1.85 (1H, m, 1.97-2.17 (2H, m
, 2 .33 pékio8dntilis]PePridbroaiti®), . ja3widIflafhalthildn MberiBohtds, 63 (1H,
m , 3.71-3.78 (1H, m , 4 .77-4.79 (0.5H m , 4 . 93-4.96 (0.5H, 88 m

, 6. 00 AHoch¥dit8s50sédblis mdiBngS6HE) skim {#Bsctibsk)ebe, 3402, 3344,
3276, 3097, 2918, 2864, 1724, 1616, 1548, 1506, 1477, 1441, 1408crnl.

Mel ting point g 2Ald:O hdmdidGCOFPOSEY- §Q§E' Laetraeaat 2D vl fotl DRReS =
-225.91 (c 0.525, Q'1'mol /1 "NaOH) El enental anal y5| S: As C21H2sFMNAOs;

2o, - SafBelide" 6t TSN, 31%%#3‘?‘“%?‘29 RFafiad ndfad findt oﬁ\sff
L 4-dihygsgs By tzf%y ARy BANL0OLLAT %&an\wy'ﬁéfemfkem

6, 7- d|fluoro clopro

1, 4-di hy XY rQ 4 oquineol ine- 3-car A _

(13 96g, SRESHRHE 79Was ) A i s oA SRRt 28
was added. dr o

d | h
o et §?F$ ﬁ?&%ﬂ@&&r ¥ @%%?ﬁf&h% srcaf&ﬁut' et B SafERngahour o

wat er (100m; % ed to the reaction_so on and concentr at edunder
a reducell: pritgan ualer*Rhi M-n§oF Ef‘ H‘@ dbt é’ﬁ‘ﬁg&’ 1 Ref-
subj ected to extractl on with ethyl acetate (100ml x and the organic

| ayers were t &P *REHBTHREt bResredadniechins thasHAr %(cé)’sﬁﬂa’ysﬁ}f‘%?ﬁt ed

pathogens are largely classified according to the causing
bacteriaintothe three typesof tuberculosis, atypical acid-fast
bacteria infection, and leprosy. In addition to the lungs,
tubercle bacilli infections may be seen in the thoracic cavity,
trachea / bronchus, lymph nodes, in a generally disseminated
manner, in the bones and joints, meninges / brain, digestive
organs (intestines, liver), skin, mammary glands, eyes, middle
ear / throat, urinary tract, male genitals, female genitals,
etc. Thelungsare themainaffectedpartsof atypical acid-fast
bacteria infections {non-tubercle acid-fast bacteria
infections), and other examples of atypical acid-fast bacteria

infections include local lymphadenitis, soft skin tissue
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saline solution (200nl) in that order, and then dried over anhydrous sodi um
sulfate. After filtering, the filtrate was concentrated under a reduced
pressure, the residue obtained was applied to a silica gel chromatography |,
and 8.92g (64~) of the 89 title conpound was obtained in the formof a
pale red, oily substance froma chloroform methanol = 30:1 eluate. 1H NN+t
(400MHz, CDC13) S: 1.37 (3H, t, J=7.0Hz) , 1.49 (1H, ddd, J=9.5, 6.0,
3.5Hz) , 1 .53-1.58 (1H, m , 3. 68 (1H, dt, J=8.5, 5.5Hz) , 4 .11 (3H, d,
J=2. 5Hz) infecBborigH ankyculax. Anfectikng,, géndtal 2 spepinatBen (type ddt
J=63.3, 5.5, 3.5Hz), 8.47 (1H, s). IR (KBr, disk) v: 3379, 1724, 1608,
1525, 14imMfedBP&ns 1268c¢. 1063c~ri 1. HRVMS (FAB) : As C 6HL6F2N306 (M- +1)
Cal cd.: 384.1007 Found: 384.0974 Reference Exanple 19: Ethyl 7-fluoro-1-
[2- (S) -fluombhelconidundy 6EdHidPYhvéntion4re also effective against

di hydr o- 8- net hoxy- 5-vi tro-4- oxoqui nol i ne- 3-carboxyl ate | soanyl nitrite
(3.810, v2rDou®linivdoorddedsing dinet hyhieemAfiec{HE in, Afhatd] e

stirring at 70C, a solution, wherein ethyl

6- am no'Eiéﬁ\ﬂ?é@b%ﬁt%ﬁ@éféé‘f%ﬁii]s‘rﬁﬁlnclude Escherichia, Salmonella

cycl opropyl ]-1, 4-di hydr o- 8- met hoxy- 5-vi tr o- 4- oxoqui nol i ne 3-carboxy1ate

(8909, g3, 25ppiiaves dasnsbuedubl di ERIAdANIRT dodddRldoodss, Added

dropwi se thereto over a per 3 hours . tér conp 1 ppi ng,

the reacgd io s stirred at 70C for 1 hour, allowed to cool, and
t hen poﬁ%%gg?%€%ﬂabt%%g?SOOnﬂ). After extraction with ethyl acetate (300nil

x 3), the organic.layers conbin re washed w.th | mol/ 1 hydrochloric acid
(300m) and SSPEEAFAS GRTRERF FoRE Rl atER B e Fener 1B e and
then dried gver anhydr.ous sadi msulf%tﬂgi Q%t%{ filteﬁing, thg*filtrate
wasconc Rt TR IR utteS38S e dbREY JrRRRRIOYhd TOYE e uBVEr YA Bt ai ned
wer e recrt\l/ tal]ized in ethanol and then er'eed_ upder. a reduced pressure .
3.81g (45H5°TF MR t FRFEPRonpREARPMYVERCYFRA £hy MR Y | MY FRPIIFIR of
yellow crystal s. 1H NVMR (400MHz, CDCl13) 5: 1.37 (3H, t, J:7.£}ti 1 .55
(1H, dddinfegtiong gtcg, seppcificsexampleg ofppig dissases (ipelyde j-g 5,
5.5Hz) , 4. 11 (3H, t, J=2.5Hz) , 4 .37 (2H, dq, J=7.0, 1 .SHQ%, _4.86 (1H,
dddd, ~ J=8scherichiosis, sajmoneliocmjs,iHpPagtugelireis). Hpemephifig
J=l.5Hz) . IR (KBr, disk) v: 3062, 1722, 1639, 1602, 1544, 1425, 1328,

1259, 105FEe@tion, velataaphist nt rhigitis,170expdaEbrpos RPLdePBRER: At

analysis : As O 6HzaF2N20s; Calcd.: C 52.18 g H3.89g N 7.61 Found: C 51.9p
- H 3. 7%yqxpglggn@ép§pgﬁégnm¢p|,esmificexamples of cattlediseases

include escherichiosis, salmonellosis, hemorrhagicsepticemia,
Mycoplasma infection, contagious bovine pleuropneumonia,
mastitis, etc., specific examples of dog diseases include
coliemia, Salmonella infection, hemorrhagic septicemia,
pyometra, cystitis, etc., and specific examples of cat diseases
include exudative pleurisy, cystitis, chroniec rhinitis,
Haemophilus infection, kitten diarrhea, Mycoplasma infection,
etc.

An antibacterial preparation which comprises the compound
of this invention can be prepared by selecting an appropriate

pharmaceutical preparation in accordance to the method of
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Et hyl
5-am no-7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]1, 4-di hydr o- 8- net hoxy- 4-
oxoqui nol i ne- 3-carboxylate Ethyl 7-fluoro-1- [2- (S) -fluoro-1- (R
-cyclopropyl ] -1, 4 dihydro-8-mnmethoxy-5-vitro-4-oxoquinoline-3-carboxyl ate
(3.71g, 10. I'mmol) was dissolved inacetonitrile (50nl) , and after adding a
5~ pal | adi um carbon catal yst (water content: 50~, 1 .5g) thereto, it was
stirred at roomtenperature for 20 hours under 91 a hydrogen at nosphere
at at nospHeinésprassancandiusing anyvofigthewermralis useds metbedsgof net hanol
washing) , the filtrate was concentrated under a reduced pressure, the
resi due pbepandugwesriap pharnaceusi ¢al prgparaliomst. ogiaphyregard 2o68g
(79~) of the title conmpound was obtained as a yell ow anor phous substance
from a chkher dozage nBiisodbf —aB@ibaekasiel PredaratiéneMVinvici18heS @ 1
.38 (3H, t, J=7 . OHz) , 1. 43-1.57 (2H, m, 3.75-3.82 (4H, m, 4.37 (2H,
q, J=7. OcBmpodndloflthiddinvdinbroR, ad. bts pbii¢iphe 2dgédtl, tablets, OHz),
8.37 (1H, d, J=2.0CHz). HRMS (FAB) : As O 6H ~F2N204 (M++1) ; Calcd.:
339-;156?EQHEQQ,Qﬁﬁaﬁﬂighﬁaéﬁﬁﬁﬁﬂég,EKQF@£§03§9 syrups, elixirs, oily
5-am no- /-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropylJ-1,4
di hydr o- 8Bl hONYs 4uReReididRld NEed: G Ve b GeRCAS kalipildy 8£0FoshbY!
5-ami no-7-flioro-1-[2-(S)-fluoro-1
(R -cycl gpr ] = - % - 8- 4- oxoqui nol i ne-3 carboxyl ate (2.68g,
7.92mol ? ggéthigﬂigéngb %g%ﬁ?ﬁaﬁ%éégﬁ%%ﬁ?ﬁgf ed hydrochloric acid (20nml) was
heat ed under refl f hoprs. . A coq] i . ti olugjon with
ice, water (200nl éﬁagﬁﬁghrgg ?Hgﬁé%%géﬁd f%egg?%gﬁﬁ%¥§§e§£%¥§%%a%é wer e
filtered ALt er. washi ng, w t.h. excess _wat er, smal |, ampunt .of _col d
et hanol gﬁﬁag%gé aoqeerp"h(yﬁl ol "t(ial?l |lnzltrf'%tagc?rn3:ér?€?hgn% rlﬁ ?%?é/%?‘afzgeobt ai ned
were purified by.recrystallization in m xed 92 . solvent_of...
hi or of OPRFREFREABR &R 1 1RSIy "kl MaY; aneaimpPRest, sl agy (51
of the title, conpound was theéeby obtained in the form of eIIowgrystaIs.
1H NVR (2E8RES MaX/E6 oRytatnad 4403 qoptEsiper pndsthereattexynade 3ntg o7 (i,
m , 4 .89-5.10 (1H m , 6.59 (1H, d, J=14.0OH) ., 7.73 (2H, br) , 8.57
(1H, d, 3=Pokig)preparaien Ly fyeqre-grying ey thegddke megns) 5pgbe)ogy
1236rm 1.

re~dissloved when used. Also, a single dose may be contained

in a single container or multiple doses may be contained in the
same container.

Examples of forms of external-use preparations include
solutions, suspensions, emulsions, ointments, gels, creams,
lotions, sprays, etc.

A solid preparation may contain pharmaceutically
acceptable additives together with the active compound. For
example, fillers, extenders, binders, disintegrators,
solubilization enhancing agents, moistening agents,
lubricating agents, etc. may be selected and mixed as necessary
to form a preparation.

Examples of forms of liquid preparations include solutions,
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Melting point: 291 to 298C (deconposed) Specific rotation: [oc]D2s.0 =
+40.01 (c 0.305, Olnol/1 NaOH) Elenental analysis : As G 4H12F2N20a;
Calcd.: C54.20g H 3.90g N 9.03 Found: C 54.10g H 3.86g N 9.02 Exanpl e 8:
5-am no-7-[3-(R)-(1-am nocycl opropyl )pyrrolidin-1-yl]-1
[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 8- net hoxy- 4

oxoqui nol i ne-3-carboxylic acid After adding 3- (R - [ 1- [N (tert

but oxycar bonyl ) am no] cycl opropyl ] pyrrolidine (788ng, 3.48mvl) and

triethyl WSRENS2RLE ,temtd@@msaiamfépesg meysand@inmsemgpending agents,

5-am no-7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl] 1, 4-di hydr o- 8- net hoxy- 4-
oxoqui nolemud s3fyangorgkntsacetic( 62&ngdd2tD@e®l) was added thereto and
stirred at 90C for 168 hours while sealing in a seal ed tube under a

ni trogen at nosgxteansl esAbifanetisdds bf adirei nesodt ong Shleutdopotndlofabdishen
concentrating the reaction solution under a reduced pressure, the residue
93  obtanvedtwen dtssanveshimal hligicdiuidem 4 2a@thodandf Wakilettv bhad 10~
aqueous citric acid solution (100ml) . The organic | ayer was then dried
over anhwydimius steditiBnsot el adhd ndfsitea thioht BYimikiAd e & Witthakgedas
concentrated under a reduced pressure. After adding dropw se concentrated
hydrochl gr iffe thddd df Ophdpd Pihd€a0BbauREEn! UMM pEr£OPNING BEAD ice, it
was stirred at the sane ?enperature for 30 mnutes. Tnol/1 Hydrochloric

achd_( 208k #3328 AN nEOs 110t { SRGH ARG nﬁ%@% 2 %éi&ﬁfof"\@ﬁai ng the

yel | ow aci di ¢ aqueous solution wt orof o the pH was

dj ust ed it . 1B dj i tign. dj usti
Ehe o of CERETEH. e BAIAME A el LY T RUd] B S Al 42 MindebEL o LS1! N0
aci d, extr Lon . wW.th_chlLgroform (100nl 3) wa erforned. The organic
Ialyers \ﬁég@ﬁ%h%ﬁﬂé‘g& Phe&gghd dri fad overxan)hydr?)ug sodi um sul fate, gan:j t hen
th I t | at . d d . Th id h

bbtai ned was dor FRRTE A eATet BFPPSERELAN (A5 5 R0 SSSEIaM 5RSot hanol
and di ethyl ether,_and then drie nder. a [ eduged pre e., 74 9~) of
fhe fit) BompRlear GRs LREFRbY OB GORT Rl EHD B R SR PP B OR) S¥al o

1H NVR (400MHz, O. Inpl/1 NaOD) 5: 0.48-0.53 (4H, gy 1.09:1..21 (1H, m ,
1.32-1 . #8 Raygery, fipeggranykes, golpwple Rowdars, FyLuRs, APLusiensy 23 (1H,
m, 3.21-3.23 (1H, m, 3.21-2.27 (1H, m, 3.36-3.43 (6H, m, 3.79-3.84 (1H,
m, 4.85°% W%&Hoﬂ? ,szLFBS-%‘?@@’(CH%S r?F,neG'.aédY( ‘.’EFFds-‘)r,‘ té".eOIeHVPnH,

J=3. 5Hz) .filelied(KBr, di sk) v: 3454, 3410, 1716, 1617, 1577, 1548, 1511, 1232,
94 .

Formulation examples of pharmaceutical preparations are

shown below,.

Formulation Example 1 (Capsule):

Compound of Example 1 100.0mg
Corn starch 23.0mg
CMC calcium 22, 5mg
Hydroxymethyl cellulose 3.0mg
Magnesium stearate 1.5mg
Total 150.0mg
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1016th Melting point: 172 to 178C (deconposed) El enental analysis : As

CZI Hz5FNa~a' 0 . 75H20; Calcd.: C 58.66g H 6.21g N 13.03 Found: C 58.58g H
6.02 g N 12. 76 Reference Exanple 22: Ethyl

3-di et hyl am no-2-(2, 3,4-trifluorobenzoyl)acrylate A m xed sol uti on of
2,3,4-trifluorobenzoic acid (10.3g, 58.5mv1l), thionyl chloride (6.4m,
87.8mv1l) and a catal ytic anount of dinethylfornmam de was heat ed under
reflux for 30 mnutes . After letting the reaction solution cool , the
reaction sol utBsmudedicom Exampdice@ Uf@dutiondduced pressure, tol uene (30ml)
was added to the residue, and concentration under a reduced pressure was
perfornmed agai comgurd Y usAp1a ned was t hen di ssol yegoi Aiget rahydr of ur an
(20nl) , and the resulting solution was added to a tetrahydrofuran (40m)
sol ution of etindetit AdiRi Y FBJIRE hyldaloxidd 209, 64..3mgelpgand
triethylamne (10.2nl, 73.immol) while stirring and cooling with ice. The
reacti on m xt urgtiwds gahe-istdroxstbedizdadem t enper ature for 0l1g hours and
then heated under reflux for 16 . 5 hours . After letting the reaction

sol ution cool, Ruwigfies] piatared sol i ds were renovedBby ta BBr.4gi on and t he
filtrate was concentrated under a reduced pressure. The residue was then
applied to a siTatal gel chromat ography, and 15.1g (86~) ofi0Pge title
conpound was obtained froman n-hexane: ethyl acetate = 3:1 eluate. 95

i H NVR (400MHz, CDC13) S: 1.00 (3H, t, J=7.1Hz) , 2.88 (3H, brs) , 3.33

(3t 25 o) ® el b afahpie . ey Fo'bel Mkl 1n FoB(1F OT9)

10-fl uoro- 2, 3-di hydr o- 3- (S) - net hyl - 7- oxo- 7H

pyrido[ 1, 2, 3- dejdmipatirisk o Exampd-e5-1car boxyl ate Ethyl. 1 to 10g

3-di et hyl am no-2-(2, 3,4 trifluorobenzoyl)acryl ate (515. Og, 49. 8mmo1l) was
di ssol ved in etderIstawtil ) , and to this sol uti®8n? &9 88h&Fol ( 10ml )

solution of (S)-2-am no-1-propanol (4.50g, 59.8nmmpbl) was added dropw se
Light silicic anhydride 0.5g

Total 100g

BEST MODE OF CARRYING OUT THE INVENTION

The following describes the invention based on examples
and reference examples, though this invention is not limited
to thereto.

Reference Example 1:

Ethyl 2-(2,4-difluoro-3-methylbenzoyl)-3-

dimethylaminocacrylate

2,4-Difluoro-3-methylbenzoate (4.97g, 28.9mmol) was
dissolved in toluene (50ml) , and after adding
N,N-dimethylformamide (0.1lml) and thionyl chloride (3.16ml,
43.4mmol) thereto, it was stirred for 14 hours in an oil bath

of B0°C. The reaction solution was then cooled and thereafter
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while stirring and cooling with ice. After conpletion of dripping, the
reaction solution was stirred for 1 hour at roomtenperature and then
concentrated under a reduced pressure. The resi due obtai ned was di ssol ved
in dinethyl sul foxide (50nml), and after adding spray-dried cal ciumfluoride
(16g) thereto, it was stirred at 120C for 26 hours . After letting the
reacti on suspension cool, the reaction suspension was concentrated under a
reduced pressure, chloroform (200nl) and water é?OOnﬂ) were added to the
resi due, CaRgeRFratedindpsianged PXessireperAftoR, 2ddngtRtuenger was
extracted using chloroform (200m). The conbi ned organic |ayers were then
washed wkehtbat gesiduesandn&epspliingn contgokrationd under & | errused
anhydrous sodiumsulfate . After filtering, the filtrate was concentrated
under a pressede prtbestasidudebtainddavashdns selived d napt raydofusani ca gel
chr omat ogr aphy, and 5.60g (39~) of the title conpound was 96 obt ai ned as
a white pbomdky . f rBmsa sollludrieohowas addbdndropwbfe lwiel liat@ol Hhdvi £ 00MHz,
CDC13) S: 1.41 (3H, t, J=7.1Hz), 1.61 (3H, d, J=7.1Hz) , 4 .33-4 .44 (5H

m , 7.18cétd a boldeléh DdajhicBebhyl BAdiddthiidthitoazriiia)te 84 P74 1H S).
Ref erence Exanpl e 24:

10-f 1 uor 84 27rmél NYHD t2iBhyIBMDNE - (5 oMY HIBY Minke1), ¥eBe dissolved
de] [ 1, 4] benzoxazi ne- 6-carboxylic acid A m xture of

et hy110- { ) Uk 9 zh R FH HO-(30fP) - TEAPYEr completion of dripping, the
oxo0- 7H pyrido[ 1, Z, 3-de] [ 1, 4] benzoxazi ne- 6- car boxyl at e (5.%89, 19.2nnD1),

acet | ¢ :f%%cé%éﬂ@olf?lﬂo%o%%rﬂéﬁé‘&' %@%Ek%k%&fil‘é ﬁ@ﬁ%,) AFgeeat ed

under x for 4 hours . After coo e reaction solution wth ice,

wat er (19%@&5‘?&1 adegls LRSLEE 3y ARk LRG RE BG! ?&%@%ﬁa l%@ésff‘iée 42

filtered and thén washed W th excess water, anount of col d

cLIENOL 2R8 ERLEER LRI bRl 8150y TURoSRAfagtabbalp o0t e
R CERENICT RN R R R
re T SR L8 N5d R LoL ol ngal il SRS, vl b APOME
da Sos) qe1 fenrea arhnn s apd 8. 765 (1ad) Tr (he eherd CompBlnavas (17

obtained in the form of a yellow powder from an n-hexane:ethyl

acetate = 1:1 eluate.

'H-NMR (400MHz, CDCls) &: 0.95 (3H, t, J=7.08Hz), 2.18 (3H, t,

J=1.95Hz) , 2.92~3.24 (6H, m), 3.99 (2H, q, J=7.08Hz), 6.86 (1H,

dt, J=1.22, 8.55Hz), 7.43 (1H, brs), 7.75 (1lH, s).

IR (KBr, disk): 3055, 2985, 2933, 2875, 2814, 1942, 1693, 1630,

1593, 1477, 1431, 1379, 1277, 1255, 122lem™.

Melting point: 82 to 84°C

Elemental analysis: As C;5H17F2NO3;

Caled.: C, 60.60; H, 5.76; N, 4.71

Found: C, 60.31; H, 5.73; N, 4.73

Reference Example 2:
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97 El emental analysis : As O 3H-0FNOCa; Calcd.: C59.32 g H 3.83g N 7.22
Found: C 59.60 g H 3.95g N 6.99 Exanple 9:

10-[3-(R) - (1-am nocycl opropyl )pyrrolidin-1-yl]-2,3

di hydro-3-(S)-net hyl - 7-oxo- 7H pyrido[ 1, 2,3 de][1, 4] benzoxazi ne- 6- car boxylic
acid After adding 3-(R-[1-(tert

but oxycar bonyl am no) cycl opropyl ] pyrrolidine (252ng, 1.12mmo1l)and
triethylamne(0.50m)to_dried dinethylsul ide (3ml),

10-f 1 uﬁr F\’_Cb,yihf 74.*5\},149%9-:_1(&;2: @?ﬁgfw}/%j%ﬁ— L}ﬁx—cycfoprgpyl] -1,4-

pyrido[ 1, 2,3-de][1, 4] benzoxazi ne- 6-carboxylic acid (244ng, 928Eunol) was
added t héibydrand-méthyrds whikbguiresling-31taaboohildiat h of 100C for 18 hours
under a nitrogen atnosphere. After concentrating the reaction solution

under a reduceyHAasSIW @, 4-h8 MeYrdue-Heshdi BeéRL¥eY) Lo-chl or of orm (100nt)
After washing the organic |layer with a 10~ aqueous citric acid solution

(50m) a@gméeﬁyi%hfﬁlo§@£#’?§tém QHO%?,]S ?1?.@7%01)'[ hGagr L Sl AT 1pas dried

over anhydrous™ sodi um suffate. tering, the filtrate was

concentr [ duce ressure, d after _addi W S

concent rg%ggaﬁ%?%%ﬁf%ﬁi C ag:llgdmf)ghﬂ) taélaé{]he raef'saclecfue v\/rr;illgﬂldceEj ool i g}dewi th ice,
it was sti rrgg gt roorr%%err?eratureafor 30 m nuigs : Aftgr addi QQR‘WL of

wat er toPFhe FRAREIERUEEPUTFon and®GEhi ng t Afs~aci di c® gueous 'Sol ution

wi t h chl gr of or 10nl x.3) , the pH adjysted to 12. 0. wfh an_aqueous
Sod um hod 6T BLCBEOCY EbPRE PEYL e S 107 B RaTR) pit 8PLEHEOBAAPe aqueous
solution to 7 . 4 with Inol/1 hydrochloric acid, extraction w th chloroform
(100n x¥B}chastpeety heminas t 852y ng - 86@PodhhywmduLtisRiiasufPat e, the
sol vent was evapol ated under a reduced pressure. The residue thus obtained
was puri FetgabydrefryandiEmll atiagrpddesideemisot vader skénrdpped hii6r a
reduced géessure.. 125ng (36.50 of the title conpound was thereby obtained
in the fHERPBF SEAMraRdcrihe arsactipN\FeIdbdakz £oD, 127DhPUr NaZb) *8OM0. 57 (4H,
s), 1.54 (3H, d,

) témperature, potassium carbonate (740mg, 5.36mmol) and

tetrabutylammoniumchloride (49.6mg, 0.17%9mmol) were added, and
this reaction suspension was heated under reflux while stirring
for 5 days. After cooling the reaction solution, the
tetrahydrofuran was evapolated under a reduced pressure.
Dichloromethane (10ml) was then added to the residue, and while
coolingwithiceandstirring, 2mel/1 hydrochloricacidwas added
dropwise gradually to adjust the pH to approximately 3. Then
after stirring for 15 minutes at room temperature, extraction
with dichloromethane (60ml x 3) was performed. After drying
over anhydrous sodium sulfate, filtration was performed, the
filtratewas concentratedunder a reduced pressure, and the crude
crystals obtained were stirred and purified in the slurry state
in ethyl acetate. 713mg (65%) of the title compound was thereby

cbtained in the form of colorless crystals.
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J=6.80Hz) , 1. 66-1.78 (1H, n) , 2.01-2.11 (1H, m , 2. 19-2.30 (1H m,
3.38-3.60 (4H, m), 4.25 (1H, d, J=11.0Hz), 4.47 (1H, d, J=11 .OHz) ,
4.55-4. 63 (1H, m , 7.11 (1H, d, J=9.03Hz) , 7.81 (1H, d, J=9.03Hz), 8.32
(1H, s). IR (I~r, disk) v: 1634, 1529, 1446, 1429, 1363, 1269, 1227, 798crn
1. Melting point: 249 to 252C (deconposed) El enental analysis : As
C2pH23NgOq ~ HC1 ~ 0 . 5H20; Calcd.: C 57.90g H 6.07g N 10.13 Found: C
57.6y ; H 5 879 N 9.97 Example 10:

1- [ 2= ( S) - FriPeR J4LOMBZ., cGREbadr Byl 418 {38 iyl 777 88HR) « 1188 imBZaf2Ro) cycl opr
opyl ] pyrrolidin-1-yl]-1,4-di hydro-4oxoqui nol i ne-3-carboxylic acid After

addi ng 3MR) 2 6] r(l\:f‘('lt/eflt:-gﬁ?@@l‘!a) boRyPy-§.89 (1H, m), 4.39 (2H, q,

(et hyl ) am no] cycl opropyl ] pyrrolidine (118ng, 436~.unol) and 99

triethyl dF/n@8HE)5041Y8tr4.dPi and di AAHyI95 Ulfoxidie (J%AR) 74Hz), 7.13
7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-8-nethyl-1,4

di hydr o- 418 otuidrsd i91HAI- c 8r.BEéXY1H ¢ dak,i d=6122ny8 . 4BB=z) j b HE UAd ,added
thereto and heated under reflux in an oil bath of 100C for 18 hours under a
ni t r ogenJeRnO3pker.e. After concentrating the reaction solution under a
reduced pressure, the residue was dissolved in chloroform (100nl). After
washi ng the(xBgARisK)aye438) t3vey 199830 B, 2bbri,CLeET d1g2loyt ieso( 100nt)
the organic | ayer was dried over anhydroussodi unsul fate. After filtering,

the filtrgs, Wagseonegebratgdoyundssra 18gvcedspiessps@emand after addi ng
dropwi se concentrated hydrochloric acid (2m) to the

r esi duem@%?_%ggag'gggwttzhilgq, Ebt ngoéti rred at roomtenperature for 30

m nut es. ter ing Inol/I hydrochloric acid (2ml) to the reaction

sol uti ongapgdeWashi 9458061 46! heWeag. dh soadueous sol ution with chlorof orm
(50ntl x g? ,et hg pH \?/a ééj ustg\(,a\%“t &° fgpgb w th an aqueous sodi um hydroxi de

sol uti on. Aftﬁtfaféu.u:Stci: ngsé'l?“o of4 _tdﬁée, lgfisiﬁﬁc.(?%gueous solution to 7 .4 with

| mol /1 hydrochloric acid, extractionw'th'c form (100nL x 3) was

perfornmed. After_dryihg er. anhydr . spdiu ul fate, the solvent was
evapol ated un e°runac£'r eét;’ucéead/‘{)lr’egg’uge'%hyr éls‘irgdgae t hus obtai ned was then

purified_by a preparatiye ghronatography (devel oped into the |ower |ayer of
a7:31 ﬁf%faﬁﬁgc& Ef:‘ﬁf“BﬁSf rm met hanol : water), purified further by
;gf:g)r/ét?l a ) _ end |°£?11?4339ﬁ§3909£gssur e.

methvl-4-oxoquinoline~3-carboxylic acid

Ethyl 7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]l-
1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylate (1.40gq,
4.56mmol) was dissolved in acetic acid (4ml), and after adding
concentratedhydrochloricacid (4dml) thereto, it washeatedunder
reflux for 3 hours. After cooling, the reaction solution was
poured into ice water (50ml) and the precipitated crystals were
filtered out. After washing the filtered-out crystals with an
excess amount of water, washing in cold ethanol and washing in
diethyl ether were performed in that order, and after drying
under a reduced pressure, 1.18g (93%) of the title compound was

obtained in the form of a white powder.
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obtained in the formof yellow crystals. 1H NVR (400MHz, O, Inol/1 NaQOD) S:
0.59-0.64 (4H, m , 1.21-1.27 (1H, m , 1 .50-1. 64 (2H m , 1 . 99-2 .C1
(1H, m , 2.34 (3H, s) , 2. 42 (3H, s) , 2. 87-2.89 (1H, m , 3.27-3.29
(3H, m , 3. 63-3. 65 (1H mM , 4 . 06-4 .07 (1H m , 5.05 (1H, dm
J=63.72Hz) , 7 . 09 (1H, m) , 8.00 (1H, s) , 8.44 (1H s) . IR (I~r, disk)
v: 3348, 3086, 2939, 2844, 2789, 1711, 1614, 1518, 1435, 1354, 1315, 1257,
1221ccn 1. Melting point: 223 to 224C Specific rotation: [a]Jo2''7 = -119. 66
(c 0.295 HOWRHHOOMNEORPCREb Ferk é|8-4n5|2y(§4%, m) AZ . T2AWGANGT32 - oKz, : C
66. 15% H 6.56% N 10.52% Found: C 65.92% H 6.52% N 10.40% Exanmple 11: 1-
[2- (S) A4f.10dofBH1ddRJ=2 c§L) Gp2opiz) /)4 - B3 nbtbandrd . $98-5 (R (1H,1dm,

(et hyl am no) cycl opropyl ] plrrrolidin-1-yl]-1,4-di hydro-4

oxoqui nolJ=6e-, 348a) hoxyB1 c(Ht, didAf e .addi 81 g79Hz) , 8.40-8.44 (1H, m),
3-(R)-[1-[N-(tert-butoxycarbonyl)-N (nethyl)am no]cycl opropyl ] pyrrolidine
(102ny, 79N, mui), apdgtpi ebhyd) anines¢O(bRNidrsp.dried di methyl sul foxide
(1), 7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8

net hoxy- 4roxReE] RAlske- 30971 oo | 89861 b4kl 218573 7PHad M) svassedded
thereto and stirred while heatlng in an oil bath of 100C for 15 hours under

a nitrogemroedt Mmagler €434t e8gooNgsairajseg, t f8op&RATL I on sol ution under a
reduced pressure f he residue was 101 di Ssol ved in chl orof orm (100nt).

After wa h an | ayepwithal O~aqueousci tri caci dsol ution (100m),
t he or ga#ly%@?'ag ﬁo?ﬁ% d?ggdﬁévgr%a@nhydr oussodi unsul fate. After filtering,

theflltra €2008S_ CQIL erja,re ssure, and after adding
dr opwi se 3 centrat ed d &I (E)rglgé aci“8°? @apﬁ t he resi due while cooling
with ice t.r ture for 30 mnutes. After adding
| mol /1 hy&Fo ﬁ\@%rll 3 nﬁ%%b‘ ¢ r@action sol ution and washing the

yel |l ow aci di c us oI t or of 50nl x 4) , the pH was
adj usted to 1?&0’% t fﬁ’anégaq%%o& 217?17{1 gg}ﬁ(de solution. After
adjusting the . 4: ¢, 59.92; H, 3.98; N, 4.92

Example 1:

7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-yl1-1-[2-(S) -

fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methyl-4-

oxoquinoline-3-carboxylic acid

After adding 3-(R)-[l1-tert-
butoxycarbonylaminocyclopropyllpyrrolidine (185mg, 8l7umol)
and triethylamine (0.50ml) to dried dimethyl sulfoxide (2ml),
7-fluoro-1-[2-(8) -fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylic acid (190mg, 68lumol) was
added thereto and it was heated under reflux for 17 hours under
a nitrogen atmosphere. After concentrating the reaction
solution under a reduced pressure, the residue was dissolved
in chloroform (50ml). After washing the organic layer with a

10% aqueous citric acid solution (25ml) , the organic layer was
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pH of the basic aqueous solution to 7 .4 wth Inol/1 hydrochloric acid,
extraction with chloroform (100m x 3) was performed. After drying over
anhydrous sodium sul fate, the sol vent was evapol at ed under a reduced
pressure. The residue thus obtained was then purified by a preparative
chromat ogr aphy (devel oped into the lower |layer of a 7:3:1 m xture of

chl or of orm net hanol :water), purified further by recrystallization from

et hanol, and then dried under a reduced pressure. 78.3ng (50~) of the title
conpoundd#&gdt A¥PELFNEYEEPHE SPA1URe spdfmter yAEteR Cfrlﬁiemg,mm
(400MHz, O . Inol/1 NaOD) S: 0. 57-0 . 61 (4H, m , 1. 33-1 .40 (1H m,
1. 56- 1. 581l bratejwas) concentrated unjler B 3edugEd pressuges, and@@ftary m |
3.15-3.17 (1H, m , 3.52-3.54 (3H, m , 3.53 (3H, s) , 4.00-4 .02 (1H m ,
5. 02 (1Haddimg Jdbdpwiiseiz¢oncdn OB e hysdrochldri(d cidd (Brd )03Hdr )the8. 39 ( 1H,
s). 102 IR (I~r, disk) v: 3352, 3095, 3051, 2939, 2837, 2787, 1716, 1699,
1616, 15268idd@WhilBd&odliing wihOicé22dtirtindkat i ngompdierperiiiined 215C
Specific rotation: [a]DZa.~ _ 08,46 (c 0.195, Ol nol/1 NaOH) El enental
anal ysi sira dpdrdimddNFor; 30ahitutes. 63 QY 1HIGdBdBhNo2Dcldef®UBI1)C 63. 369
H 6.31g N 9.97 Exanple 12:

5- ani N0- ab 2HeH) ablidar 8o kHRkealeh 8B 96¥h L1 n Rty brtek3washing the

(R -[1- (et hyl am no) cycl opropyl ] pyrrolidin-1-yl]-1,4

di hydr 0-§‘é91<8&1l£d1<2ii'd“§q§é865b@éﬁ’ﬁt&@%‘i@h%ﬁ%;ééékﬂ%20m1 x 3), the =
3-(R-[1-[N-(tert-butoxycarbonyl)-N (nmethyl)am no]cyc opropylipyrrolldlne

(090D, g 2GR A0 £61188 ¥k 28R 56 of BT o B ol I ] i e

5-am no- 7- fi liyar o- 1-1 2 3 - 1= -GGl - 1. 4-di bydro-4-o0

Zoqui o 1 ¥ fhdsldolod veriYidred by arari | AFEERAfude gy

heat o0 oPHS’ T L Als0L! BT LG o 2o Uk JuldE dhdl 1 0gen

at nospheré: RFt & concentrari AG tHe r &action sortion dnder a teduced
ressur he residue was di ssolved in, chl qr.of or 10 . Affer washin

Phe or s ar el E3EEe BeR, Sht38tStn i B I b xoblSfeding
saturated saline_sol ion (100ml), the Qrganic | ayer was i.ed over

oyt o Re SR oo AR dRMAE Iy ATy COaHe (40 S o TR 1 at od
under a reduced pressure, and after adding dropw se concentrated

hydr ochl 3P+ ¥eRE HAT SYRPOLE tereundsTr 3 ReqURRS REPEEULSol | S WIAH IR, it was

stirred at roomtenperature for 30 mnutes. After adding Inol/1
hydrOChIBlP‘i’% gatelpgﬁlﬂ_)was purified by preparative chromatography

(development at the lower layer of a 7:3:1 mixture of
chloroform:methanol :water), recrystallized in ethanol, and
dried under a reduced pressure. 112mg (43%) of the title compound
was thereby obtained in the form of yellow crystals.

