14 JUL 2004 DESCRI PTI ON DEHALOGENO- COVMPOUNDS TECHNI CAL FI ELD Thi s i nvention
relates to a synthetic quinolone antibacterial agent which is us ém# %
medi canments, veterinary drugs, drugs for fishery use, or antibacf laﬂ"
preservatives. BACKGROUND ART Since the discovery of norfloxacin, synthetic
qui nol one anti bacterial agents have been inproved in antibacteri al
activity and pharnmacoki netics, and many conpounds are now used in the
clinical filed as chenot herapeutic agents which are effective for in
al nost systemi c infectious di seasggcRIPTRBENt years, generation of
bacteria having low sensitivity to synthetic qui nolone antibacteri al
agents have been increasingyg el ggoé?é kons. For exanple, like the
case of Staphyl ococcus aureﬂ%t?%£$$§hgn trgﬁ?gcoccus pneunococcus ( PRSP)
whi ch are insusceptible to P-lactam antibiotics and Enterococcus (VRE)
which is insusceptible to am noglycoside antibacterial agents, a case has
been increasin I n_which a gram positive bacteria originally resistant to
drugs ot BEHNL F?E teti ¢ qui nol one anti bacterial agents al so becane | ow
sensitive to synthetic quinolone antibacterial agents. In consequence,
synt hetic qui nBrohe ERveDatdRri BRlageft stRavPng SYnthehic 20 naipns
efficacy are thus being demanded in clinical situations.

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 c¢linical 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 c¢linical situations. For example, like the
case of Staphylococcus aureus (MRSA) and Streptococcus
pneumococcus (PRSP) which are insusceptible to p-lactam
antibiotics and Enteroccccus (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. 1In

consequence, synthetic quinolone antibacterial agents having




Wth regard to the side effects of synthetic quinolone antibacteri al

agents, in addition to the central nervous system stinulation efflédtil 2004
whi ch has been a problemsince priorly, the induction of convul sion
resulting fromconbined use with nonsteroidal anti-inflamuatory agents,
phototoxicity, etc. have also beconme known, and the devel opnent of
synthetic quinolone anti bacterial agents having higher safety is thus al so
bei ng demanded. It is known that the structure of the substituents at the

(oS! L h2gnanch e POSL WL il pRIRK!d GRS AGHIISEPINL 081 (A dliRRDR POST LT Ons;

t he sa app er €l na ave a l[arge 1nfluence on the
anti bacterial  activit phar,nacoki pet i and . s f tic
qui nol one ant"f’géltlé?qg;‘fd aferhe séﬂq%(ﬂfﬁée‘:tdserolfvassgn&te}ge,t C:a\%i ném%géne

pyrrolidinyl group having an am nonet hyl ou t the 3-positign, as the
subst i t BefEbacterpalRgRIEF i 4R %ﬁd%wlaﬁﬁ%gﬁr‘%r%"%&?he?ew&‘%tsé’rﬁ e known

to exhibit strong antibacterial activity against gramnegative and
gr am postimudaiencef fecromwhdclinpn e basfepipel em since priorly, the
7-[3- (1 -am nonmet hyl ) pyrrolidin-1-yl]quinolone carboxylic acid derivatives
[ Jour natindficktedincioil cGhemisiop, nesul g pfromisamiggeyd . usar tidithor e,
known exanpl es of quinolone carboxylic acid derivatives having a
subst i t neakterotibdalc anbnn-iatfimria tidy agenbaet phbtgtoupcatyt, hetc.
3-(1-am nonet hyl )pyrrolidin-1-y1 2 14 JUL 2004 group include
7-[ 3- (lhavenaatdy | hagemel iktiownl - ydjduichel adwvelopment of synthetic
quinolone antibacterial agents havinghigher safetyis thusalso
being demanded.

It is known that the structure of the substituents at the
7-position and 1-pesition {or positions corresponding to these
positions; the same shall apply hereinafter) have a large
influence on the antibacterial activity, pharmacokinetics, 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 activityagainstgram-negative and
gram-positive bacteria. For example, there are
7-[3-(l-aminomethyl)pyrrolidin-1-yllquinolone 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-1-yl




carboxylic acid derivatives [Journal of Medicinal Chem stry, vol. 36, p
871 (1993)]; 7-[3-(1-am no-1 nethylethyl)pyrrolidin-I-yl]qui nol one 14 JUL"2004
carboxylic acid derivatives [Journal of Medicinal Chem stry, vol. 37, p.
733 (1994)]; and 7-[3-(1-am noal kyl)pyrrolidin-21-yl]quinolone carboxylic
acid derivatives [Chem cal and Pharmaceutical Bulletin, vol. 42, p. 1442
(1994)], etc. However, though the abovenenti oned qui nol one derivatives,
havi ng a 3-(am nonet hyl ) pyrrolidin-1-yl group, a

3-(1-am Aogkhyk Ry KR! 1AL s dr Ml arlQln o) A OK OLTY SEHGhEr e
simlar 9 e'lsl)égys‘ldg subg [ { uent, are 1f:h'::))r‘%gun S | chﬂ’gleg%i‘ bit strong
antibacterial activity, .t _.has.been %ound ﬁhag due Qﬁ% ) ective
t oxi ci t PARREY P@Flyﬁﬁﬁﬁﬁﬁ SYCURRPLNPE (G #%?{%%%nn %eﬁ%% ¥'*vol . 33,
p. 685 (1994@gr t hese conmpounds act_ not only on bacteria but also on the
cel I s ofvoleul@dydri B0k Shel 7 i 3nEy 3 FTicult to use as nedical
drugs or as veterinary drugs. Therefore, quinolone conpounds having these
subst i t merithy Jetthy gy tradd dia— v aquidioanai cal Carh bl ¢int i | 2G4
Meanwhi | e, qui nol one carboxylic acid derivatives, which have a
3- ( 1- anidendyE tiatdsy | DJopmmalli difnMédycigrdufhemistryubyel t udht Bnd’ 3fe
rel evant to the present invention, have been described in the formof a
broad cogugapt) Jin RG JPB6] DOQ0Gmimnalky Jormwr teki di ntelsty ¥ i iomobéneonpounds
with the structure shown 3 14 JUL 2004 in fornula A or fornmula B. That is,
Wth a q@irdens €osp@dndderivatives ([Chemical and Pharmaceutical
Bulletin, vol. 42, p. 1442 (1994)], etc.
However,thoughtheabovementionédquinolonederivatives,
having a 3~ (aminomethyl)pyrrolidin-1-yl group, a
3-(l-aminoethyl)pyrrolidin-1-yl group, or a group having a
structure similar to these as a substituent, 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, vol. 33, p. 685 (1994)], these
compounds act not only on bacteria but alsc 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, quinclone carboxylic acid derivatives, which
have a 3-(i-aminocyclealkyl)pyrrolidin-l-yl group as a
substituent and are relevant to the present invention, have been

described in the form of a broad concept in PCT/JP96/00208, which

provides a description of compounds with the structure shown




of formula A, the substituent (X1) at the 6-position is defined as being a
hal ogen atom or a hydrogen atom However,'only quinol one carboxylig, §iiti g8t
wherein the fluorine atomor other halogen atomis the substituent at the
6-position are disclosed specifically in the abovenenti oned patent
application. Therefore, PCT/JP96/ 00206 does not provide a specific

descri ption concerni ng qui nol one carboxylic acids wherein hydrogen is
substituted at the 6-position. Furthernore, this publication does not

provide .any speecifjic di rg asprehedi 0BRSS, 0uinol ompound
3- (| -arﬁ"ﬁ‘o%ﬁfﬁﬂgﬁ |‘3‘gﬁ’§"%ﬂ%ﬁ§| ﬁw Shdt ¥ Hith®aYGuinolone comp
substi t ut ed- 6- hydrogen- subst | t ut ed- qujinol car boxyli. i . rein the
present qfngéﬁ?}%ﬁ ‘Ps%@&nﬁﬂgﬁgﬂgu?ﬁ)r%I)aaﬁlq:q&%[ PR ﬁé'%é-b%\%eé?%]fnu a A Xi
represents a halogen atomor a hydrog&p atom and X2 represents alhalogen
atom ( Bise hidmaia  babogen akensgbsfi Nyeregen ataco P ShoW Y n
formula A are those given in PCT/JP96/00208 and are irrelevant to the
def i ni t iqminolohes ghsboxydacsacids whereiefhg Flagrise aFeR RRALR®E sane
synbols are used.)] In the above formula A R2 is represented by formila B:
4" 14 JUhad@Qrer Foomilsa tBe RebsH pleft att tee foppsiftdonirzeBligckepedsent s an
I nteger from|
specifically in the abovementioned patent application.
Therefore, FPCT/JP96/00208 does not provide a specific
description concerning quinolone carboxylic acids wherein
hydrogen is substituted at the 6-position. Furthermore, this
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, X' represents a halogen atom or
ahydrogenatomand X? represents a halogenatom. (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:




to 3, q represents an integer from1l to 3, RO represents a hydrogen atom
or an al kyl group having 1 to 6 carbon atons, Rl represents a hydro@kn2004
atom an al kyl group having 1 to 6 carbon atons, an al kyl group having 1 to
6 carbon atons that has a hydroxyl group, or an alkyl group having 1 to 6
carbon atons that has a halogen atom (The definitions of the substituents
I n the conpound shown in fornmula B are those given in PCT/JP96/ 00208 and
are irrelevant to the definitions of substituents of the present invention
even “hfﬁoiﬁﬁlﬁaﬁ? synbol s are used.)] Besides the above, an exanple of a
literature that indicates a quinolone carboxylic acid derivative, which
has a 3-(1-am
present inyenk
1442 (199R
what soever , chnc
3-(1-am nBcycl oal 0%IgyrrolidinyI-substituted-6-hydrogen-
substi t ut ed- qui no carboxylic acids, which are conpounds of the
present invention. Furthernore, for exanple, PCT/W»9/14214 indicates a
6- hydr ogen- sulj@ tthet abedeqfprplRdacB e P KEBASTeNES RFrHdtibRgs Erom 14 JuL
Z004 in which a nitrogen-containing heterocycILc substituent, for exanple,
the 3-(1lted@y quepkresepysrast Luktegeryiroprblp,3i B represensss hrdragen
carbon-nitrogen bond into the 7-position of the quinol gne skel eton and
whi ch i satemevaah d1kyhigsoupeavingl tl6 sazbphiatomon Ritsepresentsnpounds
repr esent edby the fornul as

a hydrogen atom, an alkyl group having 1 to & carbon atoms, an

i§s Chem cal and Pharmaceutical Bulletin, vol. 42, p.
r, this literature does not contain any description

Dy

jcloalkyl)pyrrolidin-l-yl group and is relevant to the

alkyl group having 1 to 6 carbon atoms that has a hydroxyl group,
or an alkyl group having 1 to 6 carbon atoms that has a halogen
atom. (Thedefinitions of the substituents in the compound shown
in formula B are those given in PCT/JP96/00208 and are irrelevant
to the definitions of substituentg of the present invention even
when the same symbols are used.)]

Besides theabove, anexampleof aliterature thatindicates
a quinolone 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- (1-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,




C and D. However, this application does not contain any description

what soever concerning a 3-(1-ami nocycloal kyl)pyrrolidin-I-yl grop,JUillin
is relevant to the present invention, as a substituent at the 7-position
of the quinol one skel eton shown in formula C Furthernore, this

application does not contain any description whatsoever concerning

3-(1-am nocycl oal kyl ) pyrrolidinyl -substituted-6-

hydr ogen- subst it ut ed- qui nol one carboxylic acids, which are relevant to the
present j h”\éﬁﬁ!bhoﬂ @&&@d&émthCm@mwmwml ifernt .
[Fornula C R3] In the above formula C, Rl represents a cyclic al kyl group

havi ng % %& cangﬁaaty 0P1 - 201 Rb&Yhy DY Sy Broavdng-1-91 2geajpgn B4 0nms, a
BiS "al Kenyl group having %

straigh n to 3 carbon atons, or a

br ancheg- haln aIk . _gro r h to L Hono gt ons,
this aI&?I & 3y%lggra§%a+¥€?% st BHH ef%tﬁgtﬁfl d%i unsubsti t ut ed

?{ué??n?léty%w’;’rﬁ"” § s¥isn aPsty %9‘3”“%9&“ Ehibulffd¥idnto 3

I'S unsubstituted or
substituted by 1 to 3 fluoripne atons or .is substltu ty sition
by a si MHie ARRISTp BRRCEL ReS FORPOUBREE SPTRAFLLE tt?)'mfgagﬁﬁdggxyl

group, an am nocarbonyl group, a brom ne. ato % n&fa q$n | kyl
group h&viand |D.or Hpweyeson ﬁi%ﬁmapﬁ}lﬁﬁtépﬁ‘e;%ﬂesgr ﬁg PRy ny group
having 2 to 4 carbon atons, and this al kyl group may be unsubstltuted
description ‘whatsoever concerning
3- (l-aminocycloalkyl)pyrrolidin-1-yl group, which is relevant
to the present invention, as a substituent at the 7-position
of the quinolone skeleton shown in formula C. Furthermore, this
application does not contain any descripticon whatsoever
concerning 3- (l-aminocycloalkyl) pyrrolidinyl-substituted-6-
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, R1 represents a cyclic alkyl group
having 3 to 6 carbon atoms, an alkyl group having 1 or 2 carbon
atoms, a straight-chainalkenyl group having 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




or the alkyl group may be substituted by a nethyl group or an ethyl group
that is unsubstituted or is substituted by I to 3 fluorine atons ofr jigne
hydr oxyl group or ami no group. (The definitions of the substituents in the
conmpound shown in fornula C are those given in PCT/WO99/14214 and are
irrelevant to the definitions of substituents of the present invention
even when the sane synbols are used.)] In the above formula, X is

represented by formula D0 [Fornula D) R7 RO N-- [In the above formula D,
R7 represents .an ) ' ' gg@g t t L& nhot
adj aceHPst"mf%rﬁ urt%ae%% gpgﬁ%}?ymﬂ&ﬁ ?’5{3 I di ngcr ?%SYE%P%? rE%& be

unsubstituted ar ubsti t yt ﬂ by. one .or two .alk # p. ] ﬂ% 3 carbon
at ons, SU§S ud"rﬁ%gé{l Wi° ér€ ‘f)?%vﬁﬁ At Bsnla%@y Bgéggaéﬁ%\ﬁrllég‘ﬁ %lg 7 14 JuL
2004 pyrrolidine ring and nay be unsubstituted o1y ubstitutgd by an al kyl
group Aavhngulbststytes, obnHEwRs tiky ted P¥sbitd 3, SPBEbnes% BOPATf rom
anong the group conprised of a hydrogen atom_ an alkyl group having 1 to 4
car bon ist subs tdrtudiddemll theodprapdtiankbyiya ghnsie TRIYL tIFBRar bon
atons, and fused and spiroal kyl group having 3 to 6 carbon atons, the
al kyl @eatEpPesentss mfdrdgessetom papydred sneuds aniaminezarhoryibst i t ut ed
by 1 to 3 fluorine atons, and the abovenentioned substituents R7 and R9
my be grictrggmabedminef atoma 4 usechogrSpip,o anypékylngreupueaviiRawit h

or 2 carbon atoms, or an alkenyl group or alkynyl group having

2 to 4 carbon atoms, and this alkyl group may be unsubstituted

or the alkyl group may be substituted by a methyl group or an

ethyl group that is unsubstituted or is substituted by 1 to 3

fluorine atoms or one hydroxyl group or amino group. (The

definitions of the substituents in the compound shown in formula

C are those given in PCT/W09%/14214 and are irrelevant to the

definitions of substituents of the present inventiocn even when

the same symbols are used.)]

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

[Formula D]

R7

[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




the pyrrolidine ring, with this fused or spirocyclic part being forned
from2 to 5 carbon atons and O or 1 nitrogen atom (The definiti ond tollLt Y
substituentsin the conpound shown in formula D are those given in

PCT/ WD99/ 14214 and are irrelevant to the definitions of substituents of

t he present invention even when the same synbols are used.)] O her
exanples of literature that indicate 6-hydrogen-substituted-quinolone
carboxylic acid derivatives, which are relevant to the present invention,

i ncl udepyops Nl n8fr iVefl abidnady BRetihsubs L itlted38r JubstIbPutédM) anHovever,
even this literature does not contain any description whatsoever

concerq%ggﬁ?-éééééﬂﬂgﬁ? qakkyh) BYFEh | SEdhd - b Siddrdlsairtds ah n- subs

ti tuted: _ arboxylic acids, which are the conpounds of the
o ooent N ol FETHE S RN bl S0 e ccent,
T S Bl TS A o Bk S
dehal ORIk B3GR BTNIS £ 5ECIREPRBRSTE B EYRRE Al BPLABPLEN ves
represented by fornula (1) described below, its salts and hydrat t her eof
exhi bi tgpR M2 ERY b'%lditcelsl) GRTRER| 3FPPS upthe 2 Ida PRy ES 1 G WinYtegat i ve
bacteria and gram positive .

these groupsmaybeunsubstitutedor substitutedbyl to3fluorine

atoms, and the abovementioned substituents R7 and RY may be

integrated to form a fused or spiroc type ring structure with

the pyrrolidine ring, with 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/W098/14214 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-quinclone carboxylicacid derivatives,

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-substi tuted?qtlinolone carboxylicacids, which are the

compounds of the present invention.

DISCLOSURE OF THE INVENTION




bacteria and, in particular, exhibit potent antibacterial activity against
drug-resistant bacteria, as represented by grampositive cocci, incliugliLntfiis
MRSA, PRSP, and VRE. Furthernore, it has been found that, in addition to
exhi biting such excellent antibacterial activity, the conpounds of this

I nvention are excellent both in terns of safety and pharnacokinetics and

t hus enable use in clinical situations, which could notbe achieved with
conmpounds prior to this invention which have substituents of the sane
structure atThaerTepent tiventors thaveuarshuteddriiensivel stvdieThe present
I nvention has been achi eved based on these findings. A conparison of the
6- hydr agencobttbshi t gbhetoljohaol comnotAEHOX WH cracizt dlerdwmililvas reEpresent ed

by formula (1) , its salts and hydrates thereof according to the present
i nvention with_ guinol . o ereik hydgo pogi tion
R e R S A L e s VY

2004 s@gwgtghat botf types pg?gggPouqq§ exhibi tygxcel lgnt g angjbacteri al

activity upon a broad range o h gram negative bacteria and

gram pasitive .bactenia..including.dr.ug-resistant acteria. However, it has
Deon | dord At EaeR vl P e BBk T el BL O S Nl e
derivatjyes, which e the 0 unds,.of .this invent{ion, _are conpounds
that . RO RPN ATeg s oA R HeRR SR BSL PP e G2GRPRSRoRe B6T fvat i ves,
are conpaunds of excellent safety that are reduced in acute t?xicity and
si gni f (GCEAMAF IVERKRRF SR BN GO Re L pdd dassiFibantbal Qy its salts

and hydrates thereof exhibit potent antibacterial activity upon
a broad rané;;a of gram-negative bhacteria and gram-positive
bacteria and, in particular, exhibit potent antibacterial
activity against drug-resistant bacteria, as represented by
gram-positive coceci, including MRSA, PRSP, and VRE.

Furthermoré,‘ it has been found that, in addition teo
eihibi ting suchexcellent anti‘bacterial activity, the compounds
of this invention are excellént both in terms of safety and
pharmacckinetics and thus enable use in clinical situations,
which couldnotbeachi ev;ed with compounds prior tothisinvention
which have substituents of the same structure at the 7-position,
of the guinolone mother skeleton. The present invention has
been achieved based on these findings.

A comparison of the 6-hydrogen-substituted-guinclone
carboxylicacidderivatives representedby formula (1), itssalts
and hydrates thereof according to the present invention with

guinolone compounds wherein the hydrogen at the 6-position of

a compound of this invention is substituted by a fluorine atom




exhi bit good pharmacoki netics, such as inproved urinary recovery, g. m
That is, the present inventors have found that even a quinol one coﬁé Wnéq
whi ch has a 3-(1-am nocycl oal kyl)pyrrolidin-I-yl group having a cyclic

al kyl group as a substituent on the nethyl group of the

3- (am nonet hyl ) pyrrolidin-1-yl group and which as has been nentioned above
Is known to be lowin selective toxicity, will unexpectedly be a conpound
with excellent selective toxicity and be a conpound of excell ent

phar magoki neties as,d.gng &Spﬁét o5 admpatane cgmound akédiiderstructure
n. a

of the presen I nventi o I's, the present invention concerns
corrpounc!gEit represented.b q§fio%l ] r LRt (hdgativesal ts,
and hyt GRAC ?Fe’r%o??glﬁxﬁ( n ﬁﬁrgﬁaﬁ Rereih represents an
al kyl group having | to 6 carbon atons, an I?en | ;aroL Qfg'gg|2 to 6
car borPaglseia anAgRRRHRAF kYT Ve RATHS T ﬁaciu 6“% %%?ggﬁea o#ns, a cyclic
al kyl group having 3 to 6 carbon atons, which n%%%ha.f su@s | tuent, an
aryl graggerimi c Hoveyerayé ta haf Keqnfrfund, Yk t?%f;?( 3@%% Fch may
have a substituent, an al koxy group having 1 to 6 carbon atong, or an
al ky| s6vngdxpgrp-subs titutedr@rinelnene depkvatives, which are the
compounds of this invention, are compounds that, in comparison
to the 6-fluorine-substituted-quinolone derivatives, are
compounds of excellent safety that are reduced in acute toxicity
and significantly reduced in micronuclus induction, and also

exhibit good pharmacokinetics, suchas improvedurinary recovery,

etc.

That is, the present inventors have found that even a
quinolone compound, which has a
3- (l-aminocycloalkyl)pyrrolidin-1-yl group having a eyelic
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:

10




R2 represents an al kylthio group having 1 to 6 carbon atons or
atom wherein R2 and the abovenentioned RL nay be integrated to

ring structure by incorporating. a part of the nother skeleton, th

f or med

ring may contain a sulfur atomas a ring-constituent atom

ring may be substituted by an al kyl group having 1 to 6 carbon ato
whi ch may have a substituent; R3 represents a phenylal kyl group co
of an al kylene group having 1 to 6 carbon atons and a phenyl group

al kyl

group having 1 gb 6gcarbon atons, an al koxynmethyl group havi

7 carbon atons, a hydraggen atqﬁ%% phenyl group, an acetoxynet hyl

pi val oyl oxynet hyl
di met hyl am

group,

3-acetox¥¢2;

car bon

carbonyl group, a choline group,

gloup] al
OaT, N dNgRol e-4-yi néthyl group, or a

I grouq@ R4 represents an al kyl group having 1t
y can al kenyl 'group having 2 to 6 carbon atons, an al ky

a 5-

ato

a h{drogen
fo

imlld 2004

e thus
and the
ne,
nposed
, an

ng 2 to

group,
a

-indanyl grqup, 11 14 JUL 2004 a phthalidinyl

o6
nyl

group havingf to 6 carbon atoms, an al koxy group having 1 to 6 carbon

at ons,

or " hal RSB Ry FoBPBHER Ca A AR SRLEBOYETS o o S eRBDGh ARy ey

one or
al kyl
car bon

nore_substituents, sel ected fromanong the grou onsi st 0
BPoBBKRAVINGTPUPONBVERFANtA BHrRATRAN a"b'iﬂm%r& AR R
atoms, and a fornyl group; . )
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 ha;u;e 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 carben 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

group,
have

f an
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A represents a nitrogen atomor a partial structure represented qn H%rmmja
(rr): Y1l x (wherein XI 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 halogen atom a cyano group, a

hal ogenonet hyl group, or a hal ogenonet hoxy group, anong the above, the

am no group nay have one ore nore substituents selected fromthe group

consi st il1ghthaan dAgll ggbepp a B ligy1l-2-00%0-€hy bail erales;4 -anlrethy br oup
having 2 to 5 carbon atons, and a fornyl group, wherein Xi and the

af orerrerbtli d &1 ey tdbedahabiteyl gddapUL 1004 forma ring structure

by incorporating a part of the nother = skeleton , the thus formed ring may

cont ai n ﬂae(’ﬁé%’%s?n&%% ggxatl%y%r]#,itgn,g‘gﬁg\y,ghgrmsﬁgrs Gh BB #Eomb VBNARL IBeriy '

constitu stituted by an al kyl group

having 1 to 6. carbo to I.ch h ' rd R5 and
R6 indeﬁﬂﬁﬁghﬂayjﬁgbﬁeg H?Ebﬁﬁﬂgﬁ%;gﬁéfo%%%%QSﬁﬁgﬁiq t@ %ggéggg% g%ons, a
hydrogen_atom or a substitpted carboxyl roup .deriy fro anj no acid,
di pepti de CFPHY BFOPSI-d8™ lé?’éYng’f?\‘épﬁﬁéﬁn%ﬁm}ﬁ r?a?g ave %%I%H%hra%rmre

subs tituents selected fraomthe 3rou consishin? of an ﬁlk Ith“g group
havi ng hYdRPERR AteBh 2 GRENCAATIPR 03 NYPSCF 9T AgP 1 3 582 A3 at ons,

or a halogenomethyl group, and
among the above, the amino group may have one or more
substi tuent; selected fromamong the group consistingof analkyl
group having 1 to 6 carbon atoms, an acyl group having 2 to 5
carbon atoms, and a formyl group;
A represents a nitrogen atom or a partial structure represented
by formula (II):
b ﬂ
(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




a hydroxyl group, and a hal ogen atom and n represents an integer 1 or 2].
The present invention also relates to each of the following : a cqupdurigis
of the above fornmula (1) , its salts or hydrates thereof , wherein the
conmpound of forrmula (I) is a stereochemcally pure conpound; a compound of
the formula (1) , its salts or hydrates thereof, wherein n in the formula
(I') is 1; a conmpound of the fornmula (I) , its salts or hydrates thereof,
wherein R3 in the formula (1) is a hydrogen atom a conmpound of the formula
(1), it Fesfl &S g et Haurd #ve AncorpheRiihdRa iparthef dHalmbtHaris a
hydrogen atom a conpound of the forrmula (I) , its salts or hydrates

t her eof rein i e I | 0 4 JUL 2904
a conpo&r%g\ﬁ\%io é Eﬁ?nﬁ%g(ﬁﬂﬁé?t%@aha?g?“ﬁég&afgggot g%o%%&ﬁ/\haérei n A
in the fornmula (I

' tial t t X 5 f | 11);
a corrpoE?r“n’fr&Hef‘h@?:?’é?n%ﬁ %a%ﬁg?r ;Sqtrsolﬁsgl#{ ag rz)lre %%%gg%ggufa E'éréeg%' (gvdwwer 2i §1 X)l
in the f | [1) i t he , t hyl difl th
O oup. EMRUGLARETBIORE BHDS LR SRPNEY <EBrA TkRL HRORIRAnT o Sortrur & (1)
, its salts or hydrates thereof, wherein X1 in the fornula (I1) is a
met hoxy cgrbep etomsyetiyiichymayp have cofphntd twenHe fornula (1), its salts

or hydrates thereof, wherein each of R5 and R6 in the formula (1) is a
hydr oge eaghonf 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 te 6 carbon atoms,

a hydroxyl group, and a halogen atom; and

n represents an integer 1 or 21}.
Thepresentinventionalsorelates toeachof thefollowing:

a compound of the above formula (I), itssaltsorhydrates therecf,

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;

13




a conpound of the fornula (1) , its salts or hydrates thereof, whergejpn gqma
of either R5 or R6 in the fornmula (I) is a hydrogen atom and the other

a nmethyl group; a compound of the forrmula (I) , its salts or hydrates

t hereof, wherein one of either RS or Rs in forrmula (1) is a hydrogen atom
and the other is a substituted carboxyl group derived froman am no acid,

a dipeptide, or a tripeptide; a conpound of the forrmula (1) , its salts or

hydrates thereof, wherein each of the R5 and R6 in fornula (1) is a

conbi ngf 'c%ﬂxpo%fndao?YQﬁsgfé‘rrﬁiﬁn flgd it@ekgiks%P%dﬁam& the

formula (1), its salts or hydrates thereof \A,herelnR6|nforrruIa(|) S

a subs | q! ﬁﬁ&i'de or a
tri epit"}ll-lee(-igl %‘g{lp%ndfgﬁ#ﬁad@r%gﬁaap%%%gkﬁi TE AT s or ydsg_:la es thereof,
14 14 JUL 2004, wherein the cyclic alkyl group having 3 to 6 carbon atons,
whi ch iﬁ‘aﬁ’tﬁ&é’ %s‘tm{]uent in R is a hal ogenocycl opropyl group; a
conpound of the forrrul al‘é? Its salts or_hydrates_thereof, wherein the
hal ogedoEPEPENFGHPE W]aa (o its salbf e dbdratas dhareffoup: a

conmpound of the for rrul a , its salts or hydrates thereof, wherein the
hal 0ge Wb&RELsPK opYIthe waka 413 ke B rREHORN UYouBY e byl ignediR: a
conpound of the formula (1) , its salts or hydrates thereof, V\/nerei n the

hal ogemodiflupropgithgryupgrespra § fiiuordge ﬁhat,ogemcgltlmwﬁtcyr;oup;

a compound of the formula (I), its salts or hydrates thereof,
wherein X' in the formula (II) is a methoxy group or a methyl
group;

a compound of the formula (I), its salts or hydrates thereof,
wherein each of R® and R® in the formula (I) is a hydrogen atom;
a compound of the formula (I), 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;

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,

14




a conmpound of the fornmula (1) , its salts or hydrates thereof, “@?Uﬁ[?mﬂhe
hal ogen at om of the hal ogenocycl opropyl group is a fluorine aton1

7-[3-(R) - (1-am nocycl opropyl )pyrrolidin-1-yl]-1-[2-(S)-
fluoro-1-(R)-cycl opropyl]-1, 4-di hydro- 4-oxo-1, 8- napht hyri di ne- 3- car boxylic
acid, its salts or hydrates thereof; 7- [3- (R -

(1-am nocycl opropyl ) pyrrolidin-l-yl ] -1- [2- (S) -

fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 4- oxoqui nol i ne-3- carboxylic acid,

its sal 1;1 PLi ANHAESS lE.EeéﬁE%l group having 3 to 6 carbon atoms, which
7-[3- (R ?1 am nocycCl opro pyrro |d|n 1 yl]1-1-[2-(S)-

Lo Crtad Havd 4 MU i AR hax%gn%cyamg%wv Beodpsar boxylic

acid, 'hére

{1 tor o RERYER G GR FOEmHER, 431 L0550 b Tl thgpeor.

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

7- 3- (FbeRedRi nocRopr o ALASRISTH THARTERMY - 1. [FX9& - a
fluoro-1-(R)-cycl opropyl]- 8- dlfluoronethoxy 1, 4-di hydr o- 4-

oxoqui nbl £nei 8=2chabeggneeyatPEroPYs €RPYR: or hydrates thereof;
7-[3- (R -(I-am nocycl opropyl)pyrrolidin-1-yl]-1-[2-(9S)-

f | uor o-d-¢aRpaeyrd o3ff & Formylai KiHr ol s rﬁzﬁmﬁmhydrates thereof,
oxoqui nol i ne-3-carboxylic acid, its salts or hydrates thereof;

7-[ 3- (R)héﬁeimtﬂwlmmwmwybygr@p disna stereochemlcally

yl]-1-12-(S)-fluoro-I-(R)-cycl opropyl]-1, 4-di hydr o- 8-

met hoxypdrexeabs bbtuart 3- carboxylic acid, its salts or hydrates thereof;
a compound of the formula (I), its salts or hydrates thereof,
wherein the haleogenocyclopropyl group is a (1R,
28) -2-halogenocyclopropyl group;
a compound of the formula (I), its salts or hydrates thereof,
wherein the halogen atom of the halogenocyclopropyl group is
a fluorine atom;
7-[3-(R) - (l-aminocyclopropyl) pyrrolidin-1-yl]-1-[2-(8) -
fluore-1-{R) ~¢yclopropyl]-1,4-dihydro-4-oxo-1,8-
naphthyridine-3-carboxylicacid, itssalts or hydrates thereof;
7-[3-(R) - (1-aminocyclopropyl) pyrrolidin-1-yl]-1-[2-(S) -
fluoro-1-(R) -cyclopropyl]l-1,4-dihydro-4-oxoquinoline—-3-
carboxylic acid, its salts or hydrates thereof;
7-[3-(R) - (l-aminocyclopropyl) pyrrolidin-1-yl]-1-[2-(8) -
fluoro-1- (R)-cyclopropyl] -8-chloro-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid, its salts or hydrates thereof;
7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-yl]-1-[2-(8) -

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

15




7-[3-(R) - (Il -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%4%02@4 e
acid, its salts or hydrates thereof;

7-[3-(R) - [ 1- (et hyl am no) cycl opropyl ] pyrrolidin-I-
yl]1-1-[2-(S)-fluoro-I-(R)-cycl opropyl]-1, 4-di hydro- 8-

nmet hyl - 4- oxoqui nol i ne- 3-carboxylic acid, its salts or hydrates thereof;
7-[3-(R)-[1- (et hyl am no) cycl opropyl ] pyrrolidin-| -

YT - 1-[ Zssdcpusf hiPf s 13L& r1S46F O QRY L], 1lb£sgilﬂ)£choh§drates thereof ;

met hy 4--oxqu|noI|ne 3- carboxyllc acid, |ts salts or hydrates thereof;
5-a

| -
[ 2- EnS_)nOf7I7u r03l - f%l cylc d &%}’14));(5}?’:%{ cijjé-[‘];]] L}t%lr]] % [2_(5)—1 .
(z)éggulsn i ne %‘fg{%g!(l c aC| . ]:T%pff%}ﬁ%%ﬂ? ra ﬁlsfty:f:rheoéf 16

[2-(S)- quoroI-(R) %_clopropyll-14d|h dr08rreth - _oxoqui nol
i ne- 3- cé?’fﬂﬂ&‘i c3rhexyldg apd orl"rﬁ/aﬁéfiésm’c h@?‘EBFE‘S thereof;
5- am no- R) (I - am nocycl opropyl ) pyrrolidin-1-y ]-I-l[2-

(S)-fl ué? (ﬁi) anmrwﬂ)mmlg@mﬂnyld 1-[2-(s8)~

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

5- am nofAqsq+Y=(R) -(qmmmﬂd)-dyd whhysindBrmedihokyrdt= yI | - | - [ 2-(S)

fluoro-1-(R)-cycl opropyll-1, 4-di hydr o- 8- net hoxy- 4-

oxoqui n@xqm}mmmq&aarranmm heidalittss sal hydrahpdrahesdifgreos ;

10-[3-(R) - (I -am nocycl opropyl ) pyrrolidin-1-yll-2, 3-
7—[3—(R)-[lj(methylamino)cyclopropyl]pyrrolidin-l-
yl]l-1-[2-(S)-fluoro-1-{R)-cyclopropyl]-1,4-dihydro-8-
methoxy-4-oxoquinoline-3-carboxylic acid, its salts or
hydrates thereof;
T-[3-(R)—-{l-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;
7-[3-{R)-[1-{methylamino)}cyclopropyl lpyrrolidin-1-
yl]-1-[2-(8)-fluoro-1~(R)-cyclopropyl]-1,4{-dihydro-8-
methyl-4-oxoquinoline-3-carboxylicacid, its salts or hydrates
thereof ;
7-[3-(R)-[1-{ethylamino)cyclopropyl ]lpyrrolidin-1-
yvl]-1-[2-(8)~fluoro~-1-(R)-cyclopropyl]-1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylicacid, its salts or hydrates
thereof;
5-amino-7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-yl1]-1-
[2-(S) ~fluoro~1~-(R) -cyclopropyll-1,4-dihydro-8-flucro-4-

oxoquinoline-3-carboxylic acid, its salts or hydrates thereof;
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di hydr o- 3-(S) - met hyl - 7- oxo- 7H-pyrido[ | ., 2, 3- de]

[ 1, 4] benzoxazi ne- 6-dar boxylic acid, its salts or hydrates thereofiLJ
1-(cycl opropyl)-8-nmethyl-7-[3- (R -0 - UL 2004
(et hyl am no) cycl opropyl | pyrrolidin-1-yl 1-1, 4-di hydr o- 4-

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

medi canent, which conprises a conpound of fornula (1), its salts or
hydrates thereof as an active ingredient; an antibacterial agent, which

conpri sgsafif8apoyBd (Rf -erEml Aochdl opkbpyEfberelifYfrat¢3 jthereof as an
active ingredient; a therapeutic agent Tor an infectious disease, which

conpri Sg?i- (8) 99%85891 Qf(Rgh%{:%g%gyib 11,4 i—&ghgénglene'E}é%ﬁ& t her eof

as an a ve' I ngredient; reatin | sease, h conpri ses
T
e SR RN ] L R
met hod for producing a nedi canment, which conprises formulating a conpound
of the f%}ﬁElBPFPT?'KF&'§XP%§PBPPﬁ§thté§d%h¥¢€BT8‘a§tﬁﬁlaéfive i ngredi ent ;
a nethod for producing an antibacterial agent, which conprises
f or nul s@¥pguinebipendocarbenelicmnildy {5 salitssosivdragieshfiesees/ t her eof
as an active ingredient;

S5-amino-7-[3-(R})~[1~

{(methylamino)cyclopropyl lpyrrolidin~-1-yl]-1-[2-(S) -

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

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

10-[3~(R) - (1-aminocyclopropyl)pyrrolidin-1-yl]-2,3-

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

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

thereof;

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

{methylamino) cyclopropyl ]pyrroelidin-1-yl1]-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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a nmethod for producing an infectious disease treating agent, which
conprises formulating a conpound of the fornmula (1) , its salts o & JUL 2004
hydrates thereof as an active ingredient; use of a conpound of the forndwg
(I , its salts or hydrates thereof for the production of a nmedi canent;
use of a conmpound of the fornmula (I) , its salts or hydrates thereof for
the production of an antibacterial agent; use of a conpound of the formula
(I') , its salts or hydrates thereof for the production of an infectious

di seaseat &GAbONAdEE e Fd¥ImSa Of) ( NOGe 01t LT WiyBEa®dl therkeyention)
The various substituents of the conpound of this invention represented by

f or mul ), Jk 4 1s R(RL, R, R3, R4, R5, R6, n and A are
definegaésgﬂaéggééﬁ g%g%g? gét'above) shall now be described. (For the

6- posi tian E& éh qginq%one nnth%r kel et on ar. _an eguiyal ent Eosition in
the st rRcPEraPd PRt aer Tl Gt df SrESERC e p U FrcEPTBATSPR  or der
to stress that . a hydrogen atomis honded, _the hydrogen, ato hat is bonded
to a cAUBHILRAFRRLNG AoFREPPYIHo O Te AUMULR. Bt ohbF ySPAES: PRct ur al

formulae in organic chemstry, is indicated in some cases (in the form of
"oH) . hodEdkes thereefrastahapckbVRulBeTefients specification are

i ndicated in line
amethod for producing amedicament, which comprises formulating

a compound of the formula (I), its salts or hydrates thereof
as an active ingredient;

a method for producing an antibacterial agent, which comprises
formulating 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 (1), its salts or hydrates thereof
for the production of a medicament;

use of a compound of the formula (I), its salts or hydrates thereof
for the production of an antibacterial agent;

use of a compound of the formula (I), itssalts orhydrates 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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with the rules of indication of structural fornulae that are norngl
practiced in the field of organic chem stry, and a hydrogen aton1ﬂﬁamti@UL
bonded to a carbon atomw Il not always be indicated but will normally be
omtted.) The substituent Rl is 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,
whi ch nmay have a substituent, an aryl group, which may have a substituent,
a heteroaryl group, which nry have a substituent, an al koxy group having 1
to 6 carbon atons, or anfal ky®anino group having 1 to 6 carbon atons. 19
14 JUL 1004 Here, an g kyl ' h?Ey 1 to 6 carbon atons nmay be a
Yed al Kyl "group, preferably an al kyl group

n at qos, preferably an _ethyl group. As an al kenyl

N ' S, g2 vinyl group or a 1-isopropenyl group
I's preferahke. haljogenoal kil group having 1 to 6 carbon atons, a
2-f|uoroetﬁyrﬂbrou ' preferfable. As a cyclic al kyl group, a cycl opropyl
group is espeqPally preferable. The cyclic alkyl group may have a
substituent, and a hal ogen atomis preferable as the substituent. A

hal ogenocygcl opropyl group i.s preferable as the cyclic_al kyl group, which
may have(é{:fsﬁgstégtruﬁﬂt Byar?érap Angopi ke defmnesd agdpg bsenydpserabedl e as
the hal ogen atomin this group. As a hal ogenocycl opropyl group, a
nmonohal odeevel cEbal dpyovgbeuslesarifest.er diflar dihe H-weskban i ehit EBegroup is
even nore

quinolone mother skeleton or an equivalent position in the

.10
)

group having

structural formulae indicated in the present specification, in
order to stress that a hydrogen atom is bonded, the hydrogen
atom that is bonded 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
nofmally 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 grouphaving 2 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 hetercaryl 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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preferable. Exanples of an aryI group, which may have a substltuenH
I ncl ude a phenyl group, etc., which nay have 1 to 3 substituents élg%t@y
fromthe group consisting of an al kyl group having 1 to 6 carbon atonms, an
al koxy group having 1 to 6 carbon atons, a hal ogen atom such as fluorine
atom chlorine atomand brom ne atom a hydroxyl group, an am no 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 ofnéwe%n aﬁ@ype? $ BPeGid i€ t@aof&aﬂﬂoxgr% fay be
2-fl uorophenyl group, a 4-f uorophenyl group, a 2, 4- d|fluorophenyl group,

a 20 14,) %P%*é—éhQ#Hoé b‘kal}ycq{e@(-yc@%QW%lgifglﬁf efer.{ah

3- am no- 4 uor op eny group, an |ne anlnophenyl
group a refera%l I, gr roup that i rlved
arom.e‘iw Sris Baan e S i p el ﬁ%&‘f&é‘%fﬁ Yap’h&r‘féi‘ﬁ gr oup,
the aryl group may al so be_a napht hyl groug a tricyclic avy group
havi ng” #BPEPri fys ATARELBY S PUR AN % 24 @r%&ﬁrpﬁ‘&ta e Ve8¥From a’
pentacyclic or hexacyclic aromatic heterocyclic conpound that contains one
or nor eJREPRCFA dridSSRFepeRY  iFrehpREef atahl € oghia halegeneRy R at om
and sul fur atom A pentacyclic or hexacyclic nitrogen-containing
het er ocgtPrp bawingt dJerfe thatarkern aabemd, ar22fhperogthyit gnsupsisspecial ly
preferable. For exanple, a pyridyl group, pyrimdyl group, etc are tired.
An al kybrgfeugpblea has cyervetimabityl greimr &f evalloprapydulgsoiupudst s on
t hese
especially preferable. The cyclic alkyl group may have a
substituent, andahalogenatomis preferable as the substituent.
A halogenocyclopropyl group is preferable as the cyclic alkyl
group, which may have a substituent, and a fluorine atom is
especially preferable as the halogen atom in this group. As
a halogenocyclopropyl group, a monchalogenocyclopropyl group
is preferable and a cis-substituted group is even more
preferable.