'"H-NMR (400MHz, 0.1lmol/l1 NaOD) &: 0.54 (4H, d, J=5.61Hz),
1,19-1.21 (1H, m), 1.58-1.,62 (1H, m), 1.66-1.69 (lH, m),
2.00-2.01 (1H, m), 2.16-2.17 (1H, m), 2.35 (3H, s), 3.16-3.23
(2H, m), 3.37-3.42 (1H, m), 3.54-3.55 (1H, m), 4.04-4.05 (1H,
m), 4.94-4.95 and 5.10-5.11 (1H, dm, J=62.16Hz), 7.01 (1H, d,
J=8.,78Hz), 7.95 (1H, d, J=8.78Hz), 8.43 (lH, s).

IR (KBr, disk): 3375, 3062, 3006, 2925, 2864, 1728, 1610, 1508,
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to the reaction solution and washing the yell ow aci di ¢ aqueous sol ution
with chloroform (50nmL x 3) , the pH was adjusted to 12 .0 with an aqueous
sodi um hydroxi de solution. After adjusting the pH of the basic aqueous
solution to 7 .4 with Inol/1 hydrochloric acid, extraction with chloroform
(100nt x 3) was perfornmed. After drying over anhydrous sodiumsul fate, the
sol vent was evapol ated under a reduced pressure. The residue thus obtained
was then purified by preparative chromatography (devel opedinto the |ower

| ayer ofldd 57, (143141 ﬁ%ur@‘lﬁ:c@ﬁ@mﬂ&f’ﬁl@%t hanol : water) , purified
further by recrystallization fromethanol, and then dried under a reduced
pressur MelinFopd A0 248 tte 230%e conpound was thereby obtained in the
formof yellow crystals. 1H NVR (400MHz, O lnol/1 NaOD) S: 0.56-0.64 (4H,
m , 1. 27262 3Ho38\).00°l(c 0245, PGnchAl WacH)2. 22 (3H, s) , 2.45 (3H,
s) , 2.68-2.73 (1H, m, 3.19-3.31 (3H, m, 3.59-3.66 (1H m, 3.72-3.77

(1H M pldher/€at ax?§136é):ls‘5HA£f)cme£FN 779.01 (0.5H m , 5.97 (1H s) ,

8.55 (1H, d, J=3.66Hz) R (lI~r, disk V: 3440, 3329, 3082, 3005, 2964,
2937, 2877, 1@3@0(3162@ 15543,4 18066 3437, 1494g6n L Melting point: 129 to
131C Specific rotation’ [a, ~DZZ. 201. 90(0 0285 O |l mol/1 NaCH)

El emrent al ana %%lgi és %@85%5 nggzzi}w 130% C63.07% H6.62% N
'6

13.37% 104 oun Exanpl e 13:

(zngt ﬂlylhﬁﬂﬁjﬁ%ﬁ%éﬁ% )ge%'ﬁ% T;%{/)rggl |(§|)n[i yl]-7-o0xo-7H

pyrido[ 1l 16-car_ox lic_acid Aft addi ng
3-(R - ISt H ) N GHARARH - pyrrolidine
(125ng, to dried d| met hyl sul f oxi de

(1m), =t do[ 1, 2, 3
de] [ 1, 4] benzoxa2| ne- , 500~, unol) vvas added thereto

X)(w hcid (132
and stirred wht I“B’ﬁé% l?§| i d?lf"‘bﬂ%ﬁl‘d?rTOBC for 20 hours under a

ni trogen atnosphere. After concentratl n? the reaction solution under a
r educed R EESEY EPEPREVE AFURT el BdPds of §EBTPH) chF¥R BRRFIRIAGONT,E Af ter

washi ng the organic )
method described in PCT/US98/19138, triethyl orthoformate

(78.6ml1, 472mmol) and aceticanhydride (250ml) was stirred while
heating for 6 hours in an oil bath of an external temperature

of 120°C. After letting the reaction solution cool,

concentration under a reduced pressure and solidification by
drying were performed. The yellow extract obtained was then

dissoclvedintoluene (800ml), thepara-toluenesulfonicacidsalt

of (1R, 28)-2-fluorocyclopropylamine (60.lg, 246mmol) was added,
and while stirring at -15°C, a solution, in which triethylamine
(40.8ml, 293mmol) was dissolved in toluene (200ml), was added
dropwise thereto. After stirring the reaction solution for 4
hours at room temperatu:;e, water (500ml) was added, and the
organic layer was separated. After washing the organic layer

with saturated saline solution (500ml x 2), it was dried over
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| ayer wi t hal O~aqueousci tri caci dsol ution (50nl) and saturated saline solution
(50m), the organic |layer was dried over anhydrous sodiumsulfate. After
filtering, the filtrate was concentrated under a reduced pressure, and
after addi ng concentrat edhydrochloricacid (3nml) to the residue while
cooling with ice, it was stirred at roomtenperature for 30 mnutes. After
adding water (3nml) to the reaction solution and washing the yellow acidic
aqueous solution with chloroform (50n X 2 the pH was adjusted to 12.0
wi th an aiedrels FEdivmhpgddritge AF ter ot tﬂ:é?gacﬁhpstﬁlrl@w Wasof the
basi ¢ aqueous solution to 7 . 4 with Inol/1 hydrochloric acid, extraction
wi t h chleorofentnatesl unded0al redgfedopresstive nand Jfiaed. dﬂ\}'nimgeé\lom
anhydrous sodium sul fate, the sol vent was evapol at ed under a reduced

pr essur eni Ifhsubesankeobhasned wasrshendiss ddilaredim L, dedibyaned6@Hidl)l,i zat i on
from et hanol -ammoni a water and then dried under a reduced pres sure . 135ng
( 70% ) anid whd lled cbbeiagnpotindvaras | 6oseby1obsadingt Hydtilte f(®.@4ef, yel | ow
crystals. 1H NVR (400MHz, O Inol/1 NaOD) b: 0.56-0.60 (4H, m , 1.45-1.50

(1H, m ,24knmdb1(y3Hradl, addéd S§rRAuall P9- 2ablet 15 tifring. 8Re( Fdacthion
2.86-2.88 (1H, m) , 3.21-3.55 (4H, m) , 4 .22, 4 .45 (each 1H, ABg, J=11

. 36Hz) miktirs forHD hikut8) at Folit x(ajtﬂrem cenc?exg\griéfbn tinad79. 03Hz) ,
8. 32 (1H, s). Melting point: 227 to 229C SpeC|f|c rotation: [a,]DZa. ~

-131. 00 o £o8,204 rstmquaé\E oFmEfalL ANd\¥Elite cﬁStﬁZ LaRN3Q  Cal cd.
C 65.78% H 6.57% N 10,9606 Found: C 65.49% H 6.55% N 10.82% Exanpl e 14:

;) [ ?I fjsasoclll]uéﬁrp oplrop%g#&g{r%)%%wy%bg}n d' n ljteyblanée{'n%rate thus
oxoqui no,

L T e
(10”1]_? w/aﬁ F@Y?rég a[néic(: f ¥J %ﬁ‘v&%{ﬁ a)':d tq'x ﬁ'ph ?ﬁ clryft ci

uor o- cy cIo r

Slr]g)r/g{gvgﬁgg i nm%jﬂ&é‘% Z#JEX}” i C_.aci d( %%rfys_l_ 1)wwa}: exc sadded

purified water, a small amount of ethanol, and excess diethyl
ether, in that order, the crude crystals obtained where slurried
in ethyl acetate and purified. 49.4g (80.9%) of the title
compound was thereby obtained in the form of colorless crystals.
'H-NMR (400MHz, CDClj3) &: 1.42 (3H, t, J=7.08Hz), 1.55-1.64 (2H,
m), 3.88-3.93 (1H, m), 4.04 (3H, d, J=1.96Hz), 4.39 (2H, q,
J=7.08Hz), 4.78-4.79 and 4.94-4.95 (1H, dm, J=62.61Hz), 7.22
(14, t, J=8.79Hz), 8.24 (1H, dd, J=5.86, 8.79Hz) , 8.60 (1H, s).
Melting point: 190 to 193°C (decomposed)

Reference Example 5:

7-fluoro-1-[2-(8)-fluoro-1-(R) ~cyclopropyl]-1,4-dihydro-8-

methoxy-4-oxoquinoline-3-carboxylic acid

After dissolving ethyl 7-fluoro-1-[2-(S)-fluoro-1-(R) -

cyclopropyl]-1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxy
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for 51 hour under a nitrogen atnosphere. After concentrating the reaction
sol ution under a reduced pressure, the residue was dissolved in chloroform
(150mL). After washing the organic |layer with a 10~ aqueous citric acid
solution (100nml) and saturated saline solution (100m) , the organic |ayer
was dried over anhydrous sodium sulfate. After filtering, the filtrate was
concentrated under a reduced pressure, and after addi ng dropw se
concentrated hydrochloric acid (10nl) to the residue while cooling with
ice, it Jva§est(¥4r@q,a¥05m)telrm@mﬁ;rceamd 340AmhYt ard Pherraddingig | nol /1
hydrochl oric acid (20m) to the reaction solution and washing the yell ow
aci di c agosoestratediydrechlatioacfidr (4000Dhithersto t i phisviasateflusted to
12 . 0 with an aqueous sodi um hydroxi de solution . After adjusting the pH
of the basderamfiounsfeellihbarst 0 Af exvicoblingl, /tthéydacthbarsal wici ah
extraction wth chloroform (150m x 4) was perfornmed. After drying over

anhydr outra s @dutiedsi i 8e whalte rs@ 500l )vasn & ¢Ap P ralcd itaded cryeearsd
pressure. The residue thus obtained was purified by recrystallization from

et hanol @adeifiareHeldesh tiNJAF tarhREHiy BHEFSItBred-618 YRth1¥ witie title

conmpound was thereby obtained in the formof yellow crystals. 1H NWR

(400MHz, o). et &4 4 :hrrm o? w:QtéZ Qt %s(éﬁbhga w1t:|h c@&d(ékhaholJaﬁd 95Hz)
1. 19-1 .25 (1H, , . 64 (2H, 71 .98 (1IH, ,240(3H

s), 2. 70?2e17_§x§2é1:h£@ ur? t%g'tzoxa.% flﬁrgmaf@d flri-l ux?ldﬁ,z_8 (13%11%0" 7. 07

61-3. 63 5. 03

(ﬁgr dméﬁ%sg'gl:%zw gezg%“‘%ggry%ggb@%?q‘i%gs%?ﬁsp"%ﬁgigé%%% I1389
155, 1908eipiet eyt RY 0 T e
Coahean oG, i £ SR S0 NS PN, FoT00RF Be'Lgae0
é)r:g;m"ngﬁﬁgé C' %@Wﬁ@%ﬁ%ﬁw Plg\é&nﬁbtge%lor%ofoa white powder.
?8?3(?713( 1; -Wrt bu%(?XCY.Dg{BOQB:/ &4[\%_( me_}gl I2)Han;|n)nf)]3cy8c7l %o prrrol i di ne

4.03 (3H, d, J=1.95Hz), 4.79-4.81 and 4.97-4.99 (1H, dm,

J=62.68Hz) , 7.30 (1H, t, J=8.79Hz) , 8.27 (1H, dd, J=5.86, 8.79Hz) ,

8.76 (1H, s).

Melting point: 261 - 263°C (decomposed)

Example 2:

7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-y1l]-1-[2-(S) -

fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methoxy-4-

oxoquinoline-3-carboxylic acid

After adding 3-(R)~-[l1-tert-
butoxycarbonylaminocyclopropyl ]pyrrolidine (165mg, 731umol)

and triethylamine (0.50ml) to dried dimethyl sulfoxide (2ml),
7-fluoro-1-[2-(S) ~fluoro-1-(R) ~c¢yclopropyll-1,4-dihydro-8-

methoxy-4-oxoquinoline-3-carboxylic acid (180mg, 609umol) was
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triethylamne (1.0m) to dried dinethyl sulfoxide (5nl),

1-cycl opropyl - 7-fl uor o- 8- net hyl - 1, 4- di hydr o- 9- oxoqui nol i ne 3-carboxylic
acid (925ng, 1 . 63mm1l) was added thereto and heated under reflux in an
oil bath of 70C for 38 hours under a nitrogen atnosphere. After
concentrating the reaction solution under a reduced pressure, the residue
was dissolved in ethyl acetate (200mL). After washing the organic |ayer
with a 10~ aqueous citric acid solution (100m) , the organic |ayer was
dried ovéiﬂdaaﬂi}‘cﬁltﬁ?@ 3p4di Lnvag heated r reflox for 18hkorrsunder was 108
concentrated under a reduced pressure, and after adding dropw se

concent r at aui tnafresc hh bmospherd. (| @fiter tcontentrating Wwhel eremetion with
ice, it was stirred at roomtenperature for 30 mnutes. After adding Inol/1
hydr ochl solutaon duridermiedumadchpresantrepntlse|ndsicdueamd swdsasavedeiryel | ow
aci di ¢ aqueous solution with chloroform (50niL x 3) , the pH was adjusted to
12 . 0 wehbofsfaameQodndgdi UAFBgdnaehinig ehdidyaniAf Layeadiitd armgp$ he pH of
t he basi ¢ aqueous solution to 7 . 4 with I nol/1 hydrochloric acid,

extracti aguubhib ciltlraicod €1 dsbl¥@FbnX(5HmYaS tREIJrYdaG 14y é £ hvadrdi i over
anhydrous sodi um sul fate, the solvent was evapol ated under a reduced

Pr essur eovd Rearkfrd #iies el uaPEaL PEle VA RASN FAURIAY, bYhe filtrate

recrystallizationfroma m xed sol vent of methanol/2- propanol and then

dried unggg éoﬁéQHEthQ&eéﬁ&éP a@ﬁ@aéé%:}e%u}@e ddd 'a@ft?é’ﬁ%&%
t hereby obtained in the form of crystals. 1H NVR (400MHz, 13 a:

0 57.0, bl ) onfofe ] gy & Sl Qé&%&"ﬁ hddidsd E%ﬂ
S) % oA Sy T8 S Mo g0 delopeg 298¢ g (10

885(1

C22H2~ Nstﬁ’“g’?ﬁ?%/erel% IE‘QES’ t%%(?) 1 11?? %F s oy r?&lacgéi%%;déﬁlllll AS 69 N

10. 96 10ghe-n added to the reaction solution, and after washing theyellow
acidic aquéous solution with chloroform (50ml x 4), the pH was
adjusted to 12.0 with an aqueous sodium hydroxide solufion and
the insolubles were removed by filtration., After adjusting the
pH of the basic aqueous solution to 7.4 with 1mol/1 hydrochloric
acid, extraction with chloroform (100ml x 4) was performed.
After drying over anhydrous sodium sulfate, the solvent was
evapolated under a reduced pressure. The residue thus obtained
was purified by preparative chromatography (development at the
lower layer of a 7:3:1 mixture of chloroform methanol:water),
recrystallized in isopropyl alcohol, and dried under a reduced
pressure. 146mg (60%) of the title compoundwas thereby obtained
in the form of yellow crystals.

'H-NMR (400MHz, 0.1lmol/1 NaOD) &: 0.56 (4H, brs), 1.31-1.37 (1H,

m), 1.50-1.56 (1H, m), 1.77-1.78 (1H, m), 2.02-2.04 (1H, m),
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Ref erence Exanple 25: Ethyl 1-(2-bronpacetyl)cycl opropanecarboxyl ate Ethyl
1-acetyl cycl opropanecar boxyl ate (200g, 1.28npl) was dissol ved in ethanol
(1000ntl) , and bromine (72 .7ml, 1 .41npl) was added dropw se while
stirring and cooling with ice. After conpletion of dripping, the
tenperature of the reaction solution was raised to 30C and stirring was
performed for 2 hours . After adding water (1000mL) to the reaction
solution while cooling with ice, it was concentrated under a reduced
pressur € Wb &Y difedm) Af B eBleXtIactithgm)he3cédAcd8nbLlal3H| mlo St.19P acetate
(750ntL x 2) , it was washed with a 10~ aqueous sodi umthiosul fate sol ution
(500m x(3H, a&)d dat00r-d4t.€2 o, um bi £a®Beha?se aved & . (SODMD X(1H), idm,t hat
order and then dried over anhydrous sodiumsulfate. After filtering and
concent rpéng@ 1) f 7l vaal Bl prgder 7a90edlB e d pUe9S0BEHZ) 298039 X4y, df, t he
title conpound was obtained as a yellow, oily substance. 1H Nt ~,t (400VHz,
CDC13) ar=317H=x)0 (3H, t, J=7 . 1Hz) , 1. 60-1 . 63 (4H m, 4.22 (2H q,
J=7.1Hz), 4.49 (2H, s). TLC. Rf = 0.7 (n-hexane: ethyl acetate = 3:1)

Ref er encer kxawp!| & A6y : BagBhys P9 s Ho@10ag6658 ¢ Brigl BbRYl, 2856, 1903

di et hyl phosphonoacet at e (1609, 446nnDi) was di ssol ved i n ethanol (275nﬂ) ,
and aftelr71341di1r&)163',rCi@'ﬂs%?ﬂa&?&’a#&%‘i%%% §9@1UMBY Qg de sol ution

(275ml, 550nmo1) while stirring and ‘cooling With ice, It was stirred at

roomterﬁ)% g%_g‘tﬁ]g)ojijnq:: 1f t(]ﬁ’ fl%léro The reaction solution was then

concentra er a reduced pr esgur e, and the concentrate was nade acidic

by Sonceplel 20,y ogtl 14 S ke scaohilhy 1 co Bxtractions into
met hanold,chl or.of.-orm_(;25Qn1, 2 re.then perfornmed. The conbi ned organic
E( et?.'r‘ltea r%‘ ign)ﬁgﬂfzdﬁga

| ayers we]'reén ﬂatg‘a[s&\?ér ddi um sul fate, and after filtering,

the filtrate oncgntrat ed upde reduc essure. 89g (quantitative)
of the title éfl:y%f‘rﬁ‘gund Waééltﬁgrgﬁy btaf ned g@‘&col orless, oily substance.
1H NVR (400MHz, 13) 5. 1,35 (6H, t, J=6.8Hz), 2.98 (2H, d, J=21.7Hz),
4.19 (4H, q, 59’6?(‘:5&2 ! g?_(f‘%of?fﬂt 63(12(6%4 o}%f%%m met hanol = 9:1) Reference
Exanple 27: Ethyl 1- [2- [N [ 1- (9

pheny| etBXAMRHA 5] acet yI ] cycl opr opanecar boxyl ate 1- (S) - phenyl et hyl ani ne
(12.1g, 100mml) was dissolved in acetonitrile (1120rrfL), and an acetonitrile
(50n) i1 b3 &) ~fl —aminocyclopropyl) pyrrolidin-l-yl]-1-cyclopropyl

-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid

After adding 3~-(R)-[1-(tert-

butoxycarbonylamino) cyclopropyllpyrrolidine (132mg, 585umol)
and triethylamine (245ul1, 1.76mmol) todried dimethyl sulfoxide
(Iml) , l1-cyclopropyl-7-fluoro-1,4-dihydro-8-methyl-4-

oxoquinoline-3-carboxylic acid BF,; chelate (181mg, 585umol) was
added thereto and it was stirred at room temperature for 87 hours
under a nitrogen atmosphere. After adding cold water (50ml)
to the reaction solution and filtering out the precipitated
solids, the solids obtained were suspended in a mixed solvent
(200ml) of ethanol/water (9:1) , and triethylamine (1ml) was added

thereto and then heated under reflux for 7 hours. After
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triethylamne (15.3nl, 110mvl) and et hyl

1- (2- bronoacetyl ) cycl opr opanecar boxyl ate (23.5g, 100nmpl) was added dropw se
in while stirring and cooling with ice. After conpletion of dripping, the
reaction solution was stirred while cooling with ice for 1 . 5 hours . The
reaction solution was then poured into water (75ml) and concentrated under
a reduced pressure. The concentrate was subjected to extraction with dii
sopropyl ether ( 75nL x 2 ) and then washed wi th water é 75mL ) . 111
After exeemeenhgathedothmmeadtipsr sphublenoindehpdredare |Rr%ﬁ>$‘éir%1100rm X
2) , the acidic aqueous solution was washed with ethyl acetate ( 100m. ) .
After adthegraslidop wasadiesedveddiomdpldrefioda s@0dnilon (amdboxflterto this
aci di ¢ aqueous solution and then further adding saturated sodi um

bi car boneaghiagahe dffuc 1ayer adithon 10&tdgudud catei abeidldsindti avas
performed. The organic | ayer was then washed with water (100nl) and

sat ur at eqseml ) Dehed tidiit {dPEFhhsidrildibdver dahydasds gl ui & E0f D)
anhydrous sodiumsulfate. After filtering and then concentrating the

filtrateappdereia E&%ﬁfd tREOSSLE R td §rasb8oh 88t r#ted hddr her&igaynd was
obtained as a pale-yellow, oily substance. i H NVR (400MHz, CDC13) S: |.17

(3H t, ﬂr&séﬁ?é aﬁé (%Hte@ %dﬁlﬁi ),drlap‘&&s@lH tHe . corfdeddihtdl
J=6. 6Hz) ( oH, J=2. (2H, g, J=7.THz). TLC. R = 0.6

(n- hexan dggﬁy%p ggteﬁgﬁ 12311;)38%? @gg@ﬁga‘mfe o158y hith ice,

1-[2-[N-(di et osphonoacet yl

Bhg?ﬁ;ﬁ)%yslﬁ gn%?é’% ?éyé]é::%%l()%g t%?@%ﬁ%ﬂ%% dv?'sso?ved |]hman/hlydrous
s AT SR ey AL g (1270
hour . Aft di n anhy r ous t rahydr.of uran 30ml ol ution_of ethyl
P L PR e RS e T e el B B
(17. 69’ ch 18:“5?%% (%qu xg?acél'lleogst%lsugc'ijusteé k:o 1%00(4 év:{]gh an aqueous
sodium hydroxide solution. After adjusting the pH of the basic
aqueous solutionto7.4with1lmol/l hydrochloricacid, extraction
with chloroform (100ml x 4) was performed. After drying over
anhydrous sodium sulfate, the solvent was evapolated under a
reduced pressure. The residue thus obtained was purified by
recrystallization in ethanol and then dried under a reduced
pressure. 99.6mg (46%) of the title compound was thereby
obtained in the form of yellow crystals.
'H-NMR (400MHz, 0.1mol/1 NaOD) &: 0.55-0.57 (4H, m), 0.74-0.76
(1H, m), 0.90-0.92 (1H, m), 1.11-1.13 (1H, m), 1.24-1.26 (1H,
m), 1.75-1.77 (1H, m), 2.03-2.05 (1H, m), 2.21-2.24 (1H, m),
2.48 (3H, s), 3.29-3.38 (3H, m), 3.53-3.55 (1H, m), 4.10-4.12
(1H, m), 7.07 (1H, s), 7.96 (1H, s), 8.57 (lH, s).

Melting point: 230 to 233°C
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ice, it was stirred at roomtenperature for 1 hour . After adding Inol/1
hydrochl oric acid (100nl) and ethyl acetate (100nl) to the reaction
solution and perform ng an extraction operation, the organic |ayer was
separated. The aqueous | ayer was then subjected to extraction with ethyl
acetate (100nl) and the conbined organic |ayer was washed wi th saturated
sodi um bi carbonate water (100nl) andsaturatedsalinesolution (100nl) in that
order, and then dried over anhydrous sodium sulfate. After filtering and
t hen con8pectficmptatidni thodet' Urrdel 68 .888ute@ . 3B8ssQr Emo23]l MaQKP~) of
the title conpound was obtained as a yell ow syrup. Method B

Di et hyl phbepénhadcanakysais d ASXCRY.sN06/MmD1) was di ssol ved i n anhydrous
benzene (700mL) , and after adding N,N dinmethylformamde ( 1nl ) ,

t hi onyl chl oricdd od.18 C 6Bl 8%25@MénI8 6k ;wils 1adddd t heret o and heat ed under
reflux for 1.5 hours. After letting the reaction solution cool, it was

concentrated wfid:a o eBudAss ;pHeBSTNS,; &nd1aBeer adding dried tol uene
(100mL) thereto, i is concentration under a reduced pressure was perforned

again. AkbeéréRpEAtkaFpi&i 6: Ooperation 3 tines, the concentrate was
di ssol ved in anhydrous tetrahydrofuran (300nl) and after adding dropw se an

anhydrouma?ir,fh)(ﬁg@iaia@l&%t%%i%ﬂt@t hyl 1- [2- [N [ 1- (S)
phenyl et e (45.7g9, 113 166mmol) and

triethylaninepkgém%ﬁgaﬁﬁﬁ?ggggg\MHJFigﬁjgdjdm%éyyjﬁggﬂAfgkagqgaif@, it was

stirred while cool 1ce for hours and ‘then stirred at room

and ot myfoardfong (ihyd e iial 00 ) Tand mabeS! QARG dadiicdi T )
s, DhonSERBPERfClF Thody AT ORRRE RRERER I SR MR e BE IR B

(300m) ERBCAPbF APRUE FRET COTFBRSCS00TER Y o (IR r Qe A TGttt 1 od.
{1 T1 1 ot coehiET o8 "RedmaRepRceabrated sndgy % *odyS6H RERg SLER CIRRAIBING v

obt ai ned as a yell ow syrup. .
preparing a “magnesium salt of monoethyl malonate.

2,6-dichloronicotinicacid (3.84g, 20.0mmol) was thendissolved
in anhydrous tetrahydrofuran (80ml), and after adding
1,1-carbonyldiimidazole (4.87g. 30.0mmol) while cooling with
ice, it was stirred at room temperature for 1.5 hours. To this
solution, a solution, wherein the previously prepared magnesium
salt of monoethyl malonate was dissolved in anhydrous
tetrahydrofuran (160ml), was added dropwise over a period of
l10minuteswhilecoolingwithice. Aftercompletionofdripping,
the temperature was gradually brought back to room temperature
and thereafter, stirringwas performed for 4 hours. Afteradding
ethyl acetate (200ml) to the reaction solution, theorganiclayer
was washed with a 10% aqueous citric acid solution (150ml x 2) ,

saturated sodiumbicarbonatewater (150ml) , andsaturated saline
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1H NWVR (400MHz, CDC13) b: 1.14, 1.20 (3H, t, J=7.1Hz) , 1.29-1.68 (13H, m
, 2. 85, 4. 69 (2H, dd, J=9.5, 20.7 Hz) , 3. 18, 4 .55 (2H, d, J=22 .2Hz)
, 4 .06-4 .22 (6H, m , 5.42, 6.05 (1H, q, J=7 . iHz) , 7.26-7.37 (5H, m.
M5 (mz): 454 ([MtH] )+ TLC: Rf = 0.1 (n-hexane: ethyl acetate = 1:1)

Ref erence Exanpl e 29:

4- (1- et hoxycar bonyl cycl opropyl )-1-[1-(S)-phenyl ethyl]-3 pyrrolin-2-one
After dissolving ethyl 1-[2-[N (diethyl phosphonoacetyl)-N[1-(S)

phenyl et hyl ] am no] acetyl ] cycl opropanecar boxyl ate (25.0g, 114 55.2mmol) in
Lol uene (ZIOHERD (ABOTRAY ok SRs 67 ORF( 72n0 Ehefo A2 ARB1GVoR ATMARP USt adual | y
while stirring and cooling with ice. After stirring the reaction solution
for 15 nmisediam ssulbeket enpbtarudfdl teriog adtheusesidue cobfpdned Iy on
(250mL) and ethyl acetate (250ml) were added thereto, and after performng
an ext r acianmendpthitdronindér argeduced apressnseseofatheefiltiratagquacus | ayer
was then subject to extraction with ethyl acetate (250nl) , and after

washi ng tappldebitvea sdirldaa gel agtaroma tdgssgphy gt @nld shdidgn(BiLléar b ritkiee Wat er
(250mL) and saturated saline solution (250nl) in that order, the organic

| ayer wailiee Gonpyuna ipdr obtasadduihsthéafermAbt ex gdld-asinky, dihe
filtrate was concentrated under a reduced pressure, the concentrate was
appl i ed tqupstende F@al G RbeGaRthyl dtbthte 10 A: 131 weftd.he title
conpound was obtained as a orange syrup from an n-hexane: ethyl acetate -
2:1 to 123 _RMrat@ooMe i @dl%ﬁ?@:?'l.ai@i]y.sd(ﬁcﬁ‘_ﬁ? hPr 4hos r@sul tdyng
conpound agreed with the data indicated in PCI/JP96/ 00208. 1H NI ~t (400MHz,
CDC13) Sz 4. t )y =K. sul. 80- B , T7=04 8 wodd, J=1.5,
o 0r) U G h AR g R0 By RS R, o= BeRd Bt

J=7.1Hz 8 1H  t, 0 . ok 247 . M5 (nfz): 300
([ M+H]) Zr 9TI_‘% éf"{’:%&’S %ﬁé}'é?(zﬁzr%:ngpHyﬁlzdc?gz?aéélgg'?sf)' Re1g er Q}ce Exanpl e
30: 4-( S)ﬁe(fléreetnlbogmr&qrylﬁycl opropyl)-1-[1-(9)

Ethyl 2-(2,6-dichloronicotinoyl)-3-[2-(8)-fluoro~-1-(R) -

cyclopropylamino]acrylate

Ethyl 2-(2,6-dichloronicotinoyl)acetate (7.03qg,
26.8mmol) was dissolved in acetic anhydride (30ml), and after
adding triethyl orthoformate (60ml) thereto, it was stirred in
an oil bath of 140°C for 2 hours. After letting the reaction
solution cool, it was concentrated under a reduced pressure,
and after adding toluene (50ml) to the residue obtained, a
concentration operation under a reduced pressure was performed.
This operation was repeated 3 times, and the residue obtained
was dried under a reduced pressure. 8.42g of ethyl
2-(2,6-dichloronicotinoyl) -3-ethoxyacrylate was thereby
obtained in the form of a vellow oily substance.

Next, this crude ethyl 2-(2,6-dichloronicotinoyl)-3-

ethoxyacrylate (2.11g, 6.62mmol) and the para-toluenesulfonic
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115 phenyl et hyl ] pyrrolidi n-2-one 4-(1-ethoxycarbonyl cycl opropyl)-1-[1-(S)
phenyl et hyl ] - 3-pyrrolin-2-one (12.1g, 40. 5mol) was di ssolved in ethyl
acetate (120nl) , a 5% plati num carbon catal yst (water content: 50% 2.4Q)
was added thereto, and it was stirred at roomtenperature for 17 hours
under a hydrogen at nosphere at atnospheric pressure. The reaction solution
was then filtered through cellite (washed with ethyl acetate) and the
filtrate was then concentrated under a reduced pressure. The concentrate
was applied to a silica gel chromatography, and 9.00g (74% of the conpound
of the tiakédnesalbbteaf nédt 8 < lnwiro-yle! (Riw ayyaligp opyrhaani e hd2adég et hyl
acetate = 3:2 eluate. Further, 2.60g (21% of the diastereoner (4- (R
-isoner) 6of ostthmol)t | verenpmuspbntksd othhai dicch hsremethang el (IDmI)y,r uandThe

i nstrumental analysis data for this resulting conpound agreed with the data
i ndi cat ed tirl eP&Y1 3RIGL0P20BIMY; (.8). 87HABRY :wa 1abiNBd(dEdse GPaE3R10: O.
63-0. 65 (2H m , 1 .13 (3H, t, J=7.lHz) , 1 . 12-1 . 19 (2H, m , 1 .52

d, -
(214, 5oy g Rl st AbBper by,

ot st Jedotih eB1bun ok ki Pl R Codl prbeta i g oL
> 27,2 32 PhE m PE #ﬁngs%‘%éﬁ( %e‘fa AR oSS Tt o 9

(()ZE (ﬂ, hé)?grjiélé:?tkph ‘?“ ace%‘?icql ﬁef erShed %%5?’ B?OQ’ quengus olbFicR ~

oyel obr op AR RARREH %ké%whpngfi)ﬁ”s% i %@y@%mﬁﬁ it eni0m 1 (5
phenyl et hg.lr:alipgg{:gl:clageg sa Jr.]ge (slo u 4(8%%?%) lxvaghg{sosro evr(?d and then

dried over anhydrous sodium sulfate. After filtering, the
filtrate was concentrated under a reduced pressure, and 2.10g
(90%, 2 processes) of the title compound was thereby obtained
as a yellowish-brown, oily substance (E/Z mixture). This
resulting substance was used in the subsequent reaction without
further purification.

lH-NMR (400MHz, CHClz) 5: 0.85-0.89 (0.7H, m), 1.00-1.04 (2.3H,
m),1.23-1.38 (2H, m), 3.01 (1H, m), 3.94-4.05 (2H, m), 4.65-4.84
(1H, m), 7.27-7.31 (1H, m), 7.50-7.57 (1H, m), 8.29-8.38 (1H,
m), 11.02 (0.8H, brd, J=12.5Hz).

Reference Example 8:

Ethyl 7-chloro-1-[2-(S)~-fluoro-1-(R)-cyclopropyl]l-1,4-

dihydro-4-oxo-1,8-naphthylidine-3-carboxylate

After dissolving ethyl 2-(2,6-dichloronicotinoyl) -3-[2-
(S) -fluoro-1-(R) ~cyclopropylaminolacrylate (2.07g, 5.97mmol)

inl,4-dioxane (30ml), 60% oily sodiumhydride (287mg, 7.18mmol)
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in 70nmL of ethanol, and after adding a I nol/1 aqueous sodi um hydroxi de
solution (70nmL) while pooling with ice, the reaction solution was stirred
at roomtenperature for 15 .5 hours and then at 40C for 3 hours . After
concentrating the reaction solution under a reduced pressure, the remaining
aqueous | ayer was washed wi th ethyl acetate ( 70nmlL ) . The aqueous | ayer
was then nmade acidic by concentrated hydrochloric acid while cooling with
ice and then subjected to extraction with chloroform (70nL x 3) . The
organi c |l ayer was then dried over anhydrous sodium sul fate, and after
filteringastdddéd graduellgsthomretnivhal eds tindemgat &Fac e dThe essuartd ond. 409
(99~) of the titl econpoundwas thereby obtained as white solids. 1H NMWR
(400MHz, sG9EPeREibn: wls. thén stinked Fdr ). 5, hdur@latl . r&dn (2hperature . 52
(3H, d, J=7.3Hz) , 2. 17 (1H, dd, J=8.8, 16.8Hz) , 2.4B (1H, dd, J=9.5,
16. 8Hz) and €heRr. dor{cdhtrdted 3ubdellHh tredibBHpresstrel (lHfter
J=7.3Hz), 7.25-7.34 (5H, m. 117 Ref erence Exanpl e 32:

4- (R) - [ 1dils@olviargohs e aukainh RalLoYolfermOPYddmly [ theDrganic layer
phenyl et hyl ] pyrrolidin-2-one A toluene ( 15ml ) solution of triethylamne (

9 . onl, GAmpk R vﬁﬁ?heaﬂyt@s?%gﬂaéw actHi@zhdeq( QBE.’ﬁu!:Q (865111)37 :

9nmmol ) was added to a tol uene suspensi on of 1-[1-

phenyl et %&th%t)% éadﬁgbmsstebhgtevfgaeﬂtéoﬁy;' ANLLLOEELE %a ecid

(9. 4q, ter stirring at roonttehperature our under a

i rogen s etsoﬂgrw@% heat eddinder rellux dored ut‘*&?’yd?

cool i ng t reactron s room terrper ur e

(95nl) was dded ereto ed unde X or 15 hour s ﬁﬁt

letting tsﬁga Pg‘aclt t%ol &’f c’gfo el,'”t%’eg:t‘ggltﬂ RSN FSHCﬁﬁgr@&ﬁgent r at ed
under a reduced pressure and et hyl. 95ml) Jere
ndded o PHE TRRTERa e S Es P eRBRn % wafté}%@%#ﬁ Hinbapiohe"the
organic | r was, separated and the equs mas s ecte

oS act i GHUR PHEStRSR, 206: e PreshRi o Leotery Stain Hede ’gfatﬁ%ecfayér was

t hen washed wi th saturated sal i ne sol utiagn %95nﬂ and then dried over
anhydrouyaﬁﬂﬁQHﬁﬁhﬁt%fﬁylﬁFPSF'ﬁWQQQ?mﬂra EhFPAEFRYPFRESEFPL I at e
under a reduced pressure, the concentrate was applied to a silica gel

chr omat ogtaFRyCaher 196 7lgole19'e)~) bf25he &7%)| @fc c}'ﬂ?ﬁo@-ﬂ&l\ﬁa§°mupdeeraas a

col orl ess, anorphous substance froma chlorine: nethanol 50:1 el uate.
thereby obtained in the form of a white powder.

1H-NMR (400MHz, CHCls) &: 1.41 (3H, t, J=7.1Hz), 1.59-1.72 (2H,
m), 3.58-3.63 (1H, m), 4.41 (2H, q, J=7.1Hz), 4.93-5.12 (1H,
m), 7.39-7.41 (1H, m), 8.65-8.68 (2H, m).

MS (m/z): 310 (M")

Reference Example 9:

7-chloro-1-[2-(8)-fluoro-1-(R)-cyclopropyvl]-1,4-dihydro-4-

oxo-1,8-naphthylidine-3-carboxvylic acid

A mixture of ethyl 7-chloro-1-[2-(S)~fluoro-1-(R)~-
cyclopropyl]-1,4-dihydro-4-oxo-1,8-naphthylidine~-3-
carboxylate (567mg, 1.83mmol), acetic acid (4ml) and
concentrated hydrochloric acid (2ml) was heated under reflux

for 2.5 hours. After cooling the reaction solution with ice,
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1H N ~ (400MHz, CDC13) b: 0.56-0.85 (4H, m , 1.37 (9H, s) , 1.51 118
(3H, d, J=7 .3Hz) , 2 .32-2.44 (3H, m , 2 . 79 (1H, dd, J=7 .3, 10.0Hz) ,
3.36 (1H, m , 4 .66 (1H, brs) , 5.50 (1H, q, J=7.3Hz) , 7.26-7.34 (5H, m
. TLC. Rf = 0.15 (n-hexane: ethyl acetate = 1:1) Reference Exanple 33:
3-(R)-[1-(tert-butoxycarbonyl am no)cycl opropyl]-1-[1-(S)

phenyl et hyl ] pyrrolidi ne

4-(R)-[1-(tert-butoxycarbonyl am no)cycl opropyl]-1-[1

(S) - pherigetudtiepyf26nl Hive2-rArqa oMy 3@ nesstiomasodusienvetiben
anhydr ous tetrahydrofuran (100nl) and a 1.0M borane-tetrahydrofuran

conpl ex/petaighi/i oéd cary ssall stwexre £9DtEnéd R, 7amad )Y twarsvastdiody @i bpwi se
gradual ly thereto under a nitrogen atnosphere while cooling with ice. After

conpl et ifcdds daitRRi,Ng smiall 1visouEit 6 &b lidetAonbDenduKessd Beeehpli tion of
fromice-cooling to roomtenperature. After slowy adding an agueous

| uti i . o ti
ol ut | o VT BSoT TR T D P E M e ST P oo e Sas T 1 5
h : I j t | i 404 ' ith

cthyl acThre® (VO A 3 a8 e e ek ReR Y EEF Y Lol it on

( 100nL The.o I BRI hen drj.ed er. hydr ous sodi um sul fate,
and afte")fmfalur %?i%‘%%%e*@’f?t? atelv%:'s n(?(ﬁ#(}eentcr tsé—'éa%ﬁder a reduced

pressur e. tr S, apply.e ilica.g

chr omat o&—%gggéﬁgéga‘%w Bt H‘t'tjg_gi'isl%e?%ghﬁ'ama’%5305?&]%@”‘?h the form
of color]e rystals fro chl orQf orm _nethapol._ 119 - 1001 to 30:1

el uat e. Jll-giﬂ\)%? ﬁdgmz{“) c@c%é){]%* &e&%-z’#f,zmr@){md. ¥3.9, 88 (-Efil,zsm, 1.35
(3H, d, J=6. 6Hz%, 1.41 (9H s} 1.63 (2H, m, 1.88-1.92 (1H m , 2.14-2.17
(1H, m) 8972618, 38) (23f-H (TB ®Bg$)iH brs) , 3. 15 (1H, t-like, J=6.6H)
, 5. 10 (1H, brs) , 7.23-7.33 (5H m . M5 (mz): 331 ([MtH )+ TLC. R =
0.4 (chlM¥ebtbren Pakbhandl S =t9:230°Ref er ence Exanpl e 34:
3-(R)-[1-(tert-butoxycar bonP/I apj po) cycl opropyl ] pyrrol i di ne

3- (R) - [ 1Speaifipureigtiebonidlam nd) ¢v@ -G8 opgl ¢ -423 1 0.1mol /1 NaOH)

(S)-phenyl ethyl]pyrrolidine (270ng, 0.817mmp1l) was di ssol ved in et hanol
(15ml) , %ﬁ"‘%’??iﬂf agel gl &’ 105 pali@diNsRetar bon catal yst (water content:

52.0g 270mg) , it was stirred at 40C for 3 hours under a hydrogen
at nosphere at C@LessSphé&r 90 -P&sstré-85%; N 9.91%

Found: C 50.90%; H 2.71%; N 9.91%
MS (m/z): 282 (M')
Example 4:

7-[{3-(R) - (l-aminocyclopropyl)pyrrolidin-1-y1]1-1-[2~-(8S) -

fluoro-1-(R) -cyclopropyll]-1,4-dihydro-4-oxo-1,8-

naphthylidine-3-carboxylic acid

After adding 3-(R)-[1-[N-(tert-
butoxycarbonyl)amino]cyclopropyl]pyrrolidine (339mg,
1.50mmol) andtriethylamine(l.39ml)todriedacetonitrile (10ml),
7-chloro-1-[2~(8S)-fluoro-1-(R)-cyclopropyl]l-1,4~-dihydro-4-
oxo-1,8-naphthylidine-3~-carboxylic acid (283mg, 1.00mmol) was

added thereto and the mixture was heated under reflux for 1.5
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After renoving the catalyst by filtering (ethanol washing) , the filtrate
was concentrated under a reduced pressure, and as a result, 185ny
(quantitative) of the title conmpound was obtained in the formof a
colorless syrup. ~H 1~ (400MHz, CDC13) 8. 0. 69 (2H, brs) , 0.79 (2H, brs)
, 1 .42 (9H, s), 1.43-1.50 (1H, m, 1.86-1.88 (1H, m, 2.15-2.19 (1H m,
2.68-2.72 (1H, m, 2.90-3.07 (3H, m, 4.92 (1H, brs). Reference Exanple 35:
1- benzyl oxycar bonyl -3-(R)-[1-(tert

but oxycar bonyl am no) cycl opr opyl ] pyrrolidi ne

3- (R) - [ 1hprrst upgiedx pc rifdedemiatmasphiens oppiflter- contentratdng fihenyl et hyl
] pyrrolidine (1. 70g, 5 . 15mmopl) was dissol ved in dichl oronethane (34nl),
and benzylkeealkitdcnf sodwitd ol uhgiek, a7 regweed) pressadeod tiveo peisdelush Was
stirring and cooling with ice. The reaction solution was then stirred at
room t engdésaolved dn Za Smhreds saldehltcmStethyeld atedffef LOOmE) hamds. After
|l etting the reaction solution cool , the reaction solution was concentrated

under a sedhleFomethamec(s0mk) candeaifiteat washbng Rk @tdri Al avét 6a thel
chromat ography , and 1.40g (75% of the title conpound was obtained in the

formof @ ﬁ@%%c*mfé"&:é)ﬁri!t&ifd 281 aNsd N q 50mh hhd et fred da1in@ Uate .
The instrunmental analysis data for this resulting conpound agreed with the

daBaBiOndis%Qtu‘i‘:‘ioinn(gﬂi)]a%/tﬂgzoérdéﬁ hg &é&QMEaag%il%Ls%r&J QyviegH, brs)
, 0. (2H, brs) , 1.41 (9H, s), 1.63 (1H m, 1.9Z (1H, , 2.25 (1H, m,
5 15 (orentyesthsodth Bubtartlh Moy TR Nishe SR AL
1 bbnzy] STCESERTRITIRE p rodycadpreqtns ARART Ay aqling dropuise
O R 18 P B R o
-dinethylfornani%e 7l ,.§!I¥er xide. (9. é%? 1) and . neth i odi de
(2am, SESPIOTP TGEE pPhecdti 158 SRLHER G S0 AP (PEESART TR $OF xt ur e
was StiI'B%dmigatég.rm%ggﬁ}{]ﬁgégochloric acid (10ml) was then added to

the reaction solution, and after washing the yellow acidic

aqueous solution with chloroform (50ml x 4) , the pH was adjusted

to 11.0 with an aqueous sodium hydroxide solution. After

adjusting the pH of the basic aqueous solution to 7.4 with 1lmol/1

hydrochloric acid, extraction with the lower layer (100ml x 2)

of a 7:3:1 mixture of chloroform:methanol :water was performed.

The organic layers were then combined, and after drying the

organic layer over anhydrous sodium sulfate, the solvent was

evapolated under a reduced pressure. The residue obtained was

purified by recrystallization in ethanol and then dried under

areducedpressure. 263mg (74%) of the titlecompoundwas thereby

obtained in the form of white crystals.

1H-NMR (400MHz, O.lmol/l NaoOD) &: 0.49-0.55 (4H, m), 1.50-1.75

(3H, m), 1.95-2.15 (2H, m), 3.00-3.80 (5H, m), 4.90-5.15 (1H,
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an oil bath of 80C. The reaction solution was then filtered through cellite
(ethyl acetate washing) and the filtrate was then diluted with et hyl
acetate (100nl) . The organic |ayer was then washed with water (50mL x 3)
and saturated saline solution (50ml) in that order, and dried over
anhydrous sodium sulfate. After filtering, the filtrate was concentrated
under a reduced pressure, the concentrate was applied to a silica gel
chromat ography, and 1.31g (89~) of the title conpound was obtained in the
formof a pale-yell ow syrup an n-hexane : ethyl acetate = 2:1 eluate. The

i nstrunedal Gfd ydily @a IO 1H)s Befdl (1Hg dongolntHahr RBW (Mt he data
i ndi cated in PCT/JP96/00208. 1H NVR (400MHz, CDC13) 5: 0.83 (4H, brs), 1.42
(9H, s), s.55 (1H, m , 1 .88 (1H, m , 2.28-2 .43 (1H, m , 2.83 (3H, s)
3.02-3.04 (1H, m , 3.25-3.33 (1H, mM , 3.55 (2H, m , 5.12 (2H, s) ,

7. 32-7. 35K fKBri)diskEv( 18082, 304a8( [2a7H],) +7T2C16RM ,—1D66l, (508e xS, et hyl
acetate = 1:1) Reference Exanple 37:

3-(R) - [ 1-13%4t erazputipdrartusy) )rigerptinds ariowd cygdsiopyl | pyrrol i dine

1- benzyl oxycar bonyl -3-(R)-[1-[ N-(tert

but oxy cankanging Nbdit hyd1enidadweeel opropyl J pyrrolidine (1.31g, 3.48mmol)
was di ssolved in ethanol (13nl), and after adding a 10~ pal |l adi um carbon

catal yst dualof; € PEtom0Ta 13225 = AdPPoot Rer 6t 8101 to WARoB1] Skt room

tenperature for 5 hours under "a hydrogen at nosphere at at nospheric
pressur e.g Aid&a{ e Perd i 1 4% f iAd rathgmn, By ough cellite (ethanol washing),

the filtrate wasconcentrat edunder ar educedpr essure. Asaresult, 0.92g

(quantitative) he tithe npguad S Qbtai in the formof a

col orl ess syruggifEFNNE %208&&&,8CECS§$’aB 838g$?4H, brs), 1.46 (9H, s),

1.81 (1H, m , .(LH-.Db o 142e2828..4 H , 2.54 (1H, brs) , 2.84
2. 88" 533%(3?—1 l"‘rlr)'.ﬁ}f‘lic:H 57 8545 % ?‘éh%%f

(3H, s), =0 orm nethanol = 9:1)
Ref erenc e 38 . 3 -[.1-[ N-(tart-butoxycarbonyl)-N (nethyl) am no
vl oprog“ﬁExﬁ?“rWﬁ’: %8713_('5[(%@],[ [N ( y yl)-N (methyl) ]

Reference Example 10:

Ethyl 2,4-difluorobenzoyl acetate

Under a nitrogen atmosphere, monoethyl malonate (9.25g,
70.0mmol) was dissolved in anhydrous tetrahydrofuran (150ml),
and after adding magnesium ethoxide (4.17g, 36.8mmol) while
cooling with ice, it was stirred at room temperature for 1 hour.
The reaction solution was then concentrated under a reduced
pressure, thereby preparing a magnesium salt of monoethyl
malonate. 2,4-difluorobenzoic acid (7.91g, 50.0mmol) was then
dissolved inanhydrous tetrahydrofuran (100ml) , andafter adding
l,1-carbonyldiimidazole (8.52g. 52.5mmol) while cooling with
ice, it was stirred at room temperature for 1 hour. To this
solution, a solution, wherein the previously prepared magnesium
salt of monoethyl malonate was dissolved in anhydrous

tetrahydrofuran (60ml), was added dropwise while cooling with
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phenyl et hyl ] pyrrolidi n-2-one
4-(R)-[1-(tert-but oxycar bonyl am no) cycl opropyl]-1-[1

(S) - phenyl et hyl ] pyrrolidin-2-one (7.87g, 22.8mb1l) was dissolved in

di et hyl f or mam de (100ml) , and while cooling with ice, 60~ oily sodium
hydride (1.10g, 27.4mmol) was added and stirred for 5 m nutes. Then, nethyl
iodide (7.11m, 114mmvl) was added dropwi se thereto while stirring at room
tenperature. After conpletion of dripping, the reaction suspension was
stirred B€eroomfitaiperampietior of HATFRPING t éheqdeRMPFIULS | Y2§0di um
hydride (296ng, 7.40mvol) and nethyl iodide (1.00nl, I6.1mmol) , it was
stirred arad@ll Iyprb2dupbtir backf ter radui ngmpegaturat eddaqbe@'esfamni um

chl oride solution (100m) and water (150mL) 123 to the reaction

suspensi opivkihe wbhbrpepfoamnddcookri 0§ Wollksi.cepfexiradting wiclheaehyl
acetate (300nml x 2) was performed. The conbined organic |ayer was then

washed wibomBej &fo ¢hA0Ada Xt 20n @BdusabHl, ed c3@¥anAe Bov&E vl (4eReE x 2) in
that order, and then dried over anhydrous sodium sul fate. After filtering,

the filtyaie was 698504 EakeHlc URdals A JLAHC PO RIS SUE Lurd DEg KBRS UHE

obt ai ned was appl i to a silica ge chr omat ogr aphy, and 53g ( 92 ~ ) of
the t d b t
froma chiSFEParaLuiRes A1sBMIFE drd Vs ] S0 e Rl %%%Nﬁéb* £13) S
0.83 (4 1.3 H 1.61
(3re 4, SerEagTes f‘ﬁ?&hen o8 56 oarof rigey Sodiumy sPaetthy
? ?%15'[ ;I.]fo\é nit%{&?rbgz(gf] %SE;ﬁnlbta:B?cfafreycc%n%xe%lrm:%lon under

nme a nyl e i di ne .
SR 11 e sReaRent e ‘h@ﬂ% %t?ﬁiﬁﬁw BRe BP9 ()

h |l et h I 2- 7, d | ved hyd
Pe?Péhidv%;%xﬁéﬁéé?v%ﬁm? 2709511 B DFEhe ot iy B brer gmpound w7 1S
conpl ex/ tetrahydrofuran solution (63.0n, 63. Ombl) was added dropw se
gr adual I%Fﬁ%’f’%@o“%\/rﬁ}ieefgﬂnr?fr?gpa"rJr&'é’Sallioﬁ’g T2 ?‘E,léSt%qeerfrd’Ehﬁ etion of

dripping, it was stirred at roomtenperature for 20 hours. After slowy
addi ng ah~agtRpasetylitpertIte M) Of §IMBESsi um carbonate (7 .22g) 124

'H-NMR (400MHz, CHCls) &: 1.24~1.36 (3H, m), 3.95 (2HX2/3, d,
J=3.66Hz), 4.20-4.30 (24, m), 5.80 (1HX1/3, s), 6.86-7.02 (2H,
m), 7.88~8.04 (1B, m), 12.72 (1HX1/3, s).

Reference Example 11:

Ethyl 7-fluoxro-1-[2-(8)-fluoro-1-(R)-cyclopropyll-1,4-

dihydro-4-oxoquinoline-3-carboxylate

A mixture of ethyl 2,4-difluorcbenzoyl acetate (5.50g,

24 .1mmol), triethyl orthoformate (B8.00ml, 48.2mmol) and acetic
anhydride (6.8ml) was stirred in an oil bath of 120°C for 16
hours. After letting the reaction solution cool, it was
concentrated under a reduced pressure, and after adding toluene
(30ml) to the residue obtained, it was concentrated under a

reduced pressure again, and then dried under a reduced pressure.
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while cooling with ice, it was heated under reflux for 1. 5 hours . After
|l etting the reaction solution cool to roomtenperature, water (150nl) was
added, extraction with ethyl acetate (200nL x 2 ) was perforned, and then
t he conbi ned organic |ayer was washed with saturated saline solution
(200mL) and then dried over anhydrous sodiumsulfate. After filtering, the
filtrate was concentrated under a reduced pressure, the concentrate was
applied to a silica gel chromatography, and 7.19g (99~) of the title
conmpound was obtained in the formof a colorless syrup froma chloroform
met hanol A=y &bl aw gdijat subsiaNwR Fasotherelpcid)aisied . Thd s( subsfpnce]. 35
(9H, s) , 1.36 (3H, s) , 1. 61 (1H m , 1 .85 (1H mM , 1. 97 (1H m ,
2.27 (1Hyas) dissdaDred 58 n( 2tblugne?. (1IDOEH,, spnpd2. BBtéri Hadding3. the3. 19
(1H, m, 7.27-7.30 (5H, m. Reference Exanple 40:

3- (R - [ 1lphbactortiehasaxgeaibonyl ) - N (nadiy| ) am no] cwallapr opyl ] pyr eél i di ne
3-(R)-[1-[N-(tert-butoxycarbonyl)-N

(met hyl') gri(gpleyabosropYR) ~éyElopbppphamnyhet hyl {@weg) i di ne. (Amdly,

20. 9mmol) was dissolved in ethanol (78nl), and after adding a 10~ pall adi um

car bon Cem&fﬁgl{m@her (£00%81N} 350@mmol3- wdE)addded dMdpwildd Geddaah14QC for 4
hours under a hydrogen at nosphere at atnospheric pressure. After performng

{11 (rati onaLREaua oLl be, e ungbeyes ey cohBEatibidt ArtBBing, =

concentra a reaucea pressure. a resu

the 125 t{m&i ngcgggnggwgﬁg%ég idu the xfo%m%ingars% d ¢33 s¥rup. The

1H NI A data an v this resulting conpound agreed with the

d i ndj d i . , : . . ,
.%a(%ﬂ, §RkE¢! PAELL Radiing NG GENY otk ke ot R gp i BRY) ot
1H, 2.84 (3H 2.88-2..9 H, .. TILC R = 1 | f

ot hanot extaacioh ut gRlariyl dderatd ol x 12 vad sretsirtstc arBs ot - N
(ethyl) aQ‘;BQLEZCié’;EéSS Y drd dki(DePnenvl eyl pynrolidin.2g sone. o

solution (150ml) and then dried over anhydrous sodium sulfate.

After filtering, the filtrate was concentrated under a reduced
pressure, andabrownoily substance was therebyobtained. After
dissolving this substance in dimethylformamide (35ml),
potassiumcarbonate (6.55g, 47.4mmol) was added thereto and then
stirred at room temperature for 21 hour. Then while cooling
with ice and stirring, 2mol/1 hydrochloric acid (50ml) was added
gradually thereto and then stirred at room temperature for 6
hours. The precipitated crystals were filtered out and then
washed with excess water, a small amount of cold ethanol and
excess diethyl ether. The crude crystals obtained were then
purified by recrystallization in ethyl acetate and then dried
under a reduced pressure. 5.92g (84%) of the title compound
was thereby obtained.

lH-NMR (400MHz, CHCls) &: 1.41-1.43 (3H, m), 1.69-1.76 (2H, m),
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4-(R)-[1-(tert-butoxycarbonyl am no)cycl opropyl]-1-[1

(S)-phenyl ethyl]pyrrolidin-2-one (4.16g, |2.1mol) was dissolved in

di met hyl f ormam de (50nl). Under a nitrogen atnosphere and at room
tenperature, 60~ oily sodium hydride (580ny, 14.5mmvpl) was added thereto
and stirred for 10 m nutes, and then ethyl iodide (4.87m, 60.5mD1l) was
added dropwi se. After conpletion of dripping, the reaction suspension was
stirred at roomtenperature for 15 hours. After adding a saturated agueous
amoni um chl ori de solution_(150ml) to the reaction suspension while
stirring 3P d38.i bysdirt A-Bded -3t {28y i Bh w t 99 et Wi Hetdi&2 (B x 2)
was perfornmed. The conbined organic | ayer was then washed with water (150nl
x 2) and 7sdt@n7at22d &, m ,sol -dlioh 4(415%/1%) Mn Ghél®-&-&h , (Z3hd When dri ed
over anhydrous sodiumsulfate. After filtering, the filtrate
wasconcemMglatiedy P nt uddFr to 2807Ced pressure, the residue obtained was
applied to a silica gel chromatography, and 4.56g (quantitative) of the
titl e comefderknges Miimileedd:n the formof a colorless oily substance from
an n-hexane: ethyl acetate = 1:2 eluate. 1H NVR (400MHz, CDCl13) b:
0. 41195 g. ?@-(ﬂldom—n.- 2 -0@&) EfQ4dxd+1 MR), ~ckcldpriopsl 191 ,4-Hi

(2H M oxdfirbidhdHdcdtboxyB id8aui?d (1H m , 7.26-7.52 (5H m

Ref er encé ExXanpl € 4Z:

3- (R -[1-[N-(tArhs Rubhpgysar Qe&ﬁ) 7NEeLBYb ) o Aok §yckops eyt L (Ry £1- (S) - pheny
| ethyl ] pyrrolidine 4-(R)-[1-[N-(tert-butoxycarbonyl)-N

t hyl ' | 4l =k i8Il I H 2 R71% + 4. 564,
o 1 o o <r P BB 4na & 1. on
bor ane- { ety il o1y YR ATP! X ALIAMLLG] Ur @Rugo! WcPN il Bitlea ety OTTOL)
was added dro sé 1 whi'l'd stirring anci‘coomg with ice. ter conpletion
f drippi t ti | uti ' h
cond 1| ot B I RG 2591 (a0 "R8oAer Srbch ek chesfpe tES 2T (e
ti | uti d duced , 9:.1 m xed {i oom) of
cthanol | AP EeP IBY Hal deAiaan BoLRRIoR vErY s ng o, TRERY | R (st
it was heated under, reflux for 4 hours. After. coolin tth% reaction sol ution
dan B APl fle T 4

to room tEFHRPUFETdnteshererSEi R AN e R RTBRY d&FEtahessure,

sat ur at ed sodi_ungbi carbonate 127 wat er, (100 was added to the residue,
extracti o/eLR fl’pjlltered out, and after washi(ng wﬂi?'x excess water, a smal‘i

amount of cold ethanol and excess diethyl ether, the crystals
were dried under a reduced pressure at 80°C for 16 hours. 3.51g
(95%) of the title compound was thereby obtained in the form
of a white powder.

lH-NMR (400MHz, CDCls) &: 1.78-1.84 (2H, m), 3.52-3.53 (1H, m),
5.13 (1H, dm, J=64.59Hz), 7.31-7.36 (1H, m), 7.59 (1lH, d,
J=9.26Hz), 8.54-8.53 (1H, m), 14.55 (1H, s).

Melting point: 302 to 305°C

Specific rotation: [alp®*® = +0.38° (c 0.560, 0.1mol/l NaOH)
Example 5:

7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-y1]-1-[2-(S) -

fluoro-1-(R)-cyclopropyl]-1,4-dihydro-4-oxoquinoline~-3-
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chl oroform (100nmL x 2) was performed, and then the conbi ned organic |ayer
was washed with saturated saline solution (100nml) and then dried over
anhydrous sodiumsulfate . After filtering, the filtrate was concentrated
under a reduced pressure, the concentrate was applied to a silica gel
chromat ography, and 4 . 26g (99% of the title conpound was obtained in the

formof a colorless syrup froma chloroform nethanol = 100:1 to 95:5

el uate. 1H NWVR (400N+E CDC13) S : 0.54-0. 78 (4H m , 1. 09-1. 11 (3H, m

, 1.33-1.43 13H 1. 84 1.97 (2H m, 2.26-2.28 (2H, m, 2.56-2.57 (2H,
, 2.86-E 1%30 13-3.18 (2H, m, 7.21-7.30 (5H, m. Reference

Exarrple 43: 3- (R) [1 [N—(tert but oxycar bonyl ) - N

(et hyl)ani no] cyBF&8FopFRLBYr BollRYrhé-8NE REeFE=[ N- (tert - but oxycar bonyl ) - N
(et hyl)am no] cycl opropyl]-1-[1-(S)-phenyl ethyl]pyrrolidine (3.01g,

8. 40mml ) butoxireaxionyl )iamigtdlowsl qorzpyll) | py raral iaditree  addi ng €205Rg,
pal | adi um carbon catal yst (water content : 50%; 3 . Q) , it was stirred
at 40C f or8 157 inmilr)s andder i et lyhkmiges (@t Sadphes elrdtecatiime pheL i £ulF &Y €.
After performng filtration through cellite (ethanol washing) , the

filtrate wasnlgonceiElnasms- Lnides () +Hdises Ipr @S ldsrapylasul 14~ 2. 169
(quantitative) of the title conpound was obtained in the formof a

| orl Mie - LG 9H,
o e T R e B0 JibuneD g0 o9

(2H, M, ZRfed tibredld aMa tRef ﬁEﬁEQQeE%QHPﬂuéaééd Beéléxtféffummﬁ@m c

acid Sodi um hydroxide (45 . 42g, 1 . 090npl ) was dissolved in water

(220nL) , Gl mhj Gr‘u%@de'?ﬂ%ﬁh?é;gﬁ r@romA@q:e(rjﬁl@@E@ngo tRé’

dri pped thereln over period o mnutes . After stiTring the reactlon

sol ution al,1Qfifdl cba1m £§§ (3%5%)08139. cﬁ%%gr@t) +AQ! JL 8@18;1 F9 ution

2~,3~,4~-tric oroaceté enone( nol) vvas rlppe erern at oC

ouer ® perhi scoo?%%;w:@aea@éass?azhﬁ%;g%g%&w%@ﬂ YA o Loy

) . The aguequs laygr obtained e g{{gflfal hrrag,gtam dic H:t h ccgﬁdcent rated
concentrated hydrochloric acid (5ml) to the obtained crystals
while cooling with ice, stirring at the same temperature was
performed for 30 minutes. 1mol/l hydrochloric acid (10ml) was
then added to the reaction solution, and after washing theyellow
acidic aqueous solution with chloroform (50ml x 2), the pH was
adjusted to 12.0 with an aqueous sodium hydroxide solution.
After adjusting the pH of the basic aqueous solution to 7.4 with
1mol/l1 hydrochloric acid, extractions into chloroform (100ml
x 3) and a 95:5 mixture of chloroform:methanol (100ml x 2) were
performed. The organic layers were then combined, and after
drying the organic layer over anhydrous sodium sulfate, the
solvent was evapolated under a reduced pressure. The residue
obtained was purified by recrystallization in ethanol and then

driedunderareducedpressure. 203mg (74%) of the title compound
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hydrochl oric acid while cooling wwth ice and the resulting crystals were
filtered out. After washing the filtered-out crystals with water, the water
was renoved by azeotropic distillation with toluene. 22.33g (91~) of the
title conpound was thereby obtained as a pale yell ow powder. 1H NWR
(400MHz, CDC13) 8: 7.58 (1H, d, J=8.3Hz), 7.70 (1H, d, J=8.6Hz) Reference
Exanpl e 45: Ethyl (2,3,4-trichlorobenzoyl)acetate 2, 3,4-trichl orobenzoic
acid (4.51g, 20.0Ompl) was dissolved in tetrahydrofuran (80ml),

car bonyl di i m dazol e (3.89g, 24 .Omvol) was added thereto while cooling with
ice, and ¥28 thegebysohtadmed impdhe £a58r afunelley Faydkad stsol ution A).
Meanwhi | e, mal oni ¢ aci d nonoet hyl ester nonopotassiumsalt (6.81g,

90. Onmmol) ~HaBMBut4RMED, iOh 11 HaePht®: Caf®-Vhidde (4BolMmhg ni63TL.68
triethylamne (13.9nl, 100. Omol) and magnesi um chl oride (5.71g, 60. Omol)
wer e added3themdt,02.00t2r 18t (2H} My a2 .fdoR.99nddHatm) ¢ 3 ok6-B RIrGlH t he
reaction solution was cooledwith ice and the above-descri bed sol uti onAwas
dri pped i mi)g 8 hi& (LBadM,T=60/40H20n, &v43 (2Hpa)i, Rl &F (1B, di, dHe D2HZAf,t er

t hen washing solution A into the reaction solution using tetrahydrofuran
(10mL) , i7t, 9vas(1sf, d,edr=8, 0200y, t @B qur,e Har 19 hours, and then the
reaction solution was poured into a 10~ aqueous citric acid solution
(200nm) . rRhRB¥AYilERgNV 308Gt o8V bhset pdsacetabe edI0Nib20, washedw th
saturated saline solution (200nl), and then dried over anhydrous sodi um

sul fate. Alsyy thayy ramed ng3dne drgom-agent by filtration, the sol vent
was evapot at ed under’ a reduced pressure, and the crude product obtai ned was

subj ect t s I ,hréﬁrlat r?bcga , thereby , obtaining 2.681g (95~) of
t he titleﬁgérgﬁgf?ﬁa)%gsnt; pa e-t%g 0|?5 froman n-hexane: ethyl acetate = 5:1
eluate. 1H-NVR(.90QMHz,, .CDC13) .824.1.25 ) =7, 1.3 5H, t,
J=7. Oz) !gpi%él(“l%“saﬂtl%jéﬂ("m, a,+éii7§§‘>m§c ,&'&%%l/& %f(é’}*.’om),

5.97 (0.5H,.s 1..37-7.449. .(2H,, .m), 2.45.(0.5H, m Reference Exanple 96:
Et hyl 7, 8-‘%&9‘&'{%"&?&- j:‘-"[azl-y(sé)(ssf IAusorCGE’%z-zFéSQ%ycl opropyl]-1, 4

di hydr o- 4- oxoqujngl i.ne- 3-car yl gt ) } X eof et hyl

(2,3,4-trichl obzé?igﬁgr ) aczeggt 58%2. 8%9,5;% Ob}ml%,ﬂaceti c anhydride (10ml)
and triethyl orghofqrmate, ( 1) s ated. un reflux for 2.5 hours in
an oil bath at &ﬁbﬂfg?n&f g@rggggpg\r,\gt?gﬁg héilsgg%ent under a reduced
pressure, azeotropic distillation was carried out using toluene (3 tines)

to obtai nFEEEFRS ExamRnie ]g{:hyl

3- et hoxy- 2- LZ, 3,4-trichl orobenzoeyl acrylate as a pale-red oil.
7-bromo-l-cyclopropyl-8-difluoromethoxy-1,4-dihydro-4-

oxoguinoline-3-carboxylic acid BF; chelate

While heating and stirring a mixed solution of ethyl
7-bromo-1l-cyclopropyl-8-difluoromethoxy-1,4-dihydro-4-
oxoquinocline-3-carboxylate (2.0lg, 5.00mmol), acetic acid
(5ml) and acetic anhydride (5ml) in an oil bath of 110°C, a
boron trifluoride — tetrahydrofuran complex (0.83ml, 7.50mmol)
was added dropwise over a period of 5 minutes. After stirring
the reaction solution at the same temperature for 1.5 hours,
excess diethyl ether was added while cooling with ice, and the
precipitated solids were filtered out (and washed with diethyl

ether) . After drying under a reduced pressure at room

81



The above- obt ai ned crude ethyl 3-ethoxy-2-(2,3,4trichlorobenzoyl)acrylate
product (3.272g) was di ssolved in dichloronethane (50nl),
2-(S)-fluoro-1-(R)-cycl opropyl am ne tosylate (2.467g, 9.98mmvol) and
triethylamne (1.64nl, 11.79mmol) were added thereto in that order while
cooling with salted ice, and stirred at roomtenperature for 19 . 5 hours .
Et hyl acetate (200nl) was added to the reaction solution, and after washi ng
wi th 10~ aqueous citric acid solution (80m x 2), saturated aqueous sodi um
bi carbonate sol ution ~aunl) and saturated saline solution (80m), it was
dried ov&eMRERAHRY Lodi6em (B arE. thet i tlReROMRABIA RS HRPERIASE agent
by filtration, the solvent was evapotated under a reduced pressure to

obtai n aag @d@aé{elmraw ERMASE.f | uor 0- 1- (R)

cycl opropyl ]am no-2-(2, 3, 4-trichl orobenzoyl )acryl ate (3.59g) as a

pal e- or al§eNMBuIAPPMBEZS utstRMRR) Thel abibve- 3t tthedn)cr WddTtthH, m) ,
3-[2-(S)-fluoro-1-(R) cycl opropyl]am no-2-(2,3,4-trichl orobenzoyl)acryl ate
131 (3.7.20g) (MBS Wi sENlv.é@Hz)n @.i28d (dilbxahe J=&bEHz),, Snd@8af(ldr, atdi ng
sodi um hydri de (60~ content, 933ny, 10.82mmo1l) while cooling with ice, it
was stir ged.leiz)l4 shae (i I .heating in an oil bath at 50C. After
evaporationg the solvent under a reducedpressure, the residue was dissol ved
in chlor ghkample ¥0mM ) , and after washing with 10~ aqueous citric acid
solution (50nl) and saturated saline solution (50m) , itwas dried over
anhydr ous,q@il(tﬂp 1q_g11tn|1q d1)i-ng agent by

filtrati OT ' fdced pr essued pressure,

and the mw#%% -mtﬁm%mo%aglegt &&gﬂa-qaggggu% q%fe%r-ap hy,
t her eby

powder frcg% ;4 ethyl acetate - 1:2 eluate. 1H—NNR(4OOM—|z,
CDC13) 8: @léo—%n , 1 .91 (3H, t, J=7.1Hz) , 1.55-1.75 (1H, m,

g i 1§H§>1H’A§1§5 ﬁ@&*‘*é%-ﬂ%ggiﬁmg-gy' (I d, 322 i) N (e
o

7, 8yd| chI 0 “%‘ S/%Q%g]r oﬂ;%f’m@ cﬁ"h?ﬂ?‘%d&il inol i ne- 3
hydr ooh GHLE &adae %éﬁ%) Wf iﬁ‘Fé’é‘Pe&‘ PReBEy Srai ELuogpns (o ”Cegtfﬁt an o
E?;Qt 2‘} S S%rclqé.gx\fyfﬁg:}rc)ettlrr]—%n addi n 1ne— ! c(a %nﬂizylai%d Caocz(g.ld! an it r<]::l'1|e(ie:=1tet he

(422mg, 1.00mmol) was added thereto and stirred at room

temperature for 39 hours under a nitrogen atmosphere. After
concentrating the reaction solution under a reduced pressure,
ethanol (20ml), triethylamine (4ml) and water (4ml) were added
to the concentrate and heated under reflux for 3 hours. After
concentrating the reaction solution under a reduced pressure,
the residue was dissolved in chloroform (100ml), and after
washing the organic layer in a 10% aqueous citric acid solution
(50ml) , the organic layer was dried over anhydrous sodiumsulfate.
After filtering, the filtrate was concentrated under a reduced

pressure, and after adding dropwise concentrated hydrochloric
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out and washed with water (5nml x 2) , 5% aqueous ethanol solution (5m x 2)
, and diethyl ether (5nmL x 2) , thereby obtaining 909ng (89% of the title
conpound as a pal e-yel |l ow powder. 1H NMR (400MHz, CDC13) 8: 1.40-1 .80 (2H,
m , 4 .23-4 .28 (1H, nm) , 4.83-5.02 (1H, m , 7.67 (1H, d, J=8.8Hz) , 8.38
(1H, d, J=8.6Hz) , 8.86 (1H, d, J=2.7Hz) Melting point: 198 to 201C
Specific rotation: [a,]D29'5 - -24.0 Elenental analysis: As CL3H8CL2FNO3;
Calcd.: C 49.39% H 2.55% N 4.43% Found: C 49.14% H 2.40% N 4.33% M5

(mz) : 315 (My) , 354 M+K) + f le 16: . ) . .