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-fluorcphenyl

group, a 4-fluocrophenyl group, a 2,4-diflucrophenyl group, a
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rings. A 6-amno-3,5-difluoro-2-pyridyl group is especially prefefnge. As
an al koxy group having 1 to 6 carbon atons, an al koxy group that L 20u4
derived from an abovenenti oned al kyl group is preferable and anong these,
t he met hoxy group is preferable. For an al kylam no group having 1 to 6
carbon atons, the alkyl portion nmay be an abovenentioned al kyl group. A
nmethylamno group is preferable as the al kylam no group. As the
substituent R, a cyclic alkyl group or a hal ogenocycloal kyl group is

refera L I o g - ropyl
roup 1 < praferSnt RS RoniPnGF SRR LS HRRLA, & AREPASRARNERPE! OPY

2- hal ogenocycl opropyl_ gro . fluotine,atomis eferabl e, The
Substi L GARURRD (KT eZenbe Pat AHRGFPRP MG BYpaADPRESPYL cIBOUR, LAFCat o or
a hydrogen ato and Rl and R2 nay be integrated to forma ring structure
corr%;ri sgb‘%;e%ﬁ%ynﬁyhﬁré’ gr(?r\’:i:iyfn ao;gq%%ﬁlﬂtat’isndj%”p‘éﬁq %‘f"’gh " ot her
skeleton (that is, so as to contain the nitrogen atomto which Rl is

bonded @&%PMaHe cRYBacarlrn t eOMRPERARES| Feferded) torhe RefidgriRe ring
may contain a sulfur atomas a ring constituent atom and this ring may

al so hawhenylaldaduny die eryRabogupombiyhlgrobe danvapiythyl tgréupa®bon at ons
as a substituent. The fornmed ring nay be tetracyclic to hexacyclic in size
and t hi & rimigcyedideaaytls grag heatisd eaonengaingsat ed. Anet hyl group or a
fluoronethyl group is preferable as the substituent on the forned ring.
Exanpl es A heterocaryl group is a group that is derived from a’

pentacyclic or hexacyclic aromatic hetercocyclic compound that

contains one ormore hetercatoms selected fromamong thenitrogen

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 alkylaminc group.

As the substituent R}, a cyclic alkyl group or a

halogenocycloalkyl group is preferable. Among these, a

cyclopropyl group ora 2-halogenocyclopropyl group is preferable.
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of the fused ring structure fornmed in this manner include the follow ng:
(I'n the above fornula, R7 represents an al kyl group having 1 to 6 ciy Hinjn
atons, such as a nethyl group, a hal ogenoal kyl group having 1 to 6 carbon
atons, such as a fluoronethyl group, or a hydrogen atom and R8 represents
a hal ogen atom such as a 22 14 JUL 1004 fluorine atom or a hydrogen
atom) A hydrogen atomis preferable as the substituent R2 of the conpound
of formula (1). The substituent R3 is a phenylal kyl group (aralkyl group)
conpos@dg dhegrhalegernatopoap Hhe RrhelegenerdIPeerie grduPa Fhenyl
group, or an alkyl group having 1 to 6 carbon atons, an al koxynethyl group
havi ngf2uboifiecatbmniat prefeaahldrogen atom a phenyl group, an

acet oxynmet hyl group, a pival oyl oxynet hyl group, an ethoxycarbonyl group, a
chol i ne grouthe aubditiridayitaRf Nerysdet®Wn A Koylitidanyrgiguhavdng

pht hal i di nyl group, a 5-al kyl -2-o0xo-1, 3-di oxol e-4-yl nethyl group, or a

3- acet PX¥o26058PHbN| aBbMYPor | & KY@r&g8R ABEHS AnQORPUHY FFf ml B Nvention
is to be wused for antibacterial purposes, it is preferable to use a

carboxyhigqaPatdaAUPOHA% 1155 SeiBturd Coldfl S0S0.e3 BB yriledgtlinle,

gui nol one derivative wherein the carboxylic acid noiety has been nmade an

CoLE GRS E AOG  YR Bl oSty Tusse sspect
so as to contain the nitrogen atom to which R' is bonded and
the carbon atom to which R? is bonded). The thus formed ring
may contain a- "sulfur atom as a ring constituent atom, and this
ring may also have an alkyl group or halogencalkyl group having
1 to 6 carbon atoms as a substituent. The formed ring may be
tetracyclic to hexacyclic in size and this ring may be also
saturatedorunsaturated. Amethyl groupora fluoromethyl 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, R’ represents 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

22




R4 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 carboniqymwgmm
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 amno group nay have one ore nore substituents
selected fromthe group 23 14 JUL 2004 consisting of an al kyl group having
1 to 6 carbon atons, an acyl _group having 2 to 5 carbon atonms, and a
fornyl fleepine 2R, @Es2 B¥AFIhaAeMrk a plurality of substituent
groups, the substituents nmay all be of the sane type or may beg of a
plurality of dvtregem atppeds Ryeigrabilel agr e, sWpséhthepte® hef be a
straight-chain or branched-chain group having 1 to 6 carbon atons, a

met hyl tlge oopmpeounaét df| £growla 6Ihormal propyl group, or an isopropyl group
Is preferable. As an al kenyl group, which may either be a straight-chain or

br anched- chaithegsabigt hewényg 2 19 abphenpbal kgl aimoums (wiralkydr gopups
preferable. As an al kynyl group, which nay be a straight-chain or

br anchegompdédd B Wh RAKIGEn: lgrdip 6aMIeY Al @656 aarBbhyaYbmEratg is
preferable. As the hal ogen of a hal ogenonethyl group, a fluorine atomis

especi ah Ipherdifiei@AlY € odndnt RerPUndesud haretlyg Mt de dabBod. atéman al koxy

group, which may have 1 to 6 carbon atons, a nethoxy group is preferable.

The subgfidyehbmeiyy n;[&t@;; A Ry DY Ye0geRaghel a88mal, ky! hy&Foyen or an
am no group, and anong These, a hydrogen atom a
atom, aphenyl group, anacetoxymethyl group, apivaloyloxymethyl
group, an ”ethoxycarbonyl group, a choline (group, a
dimethylaminoethyl group, a 5-indanyl group, a phthalidinyl
group, a 5S-alkyl-2-oxo-1l,3-diocxole-4-ylmethyl group, or 2a
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
moietyhasbeenmadeanesterisuseful asasynthesisintermediate
or as aprodrug. 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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met hyl group, or unsubstituted am no group (-NH2) is especially

preferable. In the case where R4 is an am no group, a hydroxyl group]A-WL 200
thiol group, it may be protected by a protective group that is nornally
used in the relevant fields. Exanples of such protective groups include
(substituted) 24 14 JUL 2004 al koxycar bonyl groups, such as

tert-but oxycar bonyl group 2,2, 2 trichloroethoxycarbonyl group, etc

(substi tut argyi bon as, benz onycarb group,
par anet FORGbBFSH B8 A HRT SaPURF=LES Fe %Eéﬁ'aﬂ“oi A0E i B oup,
etc.; (substituted) acyl _ groups, such as acet% group, mnethoxyacety

group, JE¥PWP|RRYIEE A Vo g"rsaﬁboeh%%ace%w yr bhidrauR4 dPothe for ny|
group, benzoyl group, etc.; (substituted) alkyl groups or (substituted)

ar al kyl cyseupsereuthers areetabnh}ralgibmp?f beswbkgtityentipgreupani theébenzyl
group, paramet hoxybenzyl group, triphenylnmethyl group, etc.; (substituted)
et her s, sshisthi tisen te ragxg bk the/ bf grhmipameerypd orrongyehgf agpbupality

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

(al kyl epdddfferantytypesibstituted silyl groups, such as trinethylsilyl
group, isopropyldinethylsilyl group, tert-butyldimethylsilyl group,

tribenzylsilws QhOHDkylt@féuﬁ}ltw‘l{i&lﬂhﬁw@iiﬂhﬁr @eodpstehtghthehtin
"(substituted)" signifies that a groupmay have a subs tituent)

ACONPOUSE NG fkch e ATCHE M Q58I ha ikl AXWo & BHRbo atBingl, 8rAupniat is
prot ect ed
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—chaiu 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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by such a substituent is especially preferable as a production

I nternmedi ate. A represents a nitrogen atomor a partial structure 16 JUL 2004
expressed by formula (11): x Il Y 25 14 JUL 2004 In the case where Ais a
partial structure of the formula (I11), 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
car bon %%pns, a_hydrogen atom an, am no group, a halogen atom a cyano
group, &-HLFIGEL y [9%RWRT, SHCE RS obehbrethexycarbanyl asdFoWhong t he
above, the am no groupmay have one ore nore subs tituents selected from

t he gr03p203ﬁ§F§F%4&r@Pt xycRybogydup gEeiiPng etco /6 deubwtiduded) an acyl
group having 2 to 5 carbon atons, and a fornyl group. As a hal ogen atom a
f 1 uori neraléyl cxychirbonyd gromwpsanduch bsobeneydooycarbopydf gramipe and t he
fluorine atomand chlorine atomare especially preferable. As an al kyl
group, wahrehethpxybenayibkgicgltboalkdi n or branched-chain grougdeayi,ng 1 to 6
carbon atons, a nethyl group, an ethyl group, a normal propyl group, or

an i soppapihigrobRenzylpketardbhel Afocvp,aldeny} gsabprivited) mRyleither be
a straight-chain or branched-chain group having 2 to 6 carbon atons, a

vinyl ggeulpks Préick abbe. Ascadynl kybybp, 9" Gchdr&de BPY bYrdup,

strai ght-chain or branched-chain group
trifluoroacetyl group, chloroacetyl group, pivaloyl group,
formyl group, benzoyl group, etc.; (substituted) alkyl groups
or (substi tufed) aralkyl groups, suchas tert-butyl group, benzyl
group, ©paranitrobenzyl group, paramethoxybenzyl group,
triphenylmethyl group, etc.; (substituted) ethers, such as
methoxymethyl - group, tert-butoxymethyl group,
tetrahydropyranyl group, 2,2,2-trichlorocethoxymethyl 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 thiocl 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 n

X
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having 2 to 6 carbon atons, an ethynyl group is preferable. t he hihd%ﬁp
of a hal ogenonet hyl group, a fluorine atomis especially preferab

t he nunber thereof nmay be 1 to 3. As an al koxy group, which nay have 1 to
6 car-bon atons, a nethoxy group is preferable. As the hal ogen of a

hal ogenomet hoxy group, a fluorine atomis especially preferable and the
nunber thereof 26 14 JUL 2004 may be 1 to 3. Anpong these substituents, an

r oup, ot he R AL AR 1 obe MR S By iz b SR Hgmitfh bl
refera Furt her th| he aboverrentloned R1 maybe integrated to
1I‘Oorm a ?ﬁ& #{E@mﬁée@&ﬁpf“?sgﬂké VIPERA dnEord rﬁf“B{P aﬁ’é’&sgoratl ng a

part of the nother skeleton (so as to contaln the carbon atomto which X1
i s bondel ahEeRyik FrevR ViR te fhrarbmr atompndayrlkymd GnelE or ned
ring may contain an oxygen atom a nitrogen atom or a sulfur atomas a

ri ng coha3vipdehite Gtarnbamatonss an@d keasy grsuphzavelng lateubsarkarent an

al kyl group having 1 to 6 carbon atons, which nay have a substituent in
turn. Tatomsy rebydrogempytim, Eentadyol gr:oup, repbdogehni atom, s oganand t he
ring constituent atons are not limted to a carbon atom and may include an
oxygen gtoup, a hialoggeomathyl groapsuwd urhabbgahomthbey gidips, @indy may be
saturated or unsaturated. The thus formed ring may have an al kyl group
havi ng dmbng Ghealbewse , tidamiAs gacpitdy haeabne Dimad & ¥Lubgtottpema)s be

considered to be the sane as the above-described al kyl group and is
pref er abéyected from the group consisting of an alkyl group having 1
to 6 carbon -étoms, an acyl group having 2 to 5 carbon atoms,
and a formyl group.
As a halogen atom, a fluorine atom, a chlorine atom, and
a bromine atom are preferable and the fluorine atom and chlorine
atom are especially preferable. As an alkyl group, which may
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 nmethyl group . This al kyl group maybe substituted by a hal ogen atom an
al koxy group, etc. As a partial structure that forns the ring str grm{r 04

formed by X1 and Rl, a structure of the following fornula: -O S

is preferable (the right end of the above is bonded to a nitrogen
27 14 JUL 1004 aton), and especially, the quinolone skeleton of the
followng structure is preferable: COOH CH3 If Ais a partial structure of

formula (11), preferable conmbinations of R4 and X1 are those in which R4 is
an al ky r Ihdn r’?g 1 to 6 carbon atons, an am no group, a hydrogen atom
or a hydroxyl group and X1 is an al kyl group having 1 to 6 carbon

(-CB)

an al koxy gr oBend thegecsithlil LuemEsS , anElkijeabReP 95X3n adKkedy, IV

at ons,

hydrogen atom More preferabl e conbinations are those in which R4 is an

am no ghsuprefergbleged mebhyl group oapletdndugroup, & methypkygmup, and X1
Is a nmethyl group, a methoxy group, a difluoronethoxy group, or a hydrogen
atom Espeal dilfjl yorehethoky gamupndls Grparialilijoperdfiensibleh R4 is
hydrogen atom a hydroxyl group, or a nethyl group and X1 is a net
group or a nmerheryep) eHRs Xart the SWSidnidttilonBa FitthRBeiitttenpnaasd | v

represents an al kyl group having 1 to 6 carbon atons, a hydrogen atom or

a

to form a ring structure comprised of a polymethylene ring by
incorporating a part of the mother skeleton (so as to contain
the carbon atom to which X' is bonded and the nitrogen atom to
which R is bonded). The thus formed ring may contain an oxygen
atom, a nitrogen atom, or a sulfur atom as a ring constituent
atom, and this ringmay 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 groupmay be substituted by a halogen
atom, an alkoxy group, etc.

As apartial structure that forms thering structure formed
by X' and R', a structure of the following formula:
-0-CH,-CH{(-CHa3) -

is preferable (the right end of the above is bonded to a nitrogen
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substituted carboxyl group derived froman amno acid, a dipeptide
tripeptide. This alkyl group nay have one ore nore substituents 28 Ehﬂﬂu 04
2004 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 may either be a
straight-chain or branched-chain group having 1 to 6 carbon atons, a

met hyl roup, ap ethyl oup,. a normal pro rou r an_isopropyl

Oroup | RbE @b pEberhat kY. Cohd aRaRy oriRe SEbkg R85 HeaEOASRLBRY g oup
as a substituent, the alkyl group may be a straight-chain or branched-chain
group hab¥wetureols REe ®hs, and the hydroxyl group is nore
preferably substituted on the term nal carbon atom of the al kyl group. As
an al kyl group having a hydroxyl group, those with up to 3 carbon atons is
pref erabl e and ajjhydroxymet hyl group, a 2-hydroxyethyl group, a

2- hydr o : TO®H 3- hydroxypropyl group, etc. are preferable. In

t he case al kyl group has a hal ogen atomas a substituent, the

a straight-chain or branched-chain group having 1 to 6
carbon ato afN“t he halogen atomis preferably a fluorine atom The
nunber of fI.oriﬁe atons nmy correspond to a nono-substituted condition to
a perfluoro- stchut ed conditi on. Exanpl es thereof include a
nonof | uor omet hyl grodp, a difluoromethyl group, a

If A is a partial structure of formula (II), preferable
combinations of R' and X! are those in which R? is an alkyl group
having 1 to 6 carbon atoms, an amino group, a hydrogen atom,.
or a hydroxyl group and X! is an alkyl group having 1 to 6 carbon
atoms, an alkoxy group 1 to 6 carbon atoms, a halogenomethoxy
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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trifluoronethyl group, a 2,2,2-trifluoroethyl group, etc. In the case where
the al kyl group has an alkylthio group as a substituent, the al kyjj diflo28
may be a straight-chain or 29 14 JUL 2004 branched-chain group having 1 to
6 carbon atons, and the alkylthio group may al so be a straight-chain or
branched-chain group having 1 to 6 carbon atons. As an al kyl group having
an al kylthio group, an alkylthionethyl group, an al kylthioethyl group, or

an al kyl t_hi opr | group is preferahle and it_is_nore preferable for the
al kyl t hﬁ?lgeﬁif?ﬁio PEopdhe 5?8% RRFLFFING OF 2reat BEhthi 8 OURhARINT Mor e
preferabl e exanpl es thereof include a nethylthionethyl group, an

et hyl t hiloEPHy Fagben@tems, an abEPwyY rcow heviggouo ¢ sarhercatemsmer e t he

al kyl group has an al koxy group as a substituent, the al kyl group nay be a
st rai ghta dlvdnexyl ducarchedt lmaibalggerp atom.ng 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 ahsnsn kv gaidod, ghadh hayi ejjtherabéox \stgraight-chmin

al koxymet hyl group, an al koxyethyl group, or an al koxypropyl group is

pr ef er aldre baathchled-haahe gibabehablifigf or tbhe @hkesy atsmsp 4 andith@l gr oup
having up to 3 carbon atons as well. Mre preferable exanples thereof

i ncl ude ga-ow, haxyaeh{y! g86@pp.a %m&tlh%)b%uh&!roﬁﬁquér AR sogmigapxyet hyl

group. Preferable conbinations of R5 and are those in which one is a
hydr ogeppdi@mianghridiether. is a hydrogen atom an alkyl group, or a

substituted carboxyl group derived froman am no

In the case where the alkyl group has a hydroxyl group
as a substii:ﬁent, 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~hydroxyethy1 group, a 2-ﬁydroxypropyl 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
atomis preferablya fluorineatom. The number of fluorineatoms
may correspond to a mono-substituted condition to a
perfluoro-substituted condition. Examples thereof include a
monoflucromethyl group, a difluorcmethyl group, a
trifluoromethyl group, a 2,2,2-trifluorcethyl 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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acid, a dipeptide, or a tripeptide. Anong these, a conbination +in which
one of either R5 or R6 is a hydrogen atom and the other is a hydrogenlgt?in
or an alkyl group is nore preferable. As 30 14 JUL 2004 an al kyl group, a
met hyl group or an ethyl group is preferable and a nethyl group is
especially preferable. Thus, a conmbination in which both R5 and R6 are
hydr ogen atons or a conbination in which one of either RS or R6 is a
hydrogﬁgratom nth,he other is a nethyl group is especially preferable. A
conpourfFched chadggr aup haiyiag e pearona e3gd Herkthio
physi ol ogi cal activity as an_anti bacterial agent. A quinolone derivative,
wher ei rIEPRP BRY &lsdre 3 shsaighdmchrip ot brenthed-¢chain ggowphamngd t he
other is a substituted carboxyl group derived froman amno acid, a

di pept i d&p orarbon afepsi. deds an alspecgrblip hasding anslaydrtbdougro@peci fi c
exanples regarding this shall be described below A description shall now
be gi vean cahtgl thigmébiyl hagreggnocye| apkeiyrhigedhylofgfbup Thersust i t uent
hal ogen atom s preferably a fluorine atom or a chlorine atomand a

f 1 uori el orhi pRERAC gilduy PEEhLEBdt&ble ldnd S tesBatbRb I prefefaspdl e for
t he stereochem cal environnment at thisnoiety that thehal ogen atom and the

qui nol ofEyr thel HDXYL tKi @ GrdupPt8ite BayLoeh WhAMHd QUEST 88rBBntd¥oms
cycl opropane ring. Al so, though the cis-configuration substituent in this
case My takaithe TR6PL0fpRerdrdifle NARURTNsS - (BhafdSt OPIOPMIar 4P OF a
methylthiomethyl group, an ethylthicethyl group, and a
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 combinaticn

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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2- (R) - hal ogeno-1-(S)-cycl opropyl group, the former is preferable. Though
so-cal l ed enantionorphic isoners are present due 31 1 4 JUL 2 00 t@'z@f?
cis -2 -hal ogenocycl opropyl noiety alone of Rl, all of such 1iso rJ ve
been found to be strong in antibacterial activity and high in safety. A
conpound of this invention, exhibits excellent characteristics when there
Is a substituent of the structure represented by the followng formula E
at the 7-position of a quinolone nother skeleton, in particular, a 1- [2-
(S) -fl @t kYl groupeldmedily gronpdbhyan ethydx gqoupol s ereterathbay| i

aci d skel eton having a 2-(S)-hal ogeno-I1- (R) -cyclopropyl group. [Formula
E] (CH2)and #methyilgroupsis espatcial iy prefierablies onEhast, katomtyena thi G

enanti onorphic relationship exist as a result of the asynmetric carbon

atom at itrherh3chobbthaR® @hd R e akirdiged kitbes 62 Recom®igaeiscifac, these
are as follows: [Formula F] iCH2)n ~(CH2)n R5 G Meanwhile, the correlation

of the SiHiWH Undl oFChi¥hbkeR® & HWQst ¥PRYdALPEGOR AL €S| IndCind S ounds
that are due to the steric configuration of ?he subst i tuent atﬁﬁ%
7-posi t ii‘y‘a(rﬁgthyl group is especially preferable. A compound of this
combination can especially express favorable physiological
activity as an antibacterial agent.
A quinolone derivative, wherein one of either substituent
RPorR%isa H}}drogen 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 atomis preferably a fluorine atom
or a chlorine atomand a fluorine atom is especially preferable.
It is especially preferable for the stereochemical
environment at thismoiety that thehalogenatomand the quinolone
carboxylic acid moiety have cis-configuration on the
cyclopropane ring. Also, though the cis-configuration
substituent in this case may take the form of a
2-(8) -halogeno-1-(R) ~cyclopropyl group or a
2-(R) -halcgeno-1-(8) -cyclopropyl group, the former 1is
preferable.

Though so-called enantiomorphic isomers are present due
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Its equivalent position) of a 32 14 JUL 2004

7-[3-(1-ami nonet hyl )pyrrolidin-I-yl]quinolone carboxylic acid deriVatilve
and the correlation of the structural activities of four types of
optically active substances that are due to the steric configuration of

t he substituent at the 7-position of a

7-[3-(1-am noet hyl ) pyrrolidin-I-yl]quinol one carboxylic acid derivative
are desq{igﬁd i.n Jo¥{nal of Medicinal Chemstry, vol. 36, p. 1442 (1994).
I'n this 99 FBP &< ~hal qgenasyicl epeeprvilei et ad oneesE Riptaldabfisuster s, t he
I somers of the structures shown in the followng forrmula are highest in
ant i bact&OMArs Baveresn foupN £o dme siteosgein artoita g a D e tatvittie
3-position of these pyrrolidine rings, the present inventors considered

t hat of ankle higho igpisiafaityi.soners shown i n above fornmula F, the follow ng

I somer was nore preferable: Thus, a nore preferable conpound of the
conpounds _of & hicoripmend | &t hamildhe ishiahtine  eRhESERCd R fio! | owi ng
formula: 33 1 4 JUL 2004 wRLs NH\J X R R6

characteristics when there is a substituent of the structure
represented by the following formula E at the 7-position of a
quinolone mother skeleton, in particular, a1-[2-(S)-fluoro-1-
(R) ~cyclopropyl]-1, 4-dihydro-4-oxoqui noline-3-~carboxylic
acid skeletof{having a 2-(8) -halogeno~1-(R) -cyclopropyl group.
[Formula E]

(CH,),,

5
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,),

_ . ORG M
A ’ y
Rs/ H N— Re/ 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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That is, 3-(1-am nocycl oal kyl)pyrrolidinyl
substi t ut ed- 6- hydr ogen- substi t ut ed- qui nol one carboxylic acids, repgqggqmﬁd
by formula (I), 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
conpounds [3f (L hemihpmebhybhpysrohadinhbyydigubnolpoeent cambhydtieri al
activity against resistant bacteria as represented by grampositive cocci,
i ncl udi agidide4sivERSRe aidl thifdorndl aarddin 6 D rehetdterwdiairgl aeicsvieseef t he
compounds of this invention are that they exhibit excellent safety and
good pbﬁrf@ﬁ@kt{;gés@ft&wi@lq@ Qe UG IO thR tUsed dheCltbni cal
situations, which could not be achieved with conpounds prior to this
| nventi ehoCyedrié ddifs WAt S bt URD! Sl fifert@TR: M HCPBGEE oflICh
excel l ent properties of the conpounds of this 1nvention afe exﬁl Ited by
conmpoun | B _Whj_chy iRt - descr) . it I i nt eger
of 1 orgg,d gn tﬁ‘g %%??%ej:ﬁglgg:eﬁ?‘%gégﬁ e?ft Q&?%@g&%ﬁ%&g §§giﬁog§%g% ally
w th compounds .tor. .which .n is.an.i.nteger 1 t..ds, coppounds wherein the
zggl#ﬁerlva ive ared scrl%e%rlé:% ?%?%Bg%edﬁﬁ)l&u%ﬁdggeﬁnﬁsgﬁ

cyclic par 'S a tricycli r'n (&) e Cco g/case
where a c nd of, f.arnul I f this.invention as .a structure in which
di ast er‘é%ﬂgf‘igar%‘ 61,4@%63#9890%”%6&{815 1iq:erature, Qt is :SLndl:'ﬂcal‘éed

that among these optical isomers, the isomers of the structures

shown in the..' following formula are highest in antibacterial

activity.

3s 3R
BN HN"N
H' N— H N—

From the steric configurations at the 3-position of these
pyrrolidine rings, the present inventors considered that of the
twooptical isomers showninabove formulaF, the following isomer

was more preferable:

{CH,),

Thus, a more preferable compound of the compounds of this

inventionhas the structurerepresentedbythe following formula:
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conprised of a single diastereonmer is preferably adm nistered when the
conpound of this invention is adm nistered to human or ani nals. Thq_ﬂﬁrﬂm‘
"conprised of a single diastereoner” as used herein neans not only a case
in which it is conpletely free fromthe other diastereoner butal so a case
in whichit isin a chemcally pure degree. That is, it nmay be interpreted
that the other diastereoner nay be contained as long as there are no
i nfluences on the physicgl constants and physiol ogical activities of the
conmpound. Also, the term "st®reochem cally pure” as used herein nmeans
that, in the case wgere la cd -ougﬂnﬁﬁsthe |i ke exists in a plurality of

A of".

I soner forns due to The D ; asymetric carbon atons, the conpound
S conprisedggﬁ%only ) em The term"pure” in this case can al so
be consi de I NARR \: as described above. Though the quinol one

carboxylic - ilye of, thi's invention may be used either inits
free forgér Sé? id #dditRon salt or a salt of its carboxyl group.
he' aci d

Exanpl es of addition salt include inorganic acid salts, such as
hydrochl ori fes, sulfates, nitrates, hydrobronides, 35 14 JUL 2004
hydr oi odi des, phosphates, etc.; and organic acid salts, such as

nethanesulfoqg&&§iQQe@;qqggﬂﬂHy@?&§§EH%§?§gﬂﬁﬁgﬁﬁgﬂg@gs (and ot her

sul fonates) , acetates, citrates umar at | act ates (and

oLher CHBOXYENE3)6-REGrobdRTRLSSt PLulh!§ulliol HEe O27 PO ngiPYR ! Ne! Ude

acids, represented by formula (I), its salts, and hydrates
thereof (espécially 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. Inaddition, 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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nmetal salts, such as lithiumsalts, sodiumsalts, potassiumsalts, _ etc.

al kaline earth netal salts, such as magnesi um salts, cal cium sal tsht cmm
anmoni um salts, triethylarnine salts, N nethylglucam ne salts,
tris-(hydroxynet hyl)am nomet hane salts; etc., and these could either be

I norganic salts or organic salts. Also, these free form acid addition
salts and salts of carboxyl group of the quinolone carboxylic acid
derivative may be present as hydrates. Though in the case where a conpound
of thi #Xgaidantoaffectgsare fspemaspbatadivaipugsopesnds farbdxithc acid
conpound wherein the substituent R3 is a hydrogen atomis preferably used,
a qui nal éseadernteger d .wh@batcas paonpourats dheviednythe @ycEbtaparts usef ul
as a synthesis internmediate or aprodrug. For exanple, alkyl esters, benzyl

est er s i salak epadelli e Hieigs ahendfiirtal e Fnfounddnd phenyl esters are

useful as synthesis internediates. Also, the ester to be used as a prodrug
is an ester yhitgl caéméféﬁéw&dé?&ﬁfbemhhslerVbﬁﬂthQ%\ﬁB}dtjf&ﬁmfree

formof carboxylic acid, and its exanples include oxoal kyl esters, such

as acehey el filcEPtelin théhodiﬂ&/éﬂﬁ}yn%r%%% n*:régeﬂlér JAJICO%%OO%%CL ndany!

et hoxycarbonyl ester, choline ester, t noet este

ester, | J.od Q¥ ter —alkyl - 2- -1..3-4di -gfxlneth | esters,
and 3%@'&?@?@%8&%% leeg?'g%.t &Pﬁﬁg‘??sf%%gér%%%&rga er |nvlastt|"%//ree,£mherei n

one of w%'ekh%'ﬁe compound of this invention is administered to human

or animals. The term, “comprised of a single diastereomer” as
used herein myéans not only a case in which it is completely free
from the other diastereomer butalsc 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 physiclogical
activities of the compound.

Also, the term“stereochemicallypure” as used hereinmeans
that, in the case where a compoundor thelikeexistsinaplurality
of isomer forms due to the bpresence of asymmetric carbon atoms,
the compound is comprised of only one of them. The term “pure”
inthiscasecanalsobeconsideredin the samemanner as described
above.

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

hydrochlorides, sulfates, nitrates, hydrobromides,

35




of the substituents R5 and R6 is a hydrogen atom and the other is ? |
substituted carboxyl group derived froman amno acid, a dipeptidé,JgL2@
tripeptide, is useful as a prodrug. An amino acid, a dipeptide, or a
tripeptide to be used for obtaining such a prodrug is one wherein the
pepti de bond, which is forned by the carboxyl group derived fromthe am no
acid, dipeptide, or tripeptide and the am no group that exists on the
substituent at the 7-position of the quinolone carboxylic acid derivative,
can be XG¥LegiAes yRhPsEhatRS | iating Bodyorgadifoanifr eal bs pudweh ne,
andits exanples include those derived fromglycine, alanine, aspartic

aci d, ar®P orfthapesubionates, geyzienesgllfonatesyl Vico Neemdsul fthates

al ani ne-al ani ne, and other dipeptides, and gl yci ne-gl yci ne-al ani ne,

gl yci ne- tirahotkenisahifoea tasd , cidtatidd PEPErEEss , HAS RHFOUN N4 1dy S

I nvention represented by the formula (1) can be produced by vari ous

met hods,1aotthtias af i iciHead daeidihaatedych & Lonmpound can be produced for
exanpl e by reacting a conmpound represented by forrmula (I11): 37 14 JUL

2004 111 [wherRhhipKes! SPT £SEAL Sof St o | f4 tdé)nsaﬁ%lai | eavi ng
group, such as a substituted or uﬁ?&%stlﬁﬁﬁga'gﬂgﬁg?sﬁﬁgbnfT group, a
o, oy O S e LB P B B Smae e T e o
def i ned gy t;he 1oyl 449t}9fmét§fr8§188[‘t alaknd s magnesium salts,
calcium salts, etc.; ammonium salts, triethylamine salts,
N—methylgluéémine salts, tris-(hydroxymethyl)aminomethane
salts; etc., and these could either be inorganic salts or organic
salts. |
Also, these free form, acid addition salts and salts of
carboxyl group of the quinolone carboxylic acid derivative may
be present as hydrates.
Though in the case where a compound of this invention is
used for antibacterial purposes, a carboxylic acid compound
wherein the substituentR3®isa hydrogen atom is preferably used,
a quinolone derivative whose carboxylic acid moiety is an ester
isuseful asasynthesis intermediateora prodrug. For example,
alkyl esters, benzyl esters, alkoxyalkyl esters, phenylalkyl
esters, andphenyl esters areuseful as synthesis intermediates.
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,




group represented by formula (IV): -B(Y32)Y' Iv (wherein Y32 and y33 nmay be
the sane or different fromeach other wth each being a fluorine dtioiil ol
an al kyl carbonyl oxy group having 2 to 4 carbon atons); and Rl, R2, R4, R5,
R6, and A are as defined in the fornula (1) ] wth a conpound of the
following formula (V) or an addtion salt thereof: [wherein each of R51 and
R61 i ndependently represents a hydrogen atom an al kyl group having 1 to 6
carbon atons or a protective group for an am no group, or one of either
R51 or R&hoxypacbenyi e3% el bl 20O éstelry diiogstrhyallzom ressk Hyleeat Ber,
represents a substituted carboxyl group derived froman amno acid, a

di pepti Beindangltri pepti destentfh an am pht@aQd@ingat is unsuBgtbkyted or is
protected by a protective group for an am no group, and this al kyl group

may have-alkybsihbuent , 3eiesketels Of1 hdenyDr OUP CRisisitd Ng of agpal kylthio
group having 1 to 6 carbon atons, an al koxy group having 1 to 6 carbon

atonms, g-hydeexyloobePutyPndsfepal ogen atom and n is the sane as defined
in the fornula#%l)] (?%Pt%e c%se where an addition salt is used, the

Gact) on 1S AN RS BB GERGE Lot ERORT LA OE SENEE "%
I ncl Udeo:j:' na{e_g%rybcst%;:iudentssahg Sainé 'ﬁth sa Sa ri'}g}jc{l:'ocg:ghelnoraitdo(lgns ’anﬁuqut ggﬁegi trates,
is a substituted carboxyl group derived from an amino acid, a

dipeptide, or a tripeptide, is useful as a prodrug.

An am:Lno acid, a dipeptide, or a tripeptide to be used
for obtaining such a prodrug is one wherein the peptide bond,
which is formed by the carboxyl group derived from the amino
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 compcocund

represented by formula (III):




hydr obr om des, hydroi odi des, phosphates, etc.; and organic acid salts,
such as net hanesul fonat es, benzenesul fonates, toluenesul fonates (and jot hep
sul fonates), acetates, citrates, naleates, fumarates, |actates (and ot her
carboxyl ates); etc. The reaction may be carried out using a solvent or

wi thout using a solvent. A solvent to be used in the reaction may be any
sol vent which have no an adverse effect on the reaction, and its exanples
i ncl ude dinethxl sul f oxi de, pyridine, acetonitrile, ethanol, chloroform

di mret hyl f ormeRl de® di net hyl acet am de, N-net hyl pyrrolidone,

t et rahydr,of ur t%{ aet hoxybutanol, or a mxture of thereof. 39 14
JUL 2004 1%0§referably carried out under the presence of an
acid recept or, as an inorgani c f@se or an organic base, for exanple,
an inor ";R '& ound, such as a carbonate or bicarbonate of an

al kal i ne™net or fan kaline earth netal, or an organic basic conpound,
such as triethyIaR?ne, pyridine, 1, 8-di azobi cycl oundecene, N-nethyl

pi peridene, N, N-diisopropylethylam nne, etc. The reaction tenperature

shoul d naheebhy Werdgrddtn LaRAGB U RIMANGRL O FHAGKL bABRAY alléasritny 200C and
preferably in the range of 25 to 150C. The reaction tinme should be in the
range paréafam BUERSa s Oa AR fut S bot hi 1AM ItUR IS phnRAlsh £oeRAPl eted i n
approximately 30 mnutes to 8 hours. The protective group of an am no group

may be gpyuRl A S ¥Eu SEPHP b S (IR A lya HPeEbAvh HREupatMay fiel d,

and its
1 to 3 carbon atoms, a fluorine atom, a chlorine atom or a bromine

atom;
R* is the R® defined in the formula (I) or a boron-containing

group represented by formula (IV):
—B(Y)Y" J\%

(wherein ¥*? and Y*®> 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', rR?, R', R?, R®, and A are as defined in the formula (I)]
with a compound of the folleowing formula (V) or an addtion salt

thereof:
{CH,},
51
R\
Rs1/ 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
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exanpl es i ncl ude al koxycarbonyl groups, which may have a substituent, such
as tert-butoxycarbonyl group, 2,2,2-trichloroethoxycarbonyl groupi #tcg,
ar al kyl oxycar bonyl groups, which nay have a substituent, such as

benzyl oxycar bonyl group, para-nethoxybenzyl oxycarbonyl group,

par a- ni t robenzyl oxycar bonyl group, etc.; acyl groups, which may have a
substituent, such as acetyl group, nethoxyacetyl group, trifluoroacetyl
group, chloroacetyl group, pivaloyl group, fornyl group, benzoyl group,
etc.; alkhydyoogepstashand theyohher repragmmitid senibs @t adicaypbogydups,

whi ch may have a substituent, such as tert-butyl group, benzyl group,

par a- ni grogndglrigedufrond @nlakidoddiR0CAdRpepLtiIBEN XY e REY begpta dia
triphenyl methyl group, etc.; ethers, which may have a substituent, such as

et hoxy@thy hndhRiRo gh8iih- B ©XVdRINBIb K OtPred &Y 3Ry reRectiad bgr oup,
2,2,2-trichl oroet hoxynet hyl group, etc.; and substituted silyl groups, such

as tringt lalyh QF | r gryLali get LIy group,
tert-bE?y?gkﬁgkﬁﬁrgi%3Pu5r§§%,gpr%@%ﬁ§y %FP&F é?gup,

tert-butyldi p@?ﬂé"aﬁikyil ??%ﬁ#%atygf’%vﬁlan Ut]:%t %?n’%,n%géf?égégn%%ﬁh%nd R31 is

an al kyl group "havin ar bon "a an a gr oup

havi f 2 _tao 7. b t . h |Lal.kyl | k
R O R R VI TN e
, it b ted int di i id b
01 OUP, b SRReRS OB A B SOt RS S BOBRSATE o

t he hydr ol ysi f carboxylic acid esters.
y andya gagogen ato%, and

n is the saﬁé as defined in the formula (I)]

(in the case where an additicn salt is used, the reaction is
carriedoutunder thepresence of reagents that cause theaddition
salt to become a free form).