7-13-(R -?ﬁlénﬁ%f&angoﬁ{%%ﬁP)lﬁy}ﬂr‘g?xw ﬁpfig}PP-‘él-E*hll&eo- }EyassptiFEsto- 1- (R
-cycl opropzl ]-1, 4-di hydro-4-oxoquinoline -3-carboxylic acid A m xture of 7,
8-di chl or® 1rocrrr2_tqn53enqqqﬁﬁ 5‘9;‘_3@@11)11%@ 3mol/1 Hydrochloric acid

cycl opropyl ] -1, 4-di hydr o- 4- oxoqui nol i ne- 3-car boxylic acid (253ng, O .
80mo1l) , (30mIRyas thean addeditdhthexgemtionsalitiyryahd@fmn Yashindi di ne
(272mg, 1.20mol), N-net hyl pi peri di ne (0.195n1, 1. 60mo1l) and di net hyl

sul f oxi deti&nfiel s astiidicedqgbeousd Ediloriomnmiilth dbhhorafiorm &0mil [x Bht h at
80C and under a nitrogen-replaced atnosphere . After 133 evaporating the
sol vent, the pksralseadiass tred tid i1An@d wirchetalny hgaeeuiat sodbimlhydndxide
aqueous citric acid solution (30nl) , and after separating the organic

| ayer, theoDafhbhC |ZAfedr wdjuvtshgotivé bH S ithedb£6li S alguedusosdl v biof 30nt) .
The organic | ayer thus obtained was dried over anhydrous sodium sul fate,

and aft er £ gnawiigh 1he1 AL HydtrREArikYadid | eattratti bRt ¥RD6r¥BSrm
evapor at ed under a reduced pressure. The residue was subject to silica gel

chromat oggeghy 2 G P@%f&:fnad( Rafdet f[cftrﬁinq over anhydrous sodium
but oxycar bonyl am no) cycl opropyl ] pyrrolidin-1-yl}-8-chlofo-1

-[2-(S) - TLypEQed: (Elle SLAANORYL] adapo dh Rudr '&P@Q@Hﬂ%&ﬁ”ﬁi%ﬁé@f&?xw ic

acid was obtalned froma chloroform™ nethanol = 10:1 el uate.

above- obt %ié%eﬁdeﬂ t%hgséﬁaixl[t%%(x}aesr uaififfiylf),( rgcrystallization in

but oxycar ylam no) cycl opr opy yrrofidin- or o-

“[2-(S)-1 Hﬁ’{:??'&'sgﬂx;e‘i%@'o‘?f%t%irilé[uéé}‘ﬁ%g%@%dé%é’:?xa%i L?Lgl‘%%%ac&ﬁg&%y' I C

acid was dissolved i n concen loric acid I'l e cooling

with ice,_and,after stirring at r t rat.ur.e for 20 m nut t.he
sol uti on RASTESEPERPEEFP Al P SRE) 47 B cShmotadiar fRereey

Col it on GEESTREA SAERCWRSFS Bhor KBLAPEREPRRSE - o Sor M aren de

'H-NMR (400MHz, 0.1mol/1 NaOD) &: 0.57 (4H, brs), 0.81 (1H, m),
1.03 (1H, m), 1.11 (1H, m), 1.25 (1H, m), 1.78 (1H, m), 2.05
(1H, m), 2.22 (1H, m), 3.35-3.60 (4H, m), 4.08 (1H, m), 6.45
(1H, dd, J=76.3, 73.8Hz), 7.07 (1H, d, J=9.3Hz), 8.00 (1H, d,
J=9,3Hz), 8.46 (1lH, s).
Melting point: 206 to 207.5°C
Specific rotation: [a]p®*"® = -67.70° (c 0.295, 0.1mol/l NaOH)
Elemental analysis: As Cz1 Ha3FoN3O4 ¢ 0.25CH3CH,OH;

Calcd.: C 59.92%; H 5.73%; N 9.75%

Found: C 59.85%; H 5.62%; N 9.68%
Reference Example 14:

Ethyl 6-amino-7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-
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to the aqueous | ayer after washing, thereby adjusting the pHto >11, and
thereafter, the pH was adjusted to 7.7 by adding concentrated hydrochloric
acid and Inol/1 hydrochloric acid. The aqueous | ayer obtai ned was then

subj ect to extraction into 139 chl orof orm (100mL) and chl or of or m net hanol
= 9:1 (100nL x 2), and the conbined organic |ayer was dried over anhydrous
sodiumsul fate. After renoving the drying agent by filtration, the solvent
was evaporated under a reduced pressure. The residue was then purified by a
preparative chromat ogr aph (deveI oped |nto the IOV\er Iayer of a 7:3:1

m xture a [{F S At &F 9 d

et hanol -di et hyl ether, and then drled under a reduced pressure toobtai n96ny
(30~) of the tiEftMéoﬁp“btmveﬁ%mel 62t O polirero- I+ RIVFEY QbemreryYId + nol / 1
NaOD/ D20) b: 0.95-0.65 (9H, m, 1.15-1.30 (1H, m, 1.50-1.75 (2H, m,
2.00-2. 101 (4+4ilmydre-8-tm@tiApl {3+hi tyo~4 3025 Bi 199l {1, 3-rgarbSpatd 75 (2H,

m , 4.10-9.15 (1H, m, 9.90-5.15 (1H, m, 7.05 (1H d, J=9.CHz), 7.99 (1H,
d, J=9.3Hg)0.@439271k2mnlol Y @ s/dizg soMeed i n@lijre tiy1 Fhdhaimd dle3 015 Gk, fi
rotation: [a]D29.5 _ 193.0 Elenental analysis : As C20H21CLFN303 ~ 1 .

5H20: Cal#6k 26@ SamOR0a Wat&O @3, ImI | waigdded HfopftisditheRote Whl&7 M5
(mz) : 906] (MtH)+] Reference Exanple 98: Ethyl

7-fluoro-deir{rny - 1h80EB01iH )wﬁkﬁ'ng While sealing the reaction
~~yl]-5-hydroxy-38met hyl - 1, 4- di hydr o- 4- oxoqui nol i ne- 3- car boxyl ate Et hyl

5-am no- 751 We{én kid & Q§£1EHU9ﬁ9e1 {Busy GranrRy bl 168m temperature
8- net hyl -1, 9- di hydr o- 9- oxqu|noI|ne 3-carboxylate (1.919g, 9.39mp1l) was

suspendede iy %%ur%que@fi% r%'alUtEi'thscs"l‘iiéi]o?P&é’é E?gn gli%).tv%’?& %ﬁ%ﬁﬁ ol “9

with ice, an aqueous sodaiumnitrite solution

dripped t a Sm%}éﬂc@n@&'ihg{'t&é u?:d"ef'rr&”rggggeéé:ﬁ% s[dke%es'ﬁ‘h” i dile oC for

30 m nute anmount urea was a same erature

D e ERTRES v ts'n%rQi.fnf%%% téé@%fé%f%f?%ﬁ%u% s Wxpf SRS | g

OC for 5 tes p 56 mol dde whl | e
stirring %?rpe%dcq ‘ﬁ')sach ﬂ)oofﬁo %ﬁ“g‘%“/&ﬁ (‘-S’P%Fﬁéngg%,ia?$ Y3 m
tenperature for 20 mnytes, extragti rofor (200mL x
bor For medR S RPCRR AP IR ado0dds T EEk P L PR %sefne°mﬁ3%%d. um
bi carbonate, the_aqueous | ayer was extract ed W|th chl orof orm (150nt x 3).
The conbl‘P?'éEa’o‘? e ? et %ﬁsp?‘t’é%rdri ed over anhydrous sodium sul fate,
and after, renoving the dr g_agent bt the filtration, the solvent was
evapor at e @ aREef4 W"e%lu@eél-ﬂr@s uPe-1TRé GHydw 'p?oﬁZIc,(? Hotraf ol 3% 1 hen
subject to a silica g chr omat ogr aphy, _t hereby obt aini Bg 29% (21~) of
the titl e3cdhpouit 45Ha Piri 8w3goRaddl 138m ) ahidor’ordhr-m ol 10: 1
el uate. 1H-NIVR (900MHz, CDC13) s: 1 .36-1 .97 (1H m , 1 .90 (3H, t,
J=7.1Hz) 4.9058.94 660 (5Hy m), ©.41 (B, 4, J=3.4483).3.85-3.90 (1H, n), 9
39 (2H, q, J=7.2Hz) , 9 .77-4 . 96 (1H n) , 6.58 (1H, d, J=11 .SHz) .
8.52 (1H,Eh%m€&'@12w1)31§1$651 MBS CrHzaFNsQG20 [ (MHH) +] Ref er ence Exarrpl e 49:
7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-5-hydroxy-8net hyl -1, 9-di hydro-9
- oxoqui nol i ne- Sadaxdhox ¥ 52 .32i%¢ A di.-AL2%reNofl ledKpl
7-fluoro-1-[2-(S)-fluoro-1-(R)cycl opropyl]-5-hydroxy-8-nethyl -1, 9-di hydro-9
- oxoqui nol i ne3Foanblox ¥l &2e 62325Hy4 .16805Md1). 12&cetic acid (3nl ) and
concentrated hydrochlori ¢ acid ( 1 . 5ml ) was heatedunder reflux for 2
hours i n ReferéndatExahple0I5: After then adding water (30ml) and cooling
with ice, the crystals forned were filtered out and then washed with water,
5~ aqueoustiefNanotl et o[R~ (e £l eyt 1 elRproyel sfiahyl PE7 g (90~) of the
title conpound as a pale-yellow powder.
dihydro-8-methyl-5-nitro-4-oxoquinoline-~3-carboxylate

Isoamyl nitrite (2.56ml, 19.1mmol) was added to

dimethylformamide (40ml) , andwhilestirringat 65°C, asolution,

wherein ethyl 6-amino-7-fluoro-1-[2-(S)~-fluoro-1-(R)-
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1H NVR (900MHz, CDC13) 8: 1 .90-1 .75 (2H, m , 2.58 (3H, t, J=2.5Hz) , 3.
99-9 .09 (1H, m , 9 . 80-5.05 (1H, mM , 6.70 (1H, d, J=11.3Hz) , 8.76 (1H,
d, J=3.2Hz), 13.17 (0.7H, d, J=l.OHz), 13.39 (0.7H brs) . Mlting point:
209 to 213C Specific rotation: [a] D29"" -111. 6 El enental anal ysis: As

Cl 9Hi zF2N09: Calcd.: C56.9y ; H3.76 g N 9.79 Found: C 56.90 g H 3.79g N
9.68 M5 (mlz) : 296 [ (M+H) +] Exanple 17: 137

7-[3-(R)-(1-am nocYcIopropyI)pyrroIidin 1-yl']-1-[2-(9)fluoro-1-(R)- cyclopro
pyl]-5-hydroxy-8-nmethyl -1, 4- di hydr o- 4oxodLU| nol i ne- 3 carboxylic acid A

m xt ure &ycrlqnmsbllrl[,zl-(q;)hydw%-ﬂm 5- nltro -oxoquinoline-3-

cycl opropyl ] - 5- hydr oxy- 8- net hyl -1, 9-di hydro-9-0.". -~~i nol i ne3-carboxylic
aci d (203 mpbaxweheol) (5.00g, 13.6mmol) was dissolved in
3-(R)-[1-(tert-butoxycarbonyl am no)cycl opropyl ] pyrrolidine (319nyg,

1. 388D Bimethislt fopmamigls | (GOmd. ) (,0was 3added BRwicly overdadpert & lof

sul foxide (1.5nl) was stirred for 66 hours while heating in an oil bath at
80C under3 aomrisr.ogafitee ptampebe B om syt eird ppAhiger theapediatisy ddiaitsien/ent ,
the residue was partitioned- in chloroform.(50m ) and 10k aqueous citric

acid sol wdgBrti82el)at 8BeC Fdred HARA ahl DewbAGPEEBL] Grid¥Rén e}fjueous
| ayer was further subject to extraction into chloroform ( 30 ) . The

conmbi ned QiR dray@oonay .t hartdei 8dtox8tidA YR Ush BOfb o U fcun, and
after renoving the drying agent by filtration, the solvent was evaporated

under a redyped:RECSIURRI L0 TRRIRDYC S H& wEFHdashed with 1mol/l
7-(3- (R -[1- (tertbutoxycarbonyl am no) cycl opropyl ] pyrrolidin-1-yl}-1-[2-(Sf

| uor o- 1- <r§)dd€d&hh xl:kd%t dﬁfmn&gswyéeéd%aq'lwgslaereﬂwlwnune 3-car

boxylic a ove obt ai ned crude

7-(3-(R) JR%; her anEt ‘i%@ﬁ&géh%'ﬂ &g&&a%&r%%p%ﬁ gbliglf ipaleel- [ 27 ()]

| uor o- 1-( cyc oprop r oxy-3- nmeth dro oxqu|no S ne-3-car

boxyl i agld. w3, disggl Ve‘—"aéa 13t 8&8%‘3&?&&&4‘%"’&%@1‘ 'L G QL 20M)

whil e coomgw ice, ef st rren O0Mm T errperature
t t h t t f Lo t f d hed
W Th cni G 20RE K8 119RS SRR oot e d 0 Bn TS &2@‘5 ’
| ut t dded ,whi | a ft
washi h;?#f%?a% RIS (g opras ‘ﬁ# ENTA SR

adjusted to 7.5 to 7 8 by addi ng concentrated hydrochl OI’IC acid and | ol / 1
hydr ochl dh® fzﬁﬁ"d° Tﬁewaéﬁsoﬁgw 8T ef T8t A FRIPTRECTREFE R L= 39 1
extraction into chloroform( 100nl ) , chloroform methanol =9 : 1 ( 100m
x 2) , &P |ower layer of chloroform nethanol: water = 7:3:1 (100nt),
and the gonbi ned orbgﬁnl c layer_ was _dried over anhydrous sodium sul fate.
After renBrPHg (#R0NfZ MYCgbrt: By37i (I aty o7 1HE R0l il/eﬁP wa87 ehddbor at ed
under a reduced pressure. The residue was then purified re aratlve
chr omat odapRy 10 d38l oBe I Tt D3ERL: AR -3 -ARe(18: B) 7:4: :i fol
chloroform nethanol: water), slurry-purified using diethyl ether, and t hen
dried und®r, a8 r QhRB pﬁ%s%%f eml @ 6b9§rﬂ 989018 - BH3~) of 8.8 t(1H,e cborrpound
as a yell ow powder. ~H NVMR (400MHz, 0. 1npl/1 NaOD/ D20) 8: 0.45-0.55 (9H,
m, 1.05-0=2P3HH . m), 1.45-1.70 (2H, m, 1.90-2.00 (1H, m), 2.05-2.20 (1H,
m , 2.16 (3H, s) , 3.05-3.20 (2H, m , 3.25-3.35 (1H, m, 3.40-3.50 (1H,
m, 3.90FRefExrdrké¢ ERampledd&:. 10 (1H, m, 6.16 (1H s), 8.33 (1H d,
J=3.4Hz). Melting point: 203 - 206C

Ethyl 5-amino-7-fluoro-1-[2-(8)-fluoro-1-(R)-cyclopropyl]-

1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylate

Ethyl 7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-
dihydro-8-methyl-5-nitro-4-oxoquinoline-3~carboxylate
(2.50g, 7.10mmol) wasdissolvedinacetonitrile (20ml) , andafter

adding a 5% palladium carbon catalyst (water content: 50%, 1.0qg)
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139 Specific rotation: [a]D25.1 = -274.4 El enental analysis : As
C21H2gFN3Og~ 1 . 5H20: Calcd: C58.8p ; H6.35 g N 9.81 Found: C 59.23 g H
6.20g N 9.48 M5 (mz) : 402 [ (M+H)+] Exanple 18:

7-[3-(R) - (1-am nocycl opropyl ) pyrrolidin-1-yl]-8-cyano-1-[2
(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 4- oxoqui nol i ne-3 carboxylic acid
A m xture of ethyl 8-cyano-7-fluoro-1-[2-(S)-fluoro-1-(R)

cycl opropyl ]-1, 9-di hydr o- 9- oxoqui nol i ne- 3-car boxyl ate (250ng, 0.785nmpl) |,
3-(R)-[1-(tert-butoxycarbonyl am no)cycl opropyl ] pyrrolidine (267ny,

1. 18mvp1) theraete; dtapasyetdrred ot saoméeppsragure for &hdrprs wndesi net hyl
sul foxide (13ml) was stirred for 2 hours at roomtenperature under a

ni t r ogen-2 dpidhagemapoghbetse 3% admosphssi siP YRS See s olAfder, remeviegi due
was partitioned in chloroform (30nl) and 10~ aqueous citric acid solution
(30m) , thd ddimlysabycfihyerings(madimratledashhngdr geme & illayatteobasi ned
was dried over anhydrous sodiumsulfate, and after renoving the drying
agent by ¢oheéentratedilirieanh wasttucsmbpeeaporal ecthdibierras ideducieth priedsur e.
The residue Was di ssolved in concentrated hydrochloric acid (4nml) and

gl aci al o6&t idiegdTvddil) etthylogetaiBe( O] L idl Hd3fed UnteedrépIut2 hours
while heating in an oil bath at 110C. After evaporating the solvent,

concentrag8d 380minlrdsQchhohesanel 4102014) wad wederadddul)aner gcedged, and
the solution was transferred into a separation funnel and then washed with

chl or of or ga £ BOFRI ng heaR bk HUSAYRy FOFIBY ML AKYEEX e SQA M Hs¥Bgridrn_added

to the aqueous |ayer after washing, thereby adjusting the pHto >12. Then
ft ' i t dj . B ddi
oncent 1o ea et S o e o e it G B T
| ayer Obt&ggﬂ&‘@%&%%%g@g;%&%@%%é,°w %ﬂe&%‘i‘i:%l%;ﬂ‘i‘?@g%gi §5§'§§%§h d the

subject to raction in I"or ot or mi'net hanol = 1
conbi ned o%gﬁngxlgggr dried over rQ¥ﬂ Qus; sodi um,sul fate. After

fomoving S S ET RET TS A it hed Undiedo R, TRUECRT BESSSRES Lnder 4
reduced p;gsgblgce.fozhelé/ lcluorvg .SOlaiG(arsngt Qgg%?bggi Qﬁg %’Je.{:fe compound was

thereby obtained as a yellow powder.

'H-NMR (400MHz, CDCl3) 5:1.23-1.36 (1H, m), 1‘.38 (3H, t, J=7.08Hz),
1.43-1.56 (1H, m), 2.39 (3H, d, J=2.20Hz), 3.70-3.77 (1H, m),
4.37 (2H, q, J=7.08Hz), 4.71-4.75 (0.5H, m), 4.87-4.90 (0.5H,
m), 6.20 (1H, d, J=11.96Hz), 8.37 (1H, d, J=3.42Hz).
Reference Example 17:

5-amino-~7-fluoro-1-[2-(8) -fluoro-1-(R) -cyclopropyl]-1,4-

dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid

Ethyl 5-amino-7-fluoro-1-{2-(8)-fluoro-1-(R) -
cyclopropyl]-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxyl
ate (735mg, 2.28mmol) wasdissolvedinal:1mixed solution (8ml)
of acetic acid:water, and after adding concentrated sulfuric
acid (90pl) thereto, it was stirred for 4 hours in an o0il bath

of 120°C. After cooling the reaction solution with ice, water
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recrystallized in ethanol and then dried under a reducedpressure to obtain
124ng (40~) of the title conpound as a yell ow powder. 1H NVR (400MHz,
DMSO-d6) 8: 0.48-0.51 (4H m , 1 . 66-1 . 90 (3H, m, 1.99-2.03 (1H, m,
2.03-2.09 (1H, M, 3.57-3.70 (3H, M, 3.79-3.83 (1H, M , 4.03-4.08 (1H, m
, 5. 18-5.35 (1H, m , 7. 14 (1H d, J=9.3Hz) , 8.16 (1H, d, J=9.3Hz) ,
8.61 (1H, d, J=3.9Hz) . Melting point: 138 to 140C Specific rotation:
[a,]D29'5 - +19.16 El enental analysis : As C2l Hzi FNaGs- 1. 25H20: Calcd: C
60.21g H 5. 659 N 13.0p Found: C 60.42 g H 5.62 N 12.72 M5 (mz) : 397 |
(MrH) +]  14420mipy ¥y poygedAhereinpand the mi FERSHROR FobyEiehivRS- 1- I
] -1- [2- (S) fluoro-1-(R)-c~clopropyl]-8-nethoxy-1,9-di hydro-9

oxoqui nol isfelredraoxypPpe semperatuxeufero? hqunfor o-The rresiipitated 1- (R)
cycl opropyl ] - 8- net hoxy- 1, 9- di hydr o- 9- oxoqui nol i ne- 3car boxylic acid (290ng,
0. 98mm1l)erysEA1R Wekq fadttemedorytariastyédmitd) exdesisuvakepyra gnallhe
(283ny, 1 .18mmol) , triethylamne (0.909nl, 2. 99mmvl) , and di net hyl

sul f oxi de drornt wisceldretidanol ahlPekcass dbetkyhesitheryinntihhat mdddat h at
80C under an argon-repl aced at nosphere. After evapotating the solvent, the

resi due wagndaHdr g uhdedhor88e8d (SPedgu s thtl HH°8UEeLUST Giduz£, acid
solution (30nl) , and after separating the organic |ayer, the organic |ayer

was mshe%znkq]%zmab@dtﬁal tiel1e ddtipihd 3B khertby 8p8aLhEd! By the
obt ai ned was then dried over anhydrous sodium sulfate, and after renoving

the dryi ne9eYr Refidd rétyHFa1d he sol vent was evaporated under a reduced
pressure. The resi'due was subject to a silica gel chromatography and a

de 7-(3 -b | rgi_ b I i £l
i pe e e g
i r o- 9- axoguizgo e-3-¢ca C AGid r Lge

chl grof or n@x’ngt'ﬁgnyfﬁﬁ d%o?iéé?gg%zaf ﬁﬁé ébm%\?et(gﬁf glp%l{eg'%?ugégo (O3,
7-(3- (R -[ 4 - ' I tyl i di 9

CLO1 0 [0 & 46 R UL e SR Gy (6" eb%t1m, a,

di hydr o- 4- ___)g)qluhgzcsl i ne-3-carboxylic acid wasdi ssol ved in concentrated
hydr ochl ori ¢ dcid”’(5ml) while cooling with ice, and after stirring for 5

m nutes in an jce-waterbath,

t he,sol ut i
Specific rotation: [ad]p™ " =

L on
—1?1.00° (c 0.510, 0.1mol/1l NaOH)
Example 7:

5-amino-7-[3-(R) - (l-aminocyclopropvl)pyvrrolidin-1-y1]-1-[2-

(S) -fluoro-1-(R) -cyclopropyl]-1l,4-dihydro-8-methyl-4-

oxoquinoline-3-carboxylic acid

After adding 3-(R)-[1~[N-(tert-
butoxycarbonyl)aminec]cyclopropyl lpyrrolidine (643mg,
2.55mmol) and triethylamine (0.5ml) todried dimethyl sulfoxide
(lml) , 5-amino-7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-
1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid (250mg,
850umol) was added thereto and stirred at 70°C for 37 hours while
sealingunder anitrogen atmosphere. Afterlettingthereaction
solution cool, the reaction solution was concentrated under a

reduced pressure, the residue obtained was dissolved in ethyl
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was transferred into a separation funnel and washed with chloroform (10m x
3 tinmes) . | Omwl/1 Aqueous sodi um hydroxi de solution was then added while
cooling with ice to the aqueous | ayer after washing, thereby adjusting the
pH to >12, and thereafter, the pH was adjusted to 7.4 by adding
concentrated hydrochloric acid and Inol/1 hydrochloric acid. The aqueous

| ayer obtained was then subject to extraction into chloroform( 100nlL x 3 )
and the conbi ned organic | ayer was dried over anhydrous sodi um sul fate.
After renoving the drying agent by filtration, the solvent was evapot aed
under a r@fied@ter 65diml). , Tard reashied Wwhtht acdOfecaapepiis icAddiion astildy|
acetate - hexane and dried under a reduced pressure 99ng (29~) of the title
conpound alaitisin o(d Golldeand ~sativRa tdA0NMBL ind6sOVBOLO8: (BOZQ-)L. 4ThelH, m),
1.95-1.60 (1H, m, 1.60-1.70(1H, n), 1.70-2.50 (8H, m, 3.30-3.40 (1H m,
3. 90- 3. 50 drlydnig laderlvd8lthed)drded ovartinkydtr s sbdidmis0Df4ddl, aind ,
5.00-5.22 (1H m , 7.09 (1H, d, J = 9. 1Hz) , 7.92 (1H d, J=9. 1lHz)

8.57 (1H, aFtek8idberinglVethé F3 1A%iate wid Yordarrddd anakysd reduddd
C22H26FN3Qg ~ 0 . 25H20 Calcd: C 62.92 g H 6.36g N 10.01 193 Found: C

63.20 ¢ H;%‘e?s?stg:‘é\.l 19nL3 M3 dul B taifPha s MhBh Hlodialer €ds enBxamalie K0:

3-cyano- 2, 4-di fl uorobenzoic acid After dissolving diisopropylamne (56.0nd,

395mml) gyt d SR 4hal ke 4998hh1s Wit eS BL ARG oRl If r ed at

-15C under  a nitrogen atnmosphere. After difipping therein a hexane sol ution

o o OB 0, BT e AL B pgiaga

cooling w our. After cooling this so

| ution, jn whi - di At rdle (25.00...180nmnl di,ssol ved
71 oy SRS Gt LR SRERRRL L SR S NI B a0 Vel
of 1 hour. Aft.er canpletion.of drippin the reaction . solutiqn was stirred
at -78C f SECLURE, ARy 1Ran i 1B Rht BBRC R btk SANS HEBIRSEE Heb TOR

reaction sgiution Lor B0 11 PSR ooHIZRSY Leha {6n P33 PReSdid L s
the reaction solution, and after washing the vellow acidic
aqueous solution with chloroform (50ml x 2) , the pH was adjusted
to 12.0 with an aqueous sodium hydroxide solution. After
adjusting the pH of the basic aqueous solution to 7.4 with 1mol/1
hydrochloric acid, extraction with chloroform (100ml x 3) was
performed. The organic layers were then combined anddried over
anhydrous sodium sulfate, and then the solvent was evapolated
under a reduced pressure. Theresidue thusobtainedwaspurified
by recrystallization from ethanol and then dried under a reduced
pressure. 32mg (9%) of the title compound was thereby obtained
in the form of yellow crystals.
1H-NMR (400MHz, 0.1mol/1 NaOD) &: 0.54-0.57 (1H, m), 0.60-0.67
(1H, m), 1.23-1.55 (3H, m), 1.74-1.85 (1H, m), 1.97-2.17 (2H,
m),2.33 (3H, s), 3.18-3.27 (2H, m) , 3.43-3.47 (1H, m), 3.54-3.63

(l1H,m), 3.71-3.78 (1H, m) ,4.77-4.79 (0.5H, m) , 4.93-4.96 (0.5H,
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hour, then raised gradually in tenperature, and then stirred at room
tenperature for 12 hours. 100nl of |nol/1 Hydrochloric acid was then added
to the reaction solution while cooling with ice and extraction into diethyl
ether (500nl x 2) was perfornmed. The conbi ned organic | ayer was washed with
saturated saline solution (500nl) and then dried over anhydrous sodi um
sulfate. After filtration, the filtrate was concentrated under a reduced
pressure, thereby obtaining 29. 7g ( 90~) of the yellow, anorphous conpound
of the title. This product was used in the subsequent 144 reaction

wi t hout Mrt ePGutlili ddti ¢ 561 HIVRA 4TFHH6HEDCE13) 8: 7.10 (1H, m), 8.32
(1H, m Reference Exanple 51: Ethyl

8- cyano- ZK KkBr p-digk)- ?8)3410I2uo33)44_r BRY 6 \yIABhr 8pYB] 2864, 1724, 1616,

1, 4- di hydr o- 4- oxoqui nol i ne 3- carboxylate 3-cyano- 2, 4- dlfluoroben20|c aci d
(29 69, 1EABONS06s 1diAsolMdd ,i 14d8iced® t ol uene (250nﬂ) , and after adding
a catalytic anmount of N, N-di met hyl formam de, thionyl chloride (17.7m,

243mol) MeAaTiHd A H:N 240 tekstigarcngakeenpbsangr at ure. Upon conpl etion of
dri pping, the reaction solution was stirred for 1 hour in an oil bath at

80C. Thersfdigid eblthRdchhe[f gt Q.59 Us] O COOb2S, td‘elrﬁ&.ﬁﬁi grgol ution
was concentrated under a reduced pressure, toluene (100ml was added to the

resi due, paRherAGEIURHAREAR . ald Qﬂﬁ% Sformed again. This operation was
repeated 3 tinmes. The concentrate t obt ai ned was di ssol ved in anhydr ous

t et rahydr of ur ag;{ 2Q0oty., ngggghlﬁ g%g LOQ y@Sgy i pped, while stirring and
cooling with ?‘23 ‘lgnto a solution, in S\&}\hlch trlgei"%hyl am ne (30ml) and et hyl

3-di et hyl am n €gh?2 9, 5140 ssol ved i n anhydrous
P&?%Oﬁ% 6% ?5@ Z N“‘E?%é’%

t et rahydr of ur an After corrp fon of "dripping, the reaction
solutlon\gqﬁ Jux for 12 hours . After then filtering the
reaction sollf{élon '(tﬁn gﬁh cellite (washing with diethyl ether) , the
filtrate S c%ncentrat.;e(i, unde nQ thelre5|du obt ai ned
was subj e ¥ AB+-E% Sypdsubst ance

was t hen Obt ﬂl%e%xyo_aec%‘é@h%%c_ n_t I, 611;“ O oxoqulnollne -3-carboxylate

Ethyl 6,7-difluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-

a

1,4-dihydro-8-methoxy-5-nitro-4-oxoquinoline-3-carboxylate

(13.96g, 36.14mmol) wasdissolvedindimethylformamide (180ml),
and 28% ammonia water (60ml) was addeddropwise inwhile stirring
and cooling with ice. After stirring the reaction solution at
room temperature for 64 hours, water (100ml) was added to the
reaction solutionand then concentratedunder a reducedpressure.
The water-containing residue obtained was then subjected to
extraction with ethyl acetate (100ml x 3) , and the organic layers
were then combined, washed with water (150ml x 3) and saturated
saline solution (200ml) in that order, and then dried over
anhydrous sodium sulfate. After filtering, the filtrate was
concentrated under a reduced pressure, the residue ocbtained was

applied to a silica gel chromatography , and 8.92g (64%) of the
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of a chloroform nethanol = 100:1 to 100: 3 eluate. This substance was then
di ssol ved i n anhydrous tetrahydrofuran (300nm) , 2- (S) -fluoro-1- (R
-cycl opr opyl am ne par at ol uenesul fonate (28.2g, 114mmpl) was added thereto,
and whilestirringat-15C, asolution, inwhichtriethylamne (23nl, 165mmv1)
was di ssol ved in anhydrous tetrahydrofuran (50m) , was dripped therein
gradual ly. After conpletion of dripping, the reaction solution was stirred
while cooling with ice for 2 hours and then stirred at roomtenperature for
12 hours . Water (300ml) was then added to the reaction solution, and
vacuum cotésher gompounds wper bbtadtedoinviper foemt hE acpripydedi updhy Water
(300nl) was further added, and then extraction into ethyl acetate (400nil x
3) was pesbbstedceAfrem washilpgofbemcmabhaerdlorgadfirt eduetewi t h sat urated
saline solution (500m), it was dried overanhydrous sodiumsulfate. After
filtrati otu-tvR (4doMmBL eCcDEd )k @canBrala, Wdee7r 6Hagedl pd @ SEH,eddd,

yel | ow sh-brown, oily substance was thus obtained. This substance was

di ssol vedgi=n.8,d.icstB 15uAy diogaRe . 64QQM,)m), , 3068 Whil, &itst <8 | HP5aBH=z§00!l i ng
with ice, 60~ oily sodiumhydride (4 .35g) was added gradually. This
reaction gquspepsiona \afi=2 Ngiy)st iar.red (gl r@Qn enper at Wig)f ou Bihqpn,. After
then concentrating the reaction solution to approxi mately 1/3rd the

ori gi nal u d a ucgdgRr Qssyr e, 1R1,hy chieric acid
(50m1) wabpoure s N eb A d0a | T eh e cogt i ngarlh Tear HhE7 PRI bi fat ed
solids werg fikt.er t,. d v , th S 14 W th
smal | anngﬁté o%’cgggﬂztRéﬁ%ﬁbghd%3?g($@ 62(h3??5rnfgﬁg? ggggf.ﬁ%ﬁg’crude
crystals gBkgE&gﬂ were purified by recrystallization in isopropanol, and
dried undér "a reduced pressure to obtain 10.6g (49~) of the title conpound

as yel | ow,sh-.Whi crystal %@% in int: 172 to 177C (deconposed) 1H NMR
(400%&,%2@&%&1.&-??%‘ ,Gnﬁffg’.’le (3H, t, J=7. 1Hz) , 1. 61-1 .99
(1H, m , 4.00 (1H, 4 40 (2H, q, J=7. 1Hz) ., 5.10 (1H, dm J=63.5Hz),
7.31 (1H m, éﬁ%]f‘{'ri?—lﬁ%ﬁiﬁ&". 6Hz), 8.77 (1H, m) [Test Exanple 1]

Ant i rial iviti f th n f thi
tibacteria E%%und} §§2F69 4e conpounds of this

Reference Example 19:

Ethyl 7-fluoro-1-[2-(8)-fluoro-1-(R)~-cyclopropyl]-1,4-

dihvdro-8-methoxy-5-nitro-4-oxoquinoline-3-carboxylate

Isoamyl nitrite (3.81g, 32.5mmol) was added to
dimethylformamide (60ml) , andwhilestirringat 70°C, asolution,
wherein ethyl é6-amino-7-fluoro-1-{2-(8)-fluoro-1-(R) -
cyclopropyl]-1,4~-dihydro-8-methoxy-5-nitro-4~-oxoquinoline-
3-carboxylate (8.90qg, 23.2mmol) was dissolved in
dimethylformamide (120ml), was added dropwise thereto over a
period of 3 hours. After completion of dripping, the reaction
solution was stirred at 70°C for 1 hour, allowed to cool, and
then poured into water (500ml). After extraction with ethyl
acetate (300ml x 3), the organic layers combined were washed

with 1mol/l hydrochloric acid (300ml) and saturated saline
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invention were neasured in accordance to the standard nethod designated by
the Japan Society of Chenotherapy, with the results shown as M C val ues
(mcrogranim) units in the followng table. For conparison with the MC
val ues of the compounds of this invention, MC val ues of |evofloxacin
(LVFX), ciprofloxacin (CPFX) and
7-13-(R)-(1-am nocycl opropyl )pyrrolidin-1-yl]-6
fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-nmethyl-1,4
d|hydro-4-pxoquinoline-3-capbox%;ic acid (Reference drug 1), which is
descri be¢alntRon §POBMbOVRB ingtahicrsesh A thepidriaghpyer aphydropg) e 1
Exanpl e 1Exanple 2~x 310 d xEx 11<003 0<003 0~ 003<03 0 .oE. coli, NIH} __
. 006 0 sodiompsolfabeo0RLP0bdlberingf thenkiltrae yagronqrpdnategl 2
0~0. 0030. 0060. 012Pr. vulgalis, 08601 1 _. 025 O.

under a reduced pressure, and the crude crystals obtained were

recrystallized inethanol and thendriedunder a reduced pressure.

3.81g (45%) of the title compound was thereby obtained in the

form of yellow crystals.

1H-NMR (400MHz, CDCls) &: 1.37 (3H, t, J=7.0Hz), 1.55 (1H, ddd,

J=9.5,6.0,3.5Hz),1.59-1.69 (1H, m), 3.93 (1H, dt, J=8.5, 5.5Hz),

4.11 (3H, t, J=2.5Hz), 4.37 (2H, dq, J=7.0, 1.5Hz), 4.86 (1H,

dddd, J=63.0, 6.0, 5.5, 3.5Hz), 7.20 (1H, d, J=10.0Hz), 8.55

(1H, d, J=1.5Hz).

IR (KBr, disk) v: 3062, 1722, 1639, 1602, 1544, 1425, 1328, 1259,

1057cm™.

Melting point: 167 to 170°C (decomposed)

Elemental analysis: As CieH14F2N20¢;

Calcd.: C 52.18%; H 3.89%; N 7.61%
Found: C 51.97%; H 3.78%; N 7.56%

Reference Example 20:

Ethyl 5-amino-7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-

1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxylate

Ethyl 7-fluoro-1-[2-(S) -fluoro-1-(R) -cyclopropyl]-1,4-
dihydro-8-methoxy-5-nitro-4-oxoquinoline-3-carboxylate
(3.71g, 10.1mmol) wasdissolvedinacetonitrile (50ml) , andafter
adding a 5% palladium carbon catalyst (water content: 50%, 1.5g)

thereto, it was stirred at room temperature for 20 hours under
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05 00. 0120. 0250. 1K. pneunoni ae, Type. 025 0. 0 10.0250. 050. 2Ser .

mar cescens, 10100. 05 0. 0O 20.050.10.2Ps. aerugi nosa, 32104. 025 0. 05

00. 0250. 0250. 1Ps. aerugi nosa, 32121. 0 2. 0 20.050.10.2Ps. maltophilia,

1D 1275<. <. 003 0<003 0<_0.003~ 0.003Ss. aureus, 209P_ <0. 003 003 O--.

012 0. 0.003 0.006 0.012S. epidermdis, 56500 .. 006 0003 0<0.0030.012Str.
pyogenes, G 36~0.003 012 0. 025 0. 0.012 0.0120.05Str. faecalis, ATCC
19433.. 05 0025

a hydrogen atmosphere at atmospheric pressure. After removing
the catalyst by filtering (methanol washing), the filtrate was
concentrated under a reduced pressure, the residue obtained was
applied to a silica gel chromatography, and 2.68g (79%) of the
title compound was ocbtained as a yellow amorphous substance from
a chloroform:methanol = 30:1 eluate.
'H-NMR (400MHz, CDCls) 5: 1.38 (3H, t, J=7.0Hz), 1.43-1.57 (2H,
m), 3.75-3.82 (4H, m), 4.37 (2H, q, J=7.0Hz), 4.81 (1H, ddt,
J=62.5, 6.5, 3.5Hz), 6.24 (1H, 4, J=13.0Hz), 8.37 (1H, d,
J=2,0Hz) .
HRMS (FAB): As CieHy7FoNo04 (M'+1);

Caled.: 339.1156

Found: 338.1150
Reference Example 21:

5-amino~7-fluoro-1-[2-(8)-fluoro-1-(R)-cyclopropyl]-1,4-

dihyvdro-8-methoxy-4-oxoquinoline-3-carboxylic acid

A mixture of ethyl 5-amino-7-fluoro-1-[2-(S)-fluoro-1-
(R) —cyclopropyl]-1,4-dihydro-8-methoxy-4-oxoquinoline-3-
carboxylate (2.68g, 7.92mmol), acetic acid (20ml) and
concentrated hydrochloric acid (20ml) was heated under reflux
for 3hours. After coolingthe reactionsolutionwithice, water
(200ml) was poured therein and the precipitated crystals were
filtered out. After washing with excess water, a small amount
of cold ethanol and excess diethyl ether in that order, the crude

crystals obtained were purified by recrystallization in a mixed
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00. 0250. 05S. aureus, 870307<0.05 003 0. 006 0~. 0.003<_0.0030. 006pneunoni ae
J24 Str. .. Exanpl e 14Exanpl e 15Ref erencedr ugLVFXCPFX1 < 003 0 < 003 0 <_
0.003 0.012< 0.003E. coli, NITHJ_ _. 006 O-. 006 O_ <_0.003 0.025 p S
flexneri, 2A 5503 . 012 0 . 012 0 <_ 0.003 0.012~ ,003Pr. vulgalis, 08601.
05 0. 025

solvent of chloroform/methanol and then dried under a reduced
pressure. 1.26g (51%) of the title compoundwas therebyobtained
in the form of yellow crystals.
'H-NMR (400MHz, DMSO-d¢) &: 1.54-1.64 (2H, m), 3.76 (3H, s),
4.02-4.07 (1H, m), 4.89-5,10 (1H, m), 6.59 (1H, d, J=14.0Hz),
7.73 (2H, br), 8.57 (1H, d, J=1,5Hz).
IR (KBr, disk) v: 3432, 3328, 1699, 1576, 1518, 1281, 1236cm™.
Melting point: 291 to 298°C (decomposed)
Specific rotation: [a]p?®'® = +40.01° (c 0.305, 0.1lmol/l NaOH)
Elemental analysis: As Ci4H:12F2N204;

Calced.: C 54.20%; H 3.90%; N 9.03%

Found: C 54.10%; H 3.86%; N 9.02%
Example 8:

5-amino~7-[3~(R) - (l-aminocyclopropyl)pyrrolidin-1-y1]-1-

[2-(S)-fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methoxy-4-

oxoquinoline-3-carboxylic acid

After adding 3-(R)-[1-[N-(tert-
butoxycarbonyl)amino] cyclopropyl ]pyrrolidine (788mg,
3.48mmol) and triethylamine (2ml) to dried dimethyl sulfoxide
(Iml) , 5-amino-7-fluoro-1-[2~-(S)-fluoro-1-(R)-cyclopropyl]-
1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxylic acid
(621mg, 2.00mol) was added thereto and stirred at 90°C for 168
hours while sealing in a sealed tube under a nitrogen atmosphere.
After letting the reaction solution cool and then concentrating

the reaction solution under a reduced pressure, the residue
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0_0. 0060. 10. 025K. pneunoni ae, Type 1. 0 1. 0 10.0120.10.025Ser. narcescens,
10100. 0 1. O 10.0250.20.005Ps. aerugi nosa, 32104. 05 0. 05

00. 0120. 10. 025Ps. aerugi nosa, 32121. 0 2. 0 2<003 00.390.78Ps. nualtophilia,
|1 D-1275.<. _ _ <. 003 02 00.1S. aureus, 209P~0.003 60.003 006 O0_ ~. 003 O.
0.390. 2S. epidermdis, 565000.00<._ <. 003 02 01.56Str. pyogenes,

G 36<_0.003 50.003_. 006 0. 78 00.78str. faecalis, ATCC 194330.020.025. 012

obtained was dissolved in chloroform (200ml) and washed with
a 10% aqueous citric acid solution (100ml). The organic layer
was thendried over anhydrous sodiumsulfate, andafter filtering,
the filtrate was concentrated under a reduced pressure. After
adding dropwise concentrated hydrochloric acid (10ml) to the
obtained residue while cooling with ice, it was stirred at the

same temperature for 30 minutes. 1lmol/l Hydrochloric acid
(20ml) was then added to the reaction solution, and after washing
the yellow acidic aqueous solution with chloroform (50ml x 3),

the pH was adjusted to 12.0 with an aqueous sodium hydroxide

solution. After adjusting the pH of the basic aqueous solution

to7.8with 1lmol/l1 hydrochloricacid, extraction with chloroform
(100ml x 3) was performed. Theorganiclayers were then combined

and dried over anhydrous sodium sulfate, and then the solvent
was evapolated under a reduced pressure. The residue thus

obtained was purified by recrystallization from a mixed solvent

of ethanol and diethyl ether, and then dried under a reduced

pressure. 74mg (9%) of the title compound was thereby obtained

in the form of yellow crystals.

lH-NMR (400MHz, 0.1lmol/1 NaOD) &: 0.48-0.53 (4H, m), 1.09-1.21

(1H, m), 1.32-1.43 (1H, m), 1.64-1.75 (1H, m), 1.93-2.01 (1H,

m), 2.10-2.23 (1H, m), 3.21-3.23 (iH, m), 3.21-2.27 (1H, m),

3.36-3.43 (6H, m), 3.79-3.84 (1H, m), 4.85-4.84 (1lH, m),

4.85-5.04 (1H, m), 6.06 (1H, s), 8.01 (1H, d, J=3.5Hz2).

IR (KBr, disk) v: 3454, 3410, 1716, 1617, 1577, 1548, 1511, 1232,
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0>. 25 63.13S. aureus, 8703070.0120.025<. 003 0. 78 00.1Str: pneunoni ae
J24<0. 003<0. 003 .. [ Test Exanple 2] For the conpound described as Exanpl e
1 of this invention, the mcronucleus test in bone marrow of nmce was
performed by the follow ng nethod. Mce groups, each consisting of five,

si x-week-ol d, Slc:ddY male m ce, were used. The conpound of this invnetion
described as Exanple 1 and 7-[3-(R)-(1

am nocycl opropyl )pyrrolidin-1-yl]-6-fluoro-1-[2-(S)

fluoro-1-(R)-cycl opropyl]-8-nethyl-1, 4-di hydro-4 oxoqui nol i ne-3-carboxylic
aci d (Releiléowe .drug 1) described in PCT/JP96/ 00208 were dissol ved in and
diluted with 0. Inol/1 NaOH saline solution. The O inol/1 NaOH sali ne

sol vent MBEtUAgUp8Sna: COM2I b, 128 afddecdmiidddd)e Reference drug, a drug
solution, prepared by dissolving and diluting cycl ophospham de (CP) in

sal i ne spighbABal VaRatysds: AL E,ug. QoYL ONsyepre di sinfected by
filtration through Mylex GS 0.22~un filters. Wth each drug solution, a

single intraveQus Gose 5%, de@ AKE WA aqmiy dizdr ed at an administration
rate of 0.2ml/mn. 24 hours after adm nistration, nyeloma cells were

col | ected fromdhipyf @My aae. o ke oPBAN REAYAti ons were prepared, and
these were dyed wth acrylic orange. Using a fluorescence m croscope, 1000

poIychr0ﬁ3§%§e§&¥tﬁﬁgﬁéigszﬂere observed for each individual nouse, and the
frequency of occurrence of m cronucl eat ed pol ychromatic erythrocytes and

the ratip, gl RUBLLSLYL 5 05Yh o5, ApSl, DOLYCIL QUP} LG, ST YLLT OCYtes 149

anong 10b9—e+ythfocy RS eant
e enCe 0 4 RS XL LONNEL 8% W1 UL AR MBI SR T1 8750,

control and a
58.5mmol) , thionyl chloride (6.4ml, 87.8mmol) and a catalytic

amount of dimethylformamide was heated under reflux for 30
minutes. Afterlettingthereactionsolutioncool, the reaction
solution was concentrated under a reduced pressure, toluene
(30ml) was added to the residue, and concentrationunder a reduced
pressure was performed again. The residue obtained was then
dissolved in tetrahydrofuran (20ml), and the resulting solution
was added to a tetrahydrofuran (40ml) solution of ethyl

B -dimethylaminoacrylate (9.20g, 64.3mmol) and triethylamine
(10.2ml1, 73.1mmol) while stirring and cooling with ice. The
reaction mixture was then stirred at room temperature for 1.5
hours and then heated under reflux for 16.5 hours. Afterletting
the reaction solution cool, theprecipitated solids were removed
by filtration and the filtrate was concentrated under a reduced
pressure. The residue was then applied to a silica gel
chromatography, and 15.1g (86%) of the title compound was

obtained from an n-hexane:ethyl acetate = 3:1 eluate.
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25, 50, and 100ng/ kg adm ni stration groups for the conpound described as
Exanple 1 and the judgnent result was thus negative . That is, the conpound
described as Exanple 1 was found to be extrenmely weak in m cronucl eus

i nduction and high in safety. In contrast, with the conparison conpound,
7-[3-(R) - (1-am nocycl opropyl ) pyrrolidin-1-yl]-6-fluoro-1-]
2-(S)-fluoro-1-(R)-cycl opropyl]-8-nethyl-1,4-di hydro-4

oxoqui nol i ne- 3-carboxylic acid (Reference drug 1) described in

PCT/ JP96/ 00208, m cronucl eus induction in conparison to the control was
clearly $EeRMRi (400Miz ,50DQR6) BOOhYP &g gt nidstt dtHz0n §r 88p63H Thesed ,resul ts
show t hat the conpound described as Exanple 1 of this invention, wherein a
f 1 uori ne3aB3@M(BH, thes )6, @QDilt i(BH, off, td=F .Adar BSOB-ToopoyIHE, m)-[ I-.6GR) - (1

am nocycl opropyl )pyrrolidin-1-yl]-6-fluoro-1-[2-(S)-fluoro

- 1- (R) - cxamgpbeey!,] 78 s8oet(hw,- k)4- di hydr o- 4- oxoqui nol i ne-3 carboxylic acid
described in PCT/JP96/ 00208 is replaced by a hydrogen atom exhibits a

pot ent aRliflaehee Bkaaplleo®3upon a broad range of both gram negative
bacteria and gram positive bacteria, including resistant bacteria, and yet

s Ni gh ERysAl ok ellest 205G ath-530s) FRtnlie cagRaygd of this

i nventiom e 1, T . and organ
concent  Ryrlacthl 81 s (A0H Rl 3kl N R EadBbayILREd by the Tolloning o
1. Method 1: i esis An adminisiratipnn, solution was prepared b

di ssol ving a fﬁ;‘?ﬁ% %B lr‘c\)%ﬁay?%mﬁn%%%—cgint?hﬁ on of 2ng/ n IO(ag free Y
conmpound), i.n.distilled water, .and Lhg a 2 5ol di sposabl.e syringe or a

ret Al or 5P HLHEECOERECYd) aEEyN AREs (5P arpy Lanpimel EPEF A5 lyes ar 2omy/ ko
to fasting_rat j.. CDIGS; nmale; 7-week-old; Charl | ver, Japan,

e 3 TRERaBE: BOBH « 85F G BUPE SO YCHE Rt SHEL (50m) SPLEEIPBups)
were killed b)y exsangui hati on whjle under_ether anesthetization 0.25, 0.5,
1, 2, 9, of (g 'F%Iﬁ'gl'é‘f‘f%'rpﬁ?wd' (4.50g, 59.8mmol) was added dropwise

while stirring and cooling with ice. After completion of
dripping, the reaction solution was stirred for 1 hour at room
temperature and then concentrated under a reduced pressure. The
residue obtained was dissolved in dimethyl sulfoxide (50ml),
and after adding spray-dried calcium fluoride (l6g) thereto,
it was stirred at 120°C for 26 hours. After letting the reaction
suspension cool, the reaction suspension was concentrated under
a reduced pressure, chloroform (200ml) and water (200ml) were
added to the residue, andafter performinga separationoperation,
the water layer was extracted using chloroform (200ml). The
combined organic layers were then washed with saturated saline
solution (100ml) and then dried over anhydrous sodium sulfate.
After filtering, the filtrate was concentrated under a reduced
pressure, the residue obtained was applied to a silica gel

chromatography, and 5.60g (39%) of the title compound was
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adm ni stration, and the blood, liver, kidneys, and lungs were sanpled. Wth
the bl ood, serumwas sanpled by centrifugation (3000rpm x 15 m nutes, 40
after coagul ation. Tissues were honogeni zed after adding 3 to 5nl of 0.1M
phosphat e buffer solution (pH 7 . 0) and the centrifugati on supernatants
(3000rnmpm x 15 minutes, 4C) were collected. The excretion test groups (4
rats per group) were put in a netabolic cage after drug adm nistration, and
collected urine sanples for 0 to 4 hours and 4 to 24 hours were sanpl ed
while cooling with ice, and at the tinme of sanpling, the interior 151 of
t he cage am=miwmshed & twhidep powdeat Elrpmlsnthbbr&Ednmthéthbansphat®0 Huf f er
solution (pH7 . 0) to recover the urine attached to the interior of the
cage . Alg@ludtteorder to exam ne gl ucuroni de and ot her conjugated conpounds,
a part of the sanple was separated, hydrolyzed with an equival ent anount of
| mol /1 aduyeqmmi JadomAzhydpexiyes sal ufi qnu,ard phereakjerineut () zed with
0.5nm0l1/ 1 hydrochloric acid, and concentrati on nmeasurenents were nmade on
sanpl es pfeparpd) | 1 .BRA-9 qANEsH, ME! hods2 (1 ug, GrIeeRHZIt,i @NodbasHr enent s
Det erm nati on of drug concentrafions in | iquid sanpl es were quantified by

an agar vgll seidagl tgpﬁ?)ay iAo e B subtilis ATCC6051 strain as the
test organism A test nedi umwas prepared by inocul ating a suspension
cont ai ni ~ g? fospores of the test bacteria at a proportion of
1~ into ar}%eén% r'?tgent%:ag rle%lz‘fl‘i'en Kagaku) that was sterilized at 121C for 15
m nut es . pr.oxj fat el 0G . Ater placing 10l each of
this medi dVES ; s e ROt 50 Jy, four
pare a fest plate nedium The
2, < 41S d&ed for preparation of the
test plate nedia., For th asure ts, the test sanmples (diluted with
serum or phospﬁé‘t’é‘tﬂiﬁ?‘égeg:g‘w Jr%‘pf ROTR st ’3})¥£’%‘é7:7'aﬁs)d'|“felﬁ}iydn's7'of t he
drug solutions for calibration (two-fold serial dilutions prepared so that
t he i nhi B*Q o TR LR bhet 23481 |1 ] ReIFsa Fidtes 8 CBFREHEY , and a

reference dr%? sol ution 152 _ )
(5.60g, 19.2mmol), acetic acid (25ml) and concentrated

hol es of
Bi oassay

hydrochloric acid (25ml) was heated under reflux for 4 hours.
After cooling the reaction solution with ice, water (100ml) was
added thereto, and the precipitated crystals were filtered ocut
and then washed with excess water, a small amount of cold ethanol
and excess diethyl ether in that order. The crude crystals
obtained were then suspended in ethanol (40ml) and stirred under
room temperature. The crystals were filtered out, washed with
ethanol, and then dried under a reduced pressure at 80°C for
17hours. 4.10g (81%) of the title compound was thereby obtained
in the form of a white powder.

'H-NMR (400MHz, DMSO-ds¢) &: 1.47 (3H, d, J=6.8Hz), 4.44 (1H,
d, J=9.6Hz), 4.62 (1H, d, J=9.6Hz), 4.99 (1H, g-like, J=6.8Hz),
7.59 (1H, t, J=9.1Hz), 7.95 (1H, dd, J=9.1, 5.4Hz, 9.07 (1H,

s).
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(a drug solution of given concentration for correction of the error anong
plates; normally, a concentration of formng an inhibition ring of
approximately 20mmis used) were prepared, and 50,L of the test sanple (or
the drug solution for calibration) were placed in each of two of the four
hol es of each plate and 50,L of the reference solution was placed in each
of the other two holes. After addition of the sanple, the plate nedi um was
set still for 1 hour at 4Cto performprelimnary dispersion and then
culturing at 37C was perforned for approximately 1B hours, and the
i nhi biti dhlemental analysiserks aluFé@.usi ng CA-400 (Dai ni ppon Seiki). The
concentrations of the test sanples were neasured using a calibration curve
determ ned by Sedodd<ocdé® .B§redsBoB3kroM Th@2kogarithm c val ues of the
drug concentration of the calibration curve serial dilutions and the
i nhi bition ringodndnetcess.. 66&; Hhe .96%3uN 6086@ntration (~g/m) , the
concentration (~,g/m) in the honbgenate supernatant was determ ned from
the tissusxcagppdito{g) and the added phosphate buffer amount (m) and using
the foll owi ng equation: [Tissue concentration]= [ Honbgenate concentrati on]
x ([ Ti ssugpWes gy - (1 LB A SEy SRt 13 Ssyie) e ght ] The urinary
excretio e TT e d T Cr g)— of_drug
adm ni st ?&ﬁﬂé;d%@m@ lﬁ%tﬁélwi&?o-( ~-pVAshidEr splaltion), and concentration
[ rrﬁﬁ§l£?%%———ﬁbﬂfna

(~g/m) 5 ry excretion rate] -
100 x ([Qﬂgp ] nee Lo | rine])/[ Anount of drug
adm ni st o : BN rh(yidokinetic paraneters For each

drug, the phar oki neti.c pargaeters ,in rats were cal cul ated based on nean
concentration,H%§eﬁoﬁggﬁﬁﬁa§t3§§tzﬁ 5%3F§sis, and using the

har nacodynam cs anal ysi S. sof t e, PS CcP nedi ca). The s N
(F:) oncent r g%l‘f%?f‘%?ﬁﬁ?cﬁé‘y%?@arho X m@ﬁ?%ﬁgﬁf%&ﬁﬁ%‘? %(I dneys, Fid%mq ungs of
thte hod QP ngﬂzr@{,fbﬁg ”H't%&}ﬁtg@;aﬁ%? &' Sort) % 41 3§ ETEAST S e ghove

(3ml), 10-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7H-

pyrido[l,2,3-del [1,4]benzoxazine-6-carboxylic acid (244mg,
928umol) was added thereto and stirred while heating in an oil
bath of 100°C for 18 hours under a nitrogen atmosphere. After
concentrating the reaction solution under a reduce pressure,
the residue was dissolved in chloroform (100ml). After washing
the organic layer with a 10% aqueous citric acid solution (50ml)
and saturated saline solution (50ml) , the organiclayerwasdried
over anhydrous sodium sulfate. After filtering, the filtrate
was concentrated under a reduced pressure, and after adding
dropwise concentrated hydrochloric acid (6ml) to the residue
while cooling with ice, it was stirred at room temperature for
30 minutes. After adding 4ml of water to the reaction solution
and washing this acidic aqueous solution with chloroform (10ml

x 3) , the pH was adjusted to 12.0 with an aqueous sodium hydroxide
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Tabl e 2 Conpound of Exanpl e 1Conpound(1 HCl, 0.25 |IPA, Reference

Drug(addi tion product)0.25 H20) (1 MsOH, 1 H20)SerunC~ ( ~.~.g/m )1. 71.
6t12 (h)1.21. OAUCo-4n ( fig" h/nml- )3 .12 . 3Tissueliver27.411. 6C~ (
~tg/g) Kidneyl4 . 25 . OLung3.83.0 cn Liver 34 . 5 ( 11. 0) 10. 4 ( 4. 6
) AUCo-4n Kidney 2 9. 0 ( 9. 2) 7 .1 ( 3.1 ) (tissue/serumlLung 10.0
(3.2) 5.3 (2.3] ratio) Uinary 0-24h 8.1 1.8 recovery after addition 8.7
2.3 ratio (per of conjugated dose) conpounds As is apparent from Table 2,
t he conpound of this invention was found to be distributed at higher
concent r aspbutiohor Afther adiustind the pHeof ithechapie mcmeous Relevtione drug
1. It is thus apparent that the conmpound of this invention is excellent in
oral absotefli.dwith lineldL sychmudlerticdaidl katramtdondvidth ¢thlerofioemtion i s
excellent in tissue penetration. The structures of the conpounds that were
conpared Kbhoomlini3)i vasaser Barmiad | ORE te@odpoiing clesrc anhedratsExadpln 1
Conmpound descri bed in PCT/JP96/ 00208 Reference drug 1 H N H2 | NDUSTRI AL
APPLI CABI §h1¥a €enPend diolferithivasi Bvepblatedximdiés £xealuledt ppabkhiasteri al
action upon a broad range of both gram negative and gram positive bacteria

and, in pehéirgdidue € BbtaRAbARaAPIEPALES by e G} d P I AMSILAFAGRST
resi stant grampositive bacteria, such as nethicillin-resistant

St aphyl 0c@efage U heh dr¥ld unBER £ rbliRaliGSE&d fitte St ORI P§6 5% )
pneunoni ae (PRSP) , vanconycin-resistant Enterococcus (VRE), etc., and

Qui nol onesk &3]t 3R HAGHSLIA AR NG ) BERXGRLLEIN dhid FLEIE J8010w

characteristics, such aéﬁge|ng negative in mcronucleus tests,

excel | ent %g ngrnacokinetics, such as being inproved in urinary recovery
C 8 S. . . . .

rates and rng-excellent in oral absorption and tissue penetration, etc.

The <o ouaal d ) MO RS VR @B, PICHRT (3h, cqIPounCs
J=6.80Hz), 1.66-1.78 (1H, m), 2.01-2.11 (1H, m), 2.19-2,30 (1H,
m), 3.38-3.60 (4H, m), 4.25 (1H, d, J=11.0Hz), 4.47 (1H, d,
J=11.0Hz), 4.55-4.63 (1H, m), 7.11 (1H, d, J=9.03Hz), 7.81 (1H,
d, J=9.03Hz), 8.32 (1H, s).

IR (KBr, disk) v: 1634, 1529, 1446, 1429, 1363, 1269, 1227,
798cm™ .
Melting point: 249 to 252°C (decomposed)
Elemental analysis: As Cy¢H23N304°HC1l°0,5H,0;
Calcd.: C 57.90%; H 6.07%; N 10.13%
Found: C 57.65%; H 5.87%; N 9.97%
Example 10:

1-[2-(8) -fluoro-1-(R) -cyclopropyl] -8-methyl-7-[3-(R)~[1~

(methylamino) cyclopropvyllpyrrolidin=-1-yl]-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid

After adding 3-(R)-[1-[N-(tert-butoxycarbonyl) -N-

(methyl)amino]cyclopropyl lpyrrolidine (118mg, 436umol) and
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157 CLAIMS 1. A conpound represented by the follow ng general formula
(I), its salts, and hydrates thereof: H,NR -NRs R3 | [wherein Ri
represents an al kyl group having 1 to 6 carbon atons, an al kenyl group
having 2 to 6 carbon atons , a hal ogenoal kyl group having 1 to 6 carbon
atons, a cyclic alkyl group having 3 to 6 carbon atons, which nmay have a
subs tituent, an aryl group, which my have a substituent, a heteroaryl
group, which may have a subs tituent, an al koxy group having 1 to 6 carbon
atons, or an al kyl am no ?rou having 1 to 6 carbon atons; RZ represents an

al kyl t hi o tyierhydaming 1(Q Iar Bon dxieds d?rm%ttl‘rw]dra’gbﬁomém (Wmddei n R2
and the abovenentioned R1L may be integrated to forma ring structure by

i ncor por afli-fg uerpailt [@fF (She fiubrer 1sK&) eyl oprepyvh (s 8F-metrby 1r-ilng -may
contain a sulfur atomas a ring-constituent atom and the ring may be

substi t ut gd M ravs 4alokslquid held R neaBi-ag rbobkg 18 cCad 1 (| 120aks , 4 36luEdl yushave a
substituent; R3 represents a phenyl al kyl group conposed of an al kyl ene

group 158adqebPthieeto! Anf Kéd bOA WP ki RREBY! o8l ObREh adE aldore group
having 1 to 6 carbon atons, an al koxynethyl group having 2 to 7 carbon

atons , aryd] 9084 ARde? PMPBHoglOHPmo8phase! OB EbndedtRating
pi val oyl oxynet hyl group, an ethoxycarbonyl group, a choline group, a

di met hyl amnRogthyt i Gk w,utao% #RqaPM rghaHed p?réé’!ﬁdﬁ_l | ghBYie SHAWP wad
5-al kyl - 2- oxo- 1, 3- di oxol e-4-yl net hyl group, or 3- acetoxy 2- oxobut yl

group; R4 r%@r 95/ S ;&bﬁ'o'%fo‘}ho%ﬁo%‘i' N9 ixFTth wﬁé gngkgmérgéﬂlé' kenyl|

group haV|ng to 6 carbon atons |, I"Kynyl” “group
layerwithalO% aqueouscitricacidsolution (100ml) , theorganic

layer was dried over anhydrous sodium sulfate. Afterfiltering,
the filtratewas concentratedunder a reduced pressure, andafter
adding dropwise concentrated hydrochloric acid (2ml) to the
residuewhilecoolingwithice, itwasstirredat roomtemperature
for 30 minutes. After adding 1lmol/l hydrochloric acid (2ml)
to the reaction solution and washing the yellow acidic aqueous
solution with chloroform (50ml x 3) , the pH was adjusted to 12.0
with an aqueous sodium hydroxide solution. After adjusting the
pPH of the basic aqueous solution to 7.4 with 1mol/1 hydrochloric
acid, extraction with chloroform (100ml x 3) was performed.
After drying over anhydrous sodium sulfate, the solvent was
evapolated under a reduced pressure. The residue thus obtained
was then purified by a preparative chromatography (developed
into the lower layer of a 7:3:1 mixture of
chloroform:methanol :water) , purified further by
recrystallization from ethanol, and then dried under a reduced

pressure. 72.8mg (42%) of the title compound was thereby
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2 to 6 carbon atons, an al koxy group having 1 to 6 carbon atons a hydrogen
atom an am no group, a hydroxyl group, a thiol group, or a hal ogenonet hyl
group, and anong the above, the am no group may have one or nore
substituents selected fromanong the group consisting of an al kyl group
having 1 to 6 carbon atons, an aryl group having 2 to 5 carbon atons, and a
fornmyl group; A represents a nitrogen atomor a partial structure
represented by formula (11): B X (wherein Xl represents an al kyl group
having 1 to 6 carbon atons, an alkenyl group having 2 to 6 carbon atons, an
al kynyl grebpahaefngnothe §°€§r95nya¥bﬁﬁ,Cﬁﬁsﬁﬁkéxy group having 1 to 6
carbon atons, a hydrogen atom an am no group, a hal ogen atom a cyano
group, a htHoPE dHOOMAZ ,gPolpol it NAORN SjePoRBtRokd (AU ,15921-4pBRg t he
above, the ami no group nay have one ore nore substituents selected fromthe
group consi(3Hj ng) pfl am0al k§4d (RRuUphai.[8P-R 101 & 1dar bdn 2t 8ds (38R &)yl
group having 2 to 5 carbon atons, and a fornyl group, wherein Xl and the

af orenenti 2nég R3Hpey) b .ian-@gBB ¢dH, am§ pr3n 27 +3 12P StIHcCmir,e3be3-3, 65
incorporating a part of the nother skeleton , the thus forned ring may
contai n an(oMygen, at. 04307 (IPge) ,a6005 QIH Admyl f+63 A1 2HR RS 73 09 NOH,
constituent atom and this ring may be substituted by an al kyl group having

1to6 carﬁrp 8t oos(1uhi gh, mByshayena sybstituent); each of RS and Rs
i ndependently represents an al kyl group having 1 to 6 carbon atons, a

hydrogen atRMkeY, @i SkPSL 88469 30RE0xy30 J08UR  derdy/ el i O ayy ank g, aci d,

di peptide, or tripeptide, wherein the al kyl group may have one ore nore

substituenigggelggg@g igggltmgsgroyngggs{sting of an al kylthio group

having 1 to tarbon’atons, an al koxy group having 1 to 6 carbon atoms, a

hydr oxyl gﬁgfg%%§p§°§n@alQgﬁgFﬁfggk??nd n represents an integer 1 or 2]. 2.

The conpou rg toC s salts or hydrates thereof, wherein
t he conpou formul a

d of (1).is @a.gtereqchend cally onpo ...3,...The
conpound ageﬁPaFﬁﬁ f?F?ﬁ%ﬁ&anaﬁD 2,'Ttgﬁghﬁ%5 h?ch@%%gt@sqgﬁipgoy?oﬁherein
?Oln t he fﬁigﬁggtgi)ahgl%siéa ;Qecg%gﬁﬂggg;accordlng to any one of clains 1

Calcd.: C 66.15%; H 6.56%; N 10.52%
Found: C 65.92%; H 6.52%; N 10.40%
Example 11:

1-[2-(8S)-fluoro-1-(R) —~cyclopropyl]~-8-methoxy-7-[3-(R)-[1-

(methvlamino) cyclopropyllpyrrolidin-1-v1]-1,4-dihydro-4-

oxoquinoline~-3~-carboxylic acid

After adding 3-(R)-[1-[N-(tert-butoxycarbonyl) -N-
(methyl)amino]cyclopropyl lpyrrolidine (102mg, 379umol) and
triethylamine (0.50ml) to dried dimethyl sulfoxide (1ml),
7-fluoro-1-[2-(8) -fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-
methoxy-4-oxoquinoline-3-carboxylic acid (112mg, 379umol) was
added thereto and stirred while heating in an o0il bath of 100°C
for 15 hours under a nitrogen atmosphere. After concentrating

the reaction solution under a reduced pressure, the residue was
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3, its salts or hydrates thereof, wherein R3 in the formula 160 (1) is a
hydrogen atom 5. The conpound according to any one of clains 1 to 4, its
salts or hydrates thereof, wherein R2 in the forrmula (I) is a hydrogen
atom 6. The conpound according to any one of clainms 1 to 5, its salts or
hydrates thereof, wherein R4 in the formula (1) is a hydrogen atom 7. The
conpound according to any one of clains 1 to 6, i is sal is or hydrates
thereof , wherein Ainthe fornula ( I ) is a partial structure represented
by the formula (I1). 8. The conpound according to claim?7, its salts or
hydr at es dhesebved wherehhoreferamt (206w hul Aftey washingt Hexyorganbe a

nmet hyl group, a difluoronethoxy group, a fluorine atom or a chlorine atom
9. The colqyemnuisbeol@ agueousiciitmic agidsehitsonr(1RPmldt, dthea deganic,
wherein Xi in the formula ( I I ) i s a nmethoxy group or a nethyl group.
10. The chaperwdsahtedovgr hahgdyocasscafiu suhfaflet 0 AEtdr £i bt sn@)
hydrates t hereof, wherein each of R5 and R6 in the fornula (I) is a

hydr ogen shéfilttatéhe Losheantrats@nddes d fediiye@pee8butkaidifd dfter9, its
salts or hydrates thereof, wherein one of either R5 or Rs in the formula

(1) is a HydingedrapRisandohben 0tdeéd | BydroBhINEi 8 60d {Zml )Theo cam@ound

according to any one of clains 1 to 161 9, its salts or hydrates thereof,

wher ei N opgs Au&hk d3>19md Wi tRikal T vad btikBed atHRPEEMBL PILRAE t he
other is a substituted carboxyl group derived froman amno acid, a

di pepti degoprag MA@;%J derek3 alRSn orm%v@ ﬁg&gﬁehmgr{@cggm(ﬁnﬂ clai ms

1to 12, 1ts salts ydr ates thereof, ere e cyc group

Eg}’iong 3 £8 t@aecéregr%@iﬂhogéluwéﬁ LB YaBRY Rg?eRd ReilidW§Bl ai b fledts 2

genocycl opropyl” group.
solution with chloroform (50ml x 4) , the pH was adjusted to 12.0
with an aqueous sodium hydroxide solution. After adjusting the
pH of the basic aqueous solution to 7.4 with 1mol/1 hydrochloric
acid, extraction with chloroform (100ml x 3) was performed.
After drying over anhydrous sodium sulfate, the solvent was
evapolated under a reduced pressure. The residue thus obtained
was then purified by a preparative chromatography (developed
into the lower layer of a 7:3:1 mixture of
chloroform:methanol :water), purified further by
recrystallization from ethanol, and then dried under a reduced
pressure. 78.3mg (50%) of the title compound was thereby
obtained in the form of yellow crystals.
H-NMR (400MHz, 0.1lmol/1 NaOD) &: 0.57-0.61 (4H, m), 1.33-1.40
(1H, m), 1.56-1.58 (2H, m), 1.99-2.01 (1H, m), 2.34 (3H, s),
2.87-2.89 (1H, m), 3.15-3.17 (1H, m) , 3.52-3.54 (3H, m), 3.53
(3H, s), 4.00-4.02 (1H, m), 5.02 (1H, dm, J=64 .45Hz), 7.03 (1H,

s), 7.92 (1H, 4, J=7.03Hz), B8.39 (1lH, s).
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14. The conpound according to claim13, its salts or hydrates thereof,
wher ei n t he hal ogenocycl opropyl group is a 1, 2-cis-2-hal ogenocycl opropyl
group. 15. The conpound according to claim 14, its salts or hydrates

t hereof , wherein the hal ogenocycl opropyl group is a stereochem cally pure
substituent. 16. The conpound according to claim15, its salts or hydrates
t hereof, wherein the hal ogenocycl opropyl group is a (1R

2S) - 2- hal ogenocycl opr opyl group 17. The conpound according to any one of
claims 13 to 16, its salts or hydrates thereof, wherein_the alogen at om of

t he hal og%dgﬁa,d%ﬁ}ﬂ,w FRgy PR, 307 i A838r AR371g2787, 1716, 1
7-13-(R)-(1-am noc&clo ropy’y%f%rrolldln 1

yl]-1-[2-¥6)67 | 14 11 $§fc prbpy? 1 -1252 di W2k end- oxo

1, 8- napht hyri di ne- 3-carboxylic acid, its salts or hydrates thereof . 19.
7- [3-(R) -Mél'amcchqﬁhbprzquaﬂliﬂd din-1 162
yl]-1-12-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-4

oxoqui nol $pec3f cardmeatien aciolPt'$ salasorehydr at @95t her Badl /2ONaoOH)
7-[3-(R) - (1-am nocycl opropyl )pyrrolidin-1

yl]-1-[ 2-E18ménhtel cadalyBisy AT LHYJFN:8; £hl oro-1, 4

di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid, its salts or hydrates thereof.
21. 7-[3-(R) - ( taa@anacyclesnsopy! Hpwr. Baki;din1d.11%

yl']-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-fluoro-1,4
di hydr o- 4- oxoqgioeld:Ne $3CAR0X Y ieC 3a&i,dy iot, 97%al ts or hydrates thereof.
22. 7-[3-(R)-(1- amnocyclopropyl)pyrrol|d|n 1

yl]-1- [ZCF,Qr%f,j_éuo;[Q 1- (R) -cycl opropyl ]-8-difl uoronet hoxy

1, 4-di hydr oxqu|noI|ne 3-carboxylic acid, its salts or hydrates

t her eof .

yl]-1-[2-

met hoxy- 4; ages t hereof. 24

7- [ 3- =4-[2-(9)

dihydro-4-oxoquinoline~-3-carboxylic acid

After adding 3-(R)-[1-[N-(tert-butoxycarbonyl) -N-
(methyl)amino]cyclopropyl]lpyrrolidine (690mg, 2.25mmol) and
triethylamine (0.50ml) to dried dimethyl sulfoxide (4ml),
S5-amino-7-fluoro-1-[2-(8)-fluoro-1-(R) -cyclopropyl]-8-
methyl-1,4~-dihydro-4-oxoquinoline-3-carboxylic acid (250mg,
850umol) was added thereto and heated under reflux in an oil
bath of 70°C for 24 hours under a nitrogen atmosphere. After
concentrating the reaction solution under a reduced pressure,
the residue was dissolved in chloroform (100ml). After washing
the organic layer with a 10% aqueous citricacid solution (100ml)
and saturated saline solution (100ml), the organic layer was
dried over anhydrous sodium sulfate. After filtering, the
filtrate was concentrated under a reduced pressure, and after

adding dropwise concentrated hydrochloric acid (5ml) to the
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fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 8- met hoxy-4 oxoqui nol i ne- 3- car boxyl i c
acid,itssaltsor hydrates thereof. 25.