Examples of the acid addition salts include inorganicacid
salts, such as hydrochlorides, sulfates, nitrates,
hydrobromides, hydroiodides, phosphates, etc.; 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, dimethylformamide,

dimethylacetamide, N-methylpyrrolidone, tetrahydrofuran,

water, 3-methoxybutanol, or a mixture of thereof.




In the case where R31 has a structure of the fornmula (1V) it can be
converted into a correspondi ng carboxylic acid by subjecting it tol4 JUL 2004
hydrol ysi s under acidic or basic conditions after allow ng the conpound
(V) toreact with the compound (II1l) . In the case where deprotection is
necessary, the conmpound of interest represented by the fornmula (1) can be
obt ai ned by renoving the protective group under appropriate conditions
suitable for the protective group. A conpound of the fornula (V) may be
produced by viRfHARRCHEMdEPrafaraiougaraiedtowt usdemthe pReFeaiRes/ 00208
may be given as an exanple, the method of production is not [imted to

t heret 0°f 3p agiduregepton, conpgbumsl ai irerdaniikagd/orxam hagamidiced by
renoving Q froma conpound represented by the following formula (VI):
(CH2)" RBE2,RfjorV|exampldie ahotactkgamibabl¥ilc dSnioursd f heusRMBsas the RS
defined in the formula (1) or represents a protective group of an am no

group, Rarbotateabe bheasboRats defamesh il i ddllar G a1k@1ii%ied
protective group of an am no group, wherein the protective group of an

ani no geawphitals, §£hAGCRFhnild 1948 { DEAHBURLC QSLL R 2k n1GRYRsL i t ut ed)
al koxycar bonyl group, a (substituted) aral kyl oxycarbonyl group, d

( fgubity | bg%gﬁ%néw' 1,8C84Rz0B: byERSLEAULEAL , 2l ha@h94P: L3 pLeY R Ut ed)
N,N-diisopropylethylamine, etc.

The reaction temperature should normally be in the
temperature ‘fange of room temperature to 200°C and preferably
in the range of 25 to 150°C. The reaction time should be in
the range of 30 minutes to 48 hours, and the reaction is normally
completed in approximately 30 minutes to B hours.

The protective group of an amino group may be any protective
group that is generally used in the relevant field, and its
examples include alkoxycarbonyl groups, which may have a
substituent, such as tert-butoxycarbonyl group,
2,2,2-trichloroethoxycarbonyl group, etc. ; aralkyloxycarbonyl
groups, which may have a substituent, such as benzyloxycarbonyl
group, para-methoxybenzyloxycarbonyl group,
para-nitrobenzyloxycarbonyl group, etc. ; acyl groups, which may
have a substituent, such as acetyl group, methoxyacetyl group,
trifluorocacetyl 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,




and a substituted silyl group.] An above-described conpound may be present
inthe form of a salt thereof, a hydrate thereof, or a hydrate of ttheL 2004
salt. Exanples of the acid addition salt include inorganic acid salts and
organic acid salts. Specific exanples thereof include inorganic acid
salts, such as hydrochl orides, sulfates, hydrobrom des, hydroi odi des,
phosphates, etc. ; and organic acid salts, such as nethanesul f onates,

benzenesul fonat es, .t ol uenesul f opat e sul fopic acid salts); tates,

ot raf Fora e thayenay et SPAERab T Une VT iR -8k o) BERREE 6. when
both R512 and Q are protective groups of_ an amn rou they may be the
same oMoy #RhthF¥e R eBWRS bt FERNt HoRRGR, ?542‘31:%0 egb‘ﬁ& igll}é’iu?'rmr e
favorabl e for the production of conpound (1) that each is cut off under

di f f er e trbadobameddivdi t | or@rouxanpl esebralgdyopyganytwhi c§TWP prot ecti ve
groups of am no groups, include the follow ng. That is, exanpl es thereof

i ncl ude 2 ,@suirstchilctrest habtymethyl lrgup gedap,; and substitutedpilyl

ar al kyl oxycar bonyl group, a (substituted) acyl group, a (substituted)

al kyl growps,astetbasi trimsiihylsllyl qrogp, isepropylsiimetiydsddylsi |yl
group. Specific exanples thereof include (substituted) al koxycarbonyl

gr oups graigl) aeritsbutilidinetaiheillylggevmp, Zridbentzyilehleglogiromp,car bonyl
group, etc.;- (substituted) aralkyl oxycarbonyl groups, such as
benzy| QeraatRagldi @heihyl silas greupgXwhenzyl oxycar bonyl group,

In the case where each of R? and R* is an alkyl group having
from 1 to 6 carbon atoms, an alkoxymethyl group having from 2
to 7 carbon atoms or a phenylalkyl group (aralkyl group) composed
of an alkylene group having 1 to 6 carbon atoms and a phenyl
group, it can be converted into a corresponding carboxylic acid
by treatment under acidicorbasicconditionswhicharegenerally
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 {III).

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 amethod shown in PCT/JP96/00208 may be given

as an example, the method of production is not limited to thereto.
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par a- ni t robenzyl oxycar bonyl group, etc.; (substituted) acyl groups, such
as acetyl group, nethoxyacttyl group, trifluoroacetyl group, chloroacgt b
group, pivaloyl group, fornyl group, benzoyl group, etc.; (substituted)

al kyl groups or (substituted) aral kyl groups, such aster t -butyl group,
benzyl group, para-nitrobenzyl group, para-nethoxybenzyl group,

tri phenyl met hyl group, etc.; (substituted) ethers, such as nethoxynethyl

OO RAGR L S S! (PPIEL OB B B8 semaing 00

such as trinmethylsilyl group, |sopropyld|neth Si | oy|
Cort- b firame: foPRPEys SEeBRpsentet Han oI BN Laas) Formala (vI)

tert-butyl di phenylsilyl group, etc. 43 14 JUL 2004 |In producing the
conmpound (1) {®g,)an abovenentioned conpound having Q as a protective

group, its12S Negessary to carry out the reaction by renoving the
protecti ‘gﬁ In this caseygits reaction with the conpound (111) or
(V) naybe €arr y a so-ca??ed one-pot reaction or the reaction may

e

be carri el b I once isolating the conpound (V) by renoving the
protective group As with a conmpound of the forrmula (V), a conpound of the
f or mul g 1QVkheCaBobe popEuTLd(Vy) y & TDUs rhiehsdme aadthécmbldaflnrm hod
described in PCT/JP96/ 00208 may be given as an exanple, the production

net hod ; 'nStHQtfclﬁ:ﬁ{iltaEQIt) he¥ leprddeirtdr &l phas ©syel 0P IgRiyuasE nen eaitpid sed of a
single isoner, which is desirable for the synthesis of a conpound of the
formul %roup, R® and n are the same as defined in the formula (I),

Q is a proteiitive group of an amino group,

wherein the protective group of an amino group may be selected

fromthegroupconsistingofa (substituted) alkoxycarbonyl group,

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.;and organicacid

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,
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(I') conprised of a single isoner, may synthesized for exanple by the

nmet hod described in JP-A-2-231475 (the term"JP-A" as used herein r}'emsmﬁp
unexam ned published Japanese patent appliction”). Synthesis of tﬂ
conmpound of formula (1) conprised of a single isonmer using an optically
active cis-2-fluorocycl opropylam ne derivative obtained in the manner
descri bed above as a raw material, may be carried out for exanple in

d
aCCOT A0Sy Yl MBIty s RERIRLUPE Lanpdner (IS |
rls | g UL 2004
(911 et SEHIELBFET AR RS A rsatition glghtcidod

OXYyl | _G.1ACI LN e_10l1 0ow.n I
7F3(>I£) (|-§rﬁ%ﬁ%%ér %’a \fjvﬁn hagﬂ PFOSC WL By s

ES%}OIA}]U;)%SP%TQ(I%H%\?\?L opro&;l Fezﬁ{:ﬁ-1dc|m_hlynolgro oxoch gg%fes thcearre% ylic acid

7-[3-(R) - (1-am nocycl opropyl )pyrrolidin-l-yl]-

(S)- | uoncludeR) (spbistpiuppd) - @Wv@owhmwpo 3.(substituted)

oxoqui nol i ne- 3-carboxylic acid [showm in the follow ng_fornmula];

7- [ 3- (Rralkphorygcpcbopydpydyque + oki disulpstd futedhy agyl group,” a
(substituted) alkyl group, a (substituted) aralkyl group, and
a (substituted) silyl group.

Specific examples thereof include (substituted)
alkoxycarbonyl groups, such as tert-butoxycarbonyl group,
2,2,2-trichloroethoxycarbonyl group, etc.;- (substituted)
aralkyloxycarbonyl groups, such as benzyloxycarbonyl group,
para-methoxybenzyloxycarbonyl group,
para-nitrobenzyloxycarbonyl group, etc.; (substituted) acyl
groups, such as acetyl group, methoxyacetyl group,
trifluoroacetyl group, chloroacetyl group, pivaloyl group,
formyl group, benzoyl group, etc.; (substituted) alkyl groups
or (substituted) aralkyl groups, suchas tert-butyl group, benzyl
group, para-nitrcbenzyl group, 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 trimethyl silyl group,

isopropyldimethylsilyl group, tert-bu tyldimethylsilyl group,

tribenzylsilyl group, tert-butyldiphenylsilyl g;oup, etc.
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14JUL2004 (S)-fluoro-1-(R)-cycl opropyl]-8-fluoro-1, 4-di hydro- 4- 14 JUL 2004
oxoqui nol i ne-3-carboxylic acid [shown in the followng fornula]l;

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

(S)-fluoro-I1-(R)-cycl opropyl]-8-difluoronethoxy-1, 4-

di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid [shown in the follow ng formnulaj;
COOH 7- [3- (R - (1-am nocycl opropyl)pyrrolidin-1-yl] -1- [2-
(S)-fluoro-I-é;@-cyclopropéé%-l,4-dih dr o- 8- net hoxy- 4- i
oxoqui nol i ne-B? RRHGING P i AL} husiBg| 8l ABCOVEBERSEePede 14 JUL
2004 7-[3-(R) -(1-am nocyclopropyl)pyrrolidin-1-yl]-1-[2-

(S) - f | ucpppbufR)hawigipRreapy idrotective dnovp, 8-thes Mpicegsary to carry

oxoqui nol i ne-3-carboxylic acid [shown in the following formnula]l;

5- am noowt[ 8hé Rreddt bom 1oe remawviogy ithpyprokediive group Q. In this
yl]-1-[2-(5)-fluoro-I-(R)-cycl opropyl]-1, 4-di hydro- 8-

f 1 uor 0- 4a8¥Q Uik £1@kia@ei Incal B9 )Xthel Combbind ST bh (iemairabé ewirtd ekbr mul a] ;
NH2 O 5-am no-7-[3-(R)-(I|-am nocycl opropyl)pyrrolidin-I-

yIT-1-[ 3utPy 4 kel 1h edRnd s toPE QYL bn brderl P¥EHERi 8n may be carried
met hoxy- 4- oxoqui nol i ne- 3-carboxylic acid [shown in the
out after once isolating the compound (V) by removing the
protective group.
As with a compound of the formula (V), a compound of the
formula (VIfrcan be produced by various methods, and though a
method described in PCT/JP96/00208 may be given as an example,
the production method is not limited thereto.
Cis-2-fluorocyclopropylamine comprisedof asingleisomer,
which is desirable for the synthesis of a compound of the formula
(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 using 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-1l-yl]-1-[2-
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47 14 JUL 2004 follow ng fornula]; COCH
5-am no-7-[3-(R)- (I -am nocycl opropyl ) pyrrolidin-I 14 JUL 2004
yl]-1-12-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-8
met hyl - 4- oxoqui nol i ne- 3-carboxylic acid [shown in the follow ng fornula];
NH2 O 10-[3-(R)-(I-am nocycl opropyl)pyrrolidin-l-yl]-2,3-
di hydro-3-(S)-net hyl - 7-oxo- 7H pyrido[ 1, 2, 3- de]
(1, 4] benzoxazi ne- 6-carboxylic acid [shown in the following formula]; COCH
CHa 7-[ 3} Rflgpramlnd®yckyblopkppyidoli, di-dihydirph-d-pXo-488t4 JUL 20a4
(S)-fluoro-I-(R)-cycl opropyl]-8-difluoronethoxy-1, 4-
di hydr ondpbxhgridoher8-dachokeiyki caatdd [showm iin t he f dblldwwidaf or nul aj ;
COH 7-[3-(R) -(1-am nocycl obutyl)pyrrolidin-1-yl]-1-]2-
(S)-flupepmhr&R}y- cycl opropyl ] -1, 4-di hydr o- 8- net hoxy- 4-
oxoqui nol i ne- 3-carboxylic acid [shown in the followng fornula]; COCH

0

COOH

7—[3-(ﬁ)-(l-aminocyclopropyl)pyrrolidin—l-yl]—1-[2-
(S) -fluoro-1- (R} ~cyclopreopyl]-1,4-dihydro-4-oxoequincline-3-

carboxylic acid [shown in the following formula];

7-[3-{R) - (l-aminocyclopropyl)pyrrolidin-1-y1l]-1-[2-
(S) -fluoro-1-(R) -cyclopropyl] -8-chloro-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid |[shown in the following

formula];

7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-yl]-1-[2-
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7-[3-(R) - (1-am nocycl obutyl)pyrrolidin-1-yl]-1-[2-

(S)-fluoro-1-(R)-cycl opropyl ]-1, 4-di hydr o- 8- net hyl - 4- 14 JUL 2004
oxoqui nol i ne-3-carboxylic acid [shown in the following fornmula]; COCH 49
14 JUL 2004 7-[3-(R)--[1-
(nethylanino)cyclopropyl]pyrrolidin-I-yI]-l-[2-(S)-

fluoro-1-(R)- cyclopropyl] 1, 4- di hydr o- 8- net hoxy- 4-

oxoquin&?, 3 car agld [shomm in_the followng fornula]; COOH

7--13-( LYy e gyeserdi-A-dipyare-fz- ( S) -
fl uoro- 4%} clopropyl -1, 4-di hydr o- 8- net hyl - 4-
oxqu|n8H FNe¥yIGaE leSh@wnd n [shewho| liow e f Somlloaling

7--[3- (R -[ 1- é&ethylan1no)cyclopropyl]pyrrol|d|n l-yl]-1-[2-(S)-
fl uoro- ¢l opropyl ] -1, 4-di hydr o- B- net hyl - 4- oxoqui nol i ne- 3-carboxylic
acid (shown in the followwng fornula]; 50 14 JUL 1004 5-am no-7-[3-(R)-[1-
(nethylanino)cyclopropyl]pyEfoIidin-l-yl]-l-[2-(S)-

_COOH
<;_<C:? N
HN F ! -

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

following formulal;

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

formulal;
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fluoro-1-(R)-cycl opropyl]--1, 4-di hydro- 8- net hyl -4 oxoqui nol i ne- 3- car boxyl i
acid (shown in the following formula]; 1D [3- (R - [1- T4 JUL2004
(et hyl am no) cycl opropyl ] pyrrolidin-1-yl]-2, 3-

di hydr o- 3-(S) - met hyl - 7- oxo- 7H-pyri do[ 1, 2, 3- de]

[ 1, 4] benzoxazi ne- 6-carboxylic acid [showmn in the followng formula]; H3CN
COOHH .. "CH3 1-(cyclopropyl)-8-nethyl-7-[3-(R-[1

(et hyl am no) cycl opropyl ] pyrrolidin-1-yl]-1,4-di hydro-4 51 14 JUL 2904
oxoqui nol i ne- 3- car boxylic apid [shown in the follow ng fornmula]; COCH Since
t he conpound of this inventgji on has potent antibacterial actions, it can be
used as nedi canents f 2\ i JCOOoMan bodies, animals, and fishes or as
preservatives of ag Itu Al chemicals and food. In the case where the
conmpound oLt his_invaQtid i 4 used as a medicament for hurman bodies, its
dose is w heNTt anye fromb50ng to 1g, preferably from 100ng to
500nmg, p ay yer fin the case of use as a nedical drug for an

ani mal , i'(2

c

7-13-(R)-{l-aminocyclopropyl)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;

5-amino-7-[3-(R) - (1-aminocyclopropyl)pyrrolidin-1-
y1l]-1-[2-(8)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-
fluoro-4-oxoquinoline-3-carboxylic acid {shown in the

following formulal;

NH

, O
COOH
Q—{j‘ "‘!
H,N F F
5-amino-7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-

yl]-1-[2-(8)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-

methoxy-4-oxoquinoline-3-carboxylic acid ([shown 1in the
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dose varies depending on the purpose of its admnistration (treatnent or
prevention) , kind and size of each aninmal to be treated, kind an?4q39&mﬁ
of each infected pathogenic bacterium but is within the range of
generally fromi1lng to 2 00ng, preferably fromb5ng to 100ng, per 1lkg body
wei ght of each animal as a daily dose. The daily dose is adm nistered once
a day or by dividing it into two to four doses per day. As occasion
demands, the daily dose nay exceed the abovenentioned anounts. 52 1 4 JUL
2004 Si hodlowengofpomndlalof this invention are active against a broad
range of m croorgani sns whi ch cause various infectious diseases, it can
treat, prevent or alleviate di seases caused by such pathogens. Exanples of
bacteria and bact eri oifdi Qroorgani sms on which the conpounds of this
invention are effective inj Iudggkgg genus St aphyl ococcus, Streptococcus
pyogenes, henol ytic ‘ , enterococcus, pneunococcus, the genus
Peptostreptncoccus a gonorrhoeae, Escherichia coli, the genera
Citrobact e ‘ | a, Klebsiella pneunoniae, the genera

atia, the genus Proteus, Pseudonobnas
eruglnoHdN Fﬁe" Iugnzae, t he genus Aci netobacter, the genus
Canmpyl obacter, Chl anydi a chomatis, and the |like. Exanples of the

di seases caused by the above pathogens include folliculitis, furuncle,

car buncl e, [

%X%EB%LE%L[E-(R)-(l-aminocyclopropyl)pyrrolidin—l—
¥1]-1-[2-(S) -fluoro-1-(R) ~cyclopropyl]-1,4-dihydro-8-
methyl—4—oxééuinoline-B—carboxylic acid [shown in the
following formulal;
| NH, O

COOH

H,N CH, .

10-[3-(R) ~(l-aminocyclopropyl)pyrrolidin-1-yl]-2,3-
dihydro-3- (8) -methyl-7-oxo-7TH-pyrido[1l,2,3-
del [1l,4]benzoxazine-6-carboxylic acid [shown in the following

formula]l;

COOH

RN 0\/I\CH3

2

7-{3-(R) - (1-aminocyclobutyl)pyrrolidin-1-yl1]-1-[2-




phl egnon, |ynphangitis (lynphadenitis), panaritium subcutaneous|ph$ceis,
hi dr osadeniti s, aggregated acne, infectious atheronma, anal abscess,
mastitis, superficial secondary infections of traumatic wounds, burn
wounds , operative wounds, etc., pharyngolaryngitis, acute bronchitis,
tonsillitis, chronic bronchitis, bronchiectasis, diffuse panbronchiolitis,
secondary infections of chronic respiratory diseases, pneunoni a,

pyel onephritis, cystitis, Erostatitis, ~epididymtis, gonococcal

ur et hri(gi)sflﬁeﬁpg ndRdceNFlaPEPRY LY F8-db 5l pargmethosy -dhdrecysti ti s,

chol angitis, bacillary d{sentery, enteritis, inflammation of the uterine
appendggbydrontrescaninelineedrranboxpdichol@daiid i s[siwwphaint i $hehor deol um
dacryocystitis, tarsadenitis, corneal ulcer, otitis nmedea, sinusitis,

peri odbnillowsngefpenndalti s, jaw i nflammation, peritonitis, endocarditis,
sepsis, neningitis, skin infection, etc. Further, exanples of acid-fast
bacteria on which the cogpounds of this invention are effective include
tubercle bacilli [Mycobactlerium (abbreviated as "M " hereinafter)

tubercul osis, M boy M 6@ nl, atypical acid-fast - bacteria [M

kansasi i, mari nu of ulaceum M avium M intracellulare, M
xenopi , Or tANf LN
that are C uagéfé?

t eNd

el onae], etc. The acid-fast bacteria infections
t hgse
causi ng H hac

pat hogens are largely classified according to the
bacteria infection, 2&»;?

#nto the\ three types of tuberculosis, atypical acid-fast
~nd | sy. In addition to the Iungs,
F

7-[3-(R) - (L-aminocyclobutyl)} pyrrolidin-1-yl]-1-[2-
{8) -fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methoxy-4-
oxoquinoline-3-carboxylic acid [shown in the following

formulal]:;

7-[3-(R)~-(l-aminocyclobutyl)pyrrolidin-1-y1]-1-[2-
(8) -fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylic acid [shown in the following

formulal;

,COOH

|

N N

H,N CH, % £
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tubercle bacilli infections may be seen in the thoracic cavity, trachea /
bronchus, |ynph nodes, in a generally dissem nated nanner, in the biondd. 2004
and joints, neninges / brain, digestive organs (intestines, liver) , skin,
manmary gl ands, eyes, mddle ear / throat, urinary tract, nmale genitals,
femal e genitals, etc. The lungs are the main affected parts of atypical
acid-fast bacteria infections (non-tubercle acid-fast bacteria

i nfections), and_other exanples of atypical acid-fast bacteria infections
i ncl ude | ocal ’ryApKBlshitis, soft skin tissue 54 14 JUL 2004 i nfecti ons,
articular infections, general dissem nation type infections, etc. The
conpounddegthyiliami nicharalioprognys. 1gyso odfifdhiat- vy ldgdi—I2- (Sdar i ous

m croorgani snms that cause infections in animals. Exanples of such

m cr oor gamicsms- 1i-nid) uaey cHegpirerriyalli-a, , 4Sal ifrild -8 -mdtndxy-al4 a, Haenophi | us,
Bordetel |l a, Staphylococcus, Mcoplasma, etc. Specific exanples of fow

di seasedxioaulindd ieRCIBdatiodsilSc PRldier UMdhcsgasan f aMe PFAENGG fever,
fow cholera, infectious coryza, staphylococcal infection, Mycoplasm

i nfecti gprmalia].; Specific exanples of pig diseases include escherichiosis,
sal rnonel |l osi s, pasturellosis, Haenophilis infection, atrophic rhinitis,
exudative epidermtis, Mcoplasm infection, etc., specificexanples of
cattle diseases include eschefichiosis, sal nonellosis, henorrhagic
septicem a, Mcoplasnma infect on,dawghagious bovi ne pl eur opneunoni a,

l
g_@w N
H-;F‘ﬁ OCHA/F

7-13- (R} - [1-

(methylamino) cyclopropyl ]pyrrolidin-1-yl1]-1-[2-(S)-
fluoro-1-(R) -¢cyclopropyl]-1,4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylic acid |[shown in the following

formula];

7-[3-(R}-[1~
(ethylamino) cyclopropyl]pyrrolidin-1-yl]-1-[2-(8S)-
fluoro-1-(R) -c¢yclopropyl]-1,4-dihydro-8-methyl-4-

oxoquinoline-3-carboxylic acid ([shown in the following

formulal];




mastitis, etc., specific exanples of dog diseases include coliema

Sal nonel | a i nfection, henorrhagic septicema, pyonetra, cystitis, &ﬁéULZML
and specific exanples of cat diseases include exudative pleurisy,

cystitis, chronic rhinitis, Haenophilus infection, kitten diarrhea,

Mycopl asma i nfection, etc. An antibacterial preparation which conprises
the conmpound of this invention can be prepared by selecting an appropriate
pharmaceutical preparation in accordance to the method of 55 14 JUL 2004
adm ni stration and using any qj the generally used nethods of preparing
vari ous pharmaceutical preparg{ions. Wth regard to the dosage forns of
anti bacterial preparatiaq Hconpound of this invention as its
principle agent, tablet s, granul es, capsules, solutions, syrups,
elixirs, oily. r ions, etc. can be given as exanpl es of
forms of oral mateut ifcal ‘Ppreparations. In the case of injections, a
stabilizﬁd@?agent, angrsept i c_agent, a solubilizing agent, etc. may be
used in the Hreparation, or ution which may contain these auxiliary
agents may be contained in a container and thereafter made into a solid
preparation by freeze-drying or the |like neans to be re-dissloved when
used. Also, g_§h§g5e7dqge(ﬂyy[gg contained in a single container or
mul ti pl e doses nay be contained in the sane container. Exanples of forns

of ext e Al NN AR N HIB1 1din-1-y11-1-[2- (8) -

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

oxoquinoliné;B-carboxylic acid [shown in the following
formula];

NH

, O

COOH

%N N
H._,C——H CH, % F

10-[3-(R)-[1-
{methylamino) cyclopropyllpyrrolidin-1-yl]-2,3-
dihydro-3-(S) -methyl-7-oxo-7H-pyrido[l,2, 3-
de] [1,4]benzoxazine-6-carboxylic acid [shown in the following

formulal ;

COOH

N~ N
o= S8
3

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

(methylamino)cyclopropyl ]lpyrrolidin-1-ylj-1,4-dihydro-4-
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sol utions, suspensions, enulsions, ointnents, gels, creans, |otions,
sprays, etc. A solid preparation may contain pharmaceutically aCCﬁetﬁmlﬁm
additives together with the active conpound. For exanple, fillers,
extenders, binders, disintegrators, solubilization enhancing agents,

noi steni ng agents, lubricating agents, etc. may be sel ected and m xed as
necessary to forma preparation. Exanples of fornms of |iquid preparations
i nclude sol utions, 56 14 JUL 2004 suspensions, emnulsions, and these may
cont ai n °X@SveRGldgesdearboxyihiicsi pplsy dehawh dinc. the adwltliorsang Exanpl es
of nmethods of adm nistering the conpound of this invention to an ani nal

i ncl udefgrmpladd of direct oral administration or oral adnministration by
mxing it wwth feed, a nethod of preparing a solution and then perform ng
oral admnistration of the ﬁglution directly or upon addition of the
solution to drinking water orjjfeed, a nethod of injection adm nistration,
etc. A pharnmaceuti cal i opcO@WH adm ni stering the conpound of this

i nvention to an ani nal pf epared optionally as powders, fine

granul es, solubl e omd=\\ S bs, solutions, or injections by the
t echni ques ge | yNisetti n'Nhe relevant field. Fornulation exanples of
pharnacepgt pr ati gns j&f shown bel ow.

3

Since the compound of this invention has potent

antibacterial actions, it can be used as medicaments for use
in human bodies, animals, and fishes or as preservatives of
agricultural chemicals and food.

In the 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 lg, 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 iswithin the range of generally from 1mg to 200mg, preferably
from Smg 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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Formul ati on Exanple 1 (Capsule): Conpound of Exanple 1100.0ng Corn
starch23. Ong CMC cal ¢i um@2. Sng Hydroxymet hyl cel | ul ose3. Omg Magnesi Wm0,
stearatel.5ng Total 150.0ng 57 14 JUL 2904 Fornul ati on Exanple 2 (30|utP539.
Compound of Exanple 11 to | og Acetic acid or sodium hydroxi de0.5 to 2g
Et hyl para-hydroxybenzoateO |l g Purified water88.9 to 98.4g Total 100g
Formul ati on Exanple 3 (Powder to be m xed in feed) Conpound of Exanple 11
to 10y Corn starch98.5 to 89.5g Light silicic anhydride0.5g Totall00g BEST
MODE OF CARRY?Nes@ffherpemprynss ofl flaMestion avemdbicee vigaiinatent i on
based on exanples and reference exanples, though this invention is not
limted?a PEoadarangs ofdhie¢eerrgaixosms evhichEChybe various infectious
2-(2,4-difluoro-3-nethyl benzoyl)-3- dinethylam noacryl ate

diseases, it can treat, prevent or alleviate diseases caused

by such pathogens.

Examples of bacteria and bactericid microorganisms on
which the compounds of this invention are effective include the
genus Staphylococcus, Streptococcus pyogenes, hemolytic
streptococcus, enterococcus, pneumococcus, the genus
Peptostreptéboccus, Neisseria gonorrhoeae, Escherichia coli,
the genera Citrobacter, the genus Shigella, Klebsiella
pneumoniae, the genera Entercbacter, the genus Serratia, the
genus Proteus, Pseudomonas aeruginosa, Haemophilus influenzae,
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, etc., pharyngolaryngitis, acute bronchitis,
tonsillitis, chronic bronchitis, bronchiectasis, diffuse

panbronchiolitis, secondary infections of chronic respiratory

diseases, pneumonia, pyelonephritis, cystitis, prostatitis,

epididymitis,gonococcalurethritis,non—gonococcalurethritis,




2,4-Difluoro-3-nethyl benzoate (4.97g, 28.9mmol) was dissolved in TfUM?WEL
(50nﬂ) and after adding N N dinethylformam de (0.Im) and thiony
chloride (3.16nl, 43.4nmol) thereto, it was stirred for 14 hours in an oi
bath of 80C. The reaction solution was then cooled and thereafter 58 14
JUL 2004 concentrated under a reduced pressure. After adding toluene to
the residue and repeating concentration under a reduced pressure, the
resi due obtai ned was dissolved in tetrahydrofuran (10m ). This sol ution
was addEROUPEYRFIE1FN FROLBBILhESwi Pﬁchliérﬁfoda'sﬁélt@ﬂ-”%n enkemitdss et hyl

3-di net hyl am noacryl ate (4.97g, 34.7mol) and triethylam ne (5.04nt,

36. 1nmot pEhareagionsifithe utari serppehdigesnnittomter e dnfeotdlost,i on of
dripping, the reaction solution was heated under ref lux for 10 hours.
After coaptbhtlbnibistihe blsphanitishe reasidainunsol udheryeaysttiltiaer,ed, the
triethylam ne hydrochloride salt was renoved (by diethyl ether washing) |,
and thetarsadenhetigs cesefehlat &ddyider @tieidicededBafsSSeiausifta gesidue
obtai ned was applied to a short silica gel chromatography and 6.70g (78%

of the péileasaEREUB] peas cotdraitiad | §aliend DidihOli oh Y pbhQWoRrqwdey from an
n- hexane :ethyl acetate = 1:1 el uate. 1H NWVR (400N+E CDC13) 5: d. 95 (3H,

t, J=v. Q&h’géardgti@ (§§bsis rﬁeﬁlgé.ﬁ%is gkgg :’L';n%éc(:@li'n,nietc 3.99 (2H, q,

J=7. BHz) . 6.86 (1H, =1, 22, 743" (CTH bfs), 7.75 (iH s).
IR (KB di ' 1 , 3 0 1593,
147(7 2431' 8%1791"%%77 f 55es21§§1a%§215-fa%% %ac]t%%a 1693wh18R0the

compounds of this invention are effective include tubercle
bacilli [Mfc;obacterium (abbreviated as “M.” hereinafter)
tuberculeosis, M. bovirs, M. africanum], atypical acid-fast
bacteria [M. kansasii, M. marinum, M. scrofulaceum, M. avium,
M. intracellulare, M. xenopi, M. fortuitum, M. chelonae], etc.

The acid-fast bacteria infections that are caused by these
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 jeints, meninges / brain, digestive
organs (intestines, liver), skin, mammary glands, eyes, middle
ear / throat, urinary tract, male genitals, female genitals,
etc. Thelungsare themainaffectedparts of 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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Melting point: 82 to 84C Elenental analysis: As CL5H17F2NCS; CBLCngZﬁﬁ
60.60; H 5.76; N, 4.71 Found: C 60.31; H 5.73; N, 4.73 Refere %

Exanple 2: 59 14JUL 204 Et hyl
7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4- dih dro-8-neth

| - 4- oxoaui ncl i ne-3-carbo late Ethyl 2-(2,4-difluoro-3-nethyl benzoyl) - 3-

di met hyl am noacrylate (1.06g, 3.57mvl) was dissolved in tetrahydrofuran
(15mL) , and after adding the para--toluenesulfonic acid salt of (1R 2S)
-2-f1 uo%%%twr%pﬁrdaﬁq\aa(@wﬁ@ptaoggm gehpraldigseminpation typech
triethylamne (5521, 3.96mvol) was dissolved in tetrahydrofuran (5m) , was
addeddriopfeciomslerettirring at-15C. After stirring the reaction solution
for 2 hours at roomtenperature, potassium carbonate (740rg, 5.36nmol) and
t et rabut yl anThei compdurnds d€ Hhi 591 Hv@n tiOn até Sad LE feete vadsgdinad this
reaction suspensi on was heated under ref lux while stirring for 5 days.

After cantidigst hecireaehhaismal WHAN, chiige tHifadwisd uian AesmeVapol at ed
under a reduced pressure. Dichloronmethane (10ri) was then added to the

resi duegxzsh bk @uchQ dh Mt driei ABTuALIEdHAG s BTl /da IS oL or i ¢ aci d
was added dropwi se gradually to adjust the pHto approximately 3. Then

after Spdd¥dsnidr 15ugLRubRs1aS, M OOBLYRLNILUT €, Sedgifidcus,
Mycoplasma, etc.

Specificexamples of fowl diseases includeescherichiosis,
pullorum di‘s;ease , fFowl paratyphoid fever, fowl cholera,
infectious coryza, staphylococcal infection, Mycoplasma
infection, etec., specific examples of pig diseases include
escherichiosis, salmonellosis, pasturellosis, Haemophilis
infection, atrophic rhinitis, exudative epidermitis,
Mycoplasma infection, etc., specificexamples of cattlediseases
includeescherichiosis, salmonellosis, hemorrhagicsepticemia,
Mycoplasma infection, contagious bovine pleuropneumonia,
mastitis, etc., specific examples of dog diseases include
coliemia, Salmonella infection, hemorrhagic septicemia,
pyometra, cystitis, ete., and specific examples of cat diseases
include exudative pleurisy, cystitis, chronic 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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wi th dichl oronet hane (60nil x 3) was perforned. After drying over anhydrous
sodiumsulfate, filtration was perfornmed, the filtrate was conceni&é%eﬂmb
under a reduced pressure, and the crude crystals obtained were stirred and
purified in the slurry state in ethyl acetate. 713ng (65% of the title
conpound was thereby obtained in the formof colorless crystals. 60 14 JUL
2004 ' H- NWR (400MHz, CDC13) 6: 1.41 (3H, t, J=7 .08Hz) , 1.56-1. 62 (2H,

m, 2.66 (3H, d, J=2 .69Hz) , 3.85-3.89 (1H m, 4.39 (2H q, J=7.08Hz),

4. 78- 4. pdmiRdskrefipnoand ysingname-ef theyyengradly (ysedimethadolafz) | 8. 36
(1H, dd, J=6.71, 8.91Hz) , 8.56 (1H, d, J=2.93Hz). IR (KBr, disk) : 3438,
3097, 2988pardsg, vaioMs pBaTFMat@R0i cadb It epaisdisi orlH66 Witdthegdnd o 1387,
1367, 1311, 1250cml. Melting point: 187 to 188C El enental anal ysis: As
Cl6H15F2NES doEaged. fokms 63f Santilbadt@zial, pr&fardioists Ravorgdkhdd, 4. 87,
N, 4.53 Reference Exanple 3:

7-fl uor eommpbdndSp£f kH@E0ihveR):ieMchepiery blri hedplehydedts- tablets,
met hyl - 4- oxoqui nol i ne- 3-carboxylic acid Ethyl 7-fluoro-I- [2- (9)

-fl uor opbwabRk , - §¥Eh@DELPHapsules, solutions, s rups, elixirs, ocily
1, 4- di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-car boxyl ate (1.40g, 4.56mmovl) was

di ssol ved idudSes isuHdntiHEl) otcaNda Ry 0 «£ARSEOL I %%rm)surs

hydrochloric acid (4nml) thereto, itwasheatedunder reflux for

After cgel bpgs BRE-h&BELEOBaEObHLERRa ¥R 8N .

In the case of injections, a stabilizing agent, an
antiseptic a‘gJent, a solubilizing agent, etc. may be used in the
preparation, or a solution which may contain these auxiliary
agents may be contained in a container and thereafter made into
a solid preparation by freeze-drying or the like means to be
re-dissloved when used. Also, a single dose may be contained
in a single container or multiple doses may be contained in the
same contailner.

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 sclutions,
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poured into ice water (50nl) and the precipitated crystals were f”tﬁr?ﬂ]
out. After washing the filtered-out crystals with an excess anoun (4 |
wat er, washing in cold ethanol and washing in diethyl ether were perforned
in that order, and after drying under a reduced pressure, 1. 18g (93% of
the title conpound was obtained in the formof a white powder. 61 14 JUL
2004 1H NWR (400MHz, CDC13) 5: 1.48-1.72 (2H, m , 2.75 (3H, t, 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. 74FPFPensiens; iemysions) awd thegomay canlgpigsugpengingpgengsgsd (1H, d,
J=2.69Hz), 14.50 (1H, brs). IR (KBr, disk) : 3097, 3014, 2956, 2642, 1957,
1728, 1emglsifgéng 2§@8ts1468c.1485add389ves321, 1254, 1200cmil. Melting
point: 250 to 253C [a] 829-3 = -50.00 (c 0.145, O.lnol/l NaOH) El enental

anal ysi s: As EXatiillds NEGne Caddsl of L&mbifi 2Perihg T/ cobpobn8a £ Ehdrsd: C
59.92; H, 3.98; N, 4.92 Exanple 1:

7-[ 3- (Rinténaiibnocys| apr opyindyr ieldltide layhmethdd®- 68) direct oral
fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 8- net hyl - 4- oxogui nol i ne- 3-car boxylic
aci d Af hamindderat3ohRdr [éretleralhrqibllifs(l&&%&b@ﬂ?'rﬁﬂﬁ%)ﬁ?ﬂ QAtePy¥kbAyr rol i di ne
(185nmg, 817pnol) and triethylamne (0.50nml) to dried dinethyl sulfoxide

(2ml), a7mtHeuo-dr [Bréariddi0h 0sb1GRY ohY GndP aRM 1 pdr fofhingT 8x81
administration of the solution directly or upon addition of the
scolution to drinking water or feed, a methbd of injection
administratibn, etc.

A pharmaceutical preparation for administering the
compoundof this invention toananimal canbepreparedopticnally
as powders, fine granules, soluble powders, syrups, solutions,
or injections by the techniques generally used in the relevant
field.

Formulation examples of pharmaceutical preparations are

shown below.

Formulation Example 1 {Capsule):

Compocund 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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met hyl - 4- oxoqui nol i ne- 3- car boxylic acid (190ng, 68lpnol) was addﬁﬂ" g%emg o]
and it was heated under ref lux for 17 hours under a nitrogen atnosphere.
After concentrating the reaction solution under a reduced pressure, the
resi due was dissolved in chloroform(50m) . After washing the organic

| ayer with a 10% aqueous citric acid solution (25m) , the organic |ayer
was 62 14 Jul 2004 dried over anhydrous sodiumsulfate. After filtering,
the filtrate was concentrated under a reduced pressure, and after adding
dropwi se con&@rmudidd ony Exgawiler 2c (Solatdoml): to the residue while cooling
with ice, stirring at roomtenperature was perforned for 30 m nutes.

I mol /1 Hydr ocliguiddur’e it Ex@Embleas then added to the kgaglggon sol ution,
and after washing the vyellow acidic aqueous solution with ¢hloroform (20m
x 3) , the plAcrs Addid oF sodiam Gywirbkide aqueoud sogdicumghydr oxi de
solution and the insolubles were renoved by filtration. After adjusting the
pH of the basiEthadueata-$@idicxgben@odté using inol/1 hydr.aghl oric acid,
extraction with chloroform (100m x 4) was perforned. After drying over
anhydr ous sodiPunifiiledamateirhe sol vent was evapoBatedadéedga reduced
pressure. The residue thus obtained was purified by preparative

chr omat ogr aphyfot@adevel opnent at the lower |ayer of a 7:31D0g xture of

chl orof orm nethanol: water), recrystallized in ethanol, and dried under a
reduced pressure. 112ng (43% of the title conpound was thereby obtained
| the form o yehLow S ¥sLakse SHMRLIOQNE, 0.1l (L gD, & 054 (4H

Compound of Example 1 1 to 10g
Corn starch 8.5 to 89.5g
Light silicic énhydride 0.5qg
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-difluorc-3-methylbenzoyl) -3-

dimethylamincacrylate

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 80°C. The reaction solution was then cooled and thereafter
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.19-1.2 , . 58- , m, 1.66-1.69 . m), 2.00-2.
1.19-1.21 (1H n), 1.58-1 nn) 1 1 (1H, m %ZJ%EW

: .62 (1
m , 2.16-2.17 (IH, mM, 2.35 (3H, s) , 3.16-3.23 (2H, m , 3.37-3.
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
(1H, s). IR (KBr, disk) : 3375, 3062, 3006, 2925, 2864, 1728, 1610, 1508,
63 14JUL2094 1475, 1431, 1394, 1348, 1315, 1257cm 1. Melting point: 228 to
230C ra = 35 88 % 0.285, O.lnmol/1 NaOH) Elenental analysis: As
C21HR4F Q@e“é&%‘& 52 gedysed presqura( ¢4 terpahding tedueme H 6. 32:
N, 10.76 Reference Exanpl e 4: Ethyl 7-fluoro-I- [2- (S) -fluoro-I- (R) -
clo ro ¥0) the repidye, afid Fepepdiing -gorsen trakiomeundesr Bo redusedA ni xt ur e
of ethyl (2, 4 di fl uoro-3 met hoxy) benzoyl acetate (48.8g, 189mmuol),
synt hesPZedspyet, Hdhe neshdde dbdevineddva s diBEHLusASIM 8828 ahydireffaykan
orthoformate (78.6nl, 472mml) and acetic anhydride (250nml) was
stirreddhpingd) . heBhisgpdlortiorhowss aiddesh dyidpwiaich whifi lan cestiéhgakwit-dnper at ur e
of 12 OC. After letting the reaction solution cool, concentration under a

r educedi pedssaiselandondld whick athgn erﬁ&ﬁn’iﬂbrﬁ!a{&a Toragd. oFhe yel | ow
extract obtained was then dissolved in toluene (806@@g

t hepar a3 o wRBE P D RirG @t 1&axllheoft5(bﬁ?ml 236 2Arirhdioy ¥t apseBykan ne
(60. 1g, 246rnnol) was adde
in tetrahydrofuran (20ml). After completion of dripping, the
reaction solution was heated under reflux for 10 hours. After
completion of the reaction, the reaction solution was filtered,
the triethylamine hydrochloride salt was removed (by diethyl
ether washing), and the filtrate was concentrated under a reduced
pressure. The residue cobtained was applied to a short silica
gel chromatography and 6.70g (78%) of the title compound was
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 (1lH,
dt, J=1.22, 8.55Hz), 7.43 (1H, brs), 7.75 (1H, s).
IR (KBr, disk): 3055, 2985, 2933, 2875, 2814, 1942, 1693, 1630,
1593, 1477, 1431, 1379, 1277, 1255, 122lcm™
Melting point: B2 to 84°C
Elemental analysis: As C;sH.7F:NO;;
Calcd.: 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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and while stirring at -15C, a solution, in which triethylamne (40.8nl,
293mmol ) was dissolved in toluene (200ml) , was added dropw se t hekietlld. 2004
After stirring the reaction solution for 4 hours at roomtenperature,

wat er (500m) was added, and the organic |ayer was separated. After
washing the organic layer wth saturated saline solution (500m x 2), it
was dried over 64 14 JUL 2004 anhydrous sodiumsul fate. After filtering,

t he f||trate was_ concen alnd dried. The
yel | ow t}h}’l{ {nbirgresis - di oxane
(600m ) and while cooling with water, 60%oily sodlun1hydr|de (5. 94q,
242mol g1 NeSr adBlete ghiatludt dyoqi ieli - Irdaxpchd at@act i on  mi xture for 30
m nutes at roomtenperature, concentration under a reduced pressure was

per formed untggdhtihe Vgl ungi¢l Johe -Beaethglbefiobyl ) 8- becane approxi mately
300m . The concéntrate thus obtai ned was sl ow y poured into 1nol /|

nydrochlgri 6, 5¢Lgh n 4DLED1 2 ¥8S @ iged Anehigaol £ it NayeESTveandnt he

pr eci pi rysta re fi tered out. After washing these crystals with

excess F%E%#céifgﬁ?ﬁm erthe ifgai) amount, of ethanal . ang@xeess dinet hyl

et her, trystaqs obt ai ned wher e sI urried in ethyl
acet at e~and ified

(80. 99 f thet| nd wa er eby
obt ai neBaF?u ﬂ ?B?ﬁ?%)?"’&b rlessa(%}'gstals iEIIVR (4% CB&%) 6: 1.42

(3H, 1. 55-1. 64 (2H 3. .88-3..93 4(3H d,
J=1. 96I—E§” ’s- §§U?2PFYE11°P§-9Y%EF&‘79 <910% £ 7‘% &? ’%M“%g"(f

J=62. 6lHz) , 7.22 (IH t, J=8.79Hz) 8. 24 SlH dd, J=5. 86, 79HZ) , 8.
60 (1H, wb}ch trlethylam:me {552pl, 3. 96mmol was dissolvéd

tetrahydrofuran (5ml) , was addeddropwise under stirringat-15°C.
After stirring the reaction solution for 2 hours at room
temperature, potassium carbonate (740mg, 5.36mmol) and
tetrabutylammoniumchloride (49.6mg, 0.17%mmol) were added, and
this reaction suspension was heated under reflux while stirring
for 5 days. After cooling the reaction sclution, the
tetrahydrofuran was evapolated under a reduced pressure.
Dichloromethane (10ml) was then added to the residue, and while
coolingwithiceandstirring, 2mol/l1 hydrochloric acidwas 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
filtrate was concentratedunder a reducedpressure, and the crude
crystals obtained were stirred and purified in the slurry state

in ethyl acetate. 713mg (65%) of the title compound was thereby

obtained in the form of colorless crystals.
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Melting point: 190 to 193' C (deconposed) Reference Exanple 5:
7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro- 8- 14 JUL 2004
met hoxy- 4- oxoqui nol i ne- 3-carboxylic acid After dissolving ethyl
7-fluoro-1-[2-(S)-fluoro-1-(R)-

cycl opropyl | -1, 4- di hydr o- 8- net hoxy- 4- oxoqui nol i ne- 3-carboxy 65 14 JUL 2094
late (34.Qg, 105mmol) in acetic acid (400m) and then adding concentrated
hydrochl oric acid (400nl) thereto, it was heated under reflux for 3 hours.

After coplNMig.(400PHZEAEHEL)) §01Ul1003HVaS, BAYr BFuLL q | f(241500mm)
and the precipitat ed crys%gl 2 were 7iltered outh gf?ersce’em;al\sﬁéizﬁgmg{ﬁe

filter ou y | s W th cesSg AU r, 4l washed with
cold ef’ﬂ{aho 'gﬁd%g( e?hy\& %t’ ﬁg[flgrh ?hgsngfgér?]i%%gft%rgg\r@?ﬁg Frider a
reduced.,_pr ure,  t rude crystals q i.ned were purified b
recryst%T?Iggﬁ?gn ‘?r?ﬁ?‘g' ﬂ?ﬁe’b‘i s%l%?éﬁt'gg a‘&(%t GHirt Pfggb‘lgtzllnanél' 13nd then
dried under a reduced presure. 27.1g (87.4% of the title conpound was
t her eby (BBt & mdaFsi-F1t3a /1 Br AP of L iy \ﬂ?ﬂrt d=Bovder8 - IHAR §-£ONE, EDC13) 6:
1.45-1.75 (2H, m , 3.87-3.95 (1H, m , 4.03 (3H, d, J=1.95Hz), 4.79-4.81
and 4. 97=3. 93¥HINH 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 - 263C (deconposed)
Exanpl elR:(KBr,[ 81skR) 3438, 30070 2983y @439 r 20DRJi¥B8A7, 1]720]- 1620,(S) -
fluoro-1-(R)- cloro I]-1,4-dih dro-8-nmetho -4-

1593, 1566, 1460, 1429, 1387, 1367, 1311, 1250cm™.

Melting point: 187 to 188°C

Elemental a:ié.lysis: As Ci6H15F;NO3;
Caled.: C, 62.54; H, 4.92; N, 4.56
Found: C, 62.41; H, 4.87; N, 4.53

Reference Example 3:

7-fluoro-1-[2-(S)-fluocro-1-{R)-cyclopropyl]-1,4-dihydro-8-

methyl-4-oxoquinoline-3-carboxvylic acid

Ethyl 7-flucro-1-[2-(S)-fluoro-1-(R})-cyclopropyl]-
l,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylate (1.40qg,
4 .56mmol) was dissolved in acetic acid (4ml), and after adding
concentratedhydrochloricacid (4ml) thereto, it was heatedunder
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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oxoqui nol i ne-3-carboxylic acid After adding 3- (R - [1l-tert--

but oxycar bonyl anmi nocycl opropyl ] pyrrolidine (165ng, 731nol) and 1& JUL 2006
triethylamne (0.50nl) to dried dinmethyl sulfoxide (2ml),
7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro- 8-

met hoxy- 4- oxoqui nol i ne- 3-carboxylic acid (180ng, 609pnol) was 66 1 ~ Jul
2904 added thereto and it was heated under reflux for 13 hours under a
nitrogen atnosphere. After concentrating the reaction solution under
reduced!prags ¢4 GomiiRecbesi B¢ 1vas-4i 99%¢Medn) N2 98! @0TOr Hg 1061L) . After
washi ng the organic [ayer with a 10% aqueous citric acid solution (50nl) ,
the Or9aNbs {Ayeharafflidfds GYRE) AP oS £AALUR S8l B (1l | G

filtering, frate WasS conc ated under a reduced pressuré, and

after addipg [ OPW C ent,rate dr ric acid ( ), .{,0 the residue

while c 6F2n64€ffhvﬁ'§gl, @'ﬁc’rafinq&'\ﬂgsg%eé)‘g}r% 'at8‘r4<96“r%'§ltrpér% r’a’PEr’e for 30

m nut es | ol /1 Hydrochloric aciSﬁéSa&& .. was then added to the reaction
o]

solutioﬂiaénﬁlﬁft%r ﬁﬁ%h?%@zlhe1@ aé?ﬁﬁb-aqueous solution with

chloroform (50nL x 4) , the pHwas adjusted to 12.0 with an aqueous sodium
hydr oxi H8 G&1t ddakanPB0he 30Ad0l 2D s 20di20 18RBYE7 3R, i6AGra1P0h, ' After
adjusting the pH of the basic aqueous solution to 7.4 with Inol/1

hydr ochl®68¢ 1469d, 1435 5 at38%n 182h, ci?®t of L2OOEMTOM x 4) was performed.
After drying over anhydrous sodium sulfate, the solvent was evapol ated
under aMektis@opPiwssuz®0 Hhe253y due thus obtained was purified by
preparative chronmat ography (devel opnent at the

[alp®*® = -50.00° (c 0.145, 0.1mol/1 NaOH)
Elemental ariélysis: As C14H1,F;NO,;
Calcd.: C, 60.22; H, 3.97; N, 5.02
Found: C, 59.92; H, 3.98; N, 4.92
Example 1:

7-[3-(R)-{(l-aminocyclopropyl)pyrrolidin-1-y1]-1-[2-(S) -

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

oxoquinoline-3-carboxylic acid

After adding 3-(R)-[l-tert-
butoxycarbonylaminocyclopropyl lpyrrolidine (185mg, 8l17umol)
and triethylamine (0.50ml) to dried dimethyl sulfoxide {(2ml),
7-fluoro-1-{2-(S) -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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| ower layer of a 7:3:1 m xture of chloroform nethanol :water) ,
recrystallized in isopropyl alcohol, and dried under a reduced presgulr ¢
146nmg (60% of the title conpound was thereby obtained in the form of

yel l ow crystals. 1H NVR (400MHz, 0. Inpl/1 NaOD) 6: 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, 67 14 JUL 2004 2.19-2.21 (1H, m, 3.31-3.32 (1H, m, 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. 87dpied gver anhydspus pEogdum lgulfate-9. FHar  £8188ridd, the
J=3.17Hz) IR (KBr, disk) : 3373, 3315, 3091, 3003, 2976, 2935, 2856, 1903,
1714, 151Btrd648yasl4ehcehIFhtetiBhBdet2s Iredi?dOt Hressuvkd t bngl a6ksk: 189 to
192C [a] D24.7 = -50.83 (c 0.240, O.Inmol/1 NaOH) El enental anal ysis: As

C21H24REdEDhg dBbewi se Gofde®Brathd thfdrobh1dPid 7acfQUPsSm1 f: t82¢RE; H
6.04; N, 10.26 Exanple 3: 7- [3- (R - (1-am nocycl opropyl) py

rolidi npadsdthe lwhilt € X dARHPWith i tirri t
-1, 4-di hydr o-%-wnet hyl - 4- o;fobguilnol ilr?ee-'S-Scérrt%le |ac gg? t%{l eelr“agéﬁ?ng 3- (R

bt VS A sb L SN ) O BSLAR (AT 2P0

was then added to the reaction solution, and after washing the
vellow acidic aqueous solution with chloroform (20ml x 3), the
pH was adjusted to 12.0 with an aqueous sodium hydroxide solution
and the insolubles were removed by filtration. After adjusting
the pH of the basic aqueocus solution to 7.4 using 1lmol/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 ethanol, and
driedunder a reduced pressure. 112mg (43%) of the title compound
was thereby obtained in the form of yellow crystals.

'H-NMR (400MHz, 0.1lmol/l NaOD) 5: 0.54 (4H, d, J=5.61Hz),
1,19-1.21 (1H, m), 1.58-1.62 (1H, m}, 1.66-1.6% {(1H, 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 (l1H, 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 (1lH, s).

IR {KBr, disk): 3375, 3062, 3006, 2825, 2864, 1728, 1610, 1508,
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(I'm), I-cyclopropyl-7-fluoro-1, 4-di hydro- 8- net hyl - 4-

oxoqui nol i ne- 3-carboxylic acid BF2 chelate (181lnyg, 585pnol) was add]é'djlJL 200k
thereto and it was stirred at roomtenperature for 87 hours under a
nitrogen atnosphere. After adding cold water (50m) to the reaction
solution and filtering out the precipitated solids, the solids obtained
wer e suspended in a m xed solvent (200nl) of ethanol/water (9:1) ,
andtriethylamne (ImM) was added thereto and then heated under reflux for
7 hour §47Af t drd 38, AWML 10, dd1SenflRaficng t he reaction sol ution under a
reduced pressure, the residue was dissolved in chloroform (100m ), and

after %'iin'bg Odih10r G8H Gd dRPcwWi th a 10% aqueous citric acid solution
(50nl), the organic |layer was dried over anhydrou s s odiumsulfate. After

filtering, 24 he_filLtratgo ofGeNty ngley, reduced pressure, and
after éﬂang d?opa?éébﬁhgﬁgé%benﬂr?fghﬁﬂﬁgdggg% oric acid (2ml) to the
resi due_whi l ool i wth.c i s stirred at roomtenperature for 30
m nut e&1€ %Eﬁ KTAsis S itS aé?%"klﬁ’\rﬁ’)’ was then added to the reaction
solution, and after mashing the yel | ow acidic qqueous solution with
chl or of or m (S@AFSx 3%, PRe?PH Was®ath i ed'?0®92. 0 with an aqueous sodium
hydr oxi de sol ution. After adjusting the pH of the basic aqueous sol ution
to 7.4 withl Fonndny&robhl-dPicHacfai2extirat?i76n with chlorof orm (100mM x
4) was perfornmed. After drying over anhydrous sodiumsulfate, the sol vent
was eva&pdleategtcalinkbeamial e reduced pressure. The residue thus obtai ned was
purified by recrystallization in ethanol and then dried under a reduced
Ethyl 7-fluoro-1-[2-(S)-fluoro-1-(R) -cyclopropyll-1,4-

dihydro-8-methoxy-4-oxcquinecline-3-carboxylate.

A mixture of ethyl (2,4-diflucro-3-
methoxy)benzoyl acetate (48.8¢g, 189mmol) , synthesized by the
method described in PCT/US98/19128, triethyl orthoformate
(78. éml, 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 cbtained was then
dissolvedintoluene (800ml), thepara-toluenesulfonicacid salt
of (1R, 28)-2-fluorocycloprepylamine (60.1g, Z246mmol) was added,
and while stirring at -15°C, a solution, in which triethylamine
{40.8ml, 293mmol) was dissolved in toluene (200ml), was added
dropwi se thereto. After stirring the reaction soclution for 4
hours at room temperatu;e, water (500ml) was added, and the
organic layer was sepérated. After washing the organic layer

with saturated saline solution (500ml x 2), it was dried over



pressure. 99.6ngy (46% of the title conpound was thereby obtained in the
formof yellow crystals. 1H NVR (400MHz, O.1lnol/| NaQOD) 6: 0'55-0'57E§ﬁﬂ7 |
m , 0.74-0.76 (1H, m , 0.90-0.92 (1H m , 1.121-1.13 (1H m , 1. .ﬂ@
(1H, m, 1.75-1.77 (1H, m, 2.03-2.05 (1H, nm, 2.21-2.24 (1H, n), 2.48
(3H, s) , 3.29-3.38 (3H, M) , 3.53-3.55 (1H, mM , 4.10-4 .12 (1H m ,

7.07 (1H, s) , 7.96 (1H, s) , 8.57 (1H, s) Melting point: 230 to 233C 69 14
JUL 2004 Specific rotation: [a]D24.7 = -169.35 (c 0.385, 0.1npol/1 NaCH)

El ementanthygiepysi sodiasn GIHBM303Af Cakclil tErb8g48the HE Bl 8644 eNvdd. 44%
Found: C 68.46% H 6.71% N 11.38% Reference Exanple 6: Ethyl

2- (2, 6-chnderor ot ed hinded JaceldacedVpresishite amboaat ed( 6. PHE, y&D1 &Ml ) was
di ssolved in anhydrous tetrahydrofuran (100m ), and after addi ng magnesi um

et hoxi dsi (yBsdbgtarn8e OWRE helhRH Bl L 8o £0Q4H R I d:Shhe ké%gﬂﬁ@f , St irred

at roomtenperature for 3 hours. The reaction solution was 't

o moncERhy T SRSRsnE YTEl B GrL [0 LIty Reas BhORIAL £ BTG, ) *Has
- cA R O R e R B AR s b W WeaeefRR. 1t was
stirred .at, roomt erature for 1.5 hours. To this solution, a_ solution,
wher ei ﬁm’t%télr;ﬁ g]%r%;{%nk#gﬁaﬁteao% qﬁﬁture, concentration under

a reduced pressure was performed until the volume of the reaction

solution became approximately 300ml. The concentrate thus

obtained was ‘élowly poured into 1mol/l1 hydrochloric acid, which

was stirred and cooled with water, and the precipitated crystals

were filtered out. After washing these crystals with excess

purified water, a small amount of ethanol, and excess diethyl

ether,ijthatorder,thecrudecrystalsobtainedwhereslurried

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, CDCls) 5: 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

(1H, t, J=8.79Hz), 8.24 (1H, dd, J=5.86, 8.79Hz), 8.60 (1H, s).

Melting point: 180 to 193°C (decomposed)

Reference Example 5:

7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-

methoxy-4-oxcquinoline-3-carboxylic acid

After dissolving ethyl 7-fluoro-1-[2-(8)-fluoro-1-{(R)-

cyclopropyl]-1,4-dihydro-8-methoxy-4-oxoquinoline~-3-carboxy
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salt of nonoethyl mal onate was di ssol ved in anhydrous tetrahydrofur
(160nl), was added dropw se over a period of 10 mnutes while co&yﬁrijﬁg Wt h
ice. After conpletion of dripping, the tenperature was gradually brought
back to roomtenperature and thereafter, stirring was perforned for 4
hours. After adding ethyl acetate (200m) to the reaction solution, the
organic |l ayer was washed with a 10% aqueous citric acid solution (150nm x
2) , saturated sodium bi carbonate water (150nl), andsaturated saline 70 14
JUL 2004358 JAoR 9 138/mrcl) | intapetie eld atAP GrHaN add dhesy @dddmsydr ous
sodium sul fate. After filtering, the residue obtained by concentration
under aceegedddafessbydcochlohecfadid Ad®0mdd thppeted i vasshieatadgel
chromat ography , and 4.24g (81% of the title conpound was obtained in the
f or m of uadeal efluk foai B housshst afiter fdarhiany hthexenaieidy kodaetiane = 3: 1
eluate. 'H NWVR (400vHz, CHC13) 6: 1.12-1.40 (3H, m , 4.08 (1H, s) , 4. 15
-4. 35 (AHpoubed ikto {Ze(WatH(1500m1); add Hhlk predhi ¥aded cryst81sltz) |
9.49 (1H, dd, J=16.4, B.1Hz), 12.52 (0.5H, s). Reference Exanple 7: Ethyl

2- (2, 6- deblgrian bRy ! )xfd-drda - :q- - I Lpal acryl ate
R A S RN Sy b S T 1 A ST

ot A4S Ly o FBEEL L lOIR L DL LB 00T
the rea&&%@ﬂylsngLLQPhcé%gt okhe%93a88”559é£QQ§¥EA5“¥%aé} %egggggearessure,
pressure, the crude crysfals obtained were purified by
recrystalliiétionfrmmanuxedsolventofacetonitrile-ethanol
and then dried under a reduced presure. 27.1g (87.4%) of the
title compound was thereby obtained in the formof a white powder.
'H-NMR (400MHz, CDCl3) &: 1.45-1.75 (2H, m), 3.87-3.95 (1H, m),
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=8.79H=z), 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-y11-1-[2-(8) -

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

oxogquinoline-3-carboxylic acid

After adding 3-(R)-[l-tert-
butoxycarbonylaminocyclopropyllpyrrolidine (165mg, 731lumol)
and triethylamine (0.50ml) to dried dimethyl sulfoxide (2ml),
7-fluoro-1-[2-(8) -fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-

methoxy-4-oxoquineline-3-carboxylic acid (180mg, 609%umol) was
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and after adding toluene (50m) to the residue obtained, a concentration
operation under a reduced pressure was perfornmed. This operation1wqusz
repeated 3 tines, and the residue obtained was dried under a reduce
pressure. 8.42g of ethyl 2-(2.6-dichloronicotinoyl)-3-ethoxyacrylate was
thereby obtained in the formof a yellow oily substance. Next, this crude
ethyl 2-(2,6-dichloronicotinoyl)-3- ethoxyacrylate (2. 1l1g, 6.62mvl) and
t he para-toluenesul fonic 71 1 4 J UL 7004 acid salt of 2-(S) -fluoro-I-
(R - cyBfgpfolfLainandiigps heagednndengiad Wik ferded hiourd vhieronet hane
(30nl), and triethylamne (2.77m ,19. 87nmpl) was added dropw se gradual |y
t her et 02w} tragsen r pEfoaphersc.  Afiter conprenitoatohgdrtihmi ngactibe reaction
solution was stirred at roomtenperature for 15 hours. After adding ethyl
acet at es¢100hbh wndeheadamd pressalrat,i the *dei diganisc digygel vieas iwashed
with a 10% aqueous citric acid solution (80nl) , saturated sodium

bi car bochlerafiven (18@m1) ., AfBdrsaisHiPeheadidien SOhULEen:{ 89&l) pgi n t hat
order, and then dried over anhydrous sodiumsulfate. After filtering, the

filtrat@quesus @eelld #£d sundes o (SEVOEd tRECSYHBic #0e2whParf 3% 2
processes) of the title conpound was thereby obtained "as a

vel | oW ShePraiyd:dld sHltkABGEraFLs MR B clilihg, ! BRUL EL1P-glS! ance

was used in the subsequent reaction wi thout further purification. 1H NWR

1900 Sl O Gy £ ffaodle oo g, Ypd bl Blasnd 251
dropwise concentrated hydrochloric acid (5ml) to the residue
while cooling with ice, stirring was performed at room
temperature for 30 minutes. 1mol/l Hydrochloric acid (5ml).was
then added to the reaction solution, and after washing theyellow
acidic aqu;aous solution with chloroform (50ml x 4) , the pH was
adjusted to 12.0 with an aqueous sodium hydroxide solution and
the insoclubles 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. ld46mg (60%) of the title compoundwas thereby obtained
in the form of yellow crystals.

'H-NMR (400MHz, 0.1mol/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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(1H, m , 7.27-7.31 (1H, m , 7.50-7.57 (1H, m , 8.29-8.38 (iH, nh 1hLaR2
(0.8H, brd, J=12.5Hz). Reference Exanple 8. Ethyl
7--chloro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1,4- dihydro-4_oxo-1,

8- napht hyl i di ne- 3-car boxyl ate After dissolving ethyl 2-(2,

6-di chi oronicotinoyl) -3- [2- (S) -fluoro-I-(R)-cycl opropyl am no]acryl ate
(2.07g, 5.97mvol) in 1,4-dioxane (30m), 60% oily sodium hydride (287ny,
7.18mmul ), 72 14 )UL 7094 was_added gradually thereto while stirring at 5C.
The redcti%if - SudplnsMbn fadlthed? stifir 84 /f 3r 4273 -B3ud3Hatmy 0Fni%nper at ure
and then concentrated under a reduced pressure. After dissolving the

resi dud 3k &il-0d008rh.C20dAH) , M) hed 0P Fahi 24 | 2ay@rS . Qsd W W widmh a 10%
aqueous citric acid solution (80nl), saturated sodi um bicarbonate water
(80nl) Jemt@ .8FHm)at @d0gallihe s)solfuBDonl K S P=9.103H2at, B8rBer{1wndi,t hen dried
over anhydrous sodiumsulfate. After filtering, the filtrate was
conceniyx=gt.adu=zynder a reduced pressure, diethyl ether was added to the
residue thus obtained, and the precipitated crystals were filtered out,
washed 19 (RBfi eiisl) ebhen, 200s ! her1drsedzunders azbeducessor avpwr e at 60C
for 16 hours. 1.25g (67% of the title conpound was thereby obtained in
the TonmmQl, aeMy tqp@wday3olNyR (4QQMEZ 3 2@HIC1 3 1Giomtt 41 (3H ¢, J=7. 1Hz)
, 1.59-1° . 727(2H," "ny, '3.758-3.63 (IH ny, 4741°(2H Tq, J=7.1Hz), 4.93-5.12

(1H, @eitih%g'p%'i%%:( jllag @o’ 1%265-8. 68 (2H, m. M5 (mz) : 310 (M)
[alp®®? = -50.83° (¢ 0.240, 0.1mol/l NaOH)
Elemental ané;lysis: As Cp1H24FN3O5;
Caled.: C, 62.83; H, 6.03; N, 10.47
Found: C, 62.50; H, 6.04; N, 10.26
Example 3:

7-{3-{R) -{l-aminocyclopropyl)pvrrolidin-1-yl]-l1-cyclopropyl

-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid

After adding 3-(R)-[1-(tert-

butoxycarbonylamino) cyclopropyllpyrrolidine (132mg, 585umol)
and triethylamine (245ul, 1.76mmol)} todried dimethyl sulfoxide
(lml), l~cyclopropyl-7-flucro-1,4-dihydro-8-methyl-4-

oxoquinoline-3-carboxylicacid 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 sclids obtained were suspended in a mixed solvent
{200ml) of ethanocl/water (9:1) , andtriethylamine (1ml) was added

thereto and then heated under reflux for 7 hours. After




Ref erence Exanple 9: 7-chloro-1-[2-(S)-fluoro-1-(R- cloro |]-1,4-dih
dro-4- oxo-1, 8-napht hylidine-3-carboxylic acid A m xture of ethyl 14 JUL 2004
7-chloro-1-[2-(S)-fluoro-1-(R)-

cycl opropyl ]-1, 4-di hydr o- 4- oxo- 1, 8- napht hyl i di ne-3- carboxyl ate (567ng,
1.83mmol ), acetic acid (4m) and concentrated hydrochloric acid (2nml) was
heat ed under reflux for 2.5 hours. After cooling the reaction solution
with ice, 73 ice water (20nl) was poured into the reaction solution, the
pr eci pi ?9@@%“5?95%&93‘11%/@?@*1&10@ adluvbion e taerevlasledngresshreexcess
water, a small anmount of cold ethanol, and excess diethyl ether, the
crystaIthaeresﬂdtedwaﬁddﬁsaoﬂeddcé@ mhinnmﬁenm Q@OmIfyor éﬁdh@ﬁtsr 449ny
(87% of the title conmpound was thereby obtained in the formof white
needl e wsﬂsmd; theldtddviR ¢ ﬂ@?&i‘ﬂri tEHC18% fjuebudeiltBlc@dd $d1lutBerd3- 3. 79

(1H, m , 4.98-5. 17 (1H, , 7.56 (1H, d, J=8.3Hz) , 8.73 (1H d,
7=8. 5|‘|Z)5(;1ml)8 Qﬂe(cilr"g'arﬁ)cl ﬁglaﬁldi'vlelef&)er%h&&?guggdalurr?é@l?&) &£20C
Specific rotation: [@a] p24'5 = +26.90 (c 0.422,70. 1nol/ El enent a

ggalg)(;‘%&H egﬁ %%%é@q#dgig/?e I\t/gﬁ(%%fse w9§5§?:?§ﬁtk%§e§51@dé} 3 Qé%cgaund C

7-13-( %réés@fg ,nocgﬁélOpE?QXp pXEldQl‘:' di '&'r%pwllsel [t’ﬁ?‘xe( S)concentrated

hydrochloric acid (2ml) to the residue while cocling with ice,
it was stirred at room temperature for 30 minutes. 1lmol/1l
Hydrochloric':"acid {2ml) 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 solutionto7.4withlmol/lhydrochloricacid, extraction
with chloroform (100ml x 4) was performed. After drying over
anhydrous seodium sulfate, the solvent was evapolated under a
reduced pressure. The residue thus cbtained 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, 0.1lmol/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 (1H, s).

Melting point: 230 to 233°C
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fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-4-ox0-1,8- na hth lidine-3-carbox |ic
acid After adding 3- (R - [1-- [N (tert- 14 JUL 2004
but oxycar bonyl ) am no] cycl opropyl I pyrrolidine (339ng, 1.50nmol)and tri et hyl
amne (1.39ml)to dried acetonitrile(10m), 7-chloro-1- [2- (S
-fluorc-1-(R)-cycl opropyl | -1, 4-di hydr o- 4-

oxo- 1, 8- napht hyl i di ne- 3-carboxylic acid (283ng, 1. 00mmpl ) was added thereto
and the m xture was heated un%ejt; ref lux for 1 .5 74 14 JUL 2004 hours
under SPREIBHHEFeatiherl@loAf t &t ~d65c38f r & iIhP@8the 0. lawdt/iloNa€HB) ut i on
under a reduced pressure, the residue was dissolved in a m xed sol vent of
et hyl dekerartaloamlysiel: A c@hBsdhOthane (50m ) , and after washing the
organic layer with a 10% aqueous citric acid solution (50m) and saturated
sal i ne sol uCeded(500158i.A8&haH 6r.d€%,; Nhalorgani c | ayer was. dried over
anhydrous sodiumsulfate. After filtering, the filtrate was concentrat ed,
under a redufedng:egseBedeadndrabt gn3dei ng . deepwi se concentrated
hydrochloric acid (15m ) to the residue while cooling with ice, it was

stirreheteddifes dEady®egature for 30 mnutes. Inol/l Hydrochloric acid
(10m ) was then added to the reaction solution, and after washing the

yel | owgagi Al & - gaueQiSHI A QbW AR Ol QgL m (S0l x 4) , the pH was

adj ust 60 1O I O Wt anm agueous Sodrumrhyduroxi de sol ution. After

adj usting thﬁoﬂggeﬁgihﬁaggﬁgﬁeaq%e.%li S@d{tdn'gq%&bgrgﬁd%{ésh?(i%pé/%?

h_ydrochloric acl xtraction with thHe I"ower
m xt ur %nqyditu\.% %]:e%rr'g}myg%tc)?%r}gk (%6%5.) \,Naasncp earfft%rrnggding magnesium

ethoxide (3.'1;59, 28.0mmol) thereto while cooling with ice, it

a7 :3:1

was stirred at room temperature for 3 hours. The reaction
solution was then concentrated under a reduced pressure, thereby
preparing a magnesium salt of monoethyl malonate.
2,6-dichloronicotinicacid (3.84g, 20.0mmol) was thendissolved
in anhydrous tetrahydrofuran (80ml), and after adding
l1,l-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 dissoclved in anhydrous
tetrahydrofuran (160ml), was added dropwise over a period of
l10minuteswhilecoolingwithice. After completionofdripping,
the temperature was gradually brought back to room temperature
and thereafter, stirringwas performed for 4 hours. After adding
ethyl acetate (200ml) to the reaction solution, theorganiclayer

was washed with a 10% agqueous citric acid solution (150ml x 2},

saturatedsodiumbicarbonatewater (150ml), and saturated saline




The organic | ayers were then conbined, and after drying the organic |ayer
over anhydrous sodium sul fate, the solvent was evapol ated under a] & dduiidd
pressure. The residue obtained was purified by recrystallization in

et hanol and then dried under a reduced pressure. 263ng (74% of the title
conpoundwas thereby obtained in the formof white crystals. | H NWR
(400MHz, O.lmol/1 NaOD) 5: 0.49-0.55 (4H, m , 1. 50-1.75 (3H, m , 1.
95-2. 15 (2H, m o 3 00-3.80 (5H, m , 4.90-5. 15 (1H, 75 14 JUL 2004 m,
6.38 (1H, _.dm J= mg 8.01 (1H, d, J=9.1Hz), 8.31 (1H, S). IR (fir,

di sk) v60é989°n3&b§0 Bysn Pﬁﬂt onden, ampehersdgiedsaeer amngirawmss, 1257,
1187, 1136, 1095, 1024, 985cm 1. Melting point: 216 to 218C Specific
rotatioﬁpdﬁapuﬁmkfataﬁs.ﬁﬁtéc 0i3teriagl,niild NaoHjue Ebbteaned dnal ysi s:
As Cl9H21FN403; Calcd..: C 61.28% H 5.68% N 15.04% Found: C 61.17% H
5.66% Nohbef4¥atibBn( mhtder B7idyddd] predsiieé coentrebExanmira ttO was hyl
2,4-di fl uorobenzoyl acetate Under a nitrogen atnosphere, nonoethyl nal onate

(9. 250, appQicdaned )a was idasgel et o AYPEBIEHS ded Mamad eBukarof L), and
af ter addi ng magnesi um et hoxi de (4.17g, 36.8mvol) while cooling with ice,

it was %Eltiéeéoﬁ\boﬁﬂanhéﬁnaﬁfﬁiﬁlé& {9Ttde NOWm of RE ARk ,SQiUkj On was
t hen concentrated under a reduced

substance from an n-hexane:ethyl acetate = 3:1 eluate.
'H-NMR (400MHz, CHCls) &: 1.12-1.40 (3H, m), 4.08 (1H, s),
4.15-4.35 (2H, m), 5.72 (0.5H, s), 7.37 (1H, dd, J=14.5, B8.1Hz),
9.49 (1H, dd, J=16.4, 8.1Hz), 12.52 (0.5H, s).

Reference Example 7:

Ethyl 2-(2,6-dichloronicotinoyl)-3-[2-(8)-fluorc-1-{(R) -

cycloprepylamino]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 yellow oily substance.

Next, this crude ethyl 2-(2,6-dichloronicotinoyl)-3-

ethoxyacrylate (2.11g, 6.62mmol) and the para-toluenesulfonic




pressure, thereby preparing a magnesi um salt of nonoethyl nmal onat 14 JUL 2004
2,4-di fl uorobenzoic acid (7. 91g, 50. Omvol) was then dissolved in
anhydrous tetrahydrofuran (100m) , and after adding

1, 1- carbonyl dii m dazol e (8.52g. 52.5mmol) while cooling with ice, it was
stirred at roomtenperature for 1 hour. To this solution, a solution,
wherein the previously prepared magnesi um salt of nonoethyl mal onate was
di ssolved in anhydrous tetrahydrofuran (60nl), was added dropw se while
cooling with 76 14 JUL 290k i ce. Af ter conpletion of dripping, the

t enper at #F¥ dhasaldr a@fal By (B) ofi§beroadk (R ~cychopevpgiamine and . dbereaf t er
stirring was perforned for 16 hours. After adding toluene (100m) to the
reacti on SAlmnian, wWexreor gaspentagerimasiivetslacbmetidee 1QBDHIGOUSagH i C
acid solution (200m ) , saturated sodium bicarbonate water (150m) , and
sat ur at ec-rsiatimed snlng i(@n 7530n 9 . 8 Triné hpkva® S8ded MGRYE §Eh8Ha0YS"
anhydrous sodiumsulfate. After filtering, the residue obtained by

concent r 3Heds tHHRE 1 eds ¢ LAMCEE SR € e Qf e.li ' to a
silica gel chromat ogr a%hy, anc?l%ll.f%‘;]&( Q%t%%fc%rh%i%ﬁﬁ?%\g%iﬁggﬁé%ggés

obt a1 ned tht iR dtIdh So1d el sV ld S?Qé%&?@gﬁéﬁ%ga?"i 23 -1.36

n- hexane: ethyl acetate = 9:1 eluate.

15 ) MRS, S Ta iy ot g8t re nflnh e Mhe Thepcti gt )

Ref erenc’%

| . Ethyl. . e
7-f1 uor o- Ioﬁﬁl%g)e’- ﬁiﬁ&%{%'rp(ﬁggﬁa%aﬁ BBFhediyth a 10% aqueous citric

acidsolution (80ml) , saturated sodiumbicarbonate water (80ml) P
and saturated saline solution (80ml), in that order, 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}. Thisg
resulting substance was used in the subsequent reaction without
further purification.

'H-NMR (400MHz, CHCl;) 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
(1§, 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]-1,4-

dihydro-4-oxo-1, 8-naphthylidine-3-carboxylate

After dissolving ethyl 2-(2, 6-dichloronicotinoyl)-3-[2-
(8) -fluoro-1-(R) -cyclopropylamino]acrylate (2.07g, 5.97mmol)

inl,4-dioxane (30ml), 60% oily sodiumhydride (287mg, 7.1Bmmol)
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di hydr o- 4- oxogui nol i ne- 3-carbo?Fyl ate A m xture of ethyl
2,4-di fl uorobenzoyl acetate (5.50g, 24 . Imop. 1) , triethyl ort hdf bt rilllte
(8. 00m, 48.2mmol) and acetic anhydride (6.8m) was stirred in an oi
bath of 120" C for 16 hours. After letting the reaction solution cool, it
was concentrated under a reduced pressure, and af ter adding tol uene
(30m) to the residue obtained, it was concentrated under a reduced
pressure again, and then dried under a reduced pressure. 77 1 4 JUL 200 A
yel l ow oily substance was thereby obtained. This substance was dissolved
i n tol usAé gbwhpradyadlyrtheretvhyletstigrireg ablaf€nesThé aeactdaird salt of
2-CS) -fluoro-1- (R -cyclopropylam ne (6.46g, 26. 1mmol) , triethylamne
(4. 95n1 suspeBAwOn) vaasthrriatidrmgdhifor §raduatity at ey dempdratstria ri ng at
-15C. After conpletion of dripping, the reaction solution was stirred at
room t eapdr ather foarmcEdtrhaded. vAlleer addistnosat epretstrd). t oaffher eacti on
solution, extraction with ethyl acetate (150nmlL x 2) was perfornmed. The

or gani cdi ayel ¢ingrith« eabiiaad anghDogbedrin tToomt Uy ahed ﬂx.ﬂ@laﬁr@ru'[ i on
(150m ) and then dried over anhydrous sodiumsulfate. After filtering, the

filtratQayasagaaeenital &d ¥ edqied e USLEr P €881 soie18nbr@0MIG! | Y
subst ance was thereby obtained. After dissolving this substance in

di met hyk  ef FREEA 3R bi CLEBSSA HOWS 0GR | 6aﬁégslatﬁ.gﬂa?fg@%é%% added

thereto and then stirred at room tenperature for ile

cool i ngso i EPoh CRa@Rth Stld I oZBRY, ! JRY RGP AN & AWt GRATRE WAS added

sodium sulfate. Afterfiltering,thefiltratewasconcentrated
under a reduced pressure, diethyl ether was added to the residue
thus obtained, and the precipitated crystals were filtered cut,
washedwithdiethyl ether, and thendriedunder a reduced pressure
at 60°C for 16 hours. 1.25g (67%) of the title compound was
thereby obtained in the form of a white powder.