7-[3-(R) - (1-am nocycl opropyl ) pyrrolidin-1

yl']-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-8

met hyl - 4- oxoqui nol i ne- 3-carboxylic acid,its saltsor hydrates 163 t her eof .
26. 7- [3- (R - [1 (methylam no)cycl opropyl ]pyrrolidin-1-yl]-1-[2-(S)
fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-8 rret hyI 4 oxoqui nol i ne- 3- car boxylic
acid,itssalts or hydratesthereof. 27 . 7- (R [1

(et hyl ani F®FEEe ¥PLdMIqPNiMDYi Eh hce. qwas le (sy-d at room temperature
fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 8- net hyl -4 oxoqui nol i ne- 3- car boxylic
aci d, i t ssEPT s3@minyuikes estfdesorddiag BH@WthYdFQCbPPr(LQ acid (2ml)

am nocycl opropyl)pyrrolidin-1-yl]-1-[2-(S)-fluoro-1-(R)

cycl opr opyd]tHe 4edichicdnos8latiion artd ershungothaered-lasw baidiki aqueods its
salts or hydrates thereof. 29. 5-amno-7-[3-(R)-(1

am nocycl eprapion pyirtiochilbrofoyin] ¢50R12 x(H) ; theopd whs(dYjusted to 12.0

cycl opropyl]-1, 4-di hydr o- 8- net hoxy- 4- oxoqui nol i ne-3 carboxylic acid, its
salts or Wyehalresqhbens Fodidh hpdhdki@e 6d1atibh.( IAfter adjusting the

am nocycl opropyl )pyrrolidin-1-yl]-1-[2-(S)-fluoro-1-(R

cycl opr Op%ﬂa lofltHe Hathd 8q8ebBs RYIVAIGHOEYIMA Wieh a_nfbar/llopsyafscmbfllcl ts
salts or hydrates thereof. 31. 5-amino-7-[3-(R-[1

(et hyl an&BPaCYQﬁePﬁe\QYHIpM{f:Rlbﬁlaréféfh}l Q-lb@misi 3) was performed.
fluoro-1-(R)- cyc opropyl ] hydr o- 8- met hoxy-4 oxoqui nol | ne- 3-car boxylic

acid, i t SSgEL8,0 f%%l?é {:9%% Egéﬁ'g{ifo%gd'sodﬁgﬂ gfa{:e‘?‘ th®) solbert was

am nocycl opr opy

(3)- el hyég%?g;gtzwﬂézdg[r]ed%c%ddﬂééséwenma;égfa&ectm%xu&nga' d. its

salts or her

was then purified by preparative chromatography (developed into
thelower layerofa7:3:1mixtureof chloroform:methanol :water),
purified further by recrystallization from ethanol, and then
dried under a reduced pressure. 70.0mg (20%) of the title
compound was thereby cbtained in the form of yellow crystals.
'H~-NMR (400MHz, 0.1lmol/1 NaoOD) &: 0.56-0.64 (4H, m), 1.21-1.61
(3H, m), 1.92-1.96 (1H, m), 2.22 (3H, s), 2.45 (3H, s), 2.68-2.73
(l1H, m), 3.19-3.31 (3H, m), 3.59-3.66 (1H, m), 3.72-3.77 (1H,
m), 4.76-4.78 (0.5H, m), 4.98-5.01 (0.5H, m), 5.97 (1H, s), 8.55
(1H, d, J=3.66Hz).

IR (KBr, disk) v: 3440, 3329, 3082, 3005, 2964, 2937, 2877, 1716,
1620, 1549, 1506, 1437, 1404cm™

Melting point: 129 to 131°C

Specific rotation: [a]p?®'® = -291.90° (c 0.285, 0.1mol/1 NaOH)
Elemental analysis: As C,1HpsFNy4O3:0.25H0;

Calcd.: C 63.07%; H 6.62%; N 13.37%
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33. 1-(cyclopropyl)-8-nmethyl-7-[3-(R-[1

(et hyl am no) cycl opropyl ] pyrrolidin-1-yl]-1,4-di hydro-4

oxoqui nol i ne-3-carboxylic acid,itssalts or hydrates thereof. 34. A

medi cament, which conprises the conpound described in any one of clains 1

to 33, its salts or hydrates thereof as an active ingredient. 35. An

anti bacterial agent, which conprises the conpound described in any of

claims 1 to 33, its salts or hydrates thereof, as an active ingredient. 36
A therapeutic agent for an infectious disease, which conprises the

conpound descr iRmthd:n Gre2 .&9%%] &H k. 4% 0 83,3127 salts or hydrates thereof,

as an active ingredient. 37. A nmethod for treating a disease, which

conpri sesErdmpbestBati ng t he conpound described in any of clains 1 to 33,

its salts or hydrates thereof, as an active ingredient. 38 . A nethod for

treating gn3LaiggaLgug_qg§eﬁéghxmhhgh[gown;L§gs adm ni strating the conpound
descri bed™1h any of crarns 0 , 11s salts or hydrates thereof, as an
?gﬁhﬁ?a{?gﬁégh DbmiAd) bBedbot ppodusl DGAAEELGRIEAL ox¥h gb f?gp;;ffg or
Q%dgﬁt ieza £18871,25330e7¢1! X obAgbRdL ERE-6183rbof1 i %i@oguagrdggg??gggg
in any of clai o 1S 8l 1S Ofy h K an,.active

i ngredi ent. 41%A€er#e%1%d§'q%r§p®du§ (I’)IBN a%%xﬁ% g’é‘}fitégﬁ{s&g{bsoengég {hreati ng
agent, which _conprises.fornulating.the c ound crib | n of .clains
10to 53 (e BRI e RSN U IPREoP R bUF S AT BENE (B3 nor ity F5a° oe o
t he compound described i f clai,ns 1 tq 33, i.ts salts. or dr at es

her cof” EBLeERRLAPGaRC o O Tn TR aHEaAncinpthy et afide ot bBhha
described_ in_any of clai,r to_.3 its.salts or hydrates thereof for the
productioﬁoﬁfiﬁﬁraﬁgvBéggEYéﬁP'QQZﬁ?TmﬁEﬁYEEZ'8¥°f E'Eﬁﬁbﬁﬁﬁglgeééribed in
any of claims 1 to 33, its salts or hydrates thereof for_ the production of
an infectfgldldAdbgpeckpeanenf-ggchexylic acid (132mg, 500umol) was

added thereto and stirred while heating in an oil bath of 100°C
for 20 hours under a nitrogen atmosphere. After concentrating
the reaction solution under a reduced pressure, the residue was
dissolved in chloroform (100ml). After washing the organic
layerwitha l0%aqueous citricacidsolution (50ml) and saturated
saline solution (50ml), the organic layer was dried over
anhydrous sodium sulfate. After filtering, the filtrate was
concentrated under a reduced pressure, and after adding
concentratedhydrochloricacid (3ml) totheresiduewhilecooling
with ice, it was stirred at room temperature for 30 minutes.
After adding water (3ml) to the reaction solution and washing
the vellow acidic agueous solution with chloroform (50ml x 3),
the pH was adjusted to 12.0 with an aqueous sodium hydroxide
solution. After adjusting the pH of the basic aqueous solution

to 7.4 with 1mol/1 hydrochloricacid, extractionwith chloroform
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'110%& (%9 | 10‘V§?& t oLk re of the reaction solution

was raised to 30°C and stirring was performed for 2 hours. After

adding water (1000ml) to the reaction solution while cooling
with ice, it was concentrated under a reduced pressure was
performed. After extracting the concentrate into ethyl acetate
(750ml x 2), it was washed with a 10% aqueous sodium thiosulfate
solution (500ml x 2) and saturated sodium bicarbonate water
(500ml x 2) in that order and then dried over anhydrous sodium
sulfate. After filtering and concentrating the filtrate under
a reduced pressure, 291g (97%) of the title compound was obtained
as a yellow, oily substance.

'H-NMR (400MHz, CDCls) &: 1.30 (3H, t, J=7.1Hz), 1.60-1.63 (4H,
m), 4.22 (2H, q, J=7.1Hz), 4.49 (2H, s).

TLC: Rf = 0.7 (n-hexane:ethyl acetate = 3:1)

Reference Example 26:

Diethylphosphonoacetic acid

Ethyl diethylphosphonoacetate (100g, 446mmol) was
dissolved in ethanol (275ml), and after adding dropwise a 2mol/1
aqueous sodium hydroxide solution (275ml, 550mmol) while

stirringandcoolingwithice, it was stirred at room temperature
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-+ +HEStPab tibis 1idrto Wa@p—tﬁ@:%ﬂopml 10 4)0 chloroform (100ml

10=s10%&' ()-L9" 109%&' ()-Lf510%& ()-++.,h,,,$-dELC 10z 10%& ()- 10%& ()-
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1H-NMR (400MHz, CDCls) &: 1.35 (6H, t, J=6.8Hz), 2.98 (2H, d,

J=21.7Hz), 4.19 (4H, q, J=6.8Hz).
TLC: Rf = 0.1 {(chloroform:methanol = 9:1)
Reference Example 27:

Ethyl 1-[2-[N-[1-(S)-

phenvlethyl]amino]acetyl]cyclopropanecarboxylate

1-(8) -phenylethylamine (12.1g, 100mmol) was dissolved in
acetonitrile (120ml), and an acetonitrile (50ml) solution of
triethylamine (15.3ml1, 110mmol) and ethyl
1-(2-bromoacetyl) cyclopropanecarboxylate (23.5g, 100mmol) was
added dropwise in while stirring and cooling with ice. After
completion of dripping, the reaction solution was stirred while
cooling with ice for 1.5 hours. The reaction solution was then
poured into water (75ml) and concentrated under a reduced
pressure. The concentrate was subjected to extraction with

diisopropyl ether (75ml x 2) and then washed with water (75ml).
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was then washed with water (100ml) and saturated saline solution
(100ml) in that order, and then dried over anhydrous sodium
sulfate. After filtering and then concentrating the filtrate
under a reduced pressure, 18.6g (68%) of the title compound was
obtained as a pale-yellow, oily substance.

'H-NMR (400MHz, CDCls) &: 1.17 (3H, t, J=7.1Hz), 1.38 (3H, d,
J=6.6Hz), 1.48 (4H, s), 3.71 (1H, q, J=6.6Hz), 3.86 (2H, d,
J=2.0Hz), 4.10 (2H, g, J=7.1Hz).

TLC: Rf = 0.6 (n-hexane:ethyl acetate = 1:1)

Reference Example 28:

Ethyl 1-[2-[N-(diethylphosphonoacetyl)-N-[1-(8) -

phenylethvyl laminolacetyl Jcyclopropanecarboxylate

Method A:

Diethylphosphonoacetic acid (15.1g, 76.8mmol) was
dissolved inanhydrous tetrahydrofuran (120ml) , andafteradding
1,1’ —~carbonyldiimidazole (13.7g, 84.5mmol) while cooling with
ice, it was stirred at room temperature for 1 hour. After adding
an anhydrous tetrahydrofuran (30ml) solution of ethyl 1-[2-[N-

[1~-(S)-phenylethyl ]amino]acetyl ]cyclopropanecarboxylate
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10%& () -7 10%& () - S5GL0%g& () -, Uf UUUVVWKVIETC

102! LA 0%k e Joridati% 1alyerl 08 Separh@¥l. () The 184#edls layer was then
1098 () - kVn\VWANAKFXdEnb C
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105 () - TSR SEPRvRT: EPEBogFSS\ FYPT I xdipts sodivm sulfate.
After filtering and then concentrating the filtrate under a
reduced pressure, 28.7g (99%) of the title compound was obtained
as a yellow syrup.
Method B

Diethylphosphonoacetic acid (32.8g, l66mmol) was

dissolved in anhydrous benzene (700ml), and after adding N,N’ -
dimethylformamide (1ml), thionyl chloride (18.2ml1, 250mmol) was
added thereto and heated under reflux for 1.5 hours. After
letting the reaction solution cool, it was concentrated under
a reduced pressure, and after adding dried toluene (100ml)
thereto, its concentrationunder a reducedpressurewas performed
again. After repeating this operation 3 times, the concentrate
was dissolved in anhydrous tetrahydrofuran (300ml) and after
adding dropwise an anhydrous tetrahydrofuran (300ml) solution
of ethyl 1-[2-[N-[1-(S)-

phenylethyl]amino]acetyl]cyclopropanecarboxylate (45.7g,
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bicarbonate water (300ml) and saturated saline solution (300ml)
in that order, and then dried over anhydrous sodium sulfate.
After filtering and then concentrating the filtrate under a
reduced pressure, 43.6g (70%) of the title compound was ocbtained
as a yellow syrup.

'H-NMR (400MHz, CDC1s) &: 1.14, 1.20 (3H, t, J=7.1Hz), 1.29-1.68
(13H, m), 2.85, 4,69 (2H, dd, J=9.5, 20.7 Hz), 3.18, 4.55 (2H,
d, J=22.2Hz), 4.06-4.22 (6H, m), 5.42, 6.05 (1H, gq, J=7.1Hz),
7.26~-7.37 (5H, m).

MS (m/z): 454 ([M+H])?

TLC: Rf = 0.1 (n-hexane:ethyl acetate = 1:1)

Reference Example 29:

4-(l-ethoxycarbonylcyclopropyl)-1-[1-(S) -phenylethyl]-3-

pyrrolin-2-one

After dissolving ethyl 1-[2-[N-
(diethylphosphonoacetyl) -N-[1-(S) -

phenylethyl]amino]acetyl]cyclopropanecarboxylate (25.0qg,
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organic layer with saturated sodium bicarbonate water (250ml)
and saturated saline solution (250ml) in that order, the organic
layer was dried over anhydrous sodium sulfate. Afterfiltering,
the filtrate was concentrated under a reduced pressure, the
concentrate was applied to a silica gel chromatography , and
12.1g (73%) of the title compound was obtained as a orange syrup
from an n-hexane:ethyl acetate = 2:1 to 1:2 eluate. The
instrumental analysis data for this resulting compound agreed
with the data indicated in PCT/JP96/00208.

'H-NMR (400MHz, CDCls) &: 1.18, (3H, t, J=7.2Hz), 1.60-1.63 (7H,
m), 3.80 (1H, dd, J=1.5, 9.0Hz), 4.07-4.11 (2H, m), 4.13 (1H,
d, J=9,0Hz), 5.55 (1H, gq, J=7.1Hz), 5.84 (1H, t, J=1.5Hz),
7.24-7.36 (5H, m).

MS (m/z): 300 ([M+H])”

TLC: Rf = 0.5 (n-hexane:ethyl acetate = 1:1)

Reference Example 30:

4-(8) - (l-ethoxycarbonvlcyclopropyl) -1-[1-(S) -
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bC 10 s99! 109%&' ()-7z10%& ()- 4310%& () -
S2MLO%&' () -s010%& ()-s.9!'10% ()-E"bC 10 &9:!'10%& ()- LI10%& ()-93
109%& ()-&& 10%& ()- 10 10 10<10% () - X, dEbC 10
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109 ()- Y& 109 ()-S!109%& ()-L!'109% ()-F109%& ()-,10%& ()-M/,dE: 2 1
10s* & 10%qr)y XSt Pk 3P0 ()2 S108& 1) 14!, UPBrno)) wasidi g9olvediE: 2 1
10s99! 109%& ()-610%& ()-4109%& ()-sO0& 109%& ()-s.9!'10%& ()-,!10% ()- NbC 1
10&! 1096& 1 ethylO&b&ta el 1T0MY) ( o 8% IP&EL {uym caGbbh ¢8tadDy&t ()wdiak=DbC 1
10LS109%& ()-9910%& ()-3& 10%& ()-& !'109%& ()-&&! 10%& ()-& 10%& ()->?|d
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10&2&! 10%sork )t dE¥bdrd ek 10PB&ul)s &inder a hydrogen atmosphere at
109%& ()-*9!10%& () - & & 10%& () -"xnmbC 1

atmospheric pressure. The reaction solution was then filtered

through cellite (washed with ethyl acetate) and the filtrate
was then concentrated under a reduced pressure. The concentrate
was applied to a silica gel chromatography, and 9.00g (74%) of
the compound of the title were obtained as a pale-yellow syrup
from an n-hexane:ethyl acetate = 3:2 eluate. Further, 2.60g
(21%) of the diastereomer (4-(R)-isomer) of the title compound
was obtained as a pale-yellow syrup. The instrumental analysis
data for this resulting compound agreed with the data indicated
in PCT/JP96/00208.

4-(S)-isomer:

H-NMR (400MHz, CDCl3) §: 0.63-0.65 (2H, m) , 1.13 (3H, t, J=7.1Hz),
1.12-1.19 (2H, m), 1.52 (3H, d, J=7.3Hz), 2.17 (1H, dd, J=9.0,
16.8Hz), 2.46 (1H, dd, J=9.3, 16.3Hz), 2.67-2.76 (2H, m), 3.47
(l1H, t, J=8.3Hz), 3.96-4.11 (2H, m), 5.51 (1H, g, J=7.3Hz),
7.26-7.35 (5H, m).

TLC: Rf = 0.45 (n-hexane:ethyl acetate = 1:1)

4-(R) -isomer:

'H-NMR (400MHz, CDCls) 5: 0.72-0.76 (2H, m), 1.18-1.24 (2H, m),
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0%& () - LIlf¥fferide m@akPtle (1 :5& 10%& () - @ 10%& () - @& 10%& ()- 10" 10",
dEni\V © L! 10%_.' F109%& ()-9":!1109%& ()-Ly "!10%& ()-Ls'!109%& ()- |!110%& ()-"
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107 XdEbC

sorrc ) 10ve () A0SER R ey Bt B b pRP b O IBR- O b Ao & O
109 () PITIAS TSNS 2008 416 134 %5"?5’1’ RS o & () -

¢ HC 1%{1&7(&11\ ojfocgytﬁa('l%l 1oty H:eI 10 S) 1/110\aqueous sodium

hydroxide solution (70ml) while cooling with ice, the reaction

solution was stirred at room temperature for 15.5 hours and then
at 40°C for 3 hours. After concentrating the reaction solution
under a reduced pressure, the remaining aqueous layer was washed
withethyl acetate (70ml) . Theaqueous layerwas thenmadeacidic
by concentrated hydrochloric acid while cooling with ice and
then subjected to extraction with chloroform (70ml x 3). The
organic layer was then dried over anhydrous sodium sulfate, and
after filtering, the filtrate was concentrated under a reduced
pressure. 9.40g (99%) of the title compoundwas therebyobtained
as white solids.

'H-NMR (400MHz, CDCls) &: 0.72-0.74 (2H, m), 1.21-1.23 (2H, m),
1.52 (3H, d, J=7.3Hz), 2.17 (1H, dd, J=8.8, 16.8Hz), 2.48 (1H,
dd, J=9.5, 16.8Hz), 2.66-2.78 (2H, m), 3.50 (1H, t, J=9.3Hz),

5.51 (1H, q, J=7.3Hz), 7.25-7.34 (5H, m).
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stirring at room temperature for 1 hour under a hitrogen

atmosphere, it was heated under reflux for 1.5 hours. After
cooling the reaction solution to room temperature, tert-butyl
alcohol (95ml) was added thereto and heated under reflux for
15hours. Afterlettingthereactionsolutioncool, thereaction
solution was concentrated under a reduced pressure and ethyl
acetate (95ml) and water (95ml) were added to the concentrate.
After performing an extraction operation, the organic layer was
separated and the aqueous layer was subjected to extraction with
ethyl acetate (95ml). The combinedorganiclayer was thenwashed
with saturated saline solution (95ml) and then dried over
anhydrous sodium sulfate. After filtering and concentrating
the filtrate under a reduced pressure, the concentrate was
applied to a silica gel chromatography and 10.7g (90%) of the
title compound was obtained as a colorless, amorphous substance
from a chlorine:methanol = 50:1 eluate.

‘H-NMR (400MHz, CDCls) &: 0.56-0.85 (4H, m), 1.37 (9H, s), 1.51
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borane-tetrahydrofuran complex/tetrahydrofuran solution
(90.7ml, S0.7mmol) was added dropwise gradually thereto under
a nitrogen atmosphere while coolingwith ice. After completion
of dripping, it was stirred for 16 hours under the condition
of from ice-cooling to room temperature. After slowly adding
an aqueous solution (100ml) of potassium carbonate (25.0gq,
181lmmol) to the reaction solution while cooling with ice, it
was heated under reflux was for 1.5 hours. After letting the
reaction solution cool, it was extracted with ethyl acetate
(100ml x 2) and thenwashedwithsaturatedsalinesolution (100ml) .
The organic layer was then dried over anhydrous sodium sulfate,
and after filtering, the filtrate was concentrated under a
reduced pressure. The concentrate was applied to a silica gel
chromatography and 8.20g (82%) of the title compound was obtained

in the form of colorless crystals from a chloroform:methanol
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"109%&' ()-9S!'10%&' ()-hfD . 10%& !!10%& ()-!F10%&' ()- GLO%&' ()- 10 10 10
S109%&' ()-m 109%&' ()-hrv{}*?fD . 10%10%& ()-s99! 109%& ()-!+s4
1098 ()-!4ss$&l! 10%‘3&%-310%‘ ()-910%&' ()-W M. 10%Lm 10% & ()- 10 10 10
., 1098 ()= i (e 3ok ¢huate 00 () - miydBw M. 10% "y 10% " & () -
109 & () - 9f
109 & () -&-NMBos(4O0MHZY1ORER ') )51 1062 &(2Y - Laede M 75004 8RORHE &)() - OFL0%
& ()-& 10% & ()-&!110% & ()-&(10% & ()-L&MO0% & ()-vkL . 10% 10% & ()- 10"
10" 10" f /1136 (BH,) d FIe®W.&HZ)-, 1.41 (9H, s), 1.63 (2H, m), 1.88-1.92
109 & ()-3<10% & ()-da?vkL . 10% +*9!110% & ()-&10% & ()-"10% & ()-!999! 10%
T&()-0Y (09 &)()2. 8432943 (IBdm)ywg{ LYRC84. 12HPmM)1,02yB3 (1H, brs),
10% & ()-nmB!y10% & ()-F, 10% & ()-2Z<10% & ()-310% & ()-010% & ()-}~ 7;
>PxY: 8" . B.MELQUH, (L~ YiRQY&I#£6 -6H)0YE . Q- L1ADWK L)) - 9'.2BOY&K3B) (5RPHH ()- 10 P
dE: 8.1 92:110%&& ()-LO10%& ()-S, 10%& () -
@ (10%&' (Mg 9fd/ 28 (330 { IMBUR () - ~shl .1 “Y10%& ()- 10 10 10&910% ()-Z@
109&' () - Y<109%&' ()-9910%&' ()-}~?shl .1

TLC: Rf = 0.4 (chloroform:methanol = 9:1)

Reference Example 34:

3-(R)-[1-(tert-butoxycarbonylamino)cyclopropyl lpyrrolidine

3-(R)-[1- (tert-butoxycarbonylamino)cyclopropyl]l-1-[1~
(S) -phenylethyl lpyrrolidine (270mg, 0.817mmol) was dissolved
in ethanol (15ml), and after adding a 10% palladium carbon
catalyst (water content: 52.0%; 270mg), it was stirred at 40°C
for 3 hours under a hydrogen atmosphere at atmospheric pressure.
After removing the catalyst by filtering (ethanol washing), the
filtrate was concentrated under a reduced pressure, and as a
result, 185mg (quantitative) of the title compound was obtained
in the form of a colorless syrup.
'H-NMR (400MHz, CDCls) &: 0.69 (2H, brs), 0.79 (2H, brs), 1.42
(9H, s), 1.43-1.50 (1H, m), 1.86-1.88 (1H, m), 2.15-2.19 (1H,
m), 2.68-2.72 (1H, m), 2.90-3.07 (3H, m), 4.92 (1H, brs).
Reference Example 35:

l1-benzvloxycarbonyl-3-(R)-[1l-(tert-

butoxycarbonylamino) cyclopropyl Ipyrrolidine

3-(R)-[1~-(tert-butoxycarbonylamino)cyclopropyl]-1-[1-
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&S10968& () - &F&! 10%&' () -, Y10%B& () - 9& 109%B& ()-! 10%& ()-! 109%658& () - AKdEshI
1

& 109%& ()-*9!10%& () - (&L0%& ()-L&L0Y%BE& ()-9$CGL0%& ()-s! 1096& () - KMQnmdH,
["109%& ()-FA@OY%& ()-3<10%& ()-L9GLO%E& ()-9610%& ()-310%& () -

/10%& ()-0f G 10%& () - FF109%& ()-3F10%& ()-10%&k ()-s!10% ()- 105 105
105@3. y10%&' () - OnBdEf G 109%0& () s" & 10%&' () -

& 109 () - ‘10%&'() sYlO%&'() sS& 109&' ()-sL& 109& () -

{dEf G 109%& (). . 9! 109%& %

10%& ( ) - * (Soghenykethyh mwolga@%e (1- ZQ&I@A@E('Um@id‘E?iMSP)]-VEQlW/&' ()-
10@&T() S6&! 109%& () - 410%&@; 2109%&' ()-s09! 109%&' ()-i|* @ﬁO@&f(LS'l@%E()-'

8&93' | 10%¥¢hbavore thane 1004ml)-, 169 (Penzplehloroformate (1.10ml,

10* _dE @O0%&' (9& 10%&' ()-V$10%&' ()-9'!10% ()-9y' ! 109%& ()-L°

109%&' () - LV 13880 ) -wes@e@ideid |dr ofibesrhd’le) ss&kiri 09t 8hd) ecolling Owilhr<

109 ()-90!' 109 ()-&L.!110%& ()-MBD~_@O0%&' (9 10%& ()-9!10%& ()- 10" 10"

10" Y<10% £&é ) - &Fd #88¢€iéh sdl%tion was then stirred at room temperature

&M 10% " & () -sD, =wdE~_@ 0% (9! 10%& ()-&s& 10%& ()-LlI 10%& ()-f1l0%& ()-&

@ 109%& (gob8d 08Ofodns Ohted’ NS \BHFIEd (atl Yo°t0F0:0235 hours. After

109%0& ()-!15 1109%5& ()-&310%& () - &0! 109%0& () - &M 10%&' () - *hYdEVK@ 0%&:' (

10L9! 10%&%] 4 + By | ¥ & ela)etlion solution cool, the reaction solution was

109 ()-L!I109%& ()-9'110%& ()-L!10% () - OndEVK@0%&' (

10L' ! 10%8a4padht 1004 (hndby! &0%& dakeld ?&é&u(r)e S EHWR N ad b0 (Was
dEVK@LOY%& ( 10L*10%& ()-L(M10%& () - L& T0%' () - L'$@O0%& ()-L" 1 10%: () -

1017 10 G- L 100 11 TR ORbEP TS 6P LERRNY) - £ 4ohes (78 as(y%g??)
" ciEncrovk {1 Saand W it ) 5g” %legféa%bf%e@&oﬁf@ 3
109 () - fl-lj'-gl'(lzl/ega‘.n(}'l F:I:S]:gEbClgl{gr}‘ll acetate = 2:1 eluate. The instrumental
analysis data for this resulting compound agreed with the data
indicated in PCT/JP96/00208.
H-NMR (400MHz, CDCls) &5: 0.70 (2H, brs), 0.80 (2H, brs), 1.41
(9H, s), 1.63 (1H, m), 1.92 (1H, m), 2.25 (1H, m), 3.07-3.12
(1H, m), 3.29-3.31 (1H, m), 3.56 (2H, m), 4.85 (1H, brs), 5.12
(2H, s), 7.33-7.36 (5H, m).
TILC: Rf = 0.4 (n-hexane:ethyl acetate = 1:1)
Reference Example 36:

l-benzyloxycarbonyl-3-(R)-[1-[N- (tert-butoxycarbonyl) -N-

(methyl)amino]cyclopropyl lJpyrrolidine

l-benzyloxycarbonyl-3-(R)-[1-(tert-
butoxycarbonylamino) cyclopropyl ]pyrrolidine (1.40g,
3.89mmol) , N,N’-dimethylformamide (7ml), silver oxide (9.0qg,
39mmol) andmethyl iodide (24ml, 389mmol) were placed in a shaded

and sealed tube, and this mixture was stirred for 13 hours in
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1s$10%&' ()- " "&10%& ()-"y !'10%& ()-"s

109& ()-"11109%& ()- f109%& ()-dEbCLO%& ( 1Y. 10%&' ()-OMLO%&' () -

109 () -- 109 () -s*109&R () - &L0%R () - 9<=>?axnbCl0%&' ( 1 9109%& ()- 10 10
101 <10%&' () - 4109%&' () -

210%&' () - FOs10%&' () - aw} *?nbCl0%& ! - 10%&' ()-109%& ()-!'@ 10%& ()-! @F

109%&' ()-3 S109%& ()-3

S109&' () - %¢/ DaBnmbC1l0%&' 9) 10%&' ()-L' 10%&' ()-!L#!' 10%& ()-9! 10%& ()-109%& ()-s°
s10% ()-D_aB7C10% 10Y<109& ()-97:!109%& ()-9L3:! 109%& ()-9F1' ! 10%& ()-!!9

+' 1 10%&' (3n Pid IbEOIKSE BOXEN Theopaqbion $0dB8&ipn- was then filtered

1096& ()-& 10%& ()-9!109%& ()-9!10%& ()- 10

10RQIENN Shaoudle GlDdER' (9thaMsateidde Wagding)band) the filtrate was

109%6& ()-9F! 109%B& ()-9,!10%& ()-"bdEmV 9! 10%&* 109%6& () - &' 1096& () - &S& 10
9B&. () - &SNS il rteld vl et hy)l- &fetate (100ml) . The organic layer was

& 1096&' () - KedEnlV 9! 10969610%&' () - 9410%& ()- &2 10%& ()-0

109%6& () - ChdR K% Hed #i thObte (SKHmCO!3)04n A IRigtdd shlYRe(3oludD84K () -
105 105 1053< 10%& ()-&910%& () - uEQJELCIO! 10%.. 109%& ()-L&

109&' () - 9(56RR in thatOd&dér ; ldndla¥&el) oy WY droud\Bbailtin/ sulfate.
10FF=109%&' ()-LL910%& ()-L 7 109 ()-L5 10%&' ()-L2 109 ()-LO 109%&' ()-=~xY:/
10" & 10%A$der (k%A 1OHE £11 £ 409ia6) cbnd@iBrbbed b &) redfosd a

dE:/ 10 109& ()-sY I0%& ()-sS10%& ()- 9L10%& ()-LF10%&' ()-s10%& ()-
ntl1*"aB: c e OVBed - X &l e L&L109R {dad RLLOYR 5109 () - Lf
109& () - *ﬁfég’g%%%##ﬁ%(% co‘%cﬂa@x%a(t)e {o&s a(ﬁpi(:leé Rl 0%k Qllﬁ:l‘:a Jéﬂ. 0

s, soncpoiatagFdbhy Ay BRI idiey %F, Hhe R Eenpgund 1 O -7
101 <TON () S8 ORIAEDEARSX O D)y N1 A1 06, Oleane : athyl

%8%%???@1%%&%% g%%?gaiéiéé%g{§&£§§ ipstpumental analysis data for this

T T AN KT IR
PCT/JP96/00208.
'H-NMR (400MHz, CDCls) &: 0.83 (4H, brs), 1.42 (9H, s), 1.55
(1H, m) , 1.88 (1H, m) , 2.28-2.43 (1H, m), 2.83 (3H, s), 3.02-3.04
(1H, m), 3.25-3.33 (1H, m), 3.55 (2H, m), 5.12 (2H, 8), 7.32-7.35
(5H, m).
MS (m/Z): 374 ([M+H])"
TLC: Rf = 0.4 (n-hexane:ethyl acetate = 1:1)
Reference Example 37:

3-(R)-[1-[N-(tert-butoxycarbonyl) -N-

(methyl) amino]lcyclopropyl Ipyrrolidine

l-benzyloxycarbonyl-3-(R)-[1-[N-(tert-
butoxycarbonyl) -N~ (methyl) amino]cyclopropyl ]pyrrolidine
(1.31g, 3.48mmol) was dissolved in ethanol (13ml), and after

adding a 10% palladium carbon catalyst (water content: 50%;
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109 & ()-L!109% & () - 3*w+**. +P, , dEnbC

109(' 1109% & ()-9s' 1 109% & ()-9Y! 10% & ()-L@
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109 & ()-90' 1109 & ()-9. 10% & ()-9y,!10% & ()-9*10% & ()-.3.t.W.X.y.z...bC
10 109% 0& ()-910% o0& ()- 10" 10" 10"F<10% & ()- 99

109% & ()-96109% & ()-../ 6/ Y/ n//dEbC

10910% o8& (§5g) thereso() 194096534 nred ¥ L 0De V., HEMRErEIRRELOY- D @O%WHE () -
/11 70q000dELC 10&"!10% 0& ()-L

10% 0& ( )urndé®b&yJriddrvs a8h@SpIaings g § frdovb el ¢ ) pod9s 2o 3dAfter

10&4! 10% 0& () - &2!10% 0& () -

10% 0& ()pecfdifbm fi)l-trati%r Ehirbuh! 6% d&e( Je BABREB3aRdNMhg) , the

10! 10944& ()-!109%4& ()- 10' 0 10' 0

10' oF3=108% 108r { He Q28 b8 ¥ea&ra el UnHEs @&e&hcé@ﬂﬁ-’é‘émb (Asaresult,

10Y! 10944 () @ 1094 () - 9&! 1044 () - 31 10%K (

1094 () -¢ (a)ﬂ:é%@i?r dEPQ}J&@:&%Q%"&xﬁ otifd Wd8bthited in the
10944& ()-| 9| 109 | 109 () - L 109’ () - 77>898| 888dEDC 10410% ' () - 2
10944& () - @&9@4) ) @eud 0% () - *! 10% () - 89SIVIVBXIYI99bC

10°110% & 1)~ 110%&( 10H TOH 10H

;38%1(()& &%@f&% %@ 3t (1%)% &ﬁ? @figkg}feé 0118058 % Ukt e () - re
<<<==K=dE ,::__g@?‘ég@ 9%%%9%2&2@ PEOUE @) 2. 89%% (Er!s)t,'zl%’ -L

10% & () -

109% & () - 00/& ) 0:10% & ()-9.10% & () -9,

109 & T % LI 10% & ()-L!10% & ()- 10" 10" 10"F=
()- VRE T G &y - ()- 0

109% & () - &99|v|1 % 227- @

10L9! 10958 Ptgl'l /b?&{]h{“ %“{e&*ﬁ%‘%’&%)w

1 109% & ().- L' 10%& () - G\ABBCTCJEDbC

109, ' | 10BgfEqyenpe | %Eﬁ%'@e() 3%110% & () - of

'1109% & ()-LY! 10% & ( -L@m%& ().; TOOCDBD( DDAEDC

1089! 10% ) Y Pos & ()-L0' 1109% & ()-L.

10% & () - DDDDDE>EFEDC 10, 10% & () - && 10%& ()-L

methyl)amlno]cyclopropyll -[1-(8S) -

phenylethvl lpyrrolidin-2-one

4-(R) -[1-(tert-butoxycarbonylamino)cyclopropyl]-1-[1-
(S) -phenylethyl]lpyrrolidin-2-one (7.87qg, 22 .8mmol) was
dissolved in dimethyl formamide (100ml), and while cooling with
ice, 60% oily sodium hydride (1.10g, 27.4mmol) was added and
stirred for 5 minutes. Then, methyl iodide (7.11ml, 114mmol)
was added dropwise thereto while stirring at room temperature.
Aftercompletionof dripping, thereaction suspensionwasstirred
at room temperature for 14 hours. After adding 60% oily sodium
hydride (296mg, 7.40mmol) and methyl iodide (1.00ml, 16.1mmol),
it was stirred at 40°C for 24 hours. After adding a saturated

aqueous ammonium chloride solution (100ml) and water (150ml)
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10% & ()-& 10% & ()- 10" 10" 10" Y<10% & () - EEFFJFnFFdEDC

10y10% & ()-s 10% & ()-9F10% & ()- f10% & ()-&&10% & () - &F

10% & () - FFFF3GQUGGIELC 10& 10% & () -$10% & ()-"910% & ()- !'10% & ()-

y10% & () - &10% &' () - GGHOHHHI dEbC 102! 10% & () -0

10 & ()-.110% & ()-,!'10% & ()-&z10% & ()-('10% & ()-1GI1ITT11IxmbC 109
109 & ()- 10\ 10\ 10\=10% & ()-99'110% & () - &7

10% & ()-5!10% & ()-JGIJIK8BL~LAENDC

1091 10% & ()-9y! 10% & ()-&3& 10%W & ()-s, & 10% & ()-9!10%W & ()-L

10% & () -t9 thevf fAREERD GuUspension whlle stirring and cooling with ice,
109('1'10% & ()-9& '10% & ()-9%!10% & () -&" & 10% & () - 9y

1 10% & ()extnacsien wijiNeghivloacetate (3RAw1 10R)&Was rerfomngd() - Tie

10% & ()-9.110% & ()-& FIOW & ()-& :!110% & () - eOO000OO0PhC 10910%& () -9
1096&' () -conigl ndd "origEnid JHy&n Wag&obhenswaghed MiOH &aberPXPOPRRPRPQIELC
109Y! 1096& () - 9S10%&' () - &910%&' () - &3109%6& () - L109&' () - L10%& () - QNQQQQ?RUR
dEbC 10&"#nhd 086819 tedd &alllifiel lglukion (100ml x 2) in that order, and

1090& ()-911109%& ()-& ! 109%& ()-9 ! 109%& () - uURRR/ SeSSSAELC

10&. ! 1096&141 d%iHIONER anhy8rolRedd(Um 02FA06& AT tERF10%Re'ihl, M 0968 ()
-SHTeTTT*U-U. U UdE: / 105

1053<10%584 { 8 r &80 #a03&scdn t v HédRdde)# $bE0%RE fie B R ée(de £l d 090& ()
-/ UOUr DUUBMCWXY: /| 105 &10%& () - & 10%& () - & 10%& () - & 10%& () -

110% & (Jis 8 1994 Srals) ép%@§¥¥ VOUYMIES/ge1 chromatography, and 7.53g
1051 10%& ()- 9100 & () T10%& ()- F100& 1)- @

10%& () - ;ﬁgggg%eweq% 8Eng wh 38 L& vk fommetasiloriess

10%& () - - 08 10% & () - y#& T0%& ()- 110%& (

Tovee () -2 I Enisk el g S et Bshanot £ b 30: 4 apate,

10z=10% & hqi 198B8uE) "ébed-5:tb'ed (HERY, 1053308408y | 1.38 (3,
s), 1.51 (3H, d, J=7.1Hz), 1.61 (3H, d, J=16.6Hz), 2.43 (1H,
m), 2.68-2.81 (3, m), 3.21 (1H, m), 5.48-5.50 (1H, m), 7.26-7.36
(54, m).
Reference Example 39:

3-(R)~-[1-[N-{(tert-butoxycarbonyl) -N-

(methyl)aminoleyclopropyl]-1-[1-(S) -phenylethyl]lpyrrolidine

3-(R)-[1-[N-(tert-butoxycarbonyl) -N-

(methyl)amino]cyclopropyl]-1-{1-(8S) -

phenylethyl jpyrrolidin-2-one (7.53g, 21.0mmol) was dissolved
in anhydrous tetrahydrofuran (70ml) and a 1.0M
borane-tetrahydrofuran complex/tetrahydrofuran solution
(63.0ml1, 63.0mmol) was added dropwise gradually thereto while
stirring and cooling with ice. After completion of dripping,
it was stirred at room temperature for 20 hours. After slowly

adding an aqueous solution (72ml) of potassiumcarbonate (7.22g)
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109%&' () AftrerhhebicdByNché Ofeaction solution cool to room temperature,

& 1096& ()-9(10%& ()-9&10%6& ()-Ls$ 109%B& ()- "910%& ()-L

10%&' () watiexr i(1L5UmdEYiEs lHiddd, EXMr@ct)i-dndwitBl@ethy) -dde taifH&o0m190

M 1098 ( x29a8 ¥ rHoridd, 0884 then e d6hb 1063 o2bAHE& (9ydSRas washed

1096& () - Lkkkl JI'1 | dEbC
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100 () - FPIEREERBENNE 0 00T BhEta e R oTBE T RS (7
applied to a silica gel chromatography, and 7.19g (99%) of the
title compound was obtained in the form of a colorless syrup
from a chloroform:methanol = 50:1 eluate.
1H-NMR (400MHz, CDCls) &: 0.73 (4H, m), 1.35 (9H, s), 1.36 (3H,
s), 1.61 (1H, m), 1.85 (1H, m), 1.97 (1H, m), 2.27 (1H, m),
2.50-2.58 (2H, m), 2.79 (3H, s), 2.99 (1H, m), 3.14-3.19 (1H,
m), 7.27-7.30 (5H, m).

Reference Example 40:

3-(R)~-[1-[N-(tert-butoxycarbonyl) -N-

(methyl)amino]cyclopropyllpyrrolidine

3-(R)~-[1-[N-{tert-butoxycarbonyl) -N-
(methyl)amino]cyclopropyl]-1-[1-(S)-phenylethyl]pyrrolidine
(7.19g, 20.9mmol) was dissolved in ethanol (78ml), and after
addinga l0% palladiumcarboncatalyst (water content: 50%; 3.9qg),
it was stirred at 40°C for 4 hours under a hydrogen atmosphere
at atmospheric pressure. After performing filtration through
cellite (ethanol washing), the filtrate was concentrated under

a reduced pressure. As a result, 4.38g (quantitative) of the
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1 10% & ()ch, SRE 10931 VIOPEFL £ rm ML 210¢: 102

Reference Example 41:

4-(R)-[1~[N~(tert-butoxycarbonyl) -N-

(ethyl)amino]cyclopropyl]-1-[1-(S)-phenvylethyl]pyrrolidin-2

-one

4-(R)-[1-(tert-butoxycarbonylamino)cyclopropyl]-1-[1-
(S) -phenylethyl |]pyrrolidin-2-one (4.16qg, 12.1mmol) was
dissolved in dimethylformamide (50ml). Under a nitrogen
atmosphere and at room temperature, 60% o0ily sodium hydride
(580mg, 14.5mmol) was added thereto and stirred for 10 minutes,
and then ethyl iodide (4.87ml, 60.5mmol) was added dropwise.
After completionofdripping, thereaction suspensionwasstirred
at room temperature for 15 hours. After adding a saturated
aqueous ammonium chloride solution (150ml) to the reaction
suspension while stirring and cooling with ice, extraction with
ethyl acetate (150ml x 2) was performed. The combined organic
layer was then washed with water (150ml x 2) and saturated saline
solution (150ml) in that order, and then dried over anhydrous

sodiumsulfate. After filtering, thefiltrate was concentrated
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1 &1 109%<& ()-31 1 10%<& ()-3f & 10%<& ()- & 10%& ()-3Y! 10%& ()-,!|' ndEbC 105

/110%<& ()-3-110%& ()-+ 1 10%& ()- ) 10%& ()-

'110%<& ()-3% 10%<& ()-n#bdE: / 10< 10<@10%& ()-:'!10%& ()-7'!10%& ()-

51 109%<& ()-3' 1 10%<& ()-1'!109%& ()-cxY:/ 10< !110%& ()-

10%<& ()-I 10%<& ()-F 10%& ()- :!10%<& ()-10%<& ()- 10<:VdE:/ 10< 3 |
109%& ()-3 f109%& ()- 10%& ()- 3y 109%& ()- @O0%& ()- 10%& ()- DodE:/ 10<

+ 10%<& @nden apyeduerd prg@ﬂ/&f@@()thﬂmd@)e— btadved ¥3s anwbied (ho QKdE: /

10< 7 10%& ()- 5 10%& ()- 3 10%& ()- 1 10%&' ()-/ 10%& ()-F-

10%<&' () aVis@lical gedrchyromhtogeaphy , 188@ 4 )56 Okquapt Mitat@velsc (the 9

10%<& () - V' 2dEbC 10<s3109%&' ()-s@ 10%& () - S&L0%& () -

z10%&' () -t (Conpkiffi®l (Was? Gbtdiimeéd in the form of a colorless oily

10<l 98 109&' () -f #& 109%&' ()- ! 10%& ()-1!109%& ()-sS! 10%& ()-L10%& ()-n(gdEbC

%8<1<§4!01(i°0éﬁd1{s)ta/dd@%‘c(rﬂ an Y xanet&tHIR adetip)tel B9& :2) e1u@tE1Y& () - ! gdYNC

<
10 109 (y=-RPR! (9062 ; cOC11P%: 0).49Mol @Y (411; 98 1098-1). ozh(dg )G 10<
109 ()-! 10%a& ()- 10%@& ()- 10%@& ()- 9! 10%a& ()- 9! 10%a& () - f SCAEYNC
To< Fa 100G (o 261001 O 100MRR), 31 B0UEK) (11 GH A ol o (-
LAEYNC 10< +1ow y) 10%@& ()-s' 10%a& ()-19% 109%@& ()- # 10%a& () -

T F10%@ () ¥§EYDC36-2.38 (1H, m), 2.67-2.70 (2H, m), 3.20-4.23 (2H,
m), 5.48-5.50 (1H, m), 7.26-7.52 (5H, m).
Reference Example 42:

3-(R)-[1-[N-(tert-butoxycarbonyl) -N-

{ethvl)aminolcyclopropyl]-1-[1-(S) -phenylethyl lpyrrolidine

4-(R)-[1-[N-(tert-butoxycarbonyl) -N-
(ethyl)amino]cyclopropyl]l-1-[1-(S) -phenylethyl ]pyrrolidin-2
-one (4.56g, 12.1mmol) was dissolved in anhydrous
tetrahydrofuran (80ml), and a 1.0M borane-tetrahydrofuran
complex/tetrahydrofuran solution (48.0ml, 48.0mmol) was added
dropwise in while stirring and cooling with ice. After
completion of dripping, the reaction solution was stirred for
16 hours under the condition of from ice cooling to room
temperature. After concentrating the reaction solution under
a reduced pressure, a 9:1 mixed solution (100ml) of ethanol and
water was added thereto, and after adding triethylamine (5ml),
it was heated under reflux for 4 hours. After cooling the
reaction solution to room temperature, concentration was

performedunder a reduced pressure, saturated sodiumbicarbonate
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10< 710%@& ()-5s10%@& ()-3 10%@& ()-110%& ()-y/ 109 () -

-310%@&' () - CFGHI bC 10< 10%9& ()- 10%& ()- 10%W& ()- 10@10@ 10@10%&' () -9
10%a& () - 3s-1dEBC 10<Y

1090°& ()-S'10%& ()-9& 109%0& ()-3& 10%& ()-& 10%& ()- 10%& ()-1 F>dEDC
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10<Y

10% & () -v&tayr £10Pmd) 10’ pyided! 1oog khe) -residpe g’ extrachiey (WitdsdEbC
10<1 9% 10% & ()-#10%& ()-!110%& ()-1"110%& ()-f!10%& ()- M 10%& ()-?zdE
bC 10<1108E8K9fdrm 00&0n(]) -x 2) was performed, and then the combined

-10%& ()-+z10%& ()-)!'10%& ()-'110%& ()-?udYNC 10< 10z 10z

10z=10% &xgariid Q¥x&r(Yas waBhed i t1btatnated H0irte cplultivd EMNOMI)<

3& 109 ()-,9!10%@& ()-9' 10%& ()- & 10%@& ()- 9!'10%@& ()- & 10%@& ()-w,
ydEYNC 1Qshd then dried over anhydrous sodium sulfate. After filtering

10%@& ()-y!10%a& ()- & 10%@& ()- Y& 10%a& ()- SL! 10%@& () - 9L! 10%& () "c- dEYN
Eé%;i%i(@ KD 9% ) coh@dk rored LBUCE ) rébdl¥@EpLdsbhbd 0%@hd ) -

%‘238%% (%3&, c%%éﬂa/@(wéb 2ppt QU@ d 2 b1 QUGN etV bpny 1 AHEK (d6d PC

(99%) of the title compoundwas obtainedin the formofacolorless
syrup from a chloroform:methanol = 100:1 to 95:5 eluate.
'H-NMR (400MHz, CDCls) &: 0.54-0.78 (4H, m), 1.09-1.11 (3H, m),
1.33-1.43 (13H, m), 1.84-1.97 (2H, m), 2.26-2.28 (2H, m),
2.56-2.57 (2H, m), 2.86-2.96 (l1H, m), 3.13-3.18 (2H, m),
7.21-7.30 (5H, m).

Reference Example 43:

3-(R)-[1-[N-(tert-butoxycarbonyl) -N-

(ethyl)amino]cyclopropyl lpyrrolidine

3-(R)-[1-[N-(tert-butoxycarbonyl) -N-
(ethyl)amino]cyclopropyl]-1-[1-(S) -phenylethyl]pyrrolidine
(3.01g, 8.40mmeol) was dissolved in ethanol (120ml), and after
addingalO%palladiumcarbon catalyst (water content: 50%; 3.0qg),
it was stirred at 40°C for 5 hours under a hydrogen atmosphere
at atmospheric pressure. After performing filtration through
cellite (ethanol washing), the filtrate was concentrated under
a reduced pressure. As a result, 2.16g (quantitative) of the
title compound was obtained in the form of a colorless syrup.

'H-NMR (400MHz, CDCls) &: 0.83-0.85 (4H, m), 1.46 (9H, s),
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10% & () -2 ) 3 004€ridhl dAdBaredic %idildoa & ()-# 10%& ()-!z 10%& ()-RIdE/
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1001! 10%% (@? ! ’1%&53%(195ﬁ&oﬁo)/%@&&}c%%%@?i%%%& (1-"1& '1%%&3"59??) -) fdYNC
100 10b 1&95’8 dripped therein over a period of 5 minutes. After stirring

the reaction solution at 0°C for 15 minutes, a dioxane (220ml)
solution of 2/ ,3’ ,4’ -trichloroacetophenone (24.40g, 0.109mol)
was dripped therein at 0°C over a period of 30 minutes. After
stirring at room temperature for 14 hours, water (350ml) was
added and then washed withdichloromethane (350ml). The aqueous
layer obtained was gradually made acidic with concentrated
hydrochloric acid while cooling with ice and the resulting
crystals were filtered out. After washing the filtered-out
crystals with water, the water was removed by azeotropic
distillation with toluene. 22.33g (91%) of the title compound
was thereby obtained as a pale yellow powder.

'H-NMR (400MHz, CDCls) &6: 7.58 (1H, d, J=8.3Hz), 7.70 (1H, d,
J=8.6Hz)

Reference Example 45:

Ethyl (2,3,4-trichlorobenzoyl)acetate

2,3,4-trichlorobenzoic acid (4.51g, 20.0mmol) was
dissolved in tetrahydrofuran (80ml), carbonyldiimidazole

(3.89g, 24 .0mmeol) was added thereto while cooling with ice, and
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was cooledwith iceand the above-described solutionAwasdripped
into this reaction solution over a period of 10 minutes. After
then washing sblution A into the reaction solution using
tetrahydrofuran (10ml), it was stirred at room temperature for
14 hours, and then the reaction solution was poured into a 10%
aqueous citric acid solution (200ml). This was then extracted
withethyl acetate (200ml) , washedwithsaturatedsalinesolution
{200ml) , and then dried over anhydrous sodium sulfate. After
then removing the drying agent by filtration, the solvent was
evapotated under a reduced pressure, and the crude product
cbtained was subject to silica gel chromatography, thereby
obtaining 2.681g (45%) of the title compound as a pale-red oil

from an n-hexane:ethyl acetate = 5:1 eluate.

'H-NMR (400MHz, CDCl1s) &: 1.25 (1.5H, t, J=7.2Hz), 1.34 (1.5H,
t, J=7.0Hz), 3.99 (1H, s), 4.19 (1B, q, J=7.2Hz), 4.28 (1H, q,
J=7.0Hz), 5.47 (0.5H, s), 7.37-7.49 (2H, m), 12.45 (0.5H, m)

Reference Example 46:

Ethyl 7,8-dichloro-1-{2-(S)-fluoro-1-(R)-cyclopropyll-1,4-

dihydro-4-oxoquinoline-3-carboxylate
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pale-red oil.

The above-obtained crude ethyl 3-ethoxy-2-(2,3,4-
trichlorobenzoyl)acrylate product (3.272g) was dissolved in
dichloromethane (50ml), 2-(S)-fluoro-1-(R)-cyclopropylamine
tosylate (2.467g, 9.98mmol) and triethylamine (1.64ml,
11.79%mmol) were added thereto in that order while coocling with
saltedice, andstirredat roomtemperatureforl19.5hours. Ethyl
acetate (200ml) was added to the reaction solution, and after
washing with 10% aqueous citric acid solution (80ml x 2),
saturated aqueous sodium bicarbonate solution (80ml) and
saturated saline solution (80ml), it was dried over anhydrous
sodium sulfate. After then removing the drying agent by
filtration, the solvent was evapotated under a reduced pressure
to obtain a crude ethyl 3-[2-(8)-fluoro-1-(R) -
cyclopropyljamino-2-(2,3,4~-trichlorcbenzoyl)acrylate
(3.59g) as a pale-orange, gum-like substance.

The above-obtained crude ethyl 3-[2-(S)-fluoro-1-(R)-

cyclopropyl]lamino-2-(2,3,4-trichlorobenzoyl)acrylate
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10%L&()a§é%go &IQédsa(¥?g%£2utigéwggﬁ£9,1twasdriedoveranhydrous

sodium sulfate. After then removing the drying agent by
filtration, the solvent was evaporated under a reduced pressued
pressure, and the crude product ocbtained was subject to silica
gel chromatography, thereby ocbtaining 1.475g (48%) of the title
compound as a pale-yellow powder froma chloroform:ethyl acetate
= 1:2 eluate.

H-NMR (400MHz, CDC13) §:1.35-1.50 (1H, m), 1.41 (3H, t, J=7.1Hz) ,
1.55-1.75 (1H, m), 4.08-4.13 (1H, m), 4.39 (2H, g, J=7.1RHz2),
4.80-4.98 (1H, m), 7.53 (1H,d, J=8.5Hz), 8.34 (1H, d, J=6.8Hz) ,
8.57 (1H, d, J=2.7Hz).

MS (m/z): 344 (M')

Reference Example 47:

7,8-dichloro-1-[2-(8)-fluoro-1-(R) -cyclopropyl]-1,4-

dihydro-4-oxoquinocline-3-carboxylic acid

A mixture of ethyl 7,8-dichloro-1-[2-(S)-fluoro-1-(R)~
cyclopropyl]-1, 4-dihydro-4-oxoquinoline-3-carboxylate

{(1.114g, 3.237mmol), acetic acid (8ml) and

concentrated hydrochloric acid (4ml) was heated under reflux
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10T=10%0& ()-9!1099& ()-7& 1090& ()-5!10%& ()-3!10%& ()-a”dEYNC 10T
L! 109 ()-9!10%@& ()- & 109X ()-!10%a& ()- !10%@& ()-9!10%a& ()- W dEYNC

| 0, ! - Sl 0, ! - &l 0, ! - | 0, ! - | 0, ! -0l 0, ! -
10T 191 104K () SLIOMER ()-8 109G ()-FL0W: () @ 10% ()91 109 )
109’ ()-'!109%0& ()- YO8 109%@& () - y#! 10%a&' ()-s! 9! 10%@& () - BydEYNC 10T
81098 ()-(5401'6? ng) coahipgrith. 1¢6dhe Crvstivkgrt pymedovgde GllkeredioTs
$10% u& ()-10% u& ()- 10% u& ()- 10@10@ 10@10%@& ()-910%& ()-% Y
50dEbC out and washed with water (5ml x 2) , 5% aqueous ethanol solution

(5ml x 2), and diethyl ether (5ml x 2), thereby obtaining 909mg
(89%) of the title compound as a pale-yellow powder.
'H-NMR (400MHz, CDClz) &§: 1.40-1.80 (2H, m), 4.23-4.28 (1H, m),
4.83-5,02(1H, m), 7.67 (1H,d, J=8.8Hz), 8.38 (1H, d, J=8,6Hz),
8.86 (1H, d, J=2.7Hz)
Melting point: 198 to 201°C
Specific rotation: [alp?*® = -24.0°
Elemental analysis: As C;3HgCl,FNO;3;
Calcd.: C 49.39%; H 2.55%; N 4.43%
Found: C 49.14%; H 2.40%; N 4.33%
MS (m/z): 315(M"), 354[(M+K)"]
Example 16:

7-[3-(R) -(l-aminocyclopropyl)pyrrolidin-1-yl]-8-chloro-1-~

[2=-(8) -fluoro-1-(R) ~cyclopropyl]-1,4-dihydro-4-oxoquinoline

-3-carboxylic acid

A mixture of 7,8-dichloro-1-[2-(S)-fluoro-1-(R)-140°C
cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
(253mg, 0.80mmol) , 3-(R)-[1-(tert-
butoxycarbonylamino) cyclopropyl ]pyrrolidine (272mg,
1.20mmol) , N-methyl piperidine (0.195ml, 1.60mmol) anddimethyl
sulfoxide (3ml) was stirred for 55 hours while heating in an

oilbathat 80°Candunder anitrogen-replaced atmosphere. After
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to silica gel chromatography and a crude 7-{3-(R)-[1-(tert-

butoxycarbonylamino) cyclopropyllpyrrolidin-1-yl}-8-chloro~1
-[2-(8)~-fluoro-1-(R) ~cyclopropyl]-1,4-dihydro-4-~
oxoquinoline-3-carboxylic acid was obtained from a
chloroform:methanol = 10:1 eluate.

The above-obtained crude 7-{3-(R)-[1-(tert-
butoxycarbonylamino) cyclopropyl ]pyrrolidin-1-yl}-8-chloro-1
-[2-(S)-fluoro-1-(R)~-cyclopropyl]-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid 55 dissolved in
concentrated hydrochloric acid (5ml) while cooling with ice,
and after stirring at room temperature for 20 minutes, the
solution was transferred into a separation funnel and washed
with chloroform (10ml x 10 times or more). Saturated agueous
sodium hydroxide solution was then added while cooling with ice
to the aqueous layer after washing, thereby adjusting the pH
to >11, and thereafter, the pH was adjusted to 7.7 by adding

concentrated hydrochloric acid and 1mol/l hydrochloric acid.

The aqueous layer obtained was then subject to extraction into
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81 10% U { e 8 L6 &' (L 10% L () - , 4210 -
o Lotoely ’?%”:Ja%ﬁ;’?&%)r celes (r;éjag!léfgoe ﬁig%{:%iog}zhf&'r(e)s-lﬁ/ﬁwe ug () -

,,-Ql...Y-@.W'- %R ()-9! 10U () -9 10Y@R
& 109k ‘8%('%.]{)% %&jﬁg‘_ l}j-J(y? F%}%%}Dg%d (::}vg c}hr/@ét(agr%p:}'xq; @e(réloped
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s3&! 1092 Fharokrdpekhyl abhrngag-then gygef)under a reduced pressure
109%&' ()- L! 10%& g@ 34K444425dEYNC 10-u sF 109& () -
sf y10%& £§obsripdEMe) (0% 2H ke bl tdermmpqunda k2 Pade ¥ § 28N BsYS656dEYNC
'H-NMR (400MHz, 0.1lmol/l NaOD/D,0) &: 0.45-0.65 (4H, m),
1.15-1.30 (1H, m), 1.50-1.75 (2H, m), 2.00-2.10 (1H, m),
2.10-2.25 (1H, m), 3.25-3.40 (2H, m), 3.55-3.75 (2H, m),
4.10-4.15 (1H, m), 4.90-5.15 (1H, m), 7.05 (1H, d, J=9,0Hz),
7.99 (1H, d, J=9.3Hz), 8.39 (1H, d, J=3.7Hz).
Melting point: 128 to 130°C
Specific rotation: [a]p?*'® = -193.0°
Elemental analysis: As CyoH21ClFN3Os3°1.5H,0:
Calcd.: C 55.49%; H 5.59%; N 9.71%
Found: C 55.74%; H 5.45%; N 9.57%
MS (m/z): 406[ (M+H)™*]

Reference Example 48:

Ethyl 7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-5-hydroxy-8-

methyl-1,4-dihydro-4-oxoguinoline-3-carboxylate

Ethyl 5-amino-7-fluoro-1-[2-(S)~fluoro-1-(R)~-cyclopropyl]-
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period of 10minutes. After stirringat0°C for 5minutes, copper
(I) oxide (565mg, 3.95mmol) was addedwhilestirring the reaction
solution violently. After then stirring at room temperature
for 20 minutes, extraction into chloroform (200ml x 2) was
performed, and after making the agqueous layer slightly basic
with sodium bicarbonate, the aqueous layer was extracted with
chloroform (150ml x 3). The combined organic layer was then
dried over anhydrous sodium sulfate, and after removing the
drying agent bt the filtration, the solvent was evaporated under
a reduced pressure. The crude product obtained was then subject
to a silica gel chromatography, thereby obtaining 297mg (21%)
of the title compound as a vyvellow powder from a
chloroform:methancl = 10:1 eluate.

H-NMR (400MHz, CDC13s) 8:1.36-1.47 (1H, m), 1.40 (3H, t, J=7.1Hz),
1.53-1.63 (1H, m), 2.51 (3H, t, J=2.4Hz), 3.85-3.90 (1H, m),
4.39 (2H, q, J=7.2Hz),4.77-4.96 (1H, m), 6.58 (1H, d, J=11.5Hz),

8.52 (1H, d, J=3.2Hz).
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(3ml) andconcentrated hydrochloricacid (1.5ml) was heatedunder

reflux for 2 hours in an oil bath at 120°C. After then adding
water (30ml) and cooling with ice, the crystals formed were
filtered out and then washed with water, 5% aqueous ethanol
solution, and diethyl ether to obtain 267mg (90%) of the title
compound as a pale-yellow powder.
*H-NMR (400MHz, CDC13) §: 1.40-1.75 (2H, m), 2.58 (3H, t, J=2.5Hz),
3.99-4.04 (1H, m), 4.80~5.05 (1B, m), 6.70 (1H, 4, J=11.3Hz),
8.76 (1H, d, J=3.2Hz), 13.17 (0.7, 4, J=1.0Hz), 13.34 (0.7H,
brs) .
Melting point: 209 to 213°C
Specific rotation: [alp?*’ = -111.6°
Elemental analysis: As C34H;3F.NO,:

Calcd.: C 56.95%; H 3.76%; N 4.74%

Found: C 56.90%; H 3.74%; N 4.68%
MS (m/z): 296[ (M+H)"]

Example 17:
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Y10%@&' () - f&l 109 ()-"!109%@ () - F! 1098 () @J 109%@& () - 9& 10%&' () - neee/ f K
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-(R)-[1-(tert-butoxycarbonylamino)cyclopropyllpyrrolidine
(314mg, 1.388mmol), N-methyl piperidine (0.243ml, 1.388mmol),
and dimethyl sulfoxide (1.5ml) was stirred for 66 hours while
heating in an oil bath at 80°C under a nitrogen-replaced
atmosphere. After evaporating the solvent, the residue was
partitioned in chloroform (50ml) and 10% aqueous citric acid
solution (30ml), and after separating the organic layer, the
aqueous layer was further subject to extraction into chloroform
(30ml). Thecombinedorganiclayer was thendriedoveranhydrous
sodiumsulfate, andafter removing thedryingagentby filtration,
the solvent was evaporated under a reduced pressure to thereby
obtain a crude 7-{3-(R)-[1-(tert-
butoxycarbonylamino) cyclopropyl lpyrrolidin-1-yl}-1-[2-(S) -
fluoro-1-(R)-cyclopropyl]-5-hydroxy-8-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid

The above obtained crude 7-{3-(R)-[l1-(tert-
butoxycarbonylamino) cyclopropyllpyrrolidin-1-yl}-1-[2-(S) -
fluoro-1-(R)-cyclopropyl]-5-hydroxy-8-methyl~1,4-dihydro-4-

oxoquinoline-3-carboxylic acid was dissolved in
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1090&' () - 9&th0Uh&ofrpLrou (20l wd BYNEmE®)u Saturated aqueous sodium
+1090& ()-)10%& ()-""!11090& ()-%A0%& ()-y#10%0& ()-s!310%& () - $vavwOmww
WWAE: /| 189dekide%ddl tiion IR €héen-adddWd8i(k-Sooling with ice to the
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10TsF9! 10%Guehbus @4 0% f teLSkaldlifid ) ther@blO%8) (1t &b 1ORE 1+ 0% () -
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_1?T5! 10%ahk- thi@U& rtbrl 0%e( bl $hE0%E LLtEE 18YE . 6) to&71878y( haazhg@Qf {{dE
0TS 100 OB S S o AR e A e S sl 105
109 () -} eh @ bhhddiid hiRfe ! QLA RUBE L L tHdn! BT bk 6 WRBK {Pion into
chloroform (100ml), chloroform:methanol = 9:1 (100ml x 2), and
the lower layer of chloroform:methanol:water = 7:3:1 (100ml),
and the combined organic layer was dried over anhydrous sodium
sulfate. After removing the drying agent by filtration, the
solvent was evaporated under a reduced pressure. The residue
was then purified by a preparative chromatography (developed
into the lower layer of a 7:3:1 mixture of
chloroform:methanol :water), slurry-purified using diethyl
ether, and then dried under a reduced pressure to obtain 119mg
(43%) of the title compound as a yellow powder.
'H-NMR (400MHz, 0.1lmol/l1 NaOD/D,0) &: 0.45-0.55 (4H, m),
1.05-1.20 (1H, m), 1.45-1.70 (2H, m), 1.90-2.00 (1H, m),
2.05-2.20 (1H, m), 2.16 (3H, s), 3.05-3.20 (2H, m), 3.25-3.35
(l1H, m), 3.40-3.50 (1H, m), 3.90-3.95 (1H, m), 4.90-5.10 (1H,
m), 6.16 (1H, s), 8.33 (1H, d, J=3.4Hz).

Melting point: 203 ~ 206°C
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A mixture of ethyl 8-cyano-7-fluoro-1-[2-(S)~-fluoro-1-(R)-

cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylate
(250mg, 0.785mmol) ,

3-(R)-[1~-(tert-butoxycarbonylamino)cyclopropyl Jpyrrolidine

(267mg, l1.18mmol), 1,4-diazabicycleo[2.2.2]octane (132mg,
1.18mmol), and dimethyl sulfoxide (13ml) was stirred for 2 hours
at room temperature under a nitrogen-replaced atmosphere.
After evaporating the solvent, the residue was partitioned in
chloroform (30ml) and 10% aqueocus citric acid solution (30ml),
and the organic layer was separated. The organic layer obtained
was dried over anhydrous sodium sulfate, and after removing the
drying agent by filtration, the solvent was evaporated under
a reduced pressure. The residue was dissolved in concentrated
hydrochloric acid (4ml) and glacial acetic acid (4ml) at room

temperature and then stirred for 12 hours while heating in an

0il bath at 110°C. After evaporating the solvent, concentrated

140



10T=10%0& ()- : 10%& ()-j “~dEbC 10Ts 10% & ()-s 10% & ()-s 10% & ()-sz

10% & ()-1 10% & ()-sS 10% & ()-T9dEbC 10T2S 10% & ()- &$10% & () -

&$10% 8& ()-&P10% & ()-%$z 10% & ()-"T 10% & ()- Hmrstxnmb@ 10T!' 9 109%5& () -

10: 10: 10:F=10% & ()-9-10% & ()- 37S 10% & ()-4z10% & ()-' M aBnmb@ 10T! L,

10%& ()-9% 10%& ()-!+9 109%5& ()- 910%& ()-9f 10%& ()-s9 10%& ()-fdE:/
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10% o0& ( FORLUtignWRAHRT BN ESRTEHINEQS S&pae%é&n(f)um@llwé sken pasheshoh C

1051 109%<& ()- 9110%& ()-Y '109%& ()- 9'10%& ()- 10'0 10'0

10" 03=10%id& (qhb@:m 1050831 094 0fmpl /31 haigedys 35004ue’ fydroxddes’ () -

F10%<& ()-Y109%<& ()-; ]dEbC 1053 -10%& ()- | 9% 109%<& ()- ,#Y10%& ()-

L! SlO(VK&'S@))lutEW/OﬁGfS( Jthe@B taidesl (Do TdbeEaquedus layer after washing,

10<=10%& ()-39'10%<& ()-F7!'10%& ()-F5 10%& ()-33

10%<& () theebytrad{ysBindixthé pA< tH02WIL () -THEWA &F€erf washing with

10 & ()-L'10% & ()-3 '10% & ()- 10% & ()- 10<hNdE:/

10<10% &'chlok@®ofn( ) (9004 &, ()chel G8f1 &wh)- AdPhstdd - £d0% & (by 'adding

concentrated hydrochloric acid and lmol/l hydrochloric acid.
The aqueous layer cbtained was then concentrated to 5ml under
a reduced pressure, subject to extraction into
chloroform:methanol =10:1 (50ml x 3), and the combined organic
layer was dried over anhydrous sodium sulfate. After removing
the drying agent by filtration, the solvent was evaporated under
a reduced pressure. The yellow solids thus obtained were
recrystallized in ethanol and thendriedunder a reduced pressure
to obtain 124mg (40%) of the title compound as a yellow powder.
'H-NMR (400MHz, DMSO-d6) §: 0.48-0.51 (4H, m), 1.66-1.90 (3H,
m), 1.99-2.03 (1H, m), 2.03-2.09 (1H, m), 3.57-3.70 (3H, m),
3.79-3.83 (1H, m), 4.03-4.08 (1H, m), 5.18-5.35 (1H, m), 7.14
(1H, d, J=9.3Hz), 8.16 (1H, d, J=9.3Hz), 8.61 (1H, d, J=3.9Hz) .
Melting point: 138 to 140°C
Specific rotation: [a]p?*'® = +19.16°
Elemental analysis: As C;;H>1FN4O3*1.25H,0:

Calced: C 60.21%; H 5.65%; N 13.07%

Found: C 60.42%; H 5.62%; N 12.72%

MS (m/z): 397[ (M+H)*]
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10% & ()~ _1110%& () - LF

g
10% &' ()fluérg' iom{gho@% ]&E(—)metﬂ&éy-lﬁ\z;?-fd:ifﬁylﬁo 4—
10\ : &J)- 10 107 1I0:
=10% & (Qzal : _ D% 10% & @ 10%& 9&! 10% &
|1oo/<b&'g &(Qca ()- ()- ()-

10\' 1109 & %&I 10%0 #1 10% &' | 10%.8
109%& () - 8q<(:I)Ef§C 10 8@1@1‘“039&0&' -1 (1900/’@&’?‘?@1 1‘%&0{9?’ RELr () -

cyclopropyl]-8-methoxy-1,4-dihydro-4-oxoguinoline-3-

carboxylic acid (290mg, 0.98mmol) ,
3-{R)~-[1-(tert-butoxycarbonylamino) cyclobutyl ]pyrrolidine
(283mg, 1.18mmol), triethylamine (0.409ml, 2.% 4immol), and
dimethyl sulfoxide (5ml) was stirred for 112 hours while heating
inanoil bath at 80°C under an argon-replaced atmosphere. After
evapotating the solvent, the residue was partitioned 1in,
chloroform (50ml) and 10% agueous citric acid solution (30ml),
and after separating the organic layer, the organic layer was
washedwith saturated saline solution (30ml). Theorganiclayer
obtained was then dried over anhydrous sodium sulfate, and after
removing the drying agent by filtration, the solvent was
evaporated under a reduced pressure. The residue was subject
to a silica gel chromatography and a crude
7-{3-(R)-[1~(tert-butoxycarbonylamino)cyclobutyl]pyrrolidin
~1l-yl}-1-{2-(S)~-fluoro-1-(R)-cyclopropyl]-8-methoxy-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid was thereby
obtained from a chloroform:methanocl = 20:1 eluate.

The above obtained crude

7-{3-(R)-[1-(tert-butoxycarbonylamino)cyclobutyl]lpyrrolidin
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10\ s394.09% & ()-910% & ()- & z10% & ()- S: 109%& () - OMLOY& () - 93

10% & () -j <wdEnbC 10 10\"z 10% & ()-L T 10% & ()-s10% & () - zsS

109% & ()-f10% & ()-s& 10% & ()- .|, dEnbC 10 10\L. 10% & ()-L, 10% & ()-
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10% & () =hrylXYiF [267S) FE0ueroyr 18I ROYEY ) optopRl | ) 8 s9e tigomy () 4 -

- 1109& ()-sM 109 ()- 10"1xqdE:/ 10" %

109& () - §#hPOYR-@)-ohkighQUR1 ( heFR-EAURLLY T REEQURNE S d&E2696L4) - 5T ; dE: /
10" 1109& ()- s/ 109& ()-- 109& ()-+' 109& ()-s)!109%& ()- ' 109& ()-;i dYNC 10"

10 10 10Yrnle¥edn t sV E o ¥hl $8Ye& did Ysﬁipq(ﬂql@)géé@?;ﬁncﬁhlﬁhdfé@\ﬁ 10" L
10% & ()-L10% & ()-& 1096 & ()- 9L10% & ()- &3 &10% & ()- 910% & () - *h"[ dEYNC

10" LT 1Qr(%1%f('eﬂ-&tﬂ-@zfilﬁlfhr%ml%/@é%ir)ang LQ%%egr)bath thesolution
10% & ()-L10% & ()-8nd

10% & () SR CER LGl SN O CANER:Or PREE Lhal oM e 0O
chloroform (10ml x 3 times). 10mol/l Aqueous sodium hydroxide
solution was then added while cooling with ice to the aqueous
layer after washing, thereby adjusting the pH to >12, and
thereafter, the pH was adjusted to 7.4 by adding concentrated
hydrochloric acid and 1mol/l hydrochloric acid. The aqueous
layer obtained was then subject to extraction into chloroform
(100ml x 3) and the combined organiclayer wasdriedover anhydrous
sodium sulfate. After removing the drying agent by filtration,
the solvent was evapotaed under a reduced pressure. The residue
was then recrystallized in ethyl acetate —hexane anddried under
a reduced pressure 99mg (24%) of the title compound as a yellow
powder,

"H-NMR (400MHz, de-DMSO) §: 1.30-1.45 (1H, m), 1.45-1.60 (1H,
m), 1.60-1.70(18, m), 1.70-2.50 (8H, m), 3.30-3.40 (1H, m),
3.40-3.50 (1B, m), 3.50 (3H, s), 3.56-3.60 (2H,m), 4.03-4.09
(1H, m), 5.00-5.22 (1H, m), 7.09 (1B, d, J = 9.1Hz), 7.92 (1H,
d, J=8.1Hz), 8.57(1H, 4, J=3.4Hz).