'H-NMR (400MHz, CHCla) &: 1.41 (3H, t, J=7.1Hz), 1.59-1.72 (2H,
m), 3.58-3.63 (1H, m), 4.41 (2B, g, 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-(S) -fluoro-1-(R) -cyclopropyl]l-1,4-dihydro-4-

oxo-1,8-naphthylidine-3-carboxylic acid

A mixture of ethyl 7-chlore-1-[2-(8)-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 sclution with ice,
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gradually thereto and then stirred at roomtenperature for 6 hours. The
precipitated crystals were filtered out and then washed wi th excess$iwat enj
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 wunder a reduced pressure. 5.92g (84% of the title conpound
was t hereby obtained. 1H NMR (400MHz, CHC13) 5: 1.41-1.43 (3H m ,
1.69-1.76 (2H, m , 78 14 JUL 2004 3.39 (1H, brs), 4.37-4.43 (24, m, 5.09
(1H, driyce)6temHE30mly Was porqd ity the seactisen meluRions. 4898 57 (2H,
Mel ting point: 227 to 230C Reference Exanple 12:
7-f | uormrdei: {ed larystal s(Rraefil bpregydit landdifihedr vaghing i th
i noline-3-carbo lic acid A m xture of ethyl 7-fluoro-l-[2-(S)-fluoro-I-(R)-
cycl opropyd ds hadedi hy @ial14-ucsmd 86lddiet 3tEanboxral excéds Bgtriad. 9mol ),
acetic acid (9nl) and concentrated hydrochloric acid (9m) was heated

under r&A%,O%e g\%\z@@ﬂiswégfé abi Q089 LheERaE iﬂb&%ﬁ%e%dﬁdh i ce,

i ce water _ S poured into the reaction solution, e precipitated
amoan;. S o8l Petnor ShY 49288 Bk S FEL fkinol RREE SRRy T A ed
AR PSRl S G R S, (oo, o (e e
'H-NMR (400MHz, CHCl3) &: 1.70-1.80 (2H, m), 3.73-3.79 (1H, m),
4.98-5.17 (1H, m), 7.56 (18, d, J=68.3Hz), 8.73 (1H, d, J=8.5Hz),
B8B.97 (1H, si; 14.11 (1B, brs).
Melting peint: 215 to 220°C
Specific rotation: [alp®*'® = +26.90° (c 0.422, 0.1lmol/1 NaCH)
Elemental analysis: As C;;HgClFNLOQs5;
Caled.: C 50.99%; H 2.85%; N 9.91%
Found: C 50.90%; H 2.71%; N 9.91%
MS (m/z): 282 (M%)

Example 4:

7-[3-(R) - (l-~aminocvclopropyl)pyrrolidin-1-yl1]-1-12-(8S) -

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

naphthylidine-3-carboxylic acid

After adding 3-{(R)~-{1-[N-{(tert-
butoxycarbonyl)amino]lcyclopropyl]lpyrrolidine {33%mg,
1.50mmol) andtriethylamine(l.39ml)todriedacetonitrile (10ml},
7-chloro-1-[2-(S)-fluorc-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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1H NWMR (400MHz, CDC13) 5: 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 (1H, d, J=9.26Hz), 8.{54H82063
(1H, m, 14.55 (1H, s). Melting point: 302 to 305C Specific rotation:
[a]024.3 = +0.38 (c 0.560, O.lnmol/1 NaOH) Exanple 5:

7-[3-(R) - (1-am nocycl opropyl ) pyrrolidin-1-yl]-1-[2-(S)-
fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 4- oxogui noline-3 79 14 JUL 2004
carboxylic acid After adding 3- (R) - [ 1- [N (tert butoxycarbonyl) am noj
cycl opropyl ] pyrrolidine (203ng, 817anI) and triethylam ne (O. 5nﬁ) to

dri ed dhﬁ’éFﬁypngﬁ’I"f 8x ina.é:ro@qzﬁ )& tmosphere. After concentrating t
7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-

di hydr ord¢ackdgni solBtéon- yadesx @l iredaced GT@$W@IEZ4$MQ regdsluead@dsd t hereto
and the m xture was heated reflux for 15 hours under a nitrogen atnosphere.
After |dissadvete incactmbredssblveot cdoletivpl eacéBand) (MOmAddidedhd o t he
reaction solution while cooling with ice, and the precipitated crystals

were fiitrledonethang yEMIOd, 18l lafiierwasih g tAbtergaadd hgyeearidagnt r at ed
hydrochloric acid (5nl) to the obtained crystals while cooling with ice,

stirring gds ta'%ﬁeiﬁi@c&%‘i‘ﬁ@:rﬂéﬂﬁ%dﬁﬁtid}ﬁr(fs@iﬂﬂdaﬁarsa%hﬁﬁéﬂ &alinel /|
hydrochloric acid (1OmM) was then added to the reaction solution, and

after wash;Rgohhesoml) Q% tﬁatctsfd@ﬁue;wéso:@eéyieqw@xt BaShd 07 &4 QB 50 X
2), the pHwas adjusted to 12. an aqueous sodi um hydr oxi de sol ution.

anhydrous sodium sulfate. After filtering, the filtrate was
concentrated under a reduced pressure, and after adding dropwise
concentrated hydrochloric acid (15ml) teo the residue while
cooling with ice, it was stirred at the same temperature for
30 minutes. 1mol/l Hydrochloric acid (10ml) was then added to
the reaction seolution, 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 1mol/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 ethanecl and then dried under
areducedpressure. 263mg (74%) of the titlecompoundwas thereby
obtained in the form of white crystals.

‘H-NMR (400MHz, O.1mol/l NaOD) &: 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 (1lH,
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After adjusting the pH of the basic aqueous solution to 7.4 with g? 2004
hydrochl oric acid, extractions into chloroform (100m x 3) and a 9

m xture of chloroform nethanol (100mM x 2) were performed. The organic

| ayers were then conbi ned, and after drying the organic |ayer over
anhydrous sodium sul fate, the solvent was evapol ated under a reduced
pressure. The residue obtained was purified by recrystallization in
ethanol and then dried under a reduced pressure. 203ng (74% of the title
conmpound 80 14 JUL 2004 was thereby obtained in the formof yell ow

crystal 90 118 NWR (4o, J59-18iz)1r BaOd) (8H,0d5076954HeaH, 8rPl, (1HG3- 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, dmsM=62.40Hz) , 6.43 (1H, s) , 6.67 (1H, d, J=9.02Hz) , 7.97 (1H, d,
J=9.02Hz), 8.32 (1H, s). IR (KBr, disk) v: 3087, 3008, 2951, 2858, 1699,
1681, 15000 (KB471disK)y§8,308BD630086287113,7171225082m 11588 tisup posas;, 251 to
253C Specific rotation: [a]D24.3 = +41.90 (c 0.160, Inmol/1 NaOH) El enental
anal ysi st37s, @P2ANDB, CrdTd. 1135 6416890 1054 2786858 E1. 31% Found: C
64.69% H 5.96% N 11.25% Reference Exanple 13:

7- br omd Mg 10y LRV - & 16 fLH05 pgmt hoxy- 1, 4-di hydr o- 4-

oxoqui noI | ne car boxyl I C acl d BF2 chel ate Wil e heating and stirring a

m xed sq% # 24.5 _ 0° 0.
7-bronmo cyc Opr opy HU8r omet hoxyﬁ (C?IPI 378240+ 1mol/1 NaOH)
Elemental analys:.s. As Cy9HzFNO5;

Calcd.: C 61.28%; H 5.68%; N 15.04%
Found: C 61.17%; H 5.66%; N 15.04%
MS (m/z): 373([M+H])"
Reference Example 10:

Ethyl 2,4-difluorcbenzoyl acetate

Under a nitrogen atmosphere, monoethyl malonate (9.25q,
70.0mmol) was disselved 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 sclution was then concentrated under a reduced
pressure, thereby preparing a magnesium salt of monoethyl
malonate. 2,4-difluorobenzoicacid (7.%1g, 50.0mmol) was then
dissolvedinanhydrous tetrahydrofuran (100ml), andafter adding
1,1-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




oxoqui nol i ne- 3-carboxylate (2.01g, 5.00mml), acetic acid (5m ) and acetic
anhydride (5m) in an oil bath of 110C, a boron trifluoride - | 0
t et rahydrof uran conplex (0.83ml, 7. 50mvol) was added dropw se over & Blng éd
of 5 mnutes. After stirring the reaction solution at the sane tenperature
for 1.5 hours, excess diethyl ether was added while cooling with ice, and
the precipitated solids were filtered out (and washed w th diethyl

ether). After drying under a reduced pressure at room 81 14 JUL 2004

t enper atere, Rf06Y (©8mledfiarheofi Wrd RFdMFountheaderPEaRYEF SasvaS pal e gr ay
powder. 1H NVR (400MHz, d6-DMSO) 6: 1.15-1.30 (4H, m), 4.43 (1H m, .20
(1H, tgrd3@ddlikzhbrobgdt (KHdk dho Jmﬁ:rBl—témpérS&J(ell—andi,théreasml)', 9. 36 (1H,
s). Example 6: 7-13-(R)-(1-am nocycl opropyl)pyrrolidin-l-yl]-1- clo ro

|- 8-di fhye HoLoRgl %s Todridhall Fdk- %@ 1hHO)E Ne-Brtard@xynd ctati:énédf t er
adding 3- (R (tart- but oxycarbonyl am no) cycl opropyljpyrrolidine

(338ny, (506?22{?«9 Q}m%r}gatcrt Cyc+m% ( %@:%I Df%an?@@ét‘ 2 sOih 86=di et hyl

sul f oxi r ono- opropy'l uor omet"hoxy-

\%/ag gh?ﬁé% %Pgta@ %‘?3’05 ia rerrlgcdac‘g{ ro%}ln%g?en(p OEi ar %eéﬁagtf%gééis@anéegognml)
niLr0gen 2l mospere & PhonfPnESE LA AL SRR AS) Y bR e 2
in that order, and then dried over anhydrous sodium sulfate.

After filtering, the residue obtained by concentration under
a reduced pré;ssure of the filtrate was applied to a silica gel
chromatography, and 11.0g (95%) of the title compound was
ocbtained in the form of a pale-yellow, oily . substance from an
n-~-hexane:ethyl acetate = 8:1 eluate.

lH-NMR (400MHz, CHClas) &: 1.24-1.36 (3B, m), 3.95 (2HX2/3, d,
J=3.66Hz), 4.20-4.30 (2H, m), 5.80 {1HX1/3, s}, 6.86-7.02 (ZH,
m), 7.88-8.04 (1H, m), 12.72 (1BX1/3, s).

Reference Example 11:

Ethyl 7-fluoro-1-[2-(S)-fluoroc-1-(R)-cyclopropyl]j-1,4-

dihydro-4-oxoquinoline-3-carboxylate

A mixture of ethyl 2,4-difluorobenzoyl acetate (5.50g,
24 .1mmol), triethyl orthoformate (8.00ml, 48.2mmol) and acetic
anhydride (6.8ml) was stirred in an cil bath of 120°C for 16
hours. After letting the reaction solution cool, it was
concentrated un.cier 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.




et hanol (20mL) , triethylamne (4m) and water (4nl) were added to the
concentrate and heated under reflux for 3 hours. After concentrating it R 7004
reaction solution under a reduced pressure, the residue was dissolved in
chl oroform (100m ) , and after washing the organic layer in a 10% aqgueous
citric acid solution (50m) , the organic |ayer was dried over anhydrous
sodiumsul fate. After filtering, the filtrate was concentrated under a
reduced pressure, and after addi ng dropw se concentrated hydrochl oric 82
14 JUL 7004 acid (5ml) to the residue while cooling with ice, it was
stirred® yelledmikbmfaatancs sps3harpivecbtatpedl D aMRFS@Cki d
(30m) was then added to the reaction solution, and after washin t he

yel | ow wasdidisspbved dai utpdrenet h(E¥Pmk bf oand sBfkex Bddinge was
adjusted to 11.0 with an aqueous sodi um hydroxi de solution. After

adj ust i pgraheoptlenksub€obasi c aqueousasbution to saltwithl nol/ bf
hydrochl oric acid, extraction with chloroform (50m x 2) was perforned.
After dpyi(gy-gYabrarlyqrROHSyEQGbBPyIaiakee, t €. 46Fyent 26admencdpol at ed
under a reduced pressure. The residue thus obtained was purified by

recryst gk bZaLhaRiI b (. 95xEJ 0l ereiil 0lvatt hanel/disiide gfraRiuadng t hen
dried under a reduced pressure. 31ng (8% of the title conpound was

Ny 5+ BBTe T 1 et ioRe ¥ At ER R e o 5 b fiteg 0L Ty

g ]1-3 2; th% %gaglyonnlolatgén {35 s 8 rrda 2%t (Addm PBempr ¥ParSEdAHs M. 4. 08

hours. After adding water (150ml) to the reaction solution,
extraction with ethyl acetate (150ml x 2) was performed. The
organic layers were combined and washed with saturated saline
solution (150ml) and then dried over anhydrous sodium sulfate.
After filtering, the filtrate was concentrated under a reduced
pressure, andabrownoily substance was thereby obtained. 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/l 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.

14-NMR (400MHz, CHCls) 5: 1.41-1.43 (3H, m), 1.69-1.76 (2H, m},




(1H, dd, J=76.3, 73.8Hz), 7.07 (1H, d, J=9.3Hz), 8.00 (1H, d, ng.ﬁré :
8.46 (1H, s). Melting point: 206 to 207.5C Specific rotation: [a]D24% = 2004
-67.70 (c 0.295, 0.1nol/1 NaOH) Elenental analysis: As C21H23F2N3O4

0. 25CH3CH20H; Calcd.: C 59.92% H5.73% N 9.75% Found: C 59.85% H 5.62%
N 9.68% Reference Exanple 14: Ethyl 6-am no-7-fluoro-l- [2- (S) -fluoro-I-
(R - clorol ] 8314 J U L 2004

1, 4- di hydr o- 8- nethyl 5-ni tro-4-oxoqui nol i ne- 3- carboxylate Et hyl 6,

7- d|fluoro 1- %e -fluoro-1- -cycl oprop

L4 dihg ORGEY 5 hi 37k Bk 110 ort) cehbo it 63 A6 HRag,

27. 12nnDI) mas di ssolved in dine thylformam de(150nl), and 28% anmoni a

wat er (B216nf)28aé1Bdded, d?@ﬁﬁr§e4ﬁhéﬁ§bomWh|ﬁe49s@|ﬁﬂ|déﬂanﬁﬂcoollng with
ice. Wiile sealing the reaction solution in a sealed tube, it was stirred
at roomMértpegapoiet:f2274tboBBH°C The reaction solution was then di ssol ved
i n methanol (200ml) and concentrated under a reduced pressure. The residue
obt ai nerRlef@sepuei Exarlpby 1ecrystallization froma m xed solvent of

2- propanol / chl or of or m 28% ammoni a water, and after drying wunder a reduced
pressure,fiudFfg-1{ 4124 (8 -theotbthe (rRprROBIEPWaEY1QBL3I4Red hsird el | ow
powder.” TFFNVR (400VFz, CDCI3) 6. I.35-1.4%4 (5H, ny, 2.6/ (3H, d, J=3.

41Hz) 7ox§q§ﬂ-ﬁ§l.83e(-ébbaﬂi>ox§'l§§ écﬂ»é (3H )ﬁ) 4.75-4.78 (0.5H m,

4.90-4. 92 (0. 5H 1), 8.47 (IH d, J=3
A mixture of ethyl 7- fluoro—l—[2—(s)—fluoro—l—(R)-

cyclopropyl]-1,4-dihydro-4-oxoquincline-3-carboxylate
(4.08g, 13.9mmcl), acetic acid (9ml) and concentrated
hydrochloric acid (9ml) was heated under reflux for 21 hour.
After cooling the reaction solution with ice, ice water (50ml)
was poured into the reaction seclution, the precipitated crystals
were filtered out, and after washing with excess water, a small
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.

'H-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 (l1H, 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, 0.1imol/l NaOH)
Example 5:

7-[3-(R) -(l-aminocyclopropyl)pyrrolidin-1-yl]-1-[2-{8) -

fluoro-1-(R)-cyclopropyll-1,4-dihydro-4-oxoquinoline-3-
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El emental anal ysis: As C16HI5F2N305; Calcd.: C 52.32% H 4.12% N 141,449
Found: C 52.62% H 4.16% N 11.12% Reference Exanpl e 15: Ethyl

7-fluoro
| -5-nitr
was adde
wher ei n

-1-[2-(S)-fluoro-1-(R)- cloro I]--1,4- dih dro-8-neth

0-4-0xo0 inoline-3-carbo late Isoanyl nitrite (2.56m, 19.1mol)
d to dinmethylformam de (40nml), andwhilestirring at65C, a sol ution,

ethyl 6-am no-7-fluoro-1-[2-(S)-fluoro-1-(R) 84 14 JUL 2004

cycl opropyl]-1, 4-di hydr o- 8- net hyl - 5-ni t r o- 4- oxoqui nol i ne-3 car boxyl ate
13. 6nmol.). mgF.d'ssolved in dimethylformam de (60nml), was added
' f 3 hours. After conpletion of dripping, the

(5. 008,

dr opw se
reaction
t hen pou

solutign was,stirre t 65C f 4 hours, allowed to cool,

red iﬁfﬁeﬁafé?l?goéﬁﬁBf'Affg?'iiFFEEtion wi th chl orof orm (200ni
3), the organic |ayers conbi ned were washed with | nol/|
(200ml) dvtosaariionyldanine lsakarRrPRYEJGM T rod Bing t hat  or (RI3™&nd t hen

and

hydrochl oric acid

dried over anhydrous sodiumsulfate. After filtering, the filtrate was

concent r &1dgmerideand tneichitted angimes 0r. Smlanto tdid ecediinietéhybt st heak ivde
chromat ography to obtain 2.91g (61% of the title
(ilm1 )t,h e fRlnnref- la- (@ (S Fowetero-fIr-ofR Jar ayivt lovxafapryl brelt Wenol = 30: 1
1H Nt 4R (400MHz, CDC13) 5: 1.37 (3H, t, J=7.08Hz) , 1.40-1.67 (2H,

applied to a silica gel

conpound
el uat e.

m , 2. 7Qikdrha -Ead Rl ined-BLarbifllild adlid, (Y0 hdy 4 748pfmdl) was

added thereto and the mixture was heated reflux for 15 hours
under a nitrogen atmosphere. After letting the reaction
solution cocl, water (30ml) was added to the reaction scolution
while cooling with ice, and the precipitated crystals were
filtered out and washed well with water. After adding
concentrated hydrochloric acid (5ml) to the cbtained crystals
while cooling with ice, stirring at the same temperature was
performed for 30 minutes. 1lmol/l hydrochloric acid (10ml) was
then added to the reaction solution, and after washing the yellow
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
imol/1 hydrochloric acid, extractions into chloroform (100ml
x 3) and a 95:5 mixture of chloroform:methancl (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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m, 4.79-4.83 (0.5H, n), 4.95-4.98 (0.5H, n), 8.55 (1H, d, J=2.93 :

Ref erence Exanple 16: Ethyl 5--am no-7-fluoro-1- [2- (S) -fluoro-I- %I%L 2004
clorol ] - 1,4-dihydro-8-nethyl -4-oxoqui noline-3-carboxyl ate Ethyl
7-fluoro-1- [2- (S) -fluoro-I- (R -cyclopropyl ] -1, 4

di hydr o- - 8- met hyl - 5-ni t r 0- 4- oxoqui nol i ne- 3- car boxyl ate (2.50g, 7.10mmuol)
was dissolved in acetonitrile (20nl) , andafter adding a 5% pall adi um
carbon catal yst (water content: 50% 1. Og) 85 1 JUL 2004 thereto, it was
stirred at roomtenperatyre faor 20 hours under . a hydrogen atnosphere at

at nospheWpé Fhesshve cbkpided dip ey Tamm hgliqv ¥%‘-’En]e?'i ng (et hanol
washing) , the filtrate was concentrated under a reduced pressure,_ and the
resi due OBtMYReti OOMHEZ difsdBioldd NAOR) Gt e 2R 4 1(@H) mhpdt Hedt Ed®8inder
reflux for 30 mnutes. n-hexane (10m ) was then added, and after

per f or mi MgHhem) @d2 r @P-2uk2n{RE pm)30 2¥iYntZeL7 tHd ,r wdct Pohésdl 86i 6dHwas

all owed to stand under roomtenperature. The precipitated crystals were
then fil mr,ed Ut 1H nasher-64 .140H2)]1,: 4. 48 Xed , =0l u6i &h (18f d)-FreXa02iiz) hyl
acetate and dried under a reduced pressure at 60C for 16 hours. 869ng
(38% of 7t be t(i1Hl,eggonpountraS .18 eflyd okd)al ned as a yel | ow powder.

1H NWR (400MHz, CDC13) 5: 1.23-1.36 (1H m , 1 .38 (3H, t, J=7.0BHz) ,
1.43- 1. 56r( &hr "Hisk3 9 308H, hod 29222858, 1693, 7WediHi5mp,, 141 37 (2H,
q, J=7.0BHz), 4.71-4.75 (0.5H, rn), 4.87-4.90 (0.5H, m, 6.20 (1H, d,

J=11. 96H1 ) 5 8. 345lH13%3,J3%A2HA50cm™ .
Melting point: 251 to 253°C
Specific rotation: [alp®*® = +41.90° (c 0.160, 1lmol/l NaOH)
Elemental analysis: As CyoH22FN30s;
Caled.: C 64.68%; H 5.97%; N 11.31%
Found: C 64.69%; H 5.96%; N 11.25%
Reference Example 13:

7-bromo-1-cyclopropyl-8-difluoromethoxy-1,4-dihydro-4-

oxogquinocline-3-carboxylic acid BF; chelate

While heating and stirring a mixed solution of ethyl
7-bromo-1-cyclopreopyl-8-difluoromethoxy-1,4-dihydro-4-
oxoquinoline-3-carboxylate (2.01g, 5.00mmocl), 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 sclids were filtered out (and washed with diethyl

ether) . After drying under a reduced pressure at room
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Ref erence Exanple 17: 5-amino-7-fluoro-1-[2-(S)-fluoro-1- (R) -caliojnong
| ]-1,4- dihydro-8-nethyl -4-oxoqui noline-3-carboxylic acid Ethyl
5--am no-7-fluoro-1-[2-(S)-fluoro-I-(R)-
cycl opropyl ] -1, 4-di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-car boxyl ate (735ny,
2.28mol ) was dissolved in a 1: 1 mxed solution (Bnml) of acetic
acid:water, and after adding concentrated sulfuric acid (90l) thereto, it
was stirred for 4 hours in an oil bath of 120C. After cooling the reaction
solution with ice, ter. 8 JU 04 ml) was ured therein, and the
ni xed r@&@ﬁﬁﬁ%l%ﬁoﬁ%ggagﬁ i P% eggﬁt tgggﬁ %8%8?§$u‘f’%sf%!?t§l?\%ﬁr s. The
precipitated crystals were filtered out, washed with excess water, a small
anount 8F @oPalét §XRY Pode®xcess diethyl ether in that order, and then
dried under a reduced pressure at 80C for 17 hours. 552ng (82% of the
title cUAPSIRA(40E8MERer dyPMAR aidved i%Pthe30 f thtm 1) v 145y Grlist@lls. 1H NVR
(400MHz, DVMSO-d6) 6: 1.23-1.38 (1H, m, 1.56-1.66 (1H, nm) , 2.39 (3H d,
J=2.20H2). 20 4184- £,2F=(71H9HZ) ,, 84 286-(AH)0 d,0.548.8HY) ,, H3IR-BLHE64,0.5H, n)
, 6.50 (1H, d, J=12.70Hz) , 8.60 (1H, d, J=3.17Hz). Specific rotation:
[aJa24. 3=8.88%}.,00.66 Q1910s)0 I nol /1 NaOH) Exanple 7:
5-am no-7-[ 3-(R)-(1-am nocycl opropyl ) pyrrolidin-1-yl]-1-[2-
(S)-flupkampieRes: clo ro I]-1,4-dih dro-8-meth | -4 oxo uinoline-3-carbo lic
aci d

7-[3-(R) - (1-aminocyclopropyl )} pyrrolidin-1-yl]-1-

cyclopropyl-8-difluoromethoxy-1,4-dihydro-4-oxoquincline-3-

carboxylic acid

After adding 3-(R)-{1-(tert-

butoxycarbonylamino) cyclopropyl lpyrrolidine _ {338mg,
1.50mmol) and triethylamine (209ul, 1,50mmol)} todried dimethyl
sulfoxide (2ml), 7-bromo-l-cyclopropyl-8-difluoromethoxy-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid BF; chelate
(422mg, 1.00mmol) was added theretc 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 sodium sulfate.
After filtering, the filtrate was concentrated under a reduced

pressure, and after adding dropwise concentrated hydrochloric
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After adding 3- (R - [1- [N (tert-

but oxycar bonyl ) am no3cycl opropyl ] pyrrolidine (643ng, 2.55nmmvl) aAaduL 200k
triethylamne (0.5ml) to dried dinmethyl sulfoxide (Im),

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 boxylic acid (250ng, 850pnol) was
added thereto and stirred at 70C for 37 hours while sealing under a
nitrogen atnosphere. After letting the reaction solution cool, the

o . d

ot ai e (EPELc o ahe Foerit B 11050 Paaa e el Y 1 5 P e3a mshed
ith 10% itri id l.ut i 5Qni '

Sol ut | oRt¥ 0 Comperagkaa rer |30 ALY nennar SoredEpthThe et 40y i

sulfate, and after filtering, the filtrate was concentrated under a

r educed (IIMidsune LARAAHRs dadRDE SPREIOREC Y P HpPRR & G YR ShOPE il ca

gel chronmat ography and crude crystals were obtained froma chloroform
met hanolthe gelloel agidicmquaousidody tdodpiish chlbrerererat PNy drothl oric
acid (5m) to the crude crystals while cooling with ice, it was stirred at
t he saniHee mpematsume usted3@onilhufewithnan/ aqepanachPdi e Bydrcridd ) was
then added to the reaction solution, and after washing the yellow acidic
agueous sslutilem, wiifltechhd) o oimy (SenpHo R the haml pHan@ousdfosetdonto 12. 0
wi th an aqueous sodi um hydroxi de solution. After adjusting the pH of the
basi ¢ aquePus WS HHLHheD/ 1 Bydréchilblitradid, ekydacthboniitachlipreferact i on
with chloroform (100m x 3) was perforned. The organic | ayers were then
conbi nedisaeh & b§dwa¥eperformed. After drying over anhydrous sodium

sulfate, the solvent was evapclated under a reduced pressure.

The residue thus obtained was purified by recrystallization in

a mixed solvent of ethanol/diethyl ether and then dried under

a reduced pressure. 31lmg (8%) of the title compound was thereby

obtained in the form of a yellow powder.

1y-NMR (400MHz, 0.1lmocl/l 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

(14, m), 2.22 (1H, m), 3.35-3.60 (4H, m), 4.08 (1H, m), 6.45

(1H, 4ad, J=76.3, 73.8Hz), 7.07 (1H, d, J=%.3Hz), 8.00 (1H, d,

J=9.3Hz), 8.46 (1H, s).

Melting point: 206 to 207.5°C

Specific rotation: [alp®®® = -67.70° (c 0.295, 0.1lmol/l NaOH)

Elemental analysis: As CyHz3FpN304 + 0.25CH;CH:0H;

Caled.: 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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anhydrous sodium sul fate, and then the sol vent was evapol ated under a

reduced pressure. The residue thus obtained was purified by 14 JUL 2004

recrystallization fromethanol and then dried under a reduced pressure.

32ng (9% of the title conpound was thereby obtained in the formof yellow

crystals. 'H NM (400vHz, O Inol/l NaOD) 6: 0.54-0.57 (1H, m , 0.60-0.67

(l1H, 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 (1H m

3.71-3.78 (1H, , 4.77-4.79_(0, 5H, 4.93-4.96 (0.5H 88. 14 JUL 2004
6. o nydrdr tome ey b St floroquinobing peeathotidte ;1

3276, 3097, 2918, 2864, 1724, 1616 | 1548, 1506, 1477, 1441, 1408cm .

Mel ting poi nt Ethad & of 24pfugrrtbnbes b3) ~Sheerer - IBl afYShoPFRRY D 23- 15

-225.91(" (c 0.525, Olnol/1 NaOH) Elenental analysis: As C21H2sFNAO3,;

Cal cd. : 1C 623i9984rdt+ H-1eoekhy N 8-3n DO0e - Foereduime bing@e35 CarigoRebat] 13. 76%

Ref erence Exanpl e 18: Ethyl

6- ani no- {@&d lomy 0217+ L 2mhS) ) Masodos $o 1 Ryd ¢ peliopr iyl formamide (150ml),

1, 4- di hydr o- 8- met hoxy- 5- ni t r o- 4- oxogui nol i ne- 3-car boxyl ate Et hyl

6, 7- di f I 34pf 08k~ arkdon{ Swatled YBR01M1) (s acdedopropylsé thereto while

1, 4- di hvdr o- 8- met hoxy- 5- ni t r o- 4- oxoqui nol i ne- 3-car boxyl ate (13.96g,

36. 14mmal 9; Masn4li s84Q! ved1k Rgdwiahyilder mavHide: (g tinel 28%caimoni a

water (60m ) was added dropwise in while stirring

solution in a sealed tube, it was stirred at room temperature

for4hoursajThereactionsolutionwasthendissolvedinmethanol
(200ml) and concentrated under a reduced pressure. The residue
obtained was purified by recr_ystallization from a mixed solvent
of 2-propancl/chloroform/28% ammonia water, and after drying
under a reduced pressure, 7.07g (71%) of the title compound was
obtained as a yellow powder.
1y-NMR (400MHz, CDC1s) 5:1.35-1.44 (5H, m) ,2.67 (3H,d, J=3.41Hz),
3.81-3.87 (14, m), 4.33-4.41 (3H, m), 4.75-4.78 (0.5H, m),
4.90-4.94 (0.5H, m), 8.47 (1H, 4, J=3.41Hz).
Elemental analysis: As Ci;eHisF2NaOs;

Caled.: C 52.32%; H 4.12%; N 11.44%

Found: C 52.62%; H 4.16%; N 11.12%
Reference Example 15:

Ethyl 7-fluoro-1-[2-(S}-fluoro-1-(R) -cyclopropyl]-1,4-

dihydro-8-methyl-5-nitro-4 -oxoquinoline-3-carboxylate

Isoamyl nitrite (2.56ml, 19.immol} was added to

dimethylformamide(40ml),andwhilestirringat65°c,asolution,

wherein ethyl 6-amino-7-fluoro-1-[2- (8 -fluoro-1- (R}~
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and cooling with ice. After stirring the reaction solution at room ,
tenperature for 64 hours, water (100m ) was added to the reaction Idollkt {08
and then concentrated under a reduced pressure. The water-containing

resi due obtained was then subjected to extraction with ethyl acetate
(100mM x 3) , and the organic layers were then conbined, washed w th water
(150mM x 3) and saturated saline solution (200m) in that order, and then
dried over anhydrous sodiumsulfate. After filtering, the filtrate was

concentrated under .a_reduced pressur he resi due obtained was .applied to
a sili cﬁ&éppmyﬁt‘&gﬁéwiﬁéﬁ‘Q%’Z%’E('gi%l THEEHEEITIS 00k titl e
conpound was obtained in the formof a pale red, oily. substance froma

chl or of 6RF¥PeEVRate = $9:90¢) uat &3 16MVR (408, spiged; 37AN3H, t,
J=7.0Hz) , 1.49 (1H, ddd, J=9.5, 6.0, 3.5Hz) , 1.53-1.58 (1Hn) , 3.68 (1H,
dt, J=8dsmeXhyifprmamide] (FPM1Y, Was ®Higed dromd gEvedqa peried of 5Hz) |
4.51 (2H, br), 4.83 (IH, ddt, J=63.3, 5.5, 3.5Hz), 8.47 (IH s). IR (KBr,
di sk) v3 B3#fs.17Rfted GRGNp1ES2Mnn bE7dripp28g, 1286, red@6Ben reollutdRVE ( FAI S)
As C 6H16F2N306 (M'+l) Calcd.: 384.1007 Found: 384.0974 Reference Exanple
19: Ettyhs/sfl #pE@-t 68°d Ebrfd Houesl,- 4 R owyd tepeob Py ldndlthen poured

di hydr o- 8- net hoxy- 5-ni t r o- 4- oxogui nol i ne- 3-carbo*yl ate |soanyl nitrite

(3.81g, i325wakkyr WBO0AUJEd APter extraction with chloroform (200ml
x 3), the organic layers combined were washed with lmol/1
hydrochleric acid (200ml) and saturated saline solution (100ml
x 2} in that order, and then dried over anhydrous sodium sulfate.
After filtering, the filtrate was concentrated under a reduced
ﬁressure, and the residue cbtained was applied to a silica gel
chromatography to obtain 2.91g (61%) of the title compound in
the form of a white powder from a chloroform:methanol = 30:1
eluate.
H-NMR (400MHz, CDCl;3) &: 1.37 (3H, t, J=7.08Hz), 1.40-1.67 (2H,
m), 2.70 (3H, d, J=2.93Hz), 3.89-3.93 (1H, m), 4.34-4.40 (2H,
m), 4.79-4.83 (0.5H, m), 4.95-4.98 (0.5H, m), 8.55 (1lH, d,
J=2.93Hz) .
Reference Example 16:

Ethyl 5-amino-7-fluoro-1-{2-(S)-fluoro-1-(R)-cyclopropyll-

1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylate

Ethyl 7-fluoro-1-[2-(8)-fluoro-1-(R) -cyclopropyll]l-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%, 1.0g)
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di mret hylf ormam de (60m ) , andwhile stirring at 70'C, a solution, wherein
ethyl 6-amno-7-fluoro-1-[2-(S)-fluoro-I-(R)- 14 JUL 2004
cycl opropyl ] -1, 4-di hydr o- 8- net hoxy- 5-ni tr o-4- oxoqui nol i ne- 3-carboxyl ate
(8.90g, 23.2mmol) was dissolved in dinethylformam de (120m ), was added
dropwi se thereto over a period of 3 hours. After conpletion of dripping,
the reaction solution was stirred at 700C for | hour, allowed to cool, and
then poured into water (500m) . After extraction with ethyl acetate
(300mM x 3), the ogrganic | ayers .combi ned were, washgd 1t h | ol

hydr ochltyare &y &%( gﬁﬁnﬂlﬁ%‘a‘ﬂﬁft ﬁPQFegergg?FﬁEu§6 ﬁcﬂr fW‘?BGE Léllc')%iﬁfi on
(200nmL x 2) in that order, and then dried over anhydr sodi um sul fate.
After fidl hydragent3enesphese @ HatmesREBRL FRERFSUifler %‘%ireé‘dﬁ%%‘avb‘?gssur e,
and the crude crystals obtained were recrystallized in ethanol and then
dri ed urther catrdthstedy fricktriring (Bethgnodswpshinghe the £ lEgAS6UNASwas
thereby obtained in the formof yellow crystals. 1H NVR (400MHz, CDC13) 5:
1. 37 ( 3kkoricenka @ hindet. & Fedlideddpides Sude 5 angl the TeBHidue ohtgdnedeg (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, LFHHa)hissbllkd il oetigddacdtsBe0(1GnD) Hnd hedtidrpndér2feflitx d,
J=10.COHz), B.55 (1H, d, J=1 .5Hz) . IR (KBr, disk) v: 3062, 1722, 1639,
1602, 1%¥Wb Fd28ind828. 12R%hekARECTADML) Mbkais rtheppiadded f7and d76Er

(deconposed)
performingheatedrefluxingfor30minutes,thereactionsolution
was allowed to stand under room temperature. The precipitated
crystalswerethenfilteredout,washedwithaIilnuxedsolution
of n-hexane:ethyl acetate and dried under a reduced pressure
at 60°C for 16 hours. 869mg (38%) of the title compound was
thereby obtained as a yellow powder.
1H—NMR(dOOMHz,CDCl_:,)5:1.23—1.36(1H,m),1‘.38(3H,t,J=7.OBHz),
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 (0.3H,
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) -fluocro-1-(R) ~cyclopropyl]-1,4-

dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid

Ethyl 5-amino-7-fluoro-1-[2-(S)-fluoro-1-(R)-
‘cyclopropyl]—1,4—dihydro—B—methyl-4—oxoquinoline—B—carboxyl
ate(735mg,2.28mmol)wasdissolvedeua1:1ndxedsolution(Bml)
of acetic acid:water, and after adding concentrated sulfuric
acid (90pl) thereto, it was stirred for 4 hours in an oil bath

of 120°C. After cooling the reaction solution with ice, water

8&




El enrental analysis: As CL6H14F2N206; Calcd.: C 52.18% H 3.89% N 7.61%
Found: C 51.97% H 3.78% N 7.56% Reference Exanple 20: 1] - Ethyl14 JUL 2004
5-ami no-7-fluoro-1- [2- (S) -fluoro-I- (R) - cloro

1, 4- di hydr o- 8- net hoxy- 4- oxoqui nol i ne- 3- car boxyl ate Ethyl 7-fluoro-I- [2-
(S) -fluoro-1- (R -cyclopropyl ] -1, 4 -

di hydr o- 8- net hoxy- 5-ni t r o- 4- oxoqui nol i ne- 3-car boxylate (3.71g, 10.| mmol)
was di ssol vedin acetonitrile (50mM) , andafter adding a 5% pall adi um
carbon catal yst (water c ent:.50% 1.5 t.her L.t | room
t enper at d?@"ﬁdrw% PR S =18y %L‘ﬁd\]%%e = °ﬁ5y”§r38§§éﬁ a %%é%%é&ce‘”%

at nospheric pressure. After renoving _the_catalyst filterdn hanol
washi ng) stigred 3t rae@n WhSMPeERERREr 08 zuﬁ't?élr’ysa r cé:’or“apcfje%lgﬁa(r%?ét he
resi due obtained was applied to a silica gel chromatography, and 68g
(79% of cryestalist vereofipdbetedagubbtwashed 38 th PECesH KASEFhoRSS t ance
from a chloroformnethanol = 30:1 eluate. 1H NVR (400MHz, CDCl13) 5: 1.38
(3H, t, &mbuthzdf, cdldEthfib] 2Hd excess Hbigtizpl @emin ghah qeger g
J=7.0Hz), 4.81 (1H, ddt, J=62.5, 6.5, 3.5Hz), 6.24 (1H, d, J=13.0OHz), 8.37
(1H, d, }R+8d8) arkiBMSu6BAB) a: r&$usdd HlrddiNife (MBOLY fotal thouB89. 1156

552mg (82%) of the title compound was thereby obtained in the
form of yellow crystals.

‘4-NMR (400MHz, DMSO-de¢) &: 1.23-1.38 (1H, m), 1.56-1.66 (1H,
m), 2.39 (3H, d, J=2.20Hz), 4.14-4.22 (1H, m), 4.96-5.00 (0.5H,
m), 5.12-5.16 (0.5H, m), 6.50 (1H, d, J=12.70Hz), 8.60 (1H, d,
J=3.17Hz) .