Melting point: 174°C

Elemental analysis: As CyHo6FN30,°0.25H,0:

Calcd: C 62.92%; H 6.36%; N 10.01%
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EbC 10" 3 3:09peiiq)2 4 -ivflaiqrobenami® g9id 10% & () -+ 10% & ()-)

10%& ()-0sxmbC 10" 109d& ()- 10z 10z
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109a7& () -, ! 1097& () - HRdEMbC 10"-! 1090& () -+ 109d& ()-y) 109d& ()-s'
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L' 10%9& (Hexrld¥b&uklion of n-butyllithium (1.52M, 260ml, 395mmol), the

solution was stirred while cooling with ice for 1 hour. After
cooling this solution to -78°C, a solution, in which
2,6-difluorobenzonitrile (25.0g, 180mmol) was dissolved in
anhydrous tetrahydrofuran (100ml), was dripped therein over a
period of 1 hour. After completion of dripping, the reaction
solution was stirred at —78°C for 1 hour and then dried carbon
dioxide was bubbled into this reaction solution for 30 minutes.
Thereafter, the reaction solution was stirred at -78°C for 1
hour, then raised gradually in temperature, and then stirred
at room temperature for 12 hours. 100ml of 1mol/l Hydrochloric
acid was then added to the reaction solution while cooling with
ice and extraction into diethyl ether (500ml x 2) was performed.
The combined organic layer was washed with saturated saline
solution (500ml) and then dried over anhydrous sodium sulfate.
After filtration, the filtrate was concentrated under a reduced
pressure, thereby obtaining29.7g (90%) of theyellow, amorphous

compound of the title. This product was used in the subsequent

144



10T 10T 10T=109F& ()-[ dELC 10" L10%T& ()- 3! 109d& ()-,! 10%& ()-! 10%& () -
4109%& ()- 10%& ()-&dEbC 10"s' ! 109%&" ()- Y%

10967&' () -f#! 1090& ()-"!110%& ()-YL0%& ()-S109%& ()-!]dE:/ 10T

10T=109r& ()-1 109d& ()-/ 10%& ()--109F& ()-+ 10%& ()-y)!109a& ()- Y%RO1;
<cl/ 10T 10T310%@& ()- 310%@&' () - 310%@&' () - 310%@&' ()-' 310%@&' () - FLO%@&' () -
10T<?ABEG Jj K1/

310%@& () - 310%@& () - 310%@& () - 310%@ ()-310%@& ()-310%a& ()- F310%@& () - IMPQ
RTz' Aj K1/ 310%@B10%a& () - 310%@& () -

mvVQy' | 23 MRAGEion Pfﬂ%‘;@l (Bu rﬂ?}%l‘e%l/ﬁﬁ% ()-310%@& ()-310%@& ()-310%@
& ()-310%a& ()- 310%@& () - F310%@& () -i knrt u<ekK, / 310G

MVQy' , 23 THYRRIR( J(A900HEs' CPC31DokaR (7).-L03 UAHGE)),- Bs BR ILE0@a)( ) - 310%@ () - 31
0%@& () - 1310%@&’ () - 310%@&’ () - 310%G () - 3LO%G () - nO6/ 310%&’ () - 310%&& () - (3
10%@8 () -ReXlepos@ied EX30aodeR’ 1) 310%@&' () - 310%@% () -t U6/ 310%@& () - 310%@& ()- 3
10%@&' () - 310%@&' () - 3L0%@' () - 3LO%@& () - 3L0%@ () - * At U6/ 310%@% () - 310%3& () -
0310%@& (BtH¥l 8-cyano-7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-

mvQ#' , 23T0%@ () -] K, / 310%@& () - 310%G& () - 3L0%@& () - 3109 () - 310%@& () - 310%
@ () - 31008 il D% i

ek, 310%G () - 3302@ 0 234 0HER by BEEHEE: 6) aCEHOAED . €y, ( TEOUEEL)) ~AUEE () -
"#) - 0PL310%@ () - 310%@: () - 10%@H () - 3LO%@E () - 310% () < 310% () 310%@ (

) - - . BCEl Keifg Q&W@n@n@@%{@ueﬁés}m () arsd QHEE (A3 B Qe a
VO , 2KLNPRSYZNC531310%2& () - 3L0%! () élOfV@ () - 310% () 331 /@ ()-V310

%G () - 310% d 10 3
rrVQ#()231O §°§1‘86%F8“5 %gc{%«\ 4 Sg 310% (’2"3) @100 q” TOSRE () - 310%

w23 %‘%’%%%‘%f%ﬁ)&@ f‘%’fg@@at)r°°&§§'&%mt%§ewﬁ?@ ()-310
1 BB 00 PR R 1
mVQH' | 2n%5%§‘(1% %1%@& 2% B GoaTisn il BF£33905R%, 1523 RMex: () - 3

L0t () A”05313 034':8 it tatreiviomerrestbiaet) st () a0

0@ () - 310% ( - 310U

Al eF53137F PFF%E&’@@W%“%%M%U IR @eden %366%@’-”??%&60/@‘6() 132\ A
AF531310310(V@L ()- (310%@ () (310 () (310%@& () -
MWVQ# , 2° FYIHHTR ESBPENFTATIER med SEFHER (%" 33 PRBFIF LN 0AGR () - 310

VR uwxzoU63131 0% 3109%4a& 3109%4a&: 310% - 31040 3109
310&()@‘ (5epm§0§@e%g m/@ngangfeg‘@tk%\;s GPta%e( was dlsso(l)ve O
0 0 0 0 0 0 0

O (oo (AL (oS )i A O S - 310v@
mvVQ#' , 2310%@& () - 310%@&’ () - 3100/@4) ] K, 310%@& ()-310%@& () - 310%a& () - 310%Q@
& ()- 310q@Rgec3,1QW@e( sLITDIER §N coollng with ice, into a solution,

J K 310%@& ()-310%@& ()-310%& ()-310%a& ()-310% & ()-310%a& ()-310%& () -
9%&( ) +eK, ,1318hdaEh CrietduRMINe3(I0MA $1d e3hedk@ dimattyi@ninoagrylate

nvVQ#' , 2+. 01578>) P1310%@& () - 310%@& () - 310%@& () - 310%@&’ () - 310%a& () - 310%a&
() - 310%@84 24 - 3EDIX O3 @3- E0 GRS 0] veBOUTTA Y Y BIOMEE ¢ raBlydrof uran

nvVQ#' , 2310%@a&' () -] acdfjl nj K, 310%@& () -310%a& ()-310%@& () - 310%a& () - 310%@a&
() - 310%& 19 om0 V@R D poypl K1 3&0 %E: dr)i- ppi ORI th8 1084@L {9n (sBIAEERN( ) - (310%
@ ()-310%@& ()-310%& ()- A K, 310%B10%@& () -310%@& () - (310%@& () - (310%&
()-¢ was heated under reflux for 12 hours. After then filtering the

nvVQ#' , 2t Z@B10%@B10%@&’ () - 310%a&' () - 310%@& ()-310%@4 ()-310%@& ()-310%& () -
310%@ () rebltPd ) ¥EEut) od Hi@Rdh clDVEE ((w)as%m | th dGbthyl ether)

nVQ#' , 2310%@a&' () - nO@B10%a&' () - 310%@& () - 310%&' () - 3109 (3, 3100/@ () 310%@
& () - 310%GR, (951 BT U dohah YR k) ?xé@{@e&& &d Q@5 dured HREE NS - G
nvVQ#' , 2y1@5 nVQ#' , 2310%@&' () - 310%a& () 310%a& () - 3109 () 310%& ()-sT: ¢

o Do i O
e AR 0 e g o

0% ()-310%a& ()-310%@& ()-310%@& ()-310%& ()-310%a& () - 310%@& () JKLRSUV
s+, ¢

mMVQE' |, 21310%@&' () - 1310%a& () - 310%@& ( g,lofV@L ()-310%@& ()- VW nmmpt vsT5QG
310%@4 ()-310%@& ()-1310%& () - 1310‘V ' ()-310%&&' () -310%a& ()-310%@& () - vwx
z~nT5(F

?,100/@' ()-310%@& ()-310%& ()-(310%& ()-310%& ()-310%& ()-310%& ()-sT5G



310%@& () - 310%@& () - 310%@& () - 310%@& () - 310%@& () - 310%@& () - 310%@& () - eF' 53
1096@& () - YB10%@ () - YBLOY%@ () - YBL10%@ () - 3109%@ () - &

MVQE , 2i JO3109%@& () - 310%@& () - 310%@& () - 310%@& () - 3310%@& () - V310%@& () - 310
UGB ()-2z F 0310%@& () - 310%@& () - 310%@& () - G

MVQ#F |, 2310%@& () - 310%@& () -j K1310%@& () - 310%@& () - 310%@& () - 310%@& () - 310%@
& ()-310%@& ()-310%@& ()- "A 1310%@& ()- G

MVQF , 23109%@& () - 310%@& () - 310%@& () - 3109%@& () - "#9% )*, . nC03310%@& () - V3109%@

& ()-310%a&' ()-310%& ()-310%a& () - 310%@&' () - 310%a& () -, 0178<BoP03310%a&'
- vg)loo/@' % - é)lﬁb/&r %‘-’%E)‘G}éh%?g)lﬁ@&(%- é%o%‘ % ?gzlﬁt)@" ()- BCYZ\ _aeF Og)l
0%@&' () - 310%@&' () - 310%@&' () - 310%@&' () - 310%@& () - & ,

mVQ#' , 2abdgi j pdhdE31 FHPAERNIE 31938 EReB10A&R SO Vefhu@ () 2BRIEIRRS () - V310
@& ()-310%a&& ()-qu{|z F 5310%@& ()-310%& ()-310%@& ()- G _

mVQH' , 231bekaaliydsa (Qiqqmlémoé/@ﬁﬁf Buongzrl ¢ (RB16YARCPFOBYDAREENE ) - 310%@
& ()-310%@& ()-310%a& ()-jj K, 310%a& ()-310%3& ()-310%3&' () - 310%&' () - 310%
' () - 310%@arataluesm@syl feratg1(RE@2 ¢ ) -(1B3Modd Was( addedRtipreBens@d () - 310%
@ ()-g

MVQ#' , 2e FwBIDEER I )i RYHRMEEL §)C (BIOVEEL 61 7 (B 10MEGH )i SHOI@ni(nNe BABMIE' () - 310
%@ ()- [ AeF, 3109%@&' 310%a& () - G

MVQ#' , 231066kMNE) ) IhEAMBS £9 1 Bdd Y@ala iy d ol Be@Eahyd B Ot@h ((50ml0)%aRa% ) - 310%@
& ()-310%@& ()-310%@& () - 310%@&' () -

| #eK, 310% 84 pped 1iHdde (n g bAER 1().- ( A1 0&EBEdnp B O df) d21PHiRg( ) tisd %@ ()
-#(,-CDlz F', 3109%@& () - (310%a& () - 310%@& () - G

VY, 23108484 { dn FHAYEE dn) wh KM\ wH DYk o1 3LV i e B3P Y @Bokd s 310%@&
()-3109%@& ()-3109%& ()- 3109%@& ()- WZ\~cj F, 310%a&' () - (310%@& () - 310%@& () - 31
;3?%'0 ((y @3%§8%89@%@%QEM%&&% £6r 1BINYBs () w3 ¢ o1 PLO0Y@& (
MVQH' , 2eKy3d Q i%?é??%%@é%@ééiﬁéﬂ-&%@h@ﬁa@&%@éﬂéém@&() - 310%@

& ()-[ AeK, 310%

MVQ# | 2310%0%. ()er 10U ()31 0%, ().x OUER:. (.= 31OV (L3 () - 310%@
& 8& 31032%%49&’ % (33"1%%% £ éﬁ%%é&’ %@'3%@&;( %9%%}%‘ ()-(3
éggﬁ( § ) 8?49 FRE P A0 EF, Onthdd LAY ) oR ARG 1y B LU O 1 AdREE () - 31
TOF . 2] K DU O SIUER () 33100 1+ W ok SN, L AT - 910%@
MVQ#' |, 2310%@& () - 310%@&. () - . 46<>@\CeK, 310%@&, () = 310%@& () - 310%@&. () = 310%&
O 100 Fh o BYRRER Fod bTRRETS CEELEEN o) e kaA0BID 10k ok 135 THd9B
10@10%E&. () - " 2310%@& ()-Z7|[:B31l. &10%-2& ()-& .10%2& ()-1

10%-28& ()9‘(%6%’2@%‘35 sftig/’&‘%'sﬁ‘;l-fat%[lo%’%‘&ef )f/% a.(‘)éé’j‘ r F%fog/ezr]g% %‘5‘? & F
10%-2& ()-1 @10%28& ()- .L 10%2& ()- F 10%-2& ()-.@ 10%-2& ().-U |[[:B31 -
10%-28&' 8“—’&5 +°Tb%-’2‘&r?(%@‘1 b ei’b%gégﬁizpref@%?g (‘}\-Y?’e/?z°‘1bﬂ)é-%%}'?‘§'£' f#
10%-2& ()-15p|[:B31 9 10%2& ()-& 7 10%2& ()-1 5 10%2& ()- 3 10%-2& ()-

1! 10%-2& P}1Y/subskanrce) vagghug gopkrined. 10028 ()- 109%R& () -
F1092& ()-10~210~210~2 | =10%-2& ()-M|[:vU4 L10%R& ()- 3f 109%R& ()-
,glowR& ()- & Miviggsyhstancegasdissolynpgdn ydriedl Mloé«anﬁ)é/&%@mlgl,

| 9409R8&' ()- #109%R& ()- L! 109%R& (i' F 109%2& ()- S 10%R& ( -((%?\~A[:VU4 3
109R& () - and Wigsle s¥irringgpel ¢poling widhei¢g, 60 abp godium hydride

y) YI09R& ()-~| obU4 10% 2' & ()-102102102 | =109R& ()- 9109%R& ()- 710%R& ()- 5
109R2& () - OB| 3bgm wagladsied &inaduadlyns 2 TRA §)reakioibon guspensigymasstiion

10% 2' & ()-  10%2' & ()-]14k|[: bW 110%2' & ()- YI0%2' & ()- @

10% 2' & ( Btitra@%td e temBetfbaRs Eof)l-houNds Af&ef)tHel| ¢omtdntratiing 2' & () -
+z 10% 2 & ()- y) 10%2 & ()- s' 10%2' & ()- 1% 10%2' & ()- St

10% 2' & (Ehélrehlctidh sdldfer t& approkid®ed &l (3rd bhé @¥igi&kal)volume

310%2' & ()- 110%2' & ()- / 10%2" & ()-)-./0k* vU4 10%-2& ()- 10%-2& ()-
10%-2& () unddP% 2&d(ired PresHlire 16", BmolYAl pdd o hllor’i cdacid qBbmt Ywas
L10%-2& ()- 310%2& ()- @ 10%2& ()- 10%2& ()-  10%2& ()-

10%-2& () plukbli: ¥4 radualleodill c%i@fa’(g&&i&ﬂ iddt 19@58rddipitatdlyo2& () -
Y 10%-2& ()- S 10%-2& ()-! LI [ vUd 10%-2& ()- 1 109628 ()= 1y

()
10%-2&' - . ot ! - -2 & - Oor 2 & - b
Lovmer () 38L48 gkt Ly forad st ( Jaghed Wi wakok,  ShAPHHen washed
10%-2&' ()-KG [:bU4  109%R& ()-  109%& ()- 10%R& ()- 109%R& ()- 109%R& ()-
109R& ()-@4|[:bU4 L! 109R& ()- F 109R& ()- @ 109R& ()- 9 109R2& ()- 3
109R& ()- , 109R& ()-4pDi[[:bUs - 109R& ()- |+y 109%R& ()- y) 10%R& ()-
TU109R& () - YUAOURE ()- SH 109R& ()-fK/[:bUs 910%R& ()- 7 10%R& ()- 5
109R& ()- 3109R& ()- 11109R& ()- / 109R& ()-?uvU4  109029& ()- 10%. & ()
10928& ()- 1090& ()-102102102 |=109%R& ()-u?|[:-4102 Y=109R& ()- f10%R& ()-

A PNAIOSN T PNA NN A PNAIOSN T A PNAIOSN T A PNAIONLN A PN 1




310%E58& ()- 310%E5& ()- (310%E5& ()- #37)2/ _OCU102 310%E5& ()- #37)2
310%E58& ()- 310%E5& ()- 310%E5& ()- 310%E5& ()- /0: JKQadDQU102 310%E5& () -
3109858 ()- #37)2310%E58& ()- 310%E5& ()- 310%E5& ()- af kl muy_?Q4102
3109858 ()- 310%E5& ()- 310%E5& ()- #37)2310%E5& ()- 310958 ()- y~ ?Q4102
310%E58& ()- 310%E5& ()- 310%E5& ()- 310%E5& ()- #37)2310%E5& ()- <4102
#37) 2310%E5& () - 310%E5& ()- 310%E5& ()- 310%E5& ()- #37)2° DQ4102
#33109E5&' () - #37)2310%E5& ()- 310%E5& ()- 310%E5& ()- 310%E5& ()- { 2Q4102

Lok 1Le' (YLHR 190ERE @gur R0 Torbt Sthbagboang (ethy sther, Lh ehat ™0
order. The c¢rude crystals obtained were purified by
recrystallization in isopropanol, and dried under a reduced
pressure to obtain 10.6g (49%) of the title compound as
vellowish-white crystals.

Melting point: 172 to 177°C (decomposed)

§-NMR (400MHz, CDCls) &: 1.23-1.30 (1H, m), 1.41 (3H, t,
J=7.1Hz) ,1.61-1.99 (1H, m), 4.00 (1H, m), 4.40 (2H, q, J=7.1Hz),
5.10 (1H, dm, J=63.5Hz), 7.31 (1H, m), 8.52 (1H, d, J=2.6Hz),
8.77 (1H, m)

[Test Example 1]

Antibacterial activities of the compounds of this
invention were measured in accordance to the standard method
designated by the Japan Society of Chemotherapy, with the results
shown as MIC values (microgram/ml) units in the following table.
For comparison with the MIC values of the compounds of this
invention, MIC values of levofloxacin (LVFX), ciprofloxacin
(CPFX) and 7~[3-(R)~-(l-aminocyclopropyl)pyrrolidin-1-yl]-6-
fluoro-1-[2-(8)-fluoro-1-(R) -cyclopropyl]-8-methyl-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid (Reference drug 1),

whichisdescribedin PCT/JP96/00208, arealso shownin the table .
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the following method.

Mice groups, each consisting of five, six-week-old,
Slc:ddY male mice, were used. The compound of this invnetion
described as Example 1 and 7-[3~-(R)~(1-
aminocyclopropyl)pyrrolidin-1-yl]~-6-fluoro-1-[2-(8) -
fluoro-1-(R) -cyclopropyl]-8-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid (Reference drug 1) described
in PCT/JP96/00208 were dissolved in and diluted with 0.1mol/1
NaOH/saline soclution. The 0.lmol/l NaOH/saline solvent was
used as a control, and as a positive Reference drug, a drug
solution, prepared by dissolving anddiluting cyclophosphamide
(CP) in saline solution, was used. All drug solutions were
disinfected by filtration through Mylex GS 0.22um filters.

With each drug solution, a single intravenous dose of 10ml/kg
was administered at an administration rate of 0.2ml/min. 24
hours after administration, myeloma cells were collected from
the femur bone, the smear preparations were prepared, and these
weredyedwithacrylicorange. Usinga fluorescencemicroscope,
1000 polychromatic erythrocytes were observed for each
individual mouse, and the frequency of occurrence of

micronucleated polychromatic erythrocytes and the ratio of

orthochromatic erythrocytes and polychromatic erythrocytes
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among 1000 erythrocytes were calculated.

As aresult, a significant difference in the micronucleus
induction rate was not seen between the control and any of the
25, 50, and 100mg/kg administration groups for the compound
described as Example 1 and the judgment result was thus negative.
That is, the compound described as Example 1 was found to be
extremely weak in micronucleus induction and high in safety.

In contrast, with the comparison compound,
7-[3-(R) ~ (1l-aminocyclopropyl) pyrrolidin-1-yl]-6-fluoro-1-|
2-(S)-fluoro-1-(R) ~cyclopropyl]-8-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid (Reference drug 1) described
in PCT/JP96/00208, micronucleus induction in comparison to the
control was clearly seenwith the 50 and 100mg/kg administration
groups.

These results show that the compound described as Example
1l of this invention, wherein a fluorine atom of the 6-position
of the comparison compound, 7-[3-(R)-(1-
aminocyclopropyl)pyrrolidin-1-yl]-6-fluoro-1-[2-(S)-fluoro
-1-(R) —cyclopropyl] -8-methyl-1,4~-dihydro-4-oxocquinoline-3-
carboxylic acid described in PCT/JP96/00208 is replaced by a
hydrogen atom, exhibits a potent antibacterial action upon a
broad range of both gram-negative bacteria and gram-positive
bacteria, including resistant bacteria, and yet is high in
safety.

[Test Example 3]
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xvzl \1,] tll\ie_biogdbcgngentration and organ concentration after oral
administration were determined by the following methods.
Measurements were also made by the same methods for Reference

drug 1.

Method 1: Animal Tests

An administration solution was prepared by dissolving
a tested compound to a concentration of 2mg/ml (as free compound)
in distilled water, and using a 2.5ml disposable syringe or
a metal oral probe, the solution was orally administered at
a dose of 20mg/kg to fasting rats (Crj: CD IGS; male; 7-week-old;
Charles River Japan, Inc.).

The absorption test groups (4 rats per group; total of
6 groups) were killed by exsanguination while under ether
anesthetization 0.25, 0.5, 1, 2, 4, or 6 hours after drug
administration, and the blood, liver, kidneys, and lungs were
sampled. With the blood, serum was sampled by centrifugation
(3000rpm x 15 minutes, 4°C) after coagulation. Tissues were
homogenized after adding 3 to 5ml of 0.1M phosphate buffer
solution (pH7.0) and the centrifugation supernatants (3000rmpm
x 15 minutes, 4°C) were collected.

The excretion test groups (4 rats per group) were put
in a metabolic cage after drug administration, and collected
urine samples for 0 to 4 hours and 4 to 24 hours were sampled

while coolingwith ice, and at the time of sampling, the interior
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of the cage was washed with approximately 15ml of 0.1lmol/l
phosphatebuffer solution (pH 7.0) to recover theurine attached
totheinteriorof thecage. Alsoinorder toexamineglucuronide
and other conjugated compounds, a part of the sample was
separated, hydrolyzed with an equivalent amount of 1lmol/l
aqueous sodium hydroxide solution, and thereafter neutralized
with 0.5mol/1 hydrochloric acid, and concentration
measurements were made on samples prepared in this manner.

Method 2: Drug Concentration Measurements

Determination of drug concentrations in liquid samples
were quantified by an agar well method bicassay using the B.
subtilis ATCC6051 strain as the test organism. A test medium
was prepared by inoculating a suspension containing5 x 10’CFU/ml
of spores of the test bacteria at a proportion of 1% into an
nutrient agar (Eiken Kagaku) that was sterilized at 121°C for
15minutes and then cooled to approximately 50°C. Afterplacing
10ml each of this medium in a sterilized Petri dish and
solidifying horizontally, four holes of 8mm diameter were made
to prepare a test plate medium. The Bioassay System TDA-1
(Dainippon Seiki) was used for preparation of the test plate
media. For the measurements, the test samples (diluted with
serum or phosphate buffer solution as necessary), serial
dilutionsof thedrugsolutions forcalibration (two-fold serial
dilutions prepared so that the inhibition ring diameter will

be approximately 10 to 30mm), and a reference drug solution
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(a drug solution of given concentration for correction of the
error among plates; normally, a concentration of forming an
inhibition ring of approximately 20mm is used) were prepared,
and 50uL of the test sample (or thedrugsolution for calibration)
were placed in each of two of the four holes of each plate and
50uL of the reference solution was placed in each of the other
two holes. After addition of the sample, the plate medium was
set still for 1 hour at 4°C to perform preliminary dispersion
and then culturing at 37°C was performed for approximately 18
hours, and the inhibition ring diameters were measured using
CA-400 (Dainippon Seiki). The concentrations of the test
samples were measured using a calibration curve determined by
second-order regression from the logarithmic values of the drug
concentration of the calibration curve serial dilutions and
the inhibition ring diameters.

For the tissue concentration (ug/ml), the concentration
(ug/ml) in the homogenate supernatant was determined from the

tissue weight (g) and the added phosphate buffer amount (ml)
and using the following equation:
[Tissue concentration] = [Homogenate concentration] x ([Tissue
weight] + [Buffer solution amount])/[Tissue weight]

The urinary excretion rate (%) was determined from the
amount (ug) of drug administered, amount (ml) of urine (or
washing solution), and concentration (ug/ml) in urine (or

washing solution):
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[Urinary excretion rate] = 100 x ([Amount of urine] x
[Concentration in urine])/[Amount of drug administered]

Method 3: Calculation of pharmacokinetic parameters

For each drug, the pharmacokinetic parameters in rats
were calculated based on mean concentration, by
non-compartmental analysis, and using the pharmacodynamics
analysis software, PSAG-CP (Asmedica).

The serum concentration and the organ concentration for
liver, kidneys, and lungs of the compound of Example 1 and
Reference drug 1, determined by the above methods, are shown

in Table 2.
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As is apparent from Table 2, the compound of this invention
was found to be distributed at higher concentrations, for both
serum and tissue, in comparison to Reference drug 1. It is
thus apparent that the compound of this invention is excellent
in oral absorption. It is also apparent that the compound of
this invention is excellent in tissue penetration.

The structures of the compounds that were compared in

activities are as follows.

Compound described as Compound described in
Example 1 PCT/JP96/00208
Reference drug 1
(o] 0
COOH F COOH

INDUSTRIAL APPLICABILITY

Compounds of this invention exhibit excellent
antibacterial action upon a broad range of both gram-negative
and gram-positive bacteria and, in particular, exhibit potent
antibacterial activity even against resistant gram-positive
bacteria, such asmethicillin-resistant Staphylococcus aureus
(MRSA) , penicillin-resistant Streptococcus pneumoniae (PRSP),
vancomycin-resistant Enterococcus (VRE) , etc., and

quinolone-resistant bacteria, and yet are excellent in safety
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chemotherapy against microbial infections.
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CLAIMS
1. A compound represented by the following general

formula (I), its salts, and hydrates thereof:

R o
H COOR?
o
e I ML, 1
N” AT NTOR
RLN\ R’

R®
[wherein R! represents an alkyl group having 1 to 6 carbon atoms,
an alkenyl group having 2 to 6 carbon atoms, a halogenoalkyl
group having 1 to 6 carbon atoms, a cyclic alkyl group having
3 to 6 carbon atoms, which may have a substituent, an aryl group,
which may have a substituent, a heteroaryl group, which may
have a substituent, an alkoxy group having 1 to 6 carbon atoms,
or an alkylamino group having 1 to 6 carbon atoms;
R® represents an alkylthio group having 1 to 6 carbon atoms
or a hydrogen atom,

wherein R?®* and the abovementioned R' may be integrated
to form a ring structure by incorporating a part of the mother
skeleton, the thus formed ring may contain a sulfur atom as
a ring-constituent atom, and the ring may be substituted by
an alkyl group having 1 to 6 carbon atoms, which may have a
substituent;

R® represents a phenylalkyl group composed of an alkylene group
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having 1 to 6 carbon atoms and a phenyl group, an alkyl group
having 1 to 6 carbon atoms, an alkoxymethyl group having 2 to
7 carbon atoms, a hydrogen atom, a phenyl group, an acetoxymethyl
group, a pivaloyloxymethyl group, an ethoxycarbonyl group, a
choline group, a dimethylaminoethyl group, a 5-indanyl group,
a phthalidinyl group, a 5~alkyl-2-oxo-1,3-dioxole-4-ylmethyl
group, or a 3—acetoxy-2-oxobutyl group;
R* represents an alkyl group having 1 to 6 carbon atoms, an
alkenyl group having 2 to 6 carbon atoms, an alkynyl group having
2 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
a hydrogen atom, an amino group, a hydroxyl group, a thiol group,
or a halogenomethyl group, and

among the above, the amino group may have one or more
substituents selected from among the group consisting of an
alkyl group having 1 to 6 carbon atoms, an acyl group having
2 to 5 carbon atoms, and a formyl group;
A represents a nitrogen atomor a partial structure represented
by formula (II):
b ;
(wherein X' represents an alkyl group having 1 to 6 carbon atoms,
an alkenyl group having 2 to 6 carbon atoms, an alkynyl group
having 2 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon
atoms, a hydrogen atom, an amino group, a halogen atom, a cyano

group, a halogenomethyl group, or a halogenomethoxy group,
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among the above, the amino group may have one ore more
substituents selected from the group consisting of an alkyl
group having 1 to 6 carbon atoms, an acyl group having 2 to
5 carbon atoms, and a formyl group,

wherein X' and the aforementioned R! may be integrated
to form a ring structure by incorporating a part of the mother
skeleton , the thus formed ring may contain an oxygen atom,
a nitrogen atom, or a sulfur atom as a ring constituent atom,
and this ring may be substituted by an alkyl group having 1
to 6 carbon atoms, which may have a substituent);
each of R® and R® independently represents an alkyl group having
1 to 6 carbon atoms, a hydrogen atom, or a substituted carboxyl
group derived from an amino acid, dipeptide, or tripeptide,

wherein the alkyl group may have one ore more substituents
selected from the group consisting of an alkylthio group having
1 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon atoms,
a hydroxyl group, and a halogen atom; and
n represents an integer 1 or 2].

2, The compound according to claim 1, its salts or
hydrates thereof, wherein the compound of formula (I) is a
stereochemically pure compound.

3. The compound according to claim 1 or 2, its salts
or hydrates thereof, wherein n in the formula (I) is 1.

4. The compound according to any one of claims 1 to

3, its salts or hydrates thereof, wherein R® in the formula
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(I) is a hydrogen atom.

5. The compound according to any one of claims 1 to
4, its salts or hydrates thereof, wherein R? in the formula
(I) is a hydrogen atom.

6. The compound according to any one of claims 1 to
5, its salts or hydrates thereof, wherein R* in the formula
(I) is a hydrogen atom.

7. The compound according to any one of claims 1 to
6, its salts or hydrates thereof, wherein A in the formula (I)
is a partial structure represented by the formula (II).

8. The compound according to claim 7, its salts or
hydrates thereof, wherein X! in the formula (II) is a methoxy
group, amethyl group, adifluoromethoxy group, a fluorineatom,
or a chlorine atom.

9. The compound according to claim 7, its salts or
hydrates thereof, wherein X! in the formula (IT) is a methoxy
group or a methyl group.

10. The compound according to any one of claims 1 to
9, its salts or hydrates thereof, wherein each of R® and R® in
the formula (I) is a hydrogen atom.

11. The compound according to any one of claims 1 to
9, its salts or hydrates thereof, wherein one of either R® or
R® in the formula (I) is a hydrogen atom and the other is a
methyl group.

12, The compound according to any one of claims 1 to
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9, its salts or hydrates thereof, wherein one of either R® or
Rsinformula(I)isahydrogenatomandtheotherisasubstitutad
carboxyl group derived from an amino acid, a dipeptide, or a
tripeptide.

13. The compound according to any one of claims 1 to
12, its salts or hydrates thereof, wherein the cyclic alkyl
group having 3 to 6 carbon atoms, which may have a substituent,
in R' is a halogenocyclopropyl group.

14. The compound according to claim 13, its salts or
hydrates thereof, wherein the halogenocyclopropyl group is a
1,2-cis-2-halogenocyclopropyl group.

15. The compound according to claim 14, its salts or
hydrates thereof, wherein the halogenocyclopropyl group is a
stereochemically pure substituent.

16. The compound according to claim 15, its salts or
hydrates thereof, wherein the halogenocyclopropyl group is a
(1R, 28)-2-halogenocyclopropyl group.

17. The compound according to any one of claims 13 to
16, its salts or hydrates thereof, wherein the halogen atom
of the halogenocyclopropyl group is a fluorine atom.

18. 7-[3-(R)-(1l-aminocyclopropyl)pyrrolidin-1-
yl]-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-4-oxo-
1,8-naphthyridine-3-carboxylic acid, its salts or hydrates
thereof.

19, 7-[{3-(R) - (1-aminocyclopropyl)pyrrolidin-1-
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yl]-1-[2-(S)-fluoro-1-(R) -cyclopropyl]-1,4-dihydro-4-
oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.

20. 7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-
yl]-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-chloro-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid, its salts or
hydrates thereof.

21. 7-[3-(R) - (1l-aminocyclopropyl)pyrrolidin-1-
yl]1-1-[2-(8)-fluoro-1-(R)-cyclopropyl]-8-fluoro-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid, its salts or
hydrates thereof.

22, 7-[3-(R) ~(1-aminocyclopropyl)pyrrolidin-1-
yl]-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-difluoromethoxy-
1,4-dihydro-4-oxogquinoline-3-carboxylic acid, its salts or
hydrates thereof.

23. 7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-
yl]-1-[2-(8S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-
methoxy-4-oxoquinoline-3-carboxylic acid, its salts or
hydrates thereof.

24. 7-[3-(R)-[1-

{methylamino) cyclopropyl lpyrrolidin-1-yl]-1-[2-(S)~
fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methoxy-4-
oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.

25, 7-[3-(R) -(1l-aminocyclopropyl)pyrrolidin-1-
yl]-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-

methyl-4-oxoquinoline-3-carboxylicacid, its saltsorhydrates
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thereof.

26. 7-[3-(R)-[1-

(methylamino) cyclopropyllpyrrolidin-1-yl1]1-1-[2-(S)~-
fluoro—-1-(R) -cyclopropyl]-1,4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.

27. 7-[3-(R)-[1-

(ethylamino) cyclopropyl]pyrrolidin-1-yl1]-1-[2-(S) -
fluoro-1-(R) —cyclopropyl] -1,4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.

28, 5-amino-7-[3-(R)-(1-
aminocyclopropyl)pyrrolidin-1-yl1]1-1-[2-(8)~fluoro-1-(R) -
cyclopropyl]-1,4-dihydro-8~fluoro-4-oxoquinoline-3-carboxy
lic acid, its salts or hydrates thereof.

29. 5-amino-7-[3-(R)-(1-
aminocyclopropyl)pyrrolidin-1-yl]-1-[2-(S) -fluoro-1-(R) -
cyclopropyl]-1,4-dihydro-8-methoxy~-4-oxoquinocline-3-
carboxylic acid, its salts or hydrates thereof.

30. 5-amino-7-[3-(R)-(1~-
aminocyclopropyl)pyrrolidin-1-yl}-1-[2-(S)-fluoro-1-(R) -
cyclopropyl]-1,4~dihydro-8-methyl~-4-oxoquinoline-3-
carboxylic acid, its salts or hydrates thereof.

31. 5-amino-7-[3-(R)-[1-

(methylamino) cyclopropyl lpyrrolidin-1-yl]-1-[2~-(S) -
fluoro-1-(R) -cyclopropyl]l-1,4-dihydro-8-methoxy-4-

oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.
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32, 10-[3-(R)-(1-
aminocyclopropyl)pyrrolidin-1-yl]-2,3-dihydro-3-

(S) -methyl-7-oxo-7H-pyrido(l,2,3-de] (1,4 ]1benzoxazine-6-
carboxylic acid, its salts or hydrates thereof.

33. l1-(cyclopropyl) -8-methyl-7-[3-(R)-[1-
(methylamino) cyclopropyl ]Jpyrrolidin-1-yl]-1,4~dihydro-4-
oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.

34. A medicament, which comprises <the compound
described in any one of claims 1 to 33, its salts or hydrates
thereof as an active ingredient.

35. An antibacterial agent, which comprises the
compound described in any of claims 1 to 33, its salts or hydrates
thereof, as an active ingredient.

36. Atherapeuticagent foraninfectiousdisease, which
comprises the compound described in any of claims 1 to 33, its
salts or hydrates thereof, as an active ingredient.

37. A method for treating a disease, which comprises
administrating the compound described in any of c¢laims 1 to
33, its salts or hydrates thereof, as an active ingredient.

38, A method for treating an infectious disease, which
comprises administrating the compounddescribedinanyof claims
1l to 33, its salts or hydrates thereof, as an active ingredient.

39. Amethodforproducingamedicament, which comprises
formulating the compound described in any of claims 1 to 33,

its salts or hydrates thereof, as an active ingredient.
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40. Amethod for producinganantibacterial agent, which
comprises formulating the compound described in any of claims
1 to 33, its salts or hydrates thereof, as an active ingredient.

41. A method for producing an infectious disease
treating agent, which comprises formulating the compound
described inanyof claims 1 to 33, itssalts or hydrates thereof,
as an active ingredient.

42, Use of the compound described in any of claims 1
to 33, its salts or hydrates thereof, for the production of
a medicament.

43. Use of the compound described in any of claims 1
to 33, its salts or hydrates thereof for the production of an
antibacterial agent.

44. Use of the compound described in any of claims 1
to 33, its salts or hydrates thereof for the production of an

infectious disease treating agent.
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