Specific rotation: [alp®® = -111.00° (c 0.510, 0.1lmol/1l NaOH)
Example 7:

5-amino-7-[3-(R) - {1l-aminocyclopropyl} pyrrolidin-1l-yl}-1-[2-

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

oxoquinoline-3-carboxylic acid

After adding 3-(R)-[1-[N-(tert-
butoxycarbonyl) aminolcyclopropyl] pyrrolidine {643mg,
2 .55mmol) and triethylamine (0.5ml) to dried dimethyl sulfoxide
(iml), 5-amino-7-fluoro-1-[2-(S) -fluoro-1-(R)-cyclopropyll-
1,4~dihydro-8-methyl-4-oxoquinol ine-3-carboxylic acid (250mg,
850umol) was added thereto and stirred at 70°C for 37 hours while
sealingunder a nitrogenatmosphere. After letting thereaction
solution cool, the reaction solution was concentrated under a

reduced pressure, the residue obtained was dissolved in ethyl
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Found: 339.1150 Reference Exanple 21:

5-ami no-7-fluoro-1-[2-(S)-fluoro-1-(R- clo ro 1]-1,4- dih dro-8-nkt #g 2004
-4-0x0 uinoline-3-carbo lic acid A m xture of ethyl

5-ami no-7-fluoro-1-[2-(S)-fluoro-I -

(R) -cycl opropyl ) -1, 4-di hydr o- 8- net hoxy- 4- oxoqui nol i ne- 3- car boxyl ate
(2.68g, 7.92mvol ), acetic acid (20nml) and concentrated hydrochloric acid
(20M ) was heated under reflux for 3 hours . After cooling the reaction

solution with ice, water red erein and the prec tated
cryst al s 3&ia ter j (404miyd 'OLﬂn A“I”‘l‘ g@a@ﬂgﬁ 1&0% @ﬁ’:‘f??é’ﬁ/vacfle %‘ffg

anount of cold ethanol and excess di et hyI et her .in that oqrqu< e crude
cryst al ssebuisad (idmllpand | sateyated, eldns Aalivddam & )evd 94 JuL
2004 sol vent of chloroforn met hanol and then dried under a_reduced

pressur eor§adg 15ges wis thentdried oyeyoanbvidsovaaashywbsul fiabie,idndhe form
of yellow crystals. 1H NVR (400MHz, DVMSO-d6) 5: 1.54-1.64 (2H, m, 3.76

(3H, s), a4t@?- 8iDFetihk, Mhe £i8%ratEOwh i H;omden Erdided UHder, a radnapd) |

7.73 (2H, br), 8.57 (1H, d, J=1.5Hz). IR (KBr, disk) v: 3432, 3328, 1699,

1576, 1538eskd8E. 17R6¢WsiMRleldbigh tnddivas 2BkntaprA%Rd {oecbiprdsseid) i Speci fi c
rotation: [a] p25-0 = +40.01 (c 0.305, O.lnol/1 NaOH) El enental analysis: As

CN:lgHéggzb@QZlch%n%QogﬁM 28%a Brade0%ryis th1Q3%e rfe0 Whita iGidatt. fifd¥ 41 3. 86%
0

chloroform:methancl = 30:1 eluate. After adding dropwise
concentrated hydrochloricacid (5ml) to the crude crystalswhile
cooling with ice, it was stirred at the same temperature for
30 minutes. 1mol/l Hydrochloric acid (10ml) was then added to
the reaction solution, and after washing the yellow acidic
aqueous solution with chloroform (50ml x 2) , the pH was adjusted
to 12.0 with an agueous sodium hydroxide solution. After
adjusting the pH of the basic aqueous solution to 7.4 with lmol/1
hydrochloric acid, extraction with chloroform (100ml x 3) was
performed. The organic layers were then combined anddriedover
anhydrous sodium sulfate, and then the solvent was evapolated
under areducedpressure. 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.

'H-NMR (400MHz, 0.1lmol/l 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 (24, m}, 3.43-3.47 (1H, m), 3.54-3.63

(1H,m), 3.71-3.78 (1H, m) , 4.77-4.79 (0.5H, m) , 4.93-4.96 (0.5H,

88




Example 8: 5-amno-7-[3-(R)-(1-amno clorol) rrolidin-l1- I]-1- 5}5 (ia
-fluoro-1-- (R - clorol ] -1, 4-dih dro-8-nmetho -4- oxo inolin JUE %o
lic acid After adding 3-(R)-(1-[N-(tert-

but oxycar bonyl ) am no] cycl opropyl ] pyrrolidine (788ny, 3.48mmol) and
triethylamne (2m) to dried dinethyl sulfoxide (Im),

5-ami no-7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl] -

1, 4- di hydr o- 8- et hoxy- 4- oxoqui nol i ne- 3-carboxylic acid (621ng, 2.00nol)
was added thereto and stirred at 90C fqor _168 _ hours while sealing in a

seal ed Pubebufifed 18/ nFlrofenbathBzpfer 8=3-APHE} -1 etting the reaction
solution cool and then concentratin the reaction solution under_ a reduced
pressur 8R (KRr rdislhe 103402, BI4409276bB3AN e K8, dBSdol VEM i A6l 0r of orm
(200m ) and washed with a 10% aqueous citric acid solution (100m) . The
organi cibager 15045 1AM, dLded, otdP8amfy.dr ous sodi um sul fate, and after
filtering, the filtrate was concentrated under a reduced pressure. After
addi ng geppvhgepseneentuat ed hydrocldecbmposéed) (10 ) to the obtained
residue while cooling with ice, it was stirred at the same tenperature for

30 mi nugEsc; FYB! £ eEVHSREN T8 3aci tho g ALY VS5 21210 AGUAY It Ga T eact i on

solution, and after washing the yellow acidic aqueous solution with
chlorofgighgﬁggg_éngl sikheagHcyas . Adjdisted to 12.0 with an aqueous sodi um
e

hydr oxi solution. After adjusting the pH of the basic aqueous sol ution
to 7.8 with Iapidd hAreshdes | G agighs £ rEStd@n Wi th chiorof orm
Found: C 62.B86%; H 6.38%; N 13.76%

Reference Example 18:

Ethyl 6-amino-7-fluoro-1-[2-(8) -fluoro-1-(R) ~cyclopropyl] -

1,4-dihydro-8-methoxy-5-nitro-4-oxoquinoline-3-carboxylate

Ethyl 6,7-difluoro-1-{2-(8)~-fluoro-1-(R) -cyclopropyl] -
1,4-dihyvdro-8-methoxy-5-nitro-4-oxoquinoline-3-carboxylate
(13.96g,36.14mmol)wasdissolvedindimethylformamide(180ml),
and 28% ammonia water (60ml) was added dropwise inwhile stirring
and cooling with ice. After stirring the reaction solution at
room temperature for 64 hours, water (100ml) was added to the
reactionsolutionand then concentratedunderareducedpressure.
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 obtained was

applied to a silica gel chromatography , and 8.92g (64%) of the
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(100mM x 3) was perfornmed. The organic |ayers were then conbined and dried
over anhydrous sodium sulfate, and then the solvent was evapol at gd Jijpdgil a
reduced pressure. The residue thus obtained was purified by
recrystallization froma m xed solvent of ethanol and diethyl ether, and
then dried under a reduced pressure. 74ng (9% of the title conpound was
thereby obtained in the formof yellow crystals. 1H NVR (400MHz, O.lnol /I
NaOD) 5: 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 (1H,
n, 3.21tdtde GQHPOHTF“ W3$38b§?499(56ﬁ,“ ﬁ'i"‘,e oy giga PEJI,e rﬁe,dr4.°é‘5l-ﬁ. 84
(1H, m, 4.85-5.04 (1H, m, 6.06 (1H, s), 8.01 (1H, d, J=3.5Hz). IR (KBr,
di sk) v:sghshangaifrom7aschierpforgzmethangl #530:112dmatey 14 JUL 2094
1016cm 1. Melting point: 172 to 178 C (deconposed) Elenental analysis: As
C21H25FN40ANMR 7RIDH2GalCbAls) G :53..86% 3H, & 2T . NHZ3.,08% 9Ftlifd dded 58. 58%
H 6.02% N 12. 76% Reference Exanple 22: Ethyl

3-di net hg&a0bn&.2-,(2, 582 | Li. 6Buor BBzl yh) ABL §8 q1e  Al) Jed . Solsutsr) ,of
2,3,4-trifluorobenzoic acid (10.3g, 58.5mml) , thionyl chloride (6.4n,
87. 8mmml 3, and(2u ¢ad AloHd GHANDUNBEOf(2di, meghysLpropn deHxps hest egHynder
reflux for 30 mnutes. Af ter letting the reaction solution cool, the

reacti onpy$0l yt BN (vAS aaRcepLeat 8d 8nder saskegycedanr qasur &) .t ol uene
IR (KBr, disk) v: 3379, 1724, 1608, 1525, 1471, 1323, 1259,
1063cm™ .
HRMS (FAB): As CigHi1sF:N30¢ (M'+1);
Calced.: 384.1007
Found: 384.,0974
Reference Example 19:

Ethvl 7-fluoro-1-[2-(S)-fluoro-1-(R)-cvclopropvll-1.,4-

dihydro-8-methoxy-5-nitro~4-oxoquincline-3-carboxylate

Iscamyl nitrite (3.81qg, 32.5mmol) was added to
dimethylformamide (60ml), andwhilestirringat 70°C, a solution,
wherein ethyl 6-amino~7-fluoro-1-[2-(5)-fluorc-1-(R) -
cyclopropyl]-1,4-dihydro-8-methoxy-5-nitro-4-oxoquincline-
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 1lmol/l hydrochloric acid (300ml) and saturated saline

20




(30m ) was added to the residue, and concentrati on under a reduced
pressure was performed again. The residue obtained was then di ssbé Vidld 240k
tetrahydrofuran (20m) , and the resulting solution was added to a
tetrahydrofuran (40m ) solution of ethyl ~ -dinme thyl am noacryl ate
(9.20g, 64.3mml) and triethylamne (10.2m, 73.1mmol) while stirring and
cooling with ice. The reaction mxture was then stirred at room
tenperature for 1.5 hours and then heated under ref lux for 16.5 hours.
Afterletting the reaction solution cool, the precipitated solids were

r enpvedsobytipht (200 x ZdinHd#t prdar e apskthen daiedseeer aAreUSeduced
pressure. The residue was then applied to a silica gel chromatography, and
15. 1g (868 unfsultatd ! | afterphilnttemiasy, thefildu: ftreowasconceatandest hyl
acetate = 3:1 eluate. 95 14 JUL 2004 | H NWMR (400vHz, CDC13) 6: 1.00 (3H,

t, J=7.uhbB} a redftddBPreliare, dndIHSbrublesgrysdal § btdina wézré 1Hz)
6.95-7. 01 (IH m , 7.34 (1H, brs), 7.80 (IH s). Reference Exanple 23:

Ethyl 10g i Sedliy 3361 She dr{e@69dbHa reduced .
pyrido[g?é,kg-gggf'%%?2?6%%%§?£§g%o§y?ate Etahf/‘l3 needpressure

3- di et | PPz &5 Qg of t ; . @mol

i sso vaueTH CRBRLST Yk gietd HRBRERANNAS BREYEEEIG At Blom))
sol utio of S& - % am_no- It-a&rsopanol (4.50g, 59. Bmmpl) was added dropwi se
whil e S?Pﬂnl ﬁé RUTRYOCENS SR tH i ce. After conpletion of dripping, the

reaction SOlULI e BHLiF% 9 st oy @t L9982y, 1.55 (1H, add,

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, dgq, 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), B8.55
(18, d, J=1.5Hz).
IR (KBr, disk) wv: 3062, 1722, 1639, 1602, 1544, 1425, 1328, 1259,
1057cm .
Melting point: 167 to 170°C {decomposed)
Elemental analysis: As Ci¢H14F2N:204;

Calcd.: € 52.18%; H 3.89%; N 7.61%

Found: C 51.97%; H 3.78%; N 7.56%
Reference Example 20:

Ethvyl S5-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]l-1,4-
dihydro—B-methoxy-S—nitro—4-oxoquinoline—3—carboxylate
(3.71g,10.1mmol)wasdissolvedinacetonitrile(50ml),andafter
adding a 5% palladium carbon catalyst (water content: 50%, 1.5qg)

thereto, it was stirred at room temperature for 20 hours under
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tem Derature and then concentrated under a reduced-ressu--e. The Z

resi due obtained was dissolved in dimethyl sulfoxide (50m ), and Tdf {l&r 2004
addi ng spray-dried calciumfluoride (16g) thereto, it was stirred at 120*C
for 26 hours. After letting the reaction suspension cool, the reaction
suspensi on was concentrated under a reduced pressure, chloroform (200m)
and water (200m) were added to the residue, and af ter performng a
separation operation, the water |ayer was extracted using chloroform
(200mM ) . The conbined organic |ayers were then washed with saturated

sal i ne azshidrbgen(diitrdphans atthetmodspler be @remswymr.oudfsedi remevingte. A-f
ter filtering, the filtrate was concentrated under a reduced pressure, the
resi due +gfad ahnadywesb@mallitstitng dmeichanalgedshihgpattegfaphyatandas. 60g
(39% of the titFe conmpound was 96 1 4 J U L ?094 obtained as a white

powder H&m&&a@ﬁa&a}@ka@a%@&%ﬁ ughe. rddt dRoEABAMEE, w&DC13) 5:
1.41 (3 J=7. 1Hz . I—E,433444(5Hrr),718

Exanpl e PR Eh y 4, B cilF oma ol Sphy 74,2 (0% (10, B R ST enee

28] ][ Ilu Oﬂ}g-'; %géﬁ%ﬁ I Qgg%csaégjg)(}f ﬁ;aﬁcé g[el 1W£H£Pp19$u§ tst?%ls tance from

oxo- 7H pyrido[ 1, 2, 3 de] [.1, 4] .ben e- 6 carboxyl ate (5.60g, 19.2muol),
acetic &ciPICHHAITY ﬁ"&igt[c}lﬁft‘bn ;.%o%glz elta

lg-NMR (400MHz, CDCli) &: 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 (1lH, ddt,
J=62.5, 6.5, 3.5Hz), 6.24 (1H, d, J=13.0Hz), 8.37 (l1H, d,
J=2.0Hz) .
HRMS (FAB): As CieH1sFpNz04 (M'+1);

Calcd.: 339.1156

Found: 339.1150
Reference Example 21:

S5-amino-7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]l-1,4-

dihydro-8-methoxy-4-oxoquinoline-3-carboxylic acid

A mixture of ethyl 5-amino-7-fluoro-1-[2-(S)-fluoro-1-
(R) ~cyclopropyl]l-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 cooling thereactionsolutionwithice, water
(200ml) was poured therein and the precipitated crystals were
filtered cut. 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 amixed
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hydrochl oric acid (25ml) was heated under reflux for 4 hours. Aft%r
cooling the reaction solution with ice, water (100:71) was added k hgﬂ-emﬂk
and the precipitated crystals were filtered out 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
(40m.) and stirred under roomtenperature. The crystals were filtered out,
washed with ethanol, and then dried under a reduced pressure at 80C for
17 hours._ 4. 10g (81% of i.tl e conpound s.thereby obtained ,in the
f or m of $& WFeO%dmfé?ro 19FN§W'$ YhRAMHAD %ﬁg@\/\% C%r @Ehedyceiie gy,
4.44 (1H, dJ96Hz),462(1HdJ96 ,499(1H qllke J=6. 8Hz)
. 7.59p%asbure.)=D.262)51%) of QHWIHHeCWOFn@mheEeWOPI-ﬂ negdy 97 14
JUL 2004 El enental analysis: As CI13HIoFNO4; Calcd.: C 59.32% H 3.83% N
7.22% foutke fobf. 60%eHl83wObYyshads99% Exanpl e 9: 10-[3- (R -(1-am no
clopropyl)pyrrolidin--1-yl]-2,3- dih dro-3-(S)-neth |-7-oxo-7H rido[1, 2, 3-
do] [ 1, #honaoxerdoMiH; mMbm-dd)C sacild 54f-lercd ;(@Hdi ng ,33.(K) (3H, B) ,(tert

but oxycar bonyl am no) cycl opropyl ] pyrrolidine (252ng, 1.12mmol) and

triet hy.hamn@(@ﬁ@ffﬁ) t;ﬁ’) drg egb H Ny mzllﬂ St f ozl sle (1B, J=14.0Hz),

10-fl uoro-2, 3-di hydro-3 (S) nmet hyl - 7- oxo- 7H-.

7.73 (2H, br), 8.57 (1H, 4, J—1.5Hz).
IR (KBr, disk) v: 3432, 3328, 1699, 1576, 1518, 1281, 1236cm™
Melting point: 291 to 298°C (decomposed)
Specific rotation: [alp®®® = +40.01° (c 0.305, 0.1mol/l NaOH)
Elemental analysis: As Cy34Hi12F2No04;

Caled.: C 54.20%; H 3.90%; N 9.03%

Found: C 54.10%; H 3.86%; N 9.02%
Example 8:

5-amino-7-13-(R) - (1-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]lpyrrolidine {788Bmg,
3.48mmol) and triethylamine (2ml) to dried dimethyl sulfoxide
(1ml) , 5-aminoc-7-fluoro-1-[2-(8)-fluoro-1-(R) -cyclopropyl]-
1,4-dihydro-8-methoxy-4-oxoquinol ine-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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pyrido[ 1, 2, 3-del [1, 4] benzoxazi ne-6-carboxylic acid (244ng, 9281-,--: !2 |
was added thereto and stirred while heating in an oil bath of 100degn ﬁg
hours under a nitrogen atnosphere. After concentrating the reaction

sol ution under a reduce pressure, the residue was dissolved in chloroform
(100m ) . After washing the organic |ayer wwth a 10% aqueous citric acid
solution (50nl) and saturated saline solution (50nl) , the organic | ayer
was dried over anhydrous sodiumsulfate. After filtering, the filtrate

was concentrated under a reduced pressure, and after adding dropw se
concent relbtali hgdroes | dirs o lad s eh)l ore figra (@90mid 2n8i Fashesd! Faghwi t h

ice, it was stirred at roomtenperature for 30 mnutes. After adding 4nil
of wat era tl0% heueeast cbhtrsoladiidsolatdonashPfmll hi SThex iodigandquéayersol uti on
with chloroform (10m x 3) , the pH was adjusted to 12.0 with an aqueous

sodi um hygls exidei9% ddvdihnBQ84cael d8diom s¥l fete adndsis tgr fhetediag, t he
basi ¢ aqueous solution to 7.4 with Inol/l hydrochloric acid, extraction

with chlgf fﬂrlfﬁraiéé)QHE dorRlei@sa Bl hRidEda Alded bY@ U@l ARRMEN OUS
sodium sulfate, the solvent was evapol ated under a reduced pressure. The

residue é%%ﬁé%ﬁ%ce drfed A0y &ah%ﬂl'czaalan (flofnqm 8t kggol and

then drie pressure 25nmg (36. 5% he title conpound
O ol 1RGREge ey e °53§9£2¥W&°g yé%%fﬂ%tl'ﬂm’?t( P58 (i
g? :]:ilo%j—é? %ﬁmﬁ?r%zﬁg}edforl% 2m??Lorm(tes rﬁ?rr‘lol/ %&d?ocl(f&lg) acfa?d (1K
(20ml) was then added to the reaction solution, and after washing
the yellow acidic aqueocus 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 aqueocus sclution
to7.8with 1mol/l hydrochloricacid, extractionwith 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.
H-NMR (400MHz, 0.1mol/]l NaOD) &: 0.48-0.53 (4H, m), 1.09-1.21
(1§, 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 (1H, m), 3.21-2.27 (1H, m),
3.36-3.43 (6H, m), 3.79-3.84 (1H, m), 4.85-4.84 (1H, m},
4.85-5.04 (1H, m), 6.06 (1H, s), 8.01 (1H, d, J=3.3Hz).

IR (KBr, disk) v: 3454, 3410, 1716, 1617, 1577, 1548, 1511, 1232,
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J=11.0Hz) , 4.55-4.63 (1H, m , 7.11 (IH d, J=9.03Hz) , 7.81 (1H, d 1.
J=9. 03Hz) , 8. 32 (IHf s) . :[R (KBr, disk) v: 1634, 1529, 1446, 1428[ 70
1363, 1269, 1227, 798cm 1. Melting point: 249 to 2520C (deconposed)

El emrental anal ysis: As C20H2, 3N-304, HCl - 0.5H20; Calcd.: C 57.90% H 6.07%
N 10.13% Found: C 57.65% H 5.87% N 9.97% Exanple 10:
1-[2-(S)-fluoro-1-(R)-cycl opropyl ]-8-nethyl-7-[3-(R)-[I -

(et hyl am no) cycl ol 2ropyl | pyrrolidin-1-yll-1, 4-di hydro- 4-

oxogui nol i ne- 3-carboELl i c acid After adding

3- (R) - [ FOLRet er t - but oxycar bonyl ) -N- (net hyl ) ani no] _

cycl opropyl |l pyrrolidine (I1Bng, 436Wol) and 99 14 JUL 2004 triethyl am ne
(0. SOn Meflaidyi pdiditnetngl tsulf/@xtdedédsiposed)
7-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-8-nethyl-1, 4-

di hydr 0E4eﬁéﬁﬁﬂl“9hb@8’5§scah§0&¥ Hzgpﬁgd4do( 3}%&%@ 436pnol ) was added
thereto and heated un reflux 1n an oil bath of 100C for 18 hours under
a nitrogen atgpspher &z ¥ tegs cancend{at o3 tdeg reaction sol uti on under a
reduced pressure, the reS|due was dlssolved In chloroform (100m ). After
washi ng the %‘cﬂﬁ{a-cc@é’% 3_;. gitric acid solution (100m)
, the organic layer was dri'ed over anhy us sodiunlsulfate Af ter

filteri f s concentrated under a reduced pressure, and
after ggﬁﬁéﬂ ?o%kg&é co%%entrated hydrochloric acid (2nl) to the

Ethyl 3-dimethylamino-2-(2,3,4~trifluorobenzoyl)acrylate

A mixed solution of 2,3,4-trifluorocbenzoic acid (10.3g,
58.5mmol) , thionyl chloride (6.4ml, 87.8mmol) and a catalytic
amount of dimethylformamide was heated under reflux for 30
minutes. After lettingthereactionsolutioncool, the reaction
solution was concentrated under a reduced pressure, toluene
(30ml) was added to the residue, and concentration under 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
£ -dimethylaminocacrylate (9.20g, 64.3mmol) and triethylamine
(10.2ml, 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 16.5hours. Afterletting
the reaction solutioncool, 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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residue while cooling with ice, it was stirred at roomterrperatur Hﬁr ﬁ»
m nutes. After adding Inol/1 hydrochloric acid (2nml) to the react 2004
sol ution and washing the yell ow aci di c agueous solution with chloroform
(50mM x 3) , the pH was adjusted to 12. 0 w th an aqueous sodi um hydroxi de
solution. After adjusting the pH of the basic aqueous solution to 7.4 with
| mol /1 hydrochloric acid, extraction with chloroform (100m x 3) was
performed. After drying over anhydrous sodium sul fate, the solvent was
evapol at ed under a reduced pressure. The residue thus obtained was then
purifi ed HopMR HdePdias iGRClehr Hdt.Ofr 43Ry ,daw8@l. dPedl, 2 A® (SEHe bosk; | ayer

of a 7:3:1 mxture of chloroformnethanol:water), purified further by
recryst & l3xaB3HgnbEsdm £t angdH, andithebnugdy | esl. e5veron (lerusgd 7 pressure.
72.8ng (42% of the title corrpound was thereby 100 1 4 J U L 2004 obtai ned
in the foram rayse) I'oveerysialsy . ' HNVR (400MHz, O.1nmol/1 NaOD) S: 0.59-0.64
(4H, m , 1.21-1.27 (1H, n§ 1.50-1.64 (2H, m, 1.99-2.01 (1H, m, 2.34
(3H, s) ’Rei?ezﬂénc(éfﬁ!xa?ﬁ 1&- 2%] 2.89 (1H m, 3.27-3.29 (3H m, 3.63-3.65

(1H, m 4. 07 (J_p . 5,05 (1H dm J=63 72H) , 7.09 (1H .

_ 2939, 2844, 2789,
et t i ng point: 223

to 224CPS reic Oflc éf 05t a(:{e]oﬁ. t{ﬁlenzoxazz. 1@ carl:goxyq. 2t95 0.1mol/1 NaC]'l)

Ethyl 3-dimethylamino-2-(2,3,4-

trifluorobenzoyl)acrylate (15.0g, 49.8mmol) was dissclved in
ethanol (30ml}, and to this solution, an ethancol (10ml) seclution
of (S)-2-amino-l1-propancl (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 reducedpressure. The
residue obtained was dissclved in dimethyl sulfoxide (50ml},
and after adding spray-dried calcium fluoride (lég) 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, chleoroform (200ml} and water (200ml) were
added to the residue, andafter performinga separation operation,
the water layer was extracted using chloroform (200ml}. The
combined organic layers were then washed with saturated saline
solution (100rﬁ1) 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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El emental analysis: As C22H26F N3Q3; Calcd.: C 66.15% H 6.56% Jr? JEE(@M
Found: C 65.92% H 6.52% N 10.40% Exanple 11: 1- [2- (S) -fluoro-

clorol ] -B-netho -7- [3- (R - [ 1- (meth lamno) clo ro I] rrolidin
|1-1,4-di h dro-4- oxogui noline-3-carboxylic acid After addi ng
3-(R-[1-[N-(tert-butoxycarbonyl)-N (nethyl) am no]cycl opropyl]pyrrolidine
(102ngy, 379Mbl) and triethylamne (0.50m ) to dried dinethyl sulfoxide
(Ilm), 7-fluoro-1-[2-(S)-fluoro-I-(R)-cyclopropyl]-1, 4-di hydro- 8-

met hoxy- 4- oxoqui nol i ne-3-carboxylic acid (112ng, 379nol) was added thereto
and sti reletlaithéd caseatwhiigte pawdert |fdvai i @hlRIEormmmelthdipl s sodar a
nitrogen atnosphere. After concentrating the reaction solution under a
reduced grgssare, the residue was 101 14 JUL 2904 di ssolved in chloroform
(100m) . After washing the organic layer with a 10% aqueous citric acid

sol ut i oy JQRM s pomlE @b@ﬁﬁ)c? '?Yﬁ yes, 4 %*ivovlqma“fiyghott S50 a roduced

sul fate. Afterfllterlng | trate was concentriate

pressurey_ ter ro, tpat Y, hl_pr d (2m)
to the re'zl ue \'/vhafel:‘!e3 2%84‘?35% @w i ce, ntQ%n é fﬁ?e@ﬁﬁf régodrﬁct(z%er ature
for ut es te hydrochloric acid (2m) to the

react i ogg'gb 'ﬁ'f}%ﬁgan% ﬁgjn i7 |'|6{N aci di ¢ aqueous solution with

chl orof arm (50m x 4%:(1 the H vvas adjusted to 12. 0 wth an aqueous

sodi um RRFrOREREe SHFHPHA. ter adj usting the

10-fluoro-2,3-dihydro-3- (S} -methyl-7-oxo-7H-pyrido[1l,2,3-

de] [1,4]benzoxazine-6-carboxylic acid

Amixture of ethyl 10-fluoro-2,3-dihydro-3-(S) -methyl-7-
oxo-7H-pyride{l,2,3-de][1,4]benzoxazine-6~-carboxylate
{(5.60g, 19.2mmol), acetic acid (25ml) and concentrated
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 out
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
ethaneol, and then dried under a reduced pressure at 80°C for
17hours. 4.10g (81%) of the title compound was thereby cbtained
in the form of a white powder.

H-NMR (400MHz, DMSO-d¢)} 5: 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), 7.85 (1H, dd, J=%.1, 5.4Hz, 9.07 (1lH,

s).
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pH of the basic aqueous solution to 7.4 with Inmol/Il hydrochloric acid,
extraction with chloroform (100m x 3) was perforned. After dryi g ngqnm
anhydrous sodium sul fate., the solvent was evapol ated under a reduced
pressure. The residue thus obtained was then purified by a preparative
chromat ogr aphy (developed 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 conpound was thereby obtained in the formof yellow crystals. 'H NWR
(400VHz ,EXCememtcd ¥ |amNalIBis: Bs GaHOLF®O.(4H, n) , 1. 33-1.40 (IH m , 1.
56-1.58 (2H, m , 1. 99-2. 01 (1H, m , 2.34 OH, s) , 2.87-2.89 (IH,, m ,
3.15-3. 17 (1Hcalkd. :3c5%933%4 ;( RH3.8B%,; B. 5322RH, s) , 4.00-4.02 (1H, m ,
5.02 (1H, dm J=64.45Hz) , 7.03 (IH, s), 7.92 (1H, d, J=7.03Hz), 8.39 (1H,
s). 102 1 4 JPLuad04c Bo( kBs,; i 3kbsy:: R3%2993095, 3051, 2939, 2837, 2787,
1716, 1699, 1616, 1520, 1439, 1358, 1319, 1259, 122lcu(l. Melting point:
213 to %ﬁ chfic rotation: [a]n24'7 = -38.46 (c 0.195, 0 . Inol/1 NaCH)
El ement a ysis: As C22H25FN3304; Calcd.: C 63.60% H 6.31% N 10.11%

Found: G 6320 l"Fif—é’%lf/ﬁlo&égé%g@fg%ﬁ%qu 1123
5-ani no =0~ =

(R -[1- (gRLhy ani npasyel goronyl 1 pyrsolidinsl ryl3-4. 4-

de][1,4]benzoxazine~6-carboxylic acid

After adding 3-(R)-[1-{tert-
butoxycarbonylamino)cyclopropyl lpyrrolidine {(252mg,
1.12mmol) and triethylamine (0.50ml) todrieddimethyl sulfoxide
(3ml), 10-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7H-.
pyridoll,2,3-de] [1,4]benzoxazine-6-carboxylic acid (244mg,
928umel) 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 saturatedsaline solution (50ml) , theorganiclayerwasdried
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

98



di h dro-4-oxo0 inoline-3-carbo lic acid After adding
3-(R)-[1-[N-(tert-butoxycarbonyl)-N (nethyl) am no]cycl opropyl] px}ﬂ*rJ(Ui-lztﬂ[iLne
(690mg, 2.25mml) and triethylam ne (0.50nl) to dried dinmethyl sulfoxide
(4m ), 5-amno-7-fluoro-1- [2- (S) -fluoro-1- (R -cyclopropyl ] -8-
met hyl -1, 4- di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid (250ng, 850nm0l) was
added thereto and heated under reflux in an oil bath of 70C for 24 hours
under a nitrogen atnosphere. After concentrating the reaction solution
under a reduced pressure, the residue was dissolved in chloroform (100M)
Aft er swlbhiign. t A€ tengadijustaggrthe pH of 1H% baysbo estasEicus socdeitdosol uti on
(100M) and saturated saline solution (100m ), the organic |ayer was
dri ed ovas 7asliditolse 501 hyaireehiatrd c sMidy ekitrbeting, wittechi bkbFatra was
concentrated under a reduced pressure, and after addi ng dropw se

concent r gf @SN WAB P GhE & et R A SNTAY the dFQiA§ vk AnBiircRs duaivhi | e

cooling with ice, it was stirred at room tenperature or 30 mnutes. After

addi ng ngfaltéyctrr&cgbweataﬁag é@&%ma{@dtmé@%&b&%c@@ 5}bgeu§ted washi ng

the yell ow aci di ¢ aqueous solution wth chloroform (50m 3) , the pH was

ad) ust |1l ﬁégidﬁegﬂﬁe%%?%gﬁéﬁﬁ%??J%QF?@%%%#W%%% HFFEn

N ter dSTa heuHrD RS s' ottt Cr@flﬁ%%fﬂ‘)éméi‘%"%”eniﬁ%@“‘?éeg Bared

i e T I LSS | L I, B
crystals.

'H-NMR (400MHz, O.lmol/l NaOD) &: 0.57 (4H, s), 1.54 (3H, d,
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, 4, 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, 142%, 1363, 1269, 1227,
798cm™
' Melting point: 249 to 252°C (decomposed)

Elemental analysis: As CpoH23N3O4-HC1l:0.5H,0;

Caled.: 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] -B-methyl-7-[3-(R)-[1-

(methylamino) cyclopropyllpyrrolidin-1-y1l]1-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid

After adding 3-(R)-[1-[N-(tert-butoxycarbonyl)-N-

(methyl)amino]cyclopropyl lpyrrolidine (118mg, 436umol) and




the lower layer of a 7: 3: 1 mixture of chloroform nethanol: water) |,
purified further by recrystallization fromethanol, and then dried undernia
reduced pressure. 70.0Ong (20% of the title conpound was thereby obtained
in the formof yellow crystals. "HNW (4 COVHz, 0. Inmol/l NaOD) 5: 0. 5
6-0. 64 (4 H m , 1. 21-1. 61 (3H, n 1.92-1.96 (1H m , 2.22 (3H, s) ,
2.45 (3H, s) , 2.68-2.73 (1H, m 3.19-3.31 (3H, nm , 3.59-3.66 (IH 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 | R .(KBr, disk) v: 3440, 3329, 3082, 3005,
2064, 29%Fiexdyiamipes (01%3ml) 1599 driggh, dimeyhyl 4nEkPxidRe| tlamﬂg poi Nt :
129 to 131CSpeC|f|crotat|on [a]D'" = -291.90" (c 0.285, O lnol/l NaOH)
El enent al7 -ddaloysi-d:- [Rs- (82 HId o413 (R) 2520 opadpyd. | -8CneEX 3% H-6. 62% N
13.37% 104 14 JUL 2004 Found: C 62.89% H 6.42% N 13.27% Exanple 13:

2,3-dih dig ~iddintd Atk haidn@2xp, 18 1§ Qhd£i n-1-
| ]-7-o0xo- 7I—|-ya;r|(0§2)4[1 2, 3lde] ?ﬁﬁ?{f&am r?e 6- capg)z |gg acfgij?ter addi ng

3-(R) - “—a[iH‘e(it %termlb%xaaﬁ@gexa)ml,\héﬂefémax aH el gﬁql Bampxk] pypée! i dine
(125ng, 521nol) and triethylamne (0.50m) to dried dinmethyl sulfoxide

(1), Egrfwcml?s BndieRydr &c!g%)n gﬁ%nihgghéra OﬂfT.?yrdogﬂle}xt?raatlng

de] (1, 4] benzoxazi ne- 6-car box acl
the reaction solution under a reduced pressure, the residue was

dissclved in chloroform (100ml). After washing the organic
layerwithalO0% aqueous citricacidsolution (100ml), the organic
layer was dried over anhydrous sodiumsulfate. After filtering,
the filtrate was concentrated under a reduced pressure, andafter
adding dropwise concentrated hydrochloric acid {2ml) to the
residuewhilecoolingwithice, itwas stirredat roomtemperature
for 30 minutes. After adding 1lmel/l hydrochloric acid (2ml)
to the reaction seolution and washing the yellow acidic agqueous
solution with chloroform (50ml x 3), the pH was adjusted to 12.0
with an aquecus sodium hydroxide selution., 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:methancl :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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added thereto and stirred while heating in an oil bath of 100C for 20
hours under a nitrogen atnosphere. After concentrating the reactiontt JUL 2004
sol ution under a reduced pressure, the residue was dissolved in chloroform
(100m ). After washing the organic layer with a 10% aqueous citric acid
solution (5 Onl) and saturated saline solution (50m), the organic |ayer
was dried over anhydrous sodiumsulfate. After filtering, the filtrate was
concentrated under a reduced pressure, and after adding concentrated
hydrochl oric acid(3nl tou)%he retsi du]ﬁ]rwhi | e cgoii ng withice, it was
stirred RPF3URE ctPpetie FIRPE HPH AN SEYS A Per adding water (3m) to
the reaction solution and washin t he_yel |l ow acidi c,_aqueou lytign with
chl or of or' H-MBBI4R0Mz, 0¢heob %@sonédf’ds?eﬁgfg'ﬁ%.@% 'ai'ggﬁioé sodi um
hydroxi de solution. After adjusting the pH of the basic aqueous sol ution
to 7.4 wi{tHpohy 1 hyal-dchbridd aoild, le@0&otGlorf 1Hi-t ) ehRoPdf dBH 165,14 JUL
2004 (100mM x 3) was performed. After drying over anhydrous sodi um

sul fate, 2hez s@went) was 8dvapsbaltH, under3 £ T-ticed 3i,esdur 8. 63TRe 6Pesi due

t hus obtained was then purified by recrystallization from ethanol-amonia
wat er and¢ifemydr sedeunder @ H eayGes. oprEssuar, ESENY(TDL) , of. Ahd1H|t] e
conpound was thereby obtained in the formof yellow crystals. zH NWR
(400MHz, @, | 1l b befD)sf;, .56- 0189 épH m , 1.45-1.50 (1H, m , 1.52
(3H, d, J=6.59Hz) , 1.99-2.01 (1H, m , 2.32 (3H, s) , 2.86-2.88 (1H m |,
3.21-3.5 sy 22, 3%¢53088C 2 d3b, 2884, e, 36hk) 16¥ 5154859 (1H,
. 7.04-%&3?%1%5% %,' 33 (3(1)&3’rn P

1435, 1354, 1315, 1257, 122lcm .
Melting point: 223 to 224°C
Specific rotation: [alp**? = -119.66° (c 0.295, 0.1mol/1 NaOH)
Elemental analysis: As CipHzFNiOa;
Calcd.: C 66.15%; H 6.56%; N 10.52%
Found: C 65.92%; H 6.52%; N 10.40%
Example 11:

1—[2-(S)—fluorOvl—(R)—cyclopropyl]-8-methoxy—7—[3—(R)—[l-

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

oxoquinoline-3-carboxylic acid

After adding 3-(R)-[1-I[N-(tert-butoxycarbonyl}-N-
(methyl)amino]cyclopropyllpyrrolidine (102mg, 379umol) and
triethylamine (0.50ml)} to dried dimethyl sulfoxide (1ml},
7-fluoro-1-[2-(8) -fluoro-1-(R) -cyclopropyl]l-1,4-dihydro-8-
methoxy-4-oxoquinoline-3-carboxylic acid (112mg, 379umol) was
added thereto and stirred while heating in an oil 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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d, J=9.03Hz), 8.32 (1H, s). Melting point: 227 to 229C Specific rotation:
[a] Y24.7 = -131.00 (c 0.200, 0.1nol/1 NaOH) Elenental analysis: Ag, JUL 200t
C21H25N304; Calcd.: C 65.78% H 6.57% N 10.96% Found: C 65.49% H 6.55%
N 10.82% Exanple 14: 7- [3-(R)-[1-(eth lamno) cloro |] rrolidin-I-
11-1-[2-( S)-fluoro-1-(R)-cycl opropyl]-8-nethyl -1, 4-di hydro- 4-

oxoqui nol i ne- 3-carboxylic acid After adding 3-(R) - [1- [N
(tert--butoxycarbonyl) -N- (ethyl) anino]cyclopropyl]pyrrolidine (2. 16g,

8. 40nmo and trieth Ian1 o dried_dineth sul f oxi de

7-f1 uord'}llssc[ Lreg gn %Em(f“ #96"‘{:)ycl dlb%%m"’? h%“%’? ?4039512110

di hydr o- 4- oxqu|noI|ne 3- carboxyllc acid (1 was 106 1 ~ AL
2004 addeyeriéktha If%a%a%acaﬁaércwdmlvﬁlaa @PPW@AUMﬁoa@@e@ for 51
hour under a nitrogen atnosphere. After concentrating the reaction

sol ut i ol aywdevaadredgomde papbydrousiseslingssdlEabas Afitepfybteringhl or of orm
(150m ) . After washing the organic l|ayer with a 10% aqueous citric acid
sol ut i ortHelfOnt ¥a B tra ssedniteat erb sadl indegal rédoced peskhre, tadrel af gani ¢ | ayer
was dried over anhydrous sodiumsulfate. After filtering, the filtrate

Vas CONGRIMiRY etk dpiitde acdckiteth Ps@ vl Pockhldr 8Et #EiaddRnl) €6 opnese

concentrated hydrochloric acid (10m) to the residue while cooling with

ice, it MasS aldihele do0190/4 vOPEER, UhlidPEtirredat room temperature
for 30 minutes. After adding lmol/l hydrochloric acid (2ml)
to the reaction solution and washing the yellow acidic aqueous
solution with chloroform (50ml x 4) , the pH was adjusted to 12.0
with an aquecus sodium hydroxide solution. After adjusting the
pH of the basic aqueous solution to 7.4 with 1lmol/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/l1 NaOD) d: 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 (1, m), 5.02 (1H, dm, J=64.45Hz), 7.03 (1H,

s), 7.92 (1H, d, J=7.03Hz), 8.39 (1H, s).




30 mnutes. After adding 1nol/l hydrochloric acid (20m) to the reaction
sol ution and washing the yellow acidic aqueous solution wth chlorefgym?di
(100m x 5), the pH was adjusted to 12. 0 with an aqueous sodi um hydroxi de
solution. Afteradjusting the pH of the basic aqueous solution to 7.4 with
1nmol /1 hydrochloric acid, extraction with chloroform (150m x 4) was
performed. After drying over anhydrous sodiumsulfate, the solvent was
evapol at ed under a reduced pressure. The residue thus obtained was

purified by recrys tall _i_ _zat] fr et I d l,ed r a

r educed I EEBEir @?1151%)6‘1@ 3@??@%%@%{ ﬁ&rglt'i %]gggtgﬁ%gdn%*%‘sq?ﬁgﬂegé@%bt ai ned
in the formof yellow crystals. |IHNVR (40QvHz, Q, Inol/l NaOD) 6: 0.57-0.
63 (4H, 1H16, 1520 (1A39+ 13h% d5ids, 1299 0l 2k@n (9 N |, 1.47-1.64 (2H,
m , 1. 97-1.98 (1H, nm), 2.40 (3H, s), 2.70-2.73 (2H, n), 2.86-2.87 (1H,
M, 1C7MAXIPPbiht26-B28&d 35°0 , 3.61-3.63 (1H, nm) , 4.02-4. 05 (1H,
m , 5.03 (1H, dm J=64.11Hz), 7.07 (1H, d, J=9.26Hz), 7.98 (1H, d,

J=9. 26 el &3 thtatd.onk=3cdbiz) .= -RE.KE°, (di 6k} 9%, :03D8d] /2ASHOHP 848,
1699, 1612, 1508, 1473, 1431, 1396, 1389, 1350, 1308, 1261cm Melting

poi nt: I lentdh i Grapeed ifd € ADt@LEQFN:0a) n2' , 3 = -236.55 (¢ 0.145, O.1nol/1
NaCH) El enental anal ysis: As C23H28FN303; Calcd.: C 66.81% H 6.63% N

10. 16% Foundga©c66-58%63H60648680 6N31Q.;,08%10.11% |

Found: C 63.36%; H 6.31%; N 9.97%
Example 12:

S-amino-1-[2-(8)-fluoro-1-(R) ~cyclopropyl]-8-methyl-7-[3-

(R)—[1—(methylamino)cyclopropyl]pyrrolidin—l—yl]-1,4—

dihydro-4-oxoguinoline-3-carboxylic acid

After adding 3-(R)-[1-[N-(tert-butoxycarbonyl)-N-
(methyl)amino]cyclopropyl]pyrrolidine (690mg, 2.25mmol) and
triethylamine (0.50ml) to dried dimethyl sulfoxide (4ml),
5-amino-7-fluoro-1-[2~(S)-fluoro-1-(R)-cyclopropyl}-8-
methyl—l,4—dihydro—4—oxoquinoline—B—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. Af ter
concentrating the reaction solution under a reduced pressure,
the residue was dissclved in chleoroform (1100ml) . After washing
theorganiclayerwithax10%aqueouscitricacidsolution(lOOml)
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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Exampl e 15: 1-(cycl opropyl)-8-nethyl-7-[3-(R)-[1-

(met hyl am no) cycl opropyl ] pyrrolidin-I-yl]-I,4-dih dro-4- 1LjU[2WL
oxoqui nol i ne-3--carboxylic acid After adding
3-(R)-[1-[N(tert-butoxycarbonyl)-N (nethyl) am no]cycl opropyl]pyrrolidine
(880nmg, 3.25mml) and triethylamne (1.0M) to dried dinethyl sulfoxide
(5m), I|-cyclopropyl-7-fluoro-8-nethyl-1, 4-dihydro-4-oxoqui noli ne-
3-carboxylic acid (425ng, 1 .63nmrnol) mas added thereto and heated under
ref lux in an oi| bath OC for 38 nder ,a .nitrogen her e.

A ter o IaPAG RO Oht Sor dih B alaereds et BanpeEatlRe e b
resi due was dlssolved in ethyl acetate &200nﬁ After washi he . organic
| ayer wifidr B30 @vknufirsus Afberr reddnidd 1964t HNdreehiPrFLic ?ﬁégoﬂéﬁﬁi c layer
was dried over anhydrous sodiumsulfate. After filtering, the filtrate was
108 14 Md tPeOfeachient saleticmdard yasbdugethpreekiow acied REBLOHEdI ng
dropwi se concentrated hydrochloric acid(6nml)to the residue while cooling
With i cesoliitves witth eRlloabfoomni GGmiper 3) urthef pi &G adpusted taide® addi ng

| rol /1 hydrochloric acid (12ml) to the reaction solution and washing the
yel | ow agi @i 6nediyessss $JditunDRydtbRide dnafiemm (Afreradjys tireg gtHenas
adjusted to 12.0 with an aqueous sodi um hydroxi de solution. After

adj usti oy Lirerpdinafsitd18hashs sAMaS 601 U WRBhtlnb ¥ hiydirdkhiloric
hydrochloric acid, extraction wth chloroform (100mM x 3) was perforned.

ﬁ‘;ger gré’ézﬂg O¥EE -2 BRDYAT QYR SERL UPbRELha ooRNexSE) varE pasrevaral.at ed
After drying over anhydrous sodium sulfate, the solvent was
evapolated under a reduced pressure. The residue thus obtained
was then purified by preparative chromatography {(developed into
the lower 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 obtained in the form of yellow crystals.
lH~-NMR (400MHz, 0.lmol/l NaOD) &: 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
(1H, 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, 0.1lmol/l NaOH)
Elemental analysis: As C»1HzsFN403°0.25H20;

Caled.: C 63.07%; H 6.62%; N 13.37%
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reduced pressure. The residue thus obtained was then purified by ,
recrystallizationfroma m xed sol vent of nethanol/2-propanol, and 1%éW—ZWL
dried under a reduced pressure. 331ng (53% of the title conpound was
thereby obtained in the formof yellow crystals. ''"H NVR (400MHz, CDd 3)

6: 0.57-0.65 (1H, m , 0.87-0.92 (1H m, 0.97-1.04 (1H, nm, 1.11-1.18
(1H, m, 1.28-1.34 (1H m, 1.64-1.71 (1H, n , 1.99-2.021H m , 2.45
(3H, s), 2.50 (3H, s) , 2.71-2.76 (1H n) 3 32 3.36 (3H m, 3.64-3.70
(1H, m, 4.01-4.05 (1H R%ﬁ 6. 904 d, 9.06Hz) , B. 131H, d,

J=9.06Hz) 8. 8%0‘(‘1‘# %)62 Yiy A% 1191)3t%7ﬁ92C El emental anal ysis: As
C22H27N303; Calcd.: C 69.27% H 7 13% N 11.02% Found: C 69.00% H 7.16%
N 10. 969€xemple LB: 2994 Reference Exanpl e 25: Ethyl 1- (2-bronpacet 1) clo
ro anecarbo |l ate Ethyl 1-acetylcycl opropanecarboxylate (200g, 1.28npl) was
di ssol ved, Brdehipdrol-3¢1806nkthylandb@r(r¢-(72. 7nil, 1. 41nol) was added
dropwi se while stirring and cooling wth 1ce. After conpletion of

dri ppi ng,(mbhRyl ampasatyeeoprobite 1 poRebl 981 soh U1 9n7-was-yai-sed to 30C and
stirring was performed Tor 2 hours. After addl ng water (1000m ) to the

reactlongiehabw992WBLae]QQOhQBanahaathEs bsrﬂe§XQQBCse&Bated under a
reduced pressuar entrate into

ethyl acetate pfier adding 3-(R)-[1-[N-(tert-butoxycarbonyl)-N-

(methyl)aminol]lcyclopropyl]pyrrolidine (125mg, 521umol) and
triethylamine (0.50ml) to dried dimethyl sulfoxide (1ml),
10-fluoro-2,3-dihydro-3-(S) -methyl-7-oxo-7H-pyrido[1,2, 3-

de] [1,4]benzoxazine-6-carboxylic acid (132mg, 500@01) 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 residne was
dissolved in chloroform (100ml). After washing the organic
layerwitha 10% 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) to theresiduewhilecooling
with ice, it was stirred at room temperature for 30 minutes.
After adding water (3ml) to the reaction solution and washing
the yellow acidic aqueocus 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 with1lmol/1 hydrochloricacid, extractionwith chloroform
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(750ntL x 2) , it was washed with a 10% aqueous sodi umthiosul fate solution
(500nL x 2) and saturated sodi um bi carbonate water (500nmlL x 2) in n 004
order and then dried over anhydrous sodium sulfate. After filterl%g g
concentrating the filtrate under a reduced pressure, 291g (97% of the
title conpound was obtained as a yellow, oily substance. 1H NVR (400MHz,
CDC13) 6: 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 K 0.7 (n-hexane:ethyl acetate = 3:1)

Ref erence. Exanple 26: D eth 1 has honoacetic acid Ethyl

di et hyl phbaYRbioad evas Perforgedrsitder da¥lng) e¥er \Pédmclf%ﬁw&@énummsrru) ,
and after adding dropwi se a 2nol/1 aqueous sodi um hydroxi de sol ution
(275, SEhEeR) the [solventy WpsgevRdotabedgnder v inssluded waresstirer.ed at
roomtenperature 110 14 .II1lIL :?004 for 1 hour. The reaction solution was
t hen corﬂwreaﬁddemiﬂmrob’aaieeldm hespurd fiandy hrecegstadliiaheivas made
acidic by concentrated hydrochloric acid while cooling with ice.

Extract i frsm i athasbbyhmacni at ea200mdn& éhen Cllr@kel ainddd 08Mreduc@H and 5%
met hanol /chl oroform (250nmL x 2) were then perfornmed. The conbi ned organic

| ayers wek&sdihed, drnizsthgOvros P8R HOtSE BOdbBbusdh/ erhe B9 ELRR i hklt eri ng,

the filtratewas concentrated under a reduced pressure. 89g (quantitative)
of the tid!enhs orpQnnse %@p 5‘1;|e(5 _.ytép_’pgal ned as a colorless, oily substance.

1H NWVR (400MHz, CDC13) H t, J=6.8Hz), 2.9B (2H, d,

'H-NMR (400MHz, 0.1mol/l NaOD) 5: 0.56-0.60 (4H, m), 1.45-1.50
(l1H, m), 1.52 (3H, d, J=6.59Hz), 1.99-2.01 (1H, m), 2.32 (3H,
s), 2.86-2.88 (1H, m), 3.21-3.55 (4H, m), 4.22, 4.45 (each 1H,
ABq, J=11,36Hz), 4.57-4.59 (1H, m), 7.04-7.08 (14, m), 7.80 (1H,
d, J=9.03Hz), 8.32 (1H, s).
Melting peoint: 227 to 229°C
Specific rotation: [alx?*7 = -131.00° (c 0.200, 0.1lmol/1 NaOH)
Elemental analysis: As Cz1HzsN304;

Caled.: C 65.78%; H 6.57%; N 10.96%

Found: C 65.4%9%; H 6.55%; N 10.82%

Example 14:

7-[3-(R)-[1-{ethylamino)cyclopropyllpyrrolidin-1-yl]-1-[2-(

S8) fluoroc-1-(R) -cyclopropyl]-8-methyl-1,4-dihydro-4-

oxoquincline-3-carboxylic acid

After adding 3-(R)-[1-[N-(tert-butoxycarbonyl)-N-
(ethyl)amino]cyclopropyl]lpyrrolidine (2.16g, 8.40mmocl}) and
triethylamine (dml} to dried dimethyl sulfoxide (10ml),
7-fluorc-1-[2~-(8)-fluoro-1-(R) -cyclopropyl]~8-methyl-1,4-

dihydro-4-oxoquinoline-3-carboxylicacid (1.95g, 7.00mmol) was
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J=21 .7Hz) , 4.19 (4H, q, J=6.8Hz). TLC. Rf = 0.1 (chl orof orm nethanol =
9:1) Reference Exanple 27: Ethyl 1- [2- [N [ 1- (S) phenyl et hyl ] pyiliio0d:
acetyl] cycl opropanecarboxylate 1-- (S) -phenyl ethyl amne (12. |g,
100mmol ) was dissolved in acetonitrile (120nl), and an acetonitrile (50m)
solution of triethylamne (15.3nl, 110nmol) and et hyl
1- (2- bronoacetyl ) cycl opr opanecar boxyl ate (23.5g, 100mmol) was added
dropwise in while stirring and cooling with ice. After conpletion of
dri pping, the reaction solution was stirred while cooling with ice for 1
.5 hour fddet theretemubhaatad waderhsrflpsuirdannebl veatth qf73@0 °Cand
concentrated under a reduced pressure. The concentrate was subjected to
ext r act ifor Bilt houdi hndpropyiil ttdeen EtSeEphed)e andftkenconsaptratihgwat er (7
5m) . 111 1 4 JUL 20U4 After extracting the organic layer intolnol/1
hydr ochltire eeacitd on( 46DutienAnddhe msiutiead peasutesotiué iras ivas: washed with
ethyl acetate (100m) . After adding a I nol /| aqueous sodi um hydroxi de

sol uti ordi(slINFed tin t EhBoBEE6if QUSEALH. S AUt ORI hdperhé Ustehicaddi ng
saturated sodi um bi carbonate water (100m ), extraction wth ethyl acetate

(100m ) wAgePewi ok mad.1 0B e Qi s Cci&i‘fé a¥a3 AR tRIhet ookl VWahar
(100m) and saturated saline solution (100m) in that order, and then

dried ovgly ANy QWs 1305 £ UL @i@om@ { @hof bk&,sme@ua@@: 4A8r i ed

concentrating the filtrate under uced pressure, . (68@@ of t he

title CQﬂRﬂP%%hW%&ous sodium sulfate. After filtering, the flltrate
was concentrated under a reduced pressure, and after adding
dropwise concentrated hydrochloric acid {(10ml) to the residue
while cooling with ice, it was stirred at room temperature for
30 minutes. After adding lmol/l hydrochloric acid (20ml) to
the reaction solution and washing the yellow acidic aqueous
solution with chloroform (100ml x 5), the pH was adjusted to
12.0withan agqueocus sodiumhydroxide solution. After adjusting
the pH of the basic aqueocus solution to 7.4 with 1mol/1
hydrochloric acid, extracticon with chloroform (150ml 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 from ethanol
and then dried under a reduced pressure. 1.61lg (55%) of the
title compound was thereby obtained in the form of yellow
crystals.
'H-NMR (400MHz, 0.1lmol/l NaOD) &: 0.57-0.63 (4H, m), 1.04 (3H,

t, J=6.95Hz), 1.19-1.25 (1H, m}, 1.47-1.64 (2H, m), 1.97-1.98

(1, m), 2.40 (3H, s), 2.70-2.73 (2H, m), 2.86-2.87 (1H, m),
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obtained as a pale-yellow, oily substance. 'H NVR (400MHz, CDCl13) S: 1.17
(3H, t, J=7.1Hz), 1.38 (3H, d, J=6.6Hz), 1.48 (4H, s), 3.71 (1H, ;
J=6.6Hz), 3.86 (2H, d, J=2 . OHz) , 4.10 (2H, q, J =7 . 1Hz) . Tkghtlté@ﬂl«:
0.6 (n-hexane:ethyl acetate = 1:1) Reference Exanple 28: Ethyl
1-[2-[N-(dieth 1 hos honoacet |)-N[1-(S)- phenyl ethyl]am no] acetyl]

cycl opropanecar boxyl ate Method A: D et hyl phosphonoacetic acid (15. 1g,

76. 8 I s__dissol ved jn anhydrous tetrahydrofuran(120n ), and_after

ddi gD £ETS 281 KSRy Il 1 ot Bl 161 1 Brgh) . Somich kG B8b Bt th i ce.
It was stirred at roomtenperature for 1 hour. After addin? an anhydrous

t et r ahydiPof Gan I390M1) 188l ut Vo7 o 18t hyl, T=9.26EpN. 7.98 (1H, d

[ 1- (S) - phenyl et hyl ] am no] acetyl ] cycl opr opanecar boxyl ate 112 14 JUL 2004
(17. 6gJ=6426Ha)],) 8.8 3t e H,edGt Je3.4aHaji.on while cooling with ice, it was
stirred at roomtenperature for 1 hour. After adding |Inol/l hydrochloric
aci d (180Br a8d sehhy! 3a9et w4, 10008) 1699, t1e 7 easbBon 458 utien, and
perform ng an extraction operation, the organic |ayer was separated. The

aqueousshayerswas then, sdbpechedibplextraction with ethyl acetate (100m)
and the  "conbi ned organic |ayer was washed with saturated sodi um

bi carb . r.100Qrl,) Lan urated saline solution (100m) in that
order,ﬁ§%§§Fﬁgkg P&édqgéeF%agﬁégéous sodiumsul fate. After filtering and

then cancentrating the fijlyate Underoace (o g 145, 0.1mol/1 NaoOH)

!

Elemental analysis: As Cz3H2eFN3Os;
Calcd.: C 66.81%; H 6.83%; N 10.16%
Found: C 66.52%; H 6.86%; N 10.03%

Example 15:

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

{methvlamino) cyclopropyl ]Jpyrrolidin-l1-yl]1-1,4-dihydro-4-

oxoguinoline-3~carboxylic acid

After adding 3-(R)-[1-[N-{tert-butoxycarbonyl)-N-
{methyl)amino]cyclopropyllpyrrolidine (880mg, 3.25mmel} and
triethylamine (1.0ml) t¢ dried dimethyl sulfoxide (5ml),
l-cyclopropyl-7-flucro-8-methyl-1,4-dihydro-4-oxoguinocline~
J-carboxylicacid (425mg, 1.63mmeol) was added thereto and heated
under reflux in an o0il bath of 70°C for 38 hours under a nitrogen
atmosphere. After concentrating the reaction solution under
a reduced pressure, the residue was dissolved in ethyl acetate
(200ml). After washing the organic layer with a 10% aqueocus
citric acid solution (100ml}, the organic layer was dried over

anhydrous sodium sulfate. After filtering, the filtrate was
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reduced pressure, 28.7g (99% of the title conmpound was obtained as a

yel | ow syrup. Method 3 Di et hyl phosphonoacetic acid (32.8g, 166mmol ){més. 004
di ssol ved i n anhydrous benzene (700m ) , and after adding N, NI - dine

t hyl formam de(lml ), thionyl chloride (18.2m, 250mmpl) 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 (100OM) thereto, its concentration under a reducedpres sure was
performed again. After repeating this operation 3 tinmes, the concentrate
was di sSMRRN TR tefyREst S FetuaRd BresEuxe (308 af termidingdronydsag
dropwi se an anhydrous tetrahydrofuran (300nml) solution of ethyl |- [2- [N

1- ( ScomnstantAakedhydnpabl acbepcicd/ Sy bpdhecrmsuiaiug vl € ¢50Igngll3 14
JUL 2006 166mmmol ) and triethylamne (25. Im, 183muvl) while stirring and
cool i ng wiitthh diaze, it wass sitiirreed athirbemc telnpeg aniitre ifee Borminubeshours and
then stirred at roomtenperature for 2 hours. After adding 1nol /1

hydr ochladrtier aakiithg 301,/ awdredhlordecebatiel (I2mD)! ko tRet Pake@shi ON
solution and perform ng an extraction operation, the organic |ayer was

separ at el kiGRGHRD WadhaYRf theSykhedw sebiheet 8dubeusxkbaGtisA WA th et hyl
acetate (300m ) and the conbined organic |ayer was washed with saturated

ok, RSSO SR J050 S ELRSR| RTAH Lokl
sodium hydroxide solution. After adjusting the pH of the basic
aqueous solutionto7.4withlmol/lhydrochloricacid, 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 recrystallizationfromamixedsolvent of methanol/2-~propanol,
and then dried under a reduced pressure. 331mg (53%) of the
title compound was thereby obtained in the form of yellow
crystals.
'H-NMR (400MHz, CDCl;) &: 0.57-0.65 (1H, m), 0.87-0.92 (14, m),
0.87-1.04 (1H, m), 1.11-1.18 (1H, m), 1.28-1.34 (lH, m),
1.64-1.71 (1H, m), 1.99-2.021H, m), 2.45 (3H, s), 2.50 (3H, s),
2.71-2.76 (1H, m), 3.32-3.36 (3H, m), 3.64-3.70 (1H, m),
4.01-4.05 (1H, m) , 6.99 (1H, d, J=9.06Hz), 8.131H, d, J=9.06Hz) ,
8.85 (1H, s}).
Melting point: 190 to 192°C
Elemental analysis: As C,2Hz7N303;

Caled.: C 69.27%; H 7.13%; N 11.02%

Found: C 69.00%; H 7.16%; N 10.96%
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After filtering and then concentrating the filtrate under a reduced
pressure, 43.6g9 (70% of the title conpound was obtained as a yelipwi i
syrup. 1H NWMR (400vHz, CDC13) 6: 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, n) , 5.42, 6.05 (1H, q, J=7.1Hz) 7.26-7.37 (5H,
m. M5 (mz) 454 ( JMtH + TLC. Rf 0.1 (n-hexane:ethyl acetate = 1:1)

Ref erence Exanpl e 29;

4- (| - et hgxycar bonyl cycl opropyl )-1-[1-(S)-phenyl ethyll-3- pyrrolin-2-one

Aft er diB@gﬁyﬁﬁﬁeeFﬁ?WPig[§5FN- (di et hyl phosphonoacetyl )-N-[-(S)-

phenyl et hyl | am nol acetyl | cycl opr opanecar boxyl ate (25.0g, 114 14 JUL 200

55. 2nmol Bthylt dridnbromegeetyli eyclopropppeicasbiooyplated0g, 66. 2nmol ) was
added gradual ly while stirring and cooling with ice. After stirring the
reaction sol utBihy¥ ok-d&etyheyeloptopanedatbargl atar €208g]0%.2@uRAYS Ccitric
acid solution (250nml) and ethyl acetate (250nml) were added thereto, and
after peasadimsised va £xkthahion{ 0EESHL ) PAndH¥OMATEANTE. TRYEN .\Wakol)
separated. The aqueous | ayer was then subject to extraction wth ethyl

acet at e ¥25Qded AGpIfilsRy whRsBi S £PEn§ YHA 28011 AL0RNER 1Y Eer AWl

saturated sodi um bi carbonate water (250ml) and saturated saline solution
(250m) &dmphatioh@F drifieins 92ReCtemperature of the reaction solution

was raised to 30°C and stirring was performed for 2 hours. After
adding water (1000ml) teo the reaction solution while cooling
with ice, it was concentrated under a reduced pressure was
performed. After extracting the concentrate intoethyl 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, CDCl3) 5: 1.30 (3H, t, J=7.1Hz), 1.60-1.63 (4H,
m), 4.22 (2H, q, J=7.1Hz), 4.49 (2H, s).

TILC: 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 stirredat room temperature
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| ayer was dried over anhydrous sodiumsulfate. After filtering, the
filtrate was concentrated under a reduced pressure, the concentrate was
applied to a silica gel chromatography , and 12. 1g (73% of the {4 tlie 2004
conpound was obtained as a orange syrup from an n-hexane: ethyl acetate =
2:1to 1:2 eluate. The instrunental analysis data for this resulting
conpound agreed wth the data indicated in PCT/JP96/00208. | H NMR (400MHz,
CDC13) 5: 1.18, (3H, t, J=7.2Hz) , 1.60-1.63 (7H, n) , 3.80 (1H, dd, J=1.

5 9.0Hz) , 4.07-4.11 (2H, m , 4.13 (1H, d, J=9.0H), 5.55 (1H, q, J=7.
| Hz) ﬁml(llwrt TJ@lrsﬂg)tmn?SQltui?l% WasH thep C%ceﬁﬁf?teédem(l?mm)}
TLC. Rf = 5 (n-hexane: ethyl acetate = 1:1) Reference Exanple 30:

4-(9) - (& eié@q&rhrrbxﬂﬁﬁml opndpyhe- coptepdyates wes JAade 0l ¢phenyy et h

| ] pyrrolidin-2-one 4- (1-ethoxycarbonylcyclopropyl) -1- (1- CS) -

phenyl etdaridentriytad| hyddoata orliz: | gcdd Swimly wasollisgol weth iicet hyl
acetate (120nmL) , a 5% pl ati num carbon catal yst (water content: 50% 2.4Q)

was addeg triitiohs aRdol EtWes sebtaed E2OOMPOM4YENpRI8EBESrhotlddmhour s
under a hydrogen atnosphere at atnospheric pressure. The reaction solution

was then 5y IRl 58 mdtH=01alY a8l d A d o kvasBeg1w b wiFy lchasebed £drmed. t he

filtrate vvas then concentrated under a reduced pressure. The concentrate

was  applerRdedfn fndd brGand 8l 1 HARANRE LY NIYd r PEll 0 Pe PUH Hy e BusPf od i um

sulfate, andafterfiltering, thefiltratewas concentratedunder
a reduced pressure. B89g (quantitative) of the title compound
was thereby obtained as a colorless, oily substance.

lg-NMR (400MHz, CDCls) 5: 1.35 (6RH, t, J=6.8Hz), 2.98 (2H, d,
J=21.7Hz), 4.1% (4H, g, J=6.8Hz).

TIC: Rf = 0.1 {chloroform:methancl = 9:1)

Reference Example 27:

Ethyl 1-[2-[N-[1-(S) -

phenylethyllaminolacetyl]cyclopropanecarboxylate

1-(S) -phenylethylamine (12.1g, 100mmol) was dissoclved in
acetonitrile (120ml), and an acetonitrile (50ml) soluticon 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).




t he conpound of the title were obtained as a pal e-yell ow syrup frOVlﬁm_’wn
n- hexane: ethyl acetate = 3:2 eluate. Further, 2.60g (219% of the

di astereonmer (4- (R) -isoner) of the title conpound was obtained as a

pal e-yel |l ow syrup. The instrunental analysis data for this resulting
compound agreed with the data indicated in PCT/JP96/00208. 4- (S) -isoner:
1H NWVR (400MHz, CDC13) 5: 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 t, J=8.3Hz),
3.96-4. t@B—PxHac‘Sl%qt(’fr?rg:?nlﬁi’agﬂf)mtwlwiﬂ §5’d€’5’ﬂhlﬂrlcﬁ_‘é =
0.45 (n-hexane:ethyl acetate = 1:1) 4-(R)-isomer: |H NVR (400VHz, CDC13)
5. 0. 72309l 2H) mthe acigic aqueops sglutiam was wu&hsdwlthza;_tluah t,
J=7.1Hz), 1.52 (3H, d, J=7.1Hz), 2.27-2.32 (1H, n) , 2.44-2.52 (2H, m ,
3.14 (2BcetatsQl@Mm)) , AfiGx2dHing alwaliziquects 50dAt hypraide H) |
7.26-7.35 (5H, m. TLC. Rf = 0.5 (n-hexane:ethyl acetate = 1:1) Reference
Exanpl e sdlutlidnl¢1donD) toltthi d #tidl ¢ aduebesbkdlytidn ahddhendfudhder -

cycl opropanecar boxylic acid 4- (S) - (1-ethoxycarbonylcyclopropyl) -1- [ 1-
(S) - pheaingt Bxthpyteal é 68 Mo 1R rbbhaiG wi4e2MIDOIMVPS Sitesitviash in 70m

of ethanol, and after adding a I nol/l aqueous sodi um
with ethyl acetate (100ml) was performed. The organic layer

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, g, J=6.6Hz), 3.86 (2H, d,
J=2,0Hz), 4.10 (2H, q, J=7.1RHz).

TLC: Rf = 0.6 {(n-hexane:ethyl acetate = 1:1)}

Reference Example 28:

Ethyl 1-[2-[{N-{diethvlphosphonoacetyl)-N-[1-(S) -

phenylethvyllaminolacetyl] eyclopropanecarboxylate

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, itwas stirred at room temperature for 1 hour. After adding
an anhydrous tetrahydrofuran (30ml) solution of ethyl 1-[2-[N-

[1-(S)-phenylethyllamino]acetyl]cyclopropanecarboxylate
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hydr oxi de solution (70m) while cooling with ice, the reaction solution
was stirred at roomtenperature for 15.5 hours and then at 40C for %U@qﬁms
After concentrating the reaction solution under a reduced preser e
remai ni ng aqueous | ayer was washed wth ethyl acetate (70nml) . The aqueous
| ayer was thenmadeaci dic by concentrated hydrochloric acid while cooling
with ice and then subjected to extraction with chloroform (70m x 3). The
organi c |l ayer was then dried over anhydrous sodium sulfate, and after
filterin the filtrate was concentrated under a reducedoﬂﬁressure.

9. 40g( 99T hd4-0MmeldokPoliRe FRACEHRR IR WHGD 1dd 1ensophing YaEhds.

1H NWVR (400MHz, CDC13) 6: 0.72-0.74 (2H, m , 1.21-1.23 (2H, n) 1.52 (3H
d, J=7. 38, itma.‘.S?Si\‘-iHFed@t yegngempergiure forJchguyy, Adderjaddsngl6. 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 .1nkll7/ 11 hyddock i@t iReferndnd¢dOGrhhpand 32thyl acetate (100ml)} to
4-(R)-[I-(tert-but oxycarbonyl am no) acl opropyll-1-[1-(S)-

phenyl etthd krewctdldndsbldtaba Halperforirbig Jars ekitrherdbnt spethyi ani ne
(9.6m, 69muol) and di phenyl phosphori c¢ acid azide (DPPA; 10. 4 g, 37.

Immol ) wase dolan e 3o BUSRBBS hgleBlis 11 hvel! whS) then
phenyl et hyl | - -one 4 S)-pyrrolidin-4-yl]-1- cycl opropanecarboxylic acid

(9. 49, 34Hamida @@deﬁgfﬁétléﬁ' WikAY e gﬂowé@wr@wﬂ foind BRYr under
a nitrogen” atnosphere, it was heated un reflux for 1.5 hours. After

combined organic layer was washed with saturated sodium
bicarbonate 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, 28.7g {(99%) of the title compound was obtained
as a yellow syrup.
Method B

Diethylphosphonoacetic acid (32.8q, 166mmol} was
dissolved in anhydrous benzene (700ml), and after adding N,N’ -
dimethylformamide {(1ml) , thionyl chloride (18.2ml, 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) sclution
of ethyl 1-[2-[N-[1-(S)-

phenylethyl ]Jaminolacetyl ] cyclopropanecarboxylate (45.7qg,
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cooling the reaction solution to roomtenperature, tert-butyl al cohl
(95m ) was added thereto and heated under reflux for 15hours. After Jue 2004
|l etting the reaction solution cool, thereaction solution was concentrated
under a reduced pressure and ethyl acetate (95m ) and water (95m) were
added to the concentrate. Af ter performng an extraction operation, the
organic |l ayer was separated and the aqueous | ayer was subjected to
extraction with ethylacetate (95m ) . The conbined organic |ayer was then
washed with saturated saline solution (95nm) and then dried over

anhydr ob§6EBaild A EragEhyvApmanes (4] imihgl83amed hdrikmethgringand |trate
under a reduced pressure, the concentrate was applied to a silica gel

chr onat 6gPapRY whth 1Ee7,gitoess sofinned whidkeceohpomny thadcebier ded as a

col orl ess, anorphous substance froma chlorine: methanol = 50:1 el uate.

"I H NVRh$doEMzq 1ERE] 3)tiGred B6- 0o@b Hefiherytyrd fo372(ldhrs) Afker51 118 14
JUL 2004 (3H, d, J=7. 3Hz) , 2. 32 -2. 44 (3H mM , 2. 7 9 (IH dd, J=7.
3, 10. &HAingimdqd /QHydrdchldrHCacil, (300ml ), arkd 56hYl Heeta té<R0DNM))
7.26-7.34 (5H, m . TLC. Rf = 0.15 (n-hexane:ethyl acetate = 1:1)

Ref er eneg theah®h €t 88n solution and performing an extraction operation,

3-(R)-[l-(tert-butoxycarbonyl am no)cycl gpropyl|l-I-[1-(S)-
phenyl ethyl bpyahoki 0hPEr was separated. The aqueous layer was then
4-(R)7-.11-(tert-but oxycarbonyl am no) cycl opropyl | -1-[1-

(o BRSSO S PEITRL oS3k tha
combined organic layer was washed with saturated sodium
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 obtained
as a yellow syrup.

'H-NMR (400MHz, CDCl,) &: 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=7.1Hz),
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-(8) -phenylethyl]-3-

pyrrolin-2-one

After dissolving ethyl 1-[2-[N-
{(diethylphosphonoacetyl) -N-[1-(58) -

phenylethyl Jamino]acetyl ]cyclopropanecarboxylate {25.0g,
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bor ane-t et rahyckrof uran conpl ex/tetrahydrofuran sol ution (90.7n1,,]LJUk2mL
90. 7nmmol ) was added dropw se gradually thereto under a nitrogen atnosphere
while cooling with ice. Afterconpletion of dripping, it was stirred for 16
hours under the condition of fromice-cooling to roomtenperature. After
slowy adding an aqueous solution (100m ) of potassium carbonate (25.0g,
181nmmol ) 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 (100m x 2) and then washedw th

sat ur at 2P AR sdPutrdiene0dfiSPmithe trLEThEtPBgRItaRsi Wneh7dfPdd over
anhydrous sodiumsulfate, and after filtering, the filtrate was

concent ré&fi sl was addéedc gtagnad dvrehides Giariarg racde caed iagpwi sl to a
silica gel chromatography and 8. 2 Og (82 % of the ti tl e conmpound was
obt ai nedice n Af&eronbiofricg dhkeeseactishaksslintapnatolrl dbomdbnoteet a&anol 119
14 JUL 2thi4 100:1 to 30:1 eluate. 1H NVR (400MHz, CDC13) 6: 0.62 (2H,

brs) , Godm GedfpeZdturg, ,a 1.035aqdbdoud, clteieHaridlsdlutbh $250m1H3 (2H,
m, 1.88-1.92 (1H, nm) , 2.14-2.17 (1H m , 2.27-2.34 (2H, m , 2.63 (1H,

brs) , ahddSethil tatdiete J3050M) wordOadddd bEgdretd; 23mb 33ctaH, m M
(mz) : 331 ([MtH )+ TLC. Rf = 0.4 (chloroform net hanol = 9: 1) Reference

BTl b LT e 1) AR i o e
separated. The aqueous layer was then subject to extraction
with ethyl acetate (250ml), and after washing the combined
crganic layer with saturated sodium bicarbonate water (250ml)
and saturated saline solution (250ml) in that order, the organic
layer was dried over anhydrous sodiumsulfate. 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, CDCl,) &: 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 (l1H, q, 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-(S) ~({l-ethoxycarbonylcyclopropyl)-1-[1-(8) -
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(S)-phenyl ethyl]pyrrolidine (270ng, 0.817mml) was dissolved in e p OWWL
(15m), and after adding a 10% pal | adi um carbon catal yst (water con
52.0% 270ny) , it was stirred at 40C for 3 hours under a hydrogen

at nosphere at atnospheric pressure. After renoving the catal yst by
filtering (ethanol washing) , the filtrate was concentrated under a
reduced pressure, and as a result, 185ng (quantitative) of the title
conpound was obtained in the formof a colorless syrup. 'H NVR (400MHz,

CDC13) 5: 0.69 (2H,_ brs) .79 (2H, brs) , 1. 42 (9H, s) , 1.43-1.50 (1H,
m W(m m), 2.68-2.72 (1H, m), 2.90-3.07
(3H n) 4.92 (1H, brs). Reference_ Exanple 35:

1- benzyl oxycafbéhyetborrparbopydeyclopropyl) -1-[1-(S) -

but oxycar bonyl am no) cycl opropyl ] pyrroli di ne

3- (R) - [ phergrite tthit ok yZ-arponyd iam 2oy dL8pAapy4 9 farur[lql)lzfeﬂdu%ml‘mm
(S)-phenylethyl]pyrrolidine (1. 70g, 5.15mml) was dissolved in

di chl or anekhand 434thke €I2DMENZ W 5hlwlaf onumtca rbbnl 6atalyEL78wabey was
added dropwi se while stirring and cooling with ice. The reaction solution

was t hectitiddted 50% ) @Md)ErpReY alddeel thetre2o) hadr stawdst feirsédratd at 40C
for 1.5 hours. After letting the reaction solution cool, the reaction

sol uti ORMRS tpEedtud erbrindehouirsedneed Br Rgavbgent 4Emesphanerate was
applied to a, silica gel chromatography , and 1. 40g (75% of the title

conmpoun mﬁ%ﬁ@%@éswﬂ&e f oh@ Aot it 9BhaES ohWAW thiehOfi Pfefediexane !
ethyl acetate = el uate. The instrunental
through cellite {washed with ethyl acetate) and the filtrate
was then concentratedunder a reduced pressure. Theconcentrate
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:
1H-NMR (400MHz, CDC13) §: 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
(14, t, J=8.3Hz), 3.96-4.11 (2H, m), 5.51 (1H, q, J=7.3Hz),
7.26-7.35 (5H, m).
TLC: Rf = 0.45 (n-hexane:ethyl acetate = 1:1)
4~ (R) -isomer:

1y-NMR (400MHz, CDCls) 3: 0.72-0.76 (2H, m), 1.18~1.24 (2H, m),
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anal ysis data for this resulting conpound agreed with the data i ndicated
in PCT/JP96/00208. 1H NVR (400MHz, CDC13) 6: 0.70 (2H, brs) , 0.804 2H, 2004
brs) , 1 .41 (9H, s), 1.63 (1H, m, 1.92 (1H, mM, 2.25 (1H, m, 3.07-3.12
(1H, m, 3.29-3.31 (1H mM , 3.56 (2H, m) , 4.85 (1H, brs) , 5.12 (2H, s),
7.33-7.36 (5H m. TLC R = 0.4 (n-hexane:ethyl acetate = 1:1) Reference
Exanpl e 36: 1-benzyl oxycarbonyl-3-(R)-[1-[N-(tert-butoxycarbonyl)-N

(et hyl ) am no] cycl opropyl ] pyrrolidine 1-benzyloxycarbonyl-3-(R)-[I-(tert
but oxycar bonyl am no) cycl opropyl ] pyrrolidine_(1.40g, .8 1) N, N
-dineth%b?brh%ﬁid%r(@ﬁ¥)1ﬁzkdI%@%fd%?ﬂedb9?=€g}Hzégnﬁngf“zgggnéﬁﬁyl i odi de
(24mL, 389nmmpl) were placed in a shaded and sealed tube, and this m xture
was stim)e@.Adr2182hAH, sn) n3124 (24,3 §=800Hah, §i- 1 Op@th @f TBOCciHFhe
reaction solution was then filtered through cellite (ethyl acetate
washi ngy . bod(1ke & | U+at tHups 7t REATJIBBUBH, wnd h et hyl acetate (100m ). The
organic |l ayer was then washed with water (50nmlL x 3) and saturated saline
sol uti om,cé SAALY 005t hathexsne; edhgl datedatges anbydrous sodi um sul fate.
After filtering, the filtrate was concentrated under a reduced pressure,

the conggpbiahBeBRamppLi 8d:t0 a silica gel chromatography, and 1.31g
(89% of the title conpound was obtained in the formof a pal e-yell ow

zy{upfaﬂ—@lb%iawsjE£H¥hy1é6ﬁ&@§62Eogé149kyatsyr58@iamﬁtnugmmtaL anal ysi s
ata 10T tnrs

cyclopropanecarboxylic acid

4-(8)-(l-ethoxycarbonylcyclopropyl)-1-[1-(8) -

phenylethyl Ipyrrolidin-2-one (10.5g, 34.%mmol} was dissolved
in 70ml of ethanol, and after adding a lmol/l agqueous 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 cocling 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 thereby obtained
as white solids.

14-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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resul ting conpound agreed with the data indicated in PCT/JP96/00208; |t 200,
"H NWVR (400MHz, CDC13) 5: 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, s) , 7.32-7.35 (5H M. M
(m2z): 374 ([MtH] )+ TLC. Rf = 0.4 (n-hexane:ethyl acetate = 1:1) Reference
Exanple 37: 3-(R)-[1-[N-(tert-butoxycarbonyl)-N (nmeth I)amno] clo ro I]
rrolidine 1-benzyloxycarbonyl-3-(R)-[1-[N-(tert butoxycarbonyl)-N (nethyl)
am no] cycl opr opyl ]Byrrol idine (1.31g, 3.48nmmol) was dissolved in ethanol
(13ml), Befereher EXBPHY 2210% pal | adi um carbon catal yst (water content:
50% 122 14 JUL 2004 0.65Q) thereto, it s stirred at roomtenperature for
5 hours 4ufRker [H-Kyerbgeutaxyaashenglamniy (gheprepidésdadld- (B rer
performng filtration through cellite (ethanol washing), the filtrate was
concent rplhenly Latibyl bpyedotedipr2senee. Asa result, 0.92g (quantitative) of
the title conpound was obtained in the formof a colorless syrup. 1H NWR
(400MHz, CDCl3)tSluénd8q164H) dijtidn 46 HrAkd ths)l amlin®l (9 16l NpSmmd104 (1H,
brs) , 2.28-2.42 (1H, m , 2.54 (1H, brs) , 2.84 (3H s) 2.88-2.96 (3H, m
TLC R zn@.digidd P odphdet daiald 3z9de) (DPPA; 10.4g, 37.9mmol) was

added to a toluene (80ml) suspension of 1-[1-[1-(S)-
phenylethyl]-2-one-4-(S)-pyrrolidin-4-yl]-1-
cyclopropanecarboxylic acid (%.4g, 34.4mmeol), and after
stirring at room temperature for 1 hour under a nitrogen
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 extractionwith
ethyl acetate (95ml) . Thecombinedorganiclayer 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.

'§-NMR (400MHz, CDCls) 5: 0.56-0.85 (4H, m), 1.37 (9H, s), 1.51
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Ref erence Exanple 38: 3-(R)-[1-(N-(tert-butoxycarbonyl)-N (nethyl)am no]
clorop I]-1-[1-(S)- phenylethyl]pyrrolidin-2-one 14 JUL 2004
4-(R)-[1-(tert-butoxycarbonyl am no)cycl opropyl]-1-[1

(S)-phenyl ethyl ] pyrrolidin-2-one (7.87g, 22.8mpl) was dissolved in

di met hyl f ormam de (100m ), and while cooling with ice, 60%oily sodium
hydride (1.10g, 27.4mvl) was added and stirred for 5 mnutes. Then,

met hyl iodide (7.11m, 114nmol) was added dropw se thereto while stirring

at roomtenperature. After conpletion of dri P{)l ng, the reacti on suspension
was sti ré3&d daf=r odH7? erfpetiatdndd §3H - 2X: oS 1 B Ixdldithgt BB t y sodi um
hydri de (296ng, 7.40mmvl) and nethyl iodide (1.00m, 16. 1lmmol) , " it was

stirred3at3&4G&Hf, or) 24 HRur@H Abre) ; P 1 s gt udat edHZhqueb R andbni um
chloride solution (100m ) and water (150m) 123 14 JUL 2004 to the reaction
suspensi{®H win)l.e stirring and cooling with ice, extraction with ethyl
acetate (300nl x 2) was perfornmed. The conbined organic |ayer was then
washed widt et ef . AEnin-heXanerutisdl Wadtetkesat inel)sol ution (100mM x 2) in
that order, and then dried over anhydrous sodiumsulfate. After filtering,
the filHrah@ners g raged under a reduced pressure, the residue

obt ai ned was applied to a silica gel chromatography, and 7.53g (92% of

the titlg @gmpaund yas-mht Hohy 1henif i) 1 rlessr1-0id)y-~ subst ance

phenylethyl]lpyrrolidine

4-(R)-[1- (tert-butoxycarbonylamino)cyclopropyl]-1-[1-
(8) -phenylethyl ]Jpyrrolidin-2-one (10.4qg, 30.2mmol) was
dissolved in anhydrous tetrahydrofuran (100ml) and a 1.0M
borane-tetrahydrofuran complex/tetrahydrofuran solution
(S0.7ml, 90.7mmol) was added dropwise gradually thereto under
a nitrogen atmosphere while cooling with 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 agqueous solution (100ml) of potassium carbonate (25.0g,
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 thenwashedwith saturatedsalinesolution (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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| H NMR (400MHz, CDC13) 6: 0.83 (4H, m , 1.32 (6H, s) , 1.38 (3H, . s HZ’IU._SI
(3H, d, J=7.1Hz), 1.61 (3H, d, J=16.6Hz), 2.43 (1H ) , 2.68-2.81 %l& Uiy
, 3.21 (1H, m , 5.48-5.50 (1H, m) , 7.26-7.36 (5H, m. Reference Exanple
39 3- (R - [ 1- [N (tert-buto carbon |) -N

(et hyl ) am no] cycl opropyl ]-1-[I-(S)-phenyl et hyl ] pyrrolidine
3-(R)-[1-[N-(tert-butoxycarbonyl)-N (nethyl)am no]cycl opropyl]-1-[1-(S)-
phenyl ethyl]pyrrolidin-2-one (7.53g, 21.0Ompl) was dissolved in anhydrous
tetrahydrqofuran (7Qnmil), and a 1.011 borane-tetrahydrofuran

conpl exFt &topéﬁy&r"of%ﬂ’a"n &Hakq-on (63. 0, 63.0mopl) was added dropw se
gradual Ly thereto while stirring and cooling with ice. After conpletion of
dri ppi ngH-MNMR WAQOMBE; r EBCAS) rBorf t&hpbttht resX or0 2P HOWBS. (2t an) sl owl y
addi ng an aqueous solution (72m ) of potassium carbonate (7.229) 124 14 JUL
2004 whill.85cd8Bi,nd ,wehk -E8a) ,i L . dds(9dat ell, uhdeB® (28} uw) f or. 8851 h9ar s.

After letting the reaction solution cool to roomtenperature, water
(150ml) (aels mpgezl, 14x2 ruet (100, wi)t,h2 e2hyL . adel2H ¢ n()20QnH3 1R) huss) ,
performed, and then the conbi ned organic |ayer was washed w th saturated
sal i ne gqQhut (oR, (200iMe , Tk teiey) ,db6i. 20 VR bAdhydr.eas 7sedi YBHSHhY at e.

After filtering, the filtrate was concentrated under a reduced pressure,

t he conggntmatzg -wa1 aM+mg*to a, silica gel chromatography, and 7.19g
(99% of the title conpound was obtained in the formof a colorless syrup

TLC: Rf = 0.4 (chloroform:methanol = 9:1)
Reference Example 34:

3-(R)-[1-{tert-butoxycarbonylamino) cyclopropyl IJpyrrolidine

3-(R)-[1-(tert-butoxycarbonylamino)cyclopropyl]-1-[1-
{S) -phenylethyl]lpyrrolidine (270mg, 0.817mmcl) was dissolved
in ethanel (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 cclerless syrup.
'H-NMR (400MHz, CDCl;} 5: 0.69 (2H, brs), 0.79 (2H, brs), 1.42
(9H, s), 1.43-1.50 (1B, 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:

l-benzvloxycarbonyl-3-(R)-[1-{tert-

butoxycarbonylamino) cyclopropyl Jpyrrolidine

3-{R)-[1-(tert-butoxycarbonylamino)cyclopropyl]-1-{1~
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chl orof orm net hanol = 50:1 eluate. 1H NVR (400MHz, CDC13) 6: 0.73

froma

(4H, m , 1.35 (9H, s) , 1.36 (3H, s), 1.61 (1H, m, 1.85 (1H, m A%U@ﬁ%i
(1H, m, 2.27 (1H, 2.50-2.58 (2H m , 2.79 (3H, s) , 2.99 (1H, n}

3.
3
3
(

14 19 (IH, m, 7.27-7.30 (5H, nm). Reference Exanple 40:

(R -[1-[N-(tert-butoxycarbonyl)-N (nethyl) am no]cycl opropyl !l pyrrolidine
-(R-[1-[N-(tart-but oxycarbonyl)- N
met hyl ) am no] cycl opropyl ]-1-[1-(S)-phenyl ethyl]pyrrolidine (7.19g,

20.9mmol ) was dissolved in ethanol (78m) , and after adding al0%
pal | adi ut$taphenytethyyipryewal édinenilemOg 5994 SBnodhwas dissakasedtinrred at
40C for 4 hours under a hydrogen atnosphere at atnospheric pressure. After

per f or m digchlbtométbanéhr (34hl) celdrid e betizhamdl oxehiri@te the1biltrate was
concentrated under a reduced pressure. As a result, 4.38g (quantitative)

of the 12573#md1} @9@%&&1&&1 PR GRS idiNes 'a'ﬂdt R8ohohg @fi th
col orl ess syrup. he 'H NVR data and the TLC Rf value of thisS resulting

50 80 190 oLy %%QZ%H?QS%@“% S PP e aéf%%@%%‘m?%gc?ci?
B AN E VNS S I
letting the reaction solution cool, the reaction solution was
concentrated under a reduced pressure, the concentrate was
applied to a.silica gel chromatography , and 1.40g (75%) of the
title compound was obtained in the form of a colorless syrup
from an n-hexane:ethyl acetate = 2:1 eluate. The instrumental
analysis data for this resulting compound agreed with the data
indicated in PCT/JP96/00208.
lH-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 (24, m), 4.85 (1H, brs), 5.12
(2B, s), 7.33-7.36 (5H, m).
TLC: Rf = 0.4 (n-hexane:ethyl acetate = 1:1)
Reference Example 36:

l-benzyloxycarbonyl-3-(R)-[1-[N-{tert-butoxycarbonyl) -N-

(methyl)amino]cyclopropyl lpyrrolidine

l1-benzyloxycarbonyl-3-{R)-[1-(tert-
butoxycarbonylamino) cyclopropyl lpyrrolidine {(1.40qg,
3.89mmol) , N,N’-dimethylformamide (7ml), silver oxide (9.0g,
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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4-(R) -[1-[ N-(tert-butoxycarbonyl)-N

(ethyl)am no] cycl opropyl]-1-[1-(S)-phenyl ethyl]pyrrolidin-2 -one

4-(R)-[1- (tert-butoxycarbonyl am no) cycl opropyl ]-1-[ 1- 14 JUL 2004
(S)-phenyl ethyl ] pyrrolidin-2-one (4.16g, 12.1mmol) was dissolved in

di met hyl formam de (50m ). Under a nitrogen atnosphere and at room
tenperature, 60%oily sodiumhydride (580ng, 14.5nmmvpl) was added thereto
and stirred for 10 mnutes, and then ethyl iodide (4.87nl, 60.5mvl) was
added dropwi se. After conpletion of dripping, the reaction suspension was
stirredambinosarheapesetalr e Ther réacktivhs sobhtebnadssnghén seiltaied

aqueous ammoni um chl oride solution (150nml) to the reaction suspension

whi | e stibydudth 2d166@ i(e@hyit BcbeateCWhEREhEPNanit Phe et VEraEetwde (150Nt
x 2) was perforned. The conbined organic |ayer was then washed with water

(150m &h@naggggééa%ﬂﬁgf;gg]h;%%{% Lt}ifot%grl(ylfSOfﬂéaz&gr{aﬁ.{e 184fgngagnd then

dri ed oveéer rous so filterin trate was

concentrated 12 4 JUL 2004 e educe S | due obtai ned
was appltl%&’j'1 Yasgsés"ﬁ'f é‘aggr‘ gﬁgrf)"{rra 3 r%fo f%%%%f%galggga%ﬁ 'g <?I{'/e) of
the title conpound was obtained.in the formof, a col orl ess qj subst ance
from an (SORIA0B: Dhat OrgaR apBAEL o SRR BRhYHTAUR PAbIRLSUIERES; o
0.49-0.80 (4H, ,.1.02-1.04 (3H, m 1.37 (9H, s). ., 1.49-1.51 (3H m ,
1.92-1. Mt@fl—ﬁlg% ripgggthe dal e ?f?s,c%‘?%%@%?%%e‘% H‘TI,d% a,r%?‘ﬁ‘?e-‘%. 70 (2H,
m , 3.20-4.23 (2H, n), 5.48-5.50 (1H, nm), 7.26-7.52 (5H, _m.

pressure, the concentrate was applied to a silica gel

chromatography, and 1.31g (89%) of the title compound was
obtained in the form of a pale-yellow syrup an n-hexane:ethyl
acetate = 2:1 eluate. The instrumental analysis data for this
resulting compound agreed with the data indicated in
PCT/JPSE/00208.

lH-NMR (400MHz, CDCls) &: 0.83 (4H, brs), 1.42 (9H, s), 1.55
(1H, m), 1.88 (1B, m), 2.28-2.43 (1H, m), 2.83 (3H, s), 3.02-3.04
(l1H, m), 3.25-3.33 (1H, m) , 3.55 (2H, m}, 5.12 (2H, s), 7.32-7.35
(5H, m).

MS (m/Z): 374 (IM+R])*

TLC: Rf = 0.4 (n-hexane:ethyl acetate = 1:1)

Reference Example 37:

3-{R)-[1-[N-(tert-butoxycarbonyl) -N-

(methyl)amino] cyclopropyl lpyrrolidine

l-benzyloxycarbonyl-3-(R)-{1-[N-(tert-
butoxycarbonyl) -N- (methyl)amino]cyclopropyl]lpyrrolidine
{1.31g, 3.48mmol)} was dissolved in ethanol (13ml), and after

adding a 10% palladium carbon catalyst (water content: 50%;
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Ref erence Exanple 42: 3-(R)-[1-[N-(tert-butoxycarbonyl)-N (eth |)am noj
clorol]-1-T1-(S)- hen leth |I] rrolidine

4-(R) -[1-[ N-(tert-butoxycarbonyl)-N ]AJmBgmL
(ethyl)am no] cycl opropyl]-1-[1-(S)-phenylethyl]pyrrolidin-2 -one (4.
12. 1 mmol ) was dissolved in anhydrous tetrahydrofuran (80m), and a 1. OM
borane- tetrahydrofuran conplex/tetrahydrofuran solution (48.01,

4B. Omol ) was added dropwise in while stirring and cooling with ice. After
conpl etion of dripping, the reaction solution was stirred for 16 hours
under tloe é5edthieeatol, itoas eticeeld af feon GamMpdrartuiaforesS Heurs
concentrating the reaction solution under a reduced pressure, a 9:1 m xed

sol ut i ORnEhEO Ihyir Yt tiimcdshe ¥ Y@Soskled & heretourand xfteF adding

triethylamne (5m) ,” it was heated under reflux for 4 hours. After
i ' / . :
por for nESLooaIite £17 £33 e e i bR FIPET bk Eno FAREEIE %S 4w
2604 wat 1Q0mi dded.tq .t ' t ' ] I f
(oom Fi3Ferie YA FoRreaCearadrnarm A codunen REr =25 sin: 2 pdrsl i “asned

wth saturated saline solutio 100mi and then dried, over . anhydrous
Sl U DRt AToAREBERERVE) | o e Ro EL e SR e e RBLAL PaRath T 2

reduced pressure, the concentrate was applied to a silica gel
chr omat 8§F8DIRE, BafPleTiRFsS (YW -of the ti tle conpound was obtained in the

formof a colorless syrup froma chloroformnethanol = 100:1 to 95:5
el uat e. *H-NMR (400MHz, CDCls) 5: 0.80 (4H, brs), 1.46 (9H, s), 1.81

(1H, m) , 2.04 (1H, brs), 2.28-2.42 (1H, m), 2.54 (1H, brs), 2.84
(3H, s), 2.88-2.96 (3H, m).

TLC: Rf = 0.1 (chloroform:methanol = 9:1)

Reference Example 38:

3-{(R)-[1-{N-{tert-butoxycarbonyl) -N-

{methyl)aminclcyclopropyl]-1-[1-(S) -

phenylethyl]lpvrrolidin-2-one

4- (R} -[1-{tert-butoxycarbonylamino) cyclopropyl]-1-[1-
(S) -phenylethyllpyrrolidin-2-one (7.87g, 22 .8mmol) was
dissolved in dimethylformamide (100ml), and while cooling with
ice, 60% oily sodium hydride (1.10g, 27.4mmol) was added and
stirred for 5 minutes. Then, methyl icdide (7.11ml, 114mmol)
was added dropwise thereto while stirring at room temperature.
After completionof dripping, the reaction 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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| H NVR (400MHz, CDC13) 5: 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, 14 JUL 2004
2.56-2.57(2H, m, 2. 86-2.96(1H, m, 3.13-3.18(2H M, 7.21-7.300H m. Reference
Examvle 43: 3-(R-[l-[N-(tert-butoxycarbonyl)-N

(et hyl ) am nol cycl opropyl I pyrrolidine 3-(R)-[I-[N-(tert-butoxycarbonyl)-N
(ethyl)am no] cycl opropyl]-1-[1-(S)-phenylethyllpyrroliding (3. 01g,
8.40mmol ) was dissolved in ethanol (120m) , and after addi ng a 10%

pal | adi um carbon catal yst (water content: 50% it was stirred at
40' C f orts theurea gt %W@@nwﬁ%%%%rén%ﬁnﬁt%w v thr bG8 ur e.

After performng filtration through cellite (ethanol washing) , the
filtrat exaacoimremirtt ethyddaretateelB3enl pr @dswes. pAsfarmedul t Th@. 169
(quantitative) of the title conpound was obtained in the formof a

col or | essonbyimegyl drgdnivR]e4ea]1 Wik, tHCIE)sHed rid3r Gralfer( 4H00ANL x 3) 46 (9H,
s) , 128 14JUL2904 1.74-1.82 (1H, m, 2.16-2.18 (2H, nm), 2.43-2.52 (2H, m,
2.90- 2. 3hd FdtuBated #h13Intd soildtibh. (Rebpnence) Exarphgti4dider, and
2,3,4-trichl orobenzoic acid Sodi um hydroxi de (45.42g, 1. 090nol ) was

di ssol V%éd“d%&&rovégggﬁﬁrhréﬂg MU ihen GAPFLRE. WAPLLLE4102TNRE th
(16.85n, 0. 327nol ) dri pped therein over a period of 5 m nut es Af ter

stirri neflltﬂf‘a{eeasg'&héé}ma&a 8half f PLaldeHI M ESird, Lh@ANS 4320nt)

obtained was applied to a silica gel chromatography, and 7.53g
{(92%) of the _t,i tle compound was obtained in the formof a colorless
oily substance from a chloroform:methanol = 50 to 30:1 eluate.
H-NMR (400MHz, CDCls) &: 0.83 (4H, m), 1.32 (6H, s), 1.38 (3H,
s}, 1.51 (3H, d, J=7.1Hz), 1.61 (3H, d, J=16.6Hz), 2.43 (1H,
m), 2.68-2.81 (38, m), 3.21 (1H, m), 5.48-5.50 (1H, m) , 7.26~7 .36
(5H, m).

Reference Example 39:

3~ (R)-[1-[N-{tert-butoxycarbonyl) -N-

(methyl)amino]cyclopropyl]-1-[1-(S)-phenylethyl Jpyrrolidine

3-{R)-[1~-[N-{tert-butoxycarbonyl)-N-

{methyl)amino]cyclopropyl]-1-[1-(S) -

phenylethyl]lpyrrolidin-2-cne (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 cocling 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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solution of 2',3",4'-trichl oroacetophenone (24.40g, 0.109mol) was ¢iijppeg,
therein at 0C over a period of 30 mnutes. After stirring at room
tenperature for 14 hours, water (350m) was added and then washed with di
chl oronmet hane (350mL) . The aqueous |ayer obtained was gradually nade
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 renoved by azeotropic distillation with
tol uene. 22.33g (91% of the title conmpound was thereby obtained as a pale
yel | ow pbidercoaH ng/mithobrty 1 torst bpatedumier rpflyx fRigl3fhours 70 (1H,

d, J=8.6Hz) Reference Exanple 45: Ethyl (2,3,4-trichlorobenzoyl)acetate

2, 3, 4-t Aftkirol ebbhngi theoteac(mi.m@olmi@mbplwae r o sngexra ture,
tetrahydrofuran (80nl), carbonyldiimdazole (3.89g, 24.0mmol) was added

t her et owaftelre (THOML howals tddde®, eatdrabA chdwilth 20R¢] tdhewtste ry2abml room
tenperature for 3 hours (solution A). Meanwhile, nalonic acid nonoet hyl

ester Uﬁmp@éﬁ?‘élrlﬂar‘&@d af®+8é8. t HOcENBDhed Wagatd saRAed wh B waidhdd acet at e,
and while cooling with ice, triethylam ne (13 9L, 100. Ommol) and

TBgnesi LANsAtdE ded Buhi 0. sETWRI dn W2 S0t eEnlN eheho arilhPloueit I 11T Ng

at roomtenperature for 3 hours the reaction solution was cooled with ice

and the.aoueodescphled S8hPLLRNARS:E | APRClri O 4l T oARHORP! uti on

over a per m nut es. ter

concentrated under a reduced pressure, the concentrate was
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.

'H-NMR (400MHz, CDClas) &: 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]cvelopropyl lpyrrclidine

3-(R)-[1-[N-{tert-butoxycarbonyl) -N-
{(methyl)amino]cyclopropyl]-1-[1-(8)~-phenylethyl]pyrrolidine
(7.19g, 20.9mmol) was dissolved in ethancl (78ml), and after
addingalO%palladiumcarboncatalyst (water content: 50%; 3.9q),
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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t hen washing solution Ainto the reaction solution using tetrahydrofuran
(10OM) , it was stirred at roomtenperature for 14 hours, and then thf
reaction solution was poured into a 10% aqueous citric acid sol ut iTén/UL 2004
(200m) . This was then extracted wth ethyl acetate (200nl) , washedw th
saturated saline solution (200rnl) , and then dried over anhydrous sodi um
sulfate. After then renoving the drying agent by filtration, the sol vent
was evapotated under a reduced pressure, and the crude product obtai ned
was subject to silica gel chromatography, thereby obtaining 2.681g (45%
of the ttitle compmundl amsaopdhéneddini the ffarm mf - hoartesshyyrapet ate =
5:1 eluate. IH NXR (400MHz, CDC13) 8: 1.25 (1.5H, t, J=7.2Hz) , 1.34 (1.5H
t, J=7.CHr 'H-BMRXUAtdlare) thedTIO Rflthlge JERRNF resud t28g( dbnpfund
J=7.0Hz), 5.47 (0.5H, s), 7.37-7.49 (2H, n), 12.45 (0.5H, m Reference
Bxanpl ¢ dfyedd it fhal Ehtor mds b2t dS)pidupogeio(R ¢ clo 1o 13-1 4. dih
dro-4-oxo uinoline-3-carbox late 130 14 JUL 2004 Am xtureof ethyl (2 , 3,
4-tri chlwgheRgoyl ta 6810 . Q4oL acet ydrj de; (40m ) and
triethyl ﬁorﬁ?%o%tg})ga%' T((%&(r%% g/és@heegt gzd ﬁnd%?)Fe f{ljé ?%\ﬂr?’ 2“5’ h%)U%g in an
oi | bath 400, , Af orAaty ol . ven d a.reducegd_pressure,
azeotropﬁl?’dfnit’i 1% i(t&?’vxggggarzﬁggggglﬁwﬁéﬁhgmt’o%ug’aeﬁ%’ Pirr?gS)E'? obtain

3.272g9 o cr,ud - OXY- 2- (2, 3,4-trichl orobenzoyl)acrylate as a
pal e- red‘f%f'l s)y % Fe. 08 B VR

TLC: Rf = 0.1 ({(chloroform:methanol = 9:1)
Reference Example 41:

4-(R)~[1-[N-(tert-butoxycarbonyl) -N-

(ethyl)aminolcyclopropylj-1-[1-(S)-phenylethyl]lpyrrolidin-2

-one

4-(R)-[1l-(tert-butoxycarbonylamino)cyclopropyl]-1-[1-
(S) -phenylethyl Ipyrreolidin-2-one {4.16qg, 12.1lmmol) was
dissolved in dimethylformamide (50ml). Under a nitrogen
atmosphere and at room temperature, 60% cily sodium hydride
(580mg, 14.5mmol) was added thereto and stirred for 10 minutes,
and then ethyl iodide (4.87ml, 60.5mmol} was added dropwise.
Aftercompletionofdripping, thereactionsuspensionwasstirred
at room temperature for 15 hours. After adding a saturated
aquecus 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

sodium sulfate. After filtering, the filtrate was concentrated
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The above-obtai ned crude ethyl 3-ethoxy-2-(2,3,4- trichlorobenzoyl)

acryl ate product (3.272g) was dissolved in dichloronethane (50mn MJUL 2004
2-(S)-fluoro-1-(R)-cycl opropylam ne tosylate (2.467g, 9.98mvpl)
triethylamne (1.64nl, 11.79mmvol) were added thereto in that order while
cooling with salted ice, and stirred at roomtenperature for 19. 5 hours.
thyl acetate (200m) was added to the reaction solution, and after
washing with 10% aqueous citric acid solution (80rnl x 2), saturated
aqueous sodi um bi carbonate solution (60n) and saturated saline solution
(BOri ) ,urnidemas redusg@dopersguhgdrbhe uenahlhiFigied was epplied £enoving
t he dryr ng agent by filtration, the solvent was evapotated under a reduced
pressur e idicst giel a‘ha'mva@ogurlaphys- aphg- 4( Spg- lauansitatiRe)-of the

cycl opropyl ]am no-2-(2, 3, 4-trichl orobenzoyl )acryl ate (3.59g) as a

pal e- or afigfle GioMpoderd Sws tabicei nddiei mblve - Bbimi Sfda ceolerbésyl oBlyj 2- (S)
-fluoro-1- (R) - cyclopropyllamno-2-(2,3,4-trichlorobenzoyl)acrylate 131
14 JUL 2Q041Gh&d BrimSanirssad vt idelyl etbdipxane { 4ondjuatand af ter
addi ng sodi um hydride (60% content, 433ng, 10.82mvl) while cooling wth

i ce, 11 yagvil rée%%orcﬂ«fhvhos"% WY1, PR} D 1 A2 lodsR, ahy 50' C

Af ter evaporatrong t ent under a reduced pressure t he resr due was

dlssolvd fo Ogt) n after shimn 100 uso citric

aci d sol utﬁi-};n(%om?) ig?r gétg%r %g’dqga'l |1ne9230 lf}jﬁ Ql‘ﬁf (5 rri’ g, 6!"i]t‘lg!vvigig dried

over anh(qu_r ou§ §o§|6u§n §uI(flﬁt ) ’fé &t t?efbr&qpvr r}g ghgodﬁybggtéxgent by
m), 5.48-5.50 (1H, m), 7.26-7.52 (5H, m).

Reference Example 42:

3-(R)-[1-[N-{tert-butoxycarbonyl) -N-

{ethyl)amino]cyclopropyl]-1-{1-(S) -phenylethyl]lpyrrolidine

4-(R)-[1-[N-(tert-butoxycarbonyl) -N-
(ethyl)aminolcyclopropyl]-1-[1-(S) -phenylethyl]pyrrolidin-2
-one {4.56g, 12.1lmmol) was dissclved 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 scolution 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 reducedpressure, saturated sodiumbicarbonate
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filtration, the solvent was evaporated under a reduced pressued pressure,
and the crude product obtained was subject to silica gel chromatddr bﬁ$m
t hereby obtaining 1. 475g (48% of the title conmpound as a pal e-yel | ow
powder f roma chloroform ethyl acetate = 1:2 eluate. 'IH NWR (400VHz,
CDC13) 8: 1. 35-1.50 (IH, m , 1. 41 ('3H, t, J=7 - IHz) 1. 55-1.75 (1H,

, 4. OB-4.13 (Ili, m , 4.39 (2H, g, J=7. |Hz) 4.80-4. 98 (IH, m ,
7.53 (1H, d, J = B. 5Hz) , 8.34 (IH, d, J=6.8Jiz) 8.57 CH, d, J=2.7Hz).
M5 (mz) : 344 (W Reference Exanple 47: 7, 8-dichloro-1 - 12 - (S) -f
| uor o- 1watRr - §hePmpl oppEs 1added4 to dthg!drltesmr@@guemalran@l@ncadbtixyl ic
acid A mxture of ethyl 7,8-dichloro-I-[2-(S)-fluoro-I-(P,)-
cycl opr epwlidrol.ofmdi (Ldmd- 4 @0 quE sn e rfiorSneshy md/ | ien Athd ldgubih&B7mol )
acetic acid (8m) and concentrated hydrochloric acid (4m) was heated under

reflux b3Fald olibhydDWhd vasBelatirth satapatbl LAlihdbold®ConAlt®Imihen
adding water (4 Oml) and cooling with ice, the crystals fornmed were

FilteredndOthelRE: NMREEPIr Wty BRI sbafimsudraten? Agkeeusi Bidwngl, sol ution
(5L x 2) , and diethyl ether (5nl x 2) , thereby obtaining 909ny (89% of

130 1. L%S“ec%Eﬁ%%a‘%a%s9%*‘%5*‘?%%@#{’9“%%3 5%%%48%’%5@‘“ 67 T o, 9=
8. 8Hz) co%c%%t(rja%e 1slas gpp?iggzt)oa silicagel chromatography, and4.26g
{99%) of thetitle compoundwas cbtainedin the formof acolorless
syrup from a chloroform:methancl = 100:1 to 95:5 eluate.
14-NMR (400MHz, CDCl;) &: 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 ({(1H, m), 3.13-3.18 (2H, m),
7.21-7.30 (5H, m).
Reference Example 43:

3-{R})-{1-[N-{tert-butoxycarbonyl) -N-

{(ethyl)aminojeyclopropyl 1pyrrolidine

3-(R)-[1-[N-(tert-butoxycarbonyl) -N-
(ethyl)aminoclecyclopropyl]-1-[1-(S) -phenylethyl]pyrrolidine
(3.01g, B.40mmol) was dissolved in ethanol (120ml), and after

addinga l0%palladiumcarbon catalyst (water content: 50%; 3.0q),

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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8.86 (1H, d, J=2.7Hz) Melting point: 198 to 201C Specific rotation:
[a]D24.5 = -24.0 Elenental analysis: As CL3H8CI 2FN0O3; Calcd.: C 49.J80%0iH
2.55% N 4.43% Found: C 49.14% H 2.40% N 4.33% M5 (mz) : 315 (W)
354 [ (M+K) +] Exanple 16:

7-[3-(R) - (1-am nocycl opropyl )pyrrolidin-I-yl]-8-chloro,l -
[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 4- oxoqui nol i ne -3-carboxylic
acid A mxture of 7, 8-dichloro-1- [2- (S) -fluoro-1- (R) -140C

cycl opraopyl ] -1, 4- di hydr o- 4- oxoqui no] i ne- 3-car boxylic acid (253nyg,

0. 80rrrm|1)',7""]£<)'-1 (89 11%? m) it et t 1B1# ok§ c dPBonyMani %o)‘éygl- 88r kAH | pP v ol i di ne
(272mg, 1. 20nmmol ), N-net hyl piperidine(0.195nl, 1. 60mob1l) and di ne thyl

sul f oxi de BT )92t iMred fD-F2holdE, il 1 e heating in an oil bath at
80C and under a nitrogen-repl aced atnosphere. After 133 1 4 JUL 2001
evapor atRefiprtdrees @xeapile t4k: resi due was partitioned in ethyl acetate
(50m) and 10% aqueous citric acid solution (30m) , and after separating
t he or ganix, 4-aydichlidwbsmpoii€ day®r was washed w th saturated saline
solution (30nl) . The organic layer thus obtained was dried over anhydrous

soFIi urnt sul f at sod 20 Midrdixidee (@Y N8y | he ooy woeat byl ehtitAde8r the
solven was

(220ml}, andwhile coolingwithice, bromine {16.85ml, 0.327mol)

was dripped therein over a period of 5 minutes. After stirring
the reaction solution at 0°C for 15 minutes, a dioxane (220ml)
solution of 27,37 ,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 thenwashedwithdichloromethane (350ml). Theaqueous
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:

Ethvl ({2,3,4-trichlorobenzoyl)acetate

2,3,4-trichlorcbenzoic acid (4.51g, 20.0mmol) was
dissolved in tetrahydrofuran (80ml), carbonyldiimidazole

{3.89g, 24 .0mmol) was added thereto while cooling with ice, and
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evapor at ed under a reduced pressure. The residue was subject to silica gel
chromat ography and a crude 7-{3-(R)-[1-(tert butoxycarbonyl am no)

cycl opropyl I pyrrolidin-l-yl}-8-chloro-1 - [2- (S) -fluoro-1- (R 14 JUL 200
-cyclopropyl ] -1, 4-dihydro-4- oxoquinoline-3-carboxylic acid was
obtained froma chloroformnethanol = 10:1 eluate. The above-obtai ned
crude 7-{3-(R)-[I-(tert-

but oxycar bonyl am nq) cycl opropyl ) pyrrolidin-1-yl}-8-chloro-I.

-12-(9) PBoFG-lF-r?%) 3¥yé]°8ﬁ'r Taturgi fedr &- Foudoqli it iR Rear boxyl i ¢
acid was dissolved in concentrated hydrochloric acid (5m) while cooling
wi t h i ceandhiilef t srlonier erdg damongerhiyd neetatrumeniogro t2@ sdiumutsed.t t he
solution was transferred into a separation funnel and washed wth

chl or of @enB{gOM 0 XOriflol ) Mess OsusPEjed Sat Widhyad zuspteous, SSediwinikydr oxi de
solution was then added while cooling with ice to the aqueous |ayer after

washi ngeobhengbyiadi ustieny EPfeElH{'lérﬁir?éLl’(1Qr.‘§m§.r,‘e!'f@(5'§@rﬁmoﬂ"e apld wes
adjusted to 7.7 by adding concentrated hydrochloric acid and Inol/1

oxtr ac ranhes e ntof RTINS, SRy Bimet) BPRGaRs LhERRYT 3SR et hano
anhydr oG LEHI B AT SRPRHETS R o ERb Ao he SR/ AR SRRRC Y BER rati o
e e ptan SuaPRLsLed ndeto p euced Bressire, The resioue ves ther
of a gh%on'ghx:{[surrgagiion solution over a period of 10 minutes. After
then washing solution 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%
agueous 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
obtained was subject to silica gel chromatographﬁ, 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, CDCl;) &: 1.25 (1.5H, t, J=7.2Hz), 1.34 (1.5H,
“t, J=7.0Hz), 3.99 (18, s}, 4.19 (1H, q, J=7.2Hz), 4.28 (1H, g,
J=7.0Hz), 5.47 (0.5H, s}, 7.37-7.4% (2H, m), 12.45 (0.5H, m)

Reference Example 46:

Ethyl 7,8-dichloro-1-[2~(8)-fluoro-1-{R)-cyclopropyl]-1,4-

dihydro-4-oxoguinoline-3-carboxylate




chl or of or m et hanol : water), slurry-purified using ethanol -diethyl eltihdi, 200
and then dried under a reduced pressure to obtain 96ng (30% of the title
conpound as apal e -yell ow powder. 1H NVR (400MHz, O.1nvol/1 NaOD/ D20) 6:
0.45-0.65 (4H, n), 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, n) , 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 130C Specific rotation: [Un24.5 =
-193. 0 El emdmiiat twred§ sitdy A2 RotrdrRtemz sl ecetatec® 6835, 49% H
5.59% N 9.71% Found: C 55.74% H 5.45% N 9.57% MS (mz) : 406 (M} H) +]
Ref er enz eo Tgdd D) £ skt izt ydhydFideor(@omi) 2a08) t#i ethyl |lextRofmiatea 0 1] -5-h
drox -8- nethyl -1, 4-di hydro-4-oxogui nol i ne-3-carbox | ate Ethyl

5-am nofioﬂ‘d HO¥fs e deSimbledor @i ok Do ¥e/s0RbeRY | in B35 0l14pdth 2004
8- nmet hyl - 1, 4- di hydr o- 4- oxoqui nol i ne-3 -carboxyl ate (1.414g, 4.39mvol) was

W Th ook ARREBRE R T oY FrESedyRie o e pisble iR A D) s
30 T AR RN G RE SIS (P8 £ARAS ARl oAnd TR S per at ur e,
an aqueggs COp@%@a%' ) ni t.'g .a2t7e2gt " hydortat © crude ethyl
3-ethoxy-2-(2,3,4-trichlorobenzoyl)acrylate as a

prale-red oil.

The aQOVe—obtained crude ethyl 3-ethoxy-2-(2,3,4-
trichlorocbenzoyl)acrylate product (3.272g) was dissolved in
dichloromethane (50ml), 2-(S)-fluoro-1-(R)-cyclopropylamine
tosylate (2.467g, 9.98mmol) and triethylamine (1.64ml,
11.79mmol)} were added thereto in that order while cocling with
saltedice, andstirredat roomtemperaturefor19.5hours. Ethyl
acetate (200ml) was added to the reaction solution, and after
washing with 10% aqQueous citric acid solution (80ml x 2),
saturated aqgueous sodium bicarbonate solution (8Uml) and
saturated saline solution (B80ml), 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) -
cyclopropyllamino-2-(2,3,4-trichlorobenzoyl)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-trichlorcbenzoyl)acrylate




solution (17.00, 70.2mmol / 155nl) was dripped therein over a period of 10
mnutes. After stirring at OC for 5 mnutes, copper (I) oxide (565nmg,, B 200
95mmol ) was added while stirring the reaction solution violently. After
then stirring at roomtenperature for 20 mnutes, extraction into

chl oroform (200m x 2) was perforned, and after naking t he aqueous | ayer
slightly basic wth sodi um bi carbonate, the aqueous | ayer was extracted
with chloroform (150mM x 3). The conbined organic |ayer was then dried

over a@%ﬂu§a§%é§8ﬁlﬂ&%Qirl@&ﬂd%iﬁﬁer(@!ﬁﬁ!l)ngart&@ftéjfyl ng agent bt the
filtration,” the solvent was evaporated under a reduced pressure. The crude

productadbhlr@ nesdinas H{éerni delbj &% cdrtemts) |[433ngyell clB2omel dgwhphe, t her eby
obtaining 297ng (21% of the title conpound as a yell ow powder from a

Ch| or Of&fdfﬂl"fﬁ} filﬁrt‘?xl 1?:e10111 xﬁ‘aléJ%tthrEH‘M 1APRMEE, whD(d Heatinglidb-1.4 7 (
40 1.53-1.63 (1H, ), 2.51 (3H, t.

éé_s“(“%?ﬂ 318%%903544# %Eé%ﬁ?‘%j’?%f‘%l%%gfé’évﬁ Vidg R VRV O
oo riﬁ‘%&fgﬁéﬁ%ﬁssgrgﬁgﬁfﬁ%@ﬁ%ﬁﬁy o i ol RSP ERE ST b YTITC it A

hyl l |- fl 1-
?yéf g[)e F?tt§¥fhk/’ﬁfg§<§8r‘%‘% f?%% ?Lo’lﬂjﬁ?ro d‘(c ;Si'(gqiﬁ%"btﬁ%e-(sgmlér boxyl at e

(325ng, 1.005mmol ), acetic acid
and saturated saline solution (50ml), it was driedover anhydrous

sodium sulfate. After then removing the drying agent by
filtration,£hesolventwasevaporatedunderaxeducedpressued
pressure, and the crude product cbtained was subject to silica
gel chromatography, thereby cbtaining 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 (18, m}, 4.08-4.13 (1H, m), 4.39 (24, q, J=7.1Hz),
4.80-4.98 (18, m), 7.53 (18,4, J=8.5Hz), 8.34 (18, d, J=6.8Hz) ,
8.57 (iH, d, J=2.7HzZ).

MS (m/z): 344 (M')

Reference Example 47:

7,8-dichloro-1-[2-(8S)-fluore~1-(R}-cyclopropyl]-1,4-

dihydro-4-oxoguincline~3-carboxylic acid

A mixture of ethyl 7,8-dichloro-1~[2-(S)-fluorc-1-(R})-
CyclopIOpyl]—l,4—dihydro-4—oxoquinoline-B—carboxylate

(1.114g, 3.237mmol), acetic acid (&ml) and

concentrated hydrochloric acid (4ml) was heated under reflux

—
{1
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(3mL) and concentrated hydrochloric acid (1.5nl) washeat edunder reflux for
2 hours in an oil bath at 120C . After then adding water (30ml) and“hng_ 2006
cooling with ice, the crystals forned were filtered out and then was

wi th water, 5% aqueous ethanol solution, and diethyl ether to obtain 267ng
(90% of the title conpound as a pal e-yel | ow powder. :LH NVMR (400MHz,
CDC13) S: 140175(2H m , 2.58 (3H, t, J=2.5Hz) 3.99-4.04 (IH m ,
4.80--5.05 (1H, : 670(1H d J=11.3Hz) 8.76 (1H, d, J=3.2Hz) c 13. 17
(0.7H, d, S | ti ojpt: 2 to 21

Speci i ¢ m%%@rs{ ifoar 911 BRsh stohaalit, afbeRorhen ddihg, dateronon.
Calcd.: C56.95% H 3.76% N 4.74% Found: C 56. 90% 3.74% N 4.68% M
(mz) : 26%hhAPe) ceRiiplevith ipgs the efysbpls formed were filtere

7-[3-(R) - (1-am noc:ycloprcpyl)pyrrolidin-1-yl]-1-[2-(S)- )

f I uoro- 1-quY aag*emﬂe@yql]tfswaz;qro@nlsz*@t mﬁ% qqmewsw@aq)*@wl solution
oxoqui nol i ne- 3-carboxylic acid A m xture of 7-fluoro-1- [2- (S) -fluoro-I-
(R - cycliogdr 8p3) , JandbdhgdhyiyeBhart thl x12) , Ahdinegr obtadning 90Bmyi ne-
3-carboxylic acid (205nmg, 0.694mmvl),

3-(R) - [ 1- gt -dfuttthey clar thics ydanpaa)d yas 050 rpaled s Yaw | shwndex 3140y,

1.388mmol ), N-nethyl piperidine (0.243m, 1.3B8mmol),
'H-NMR (400MHz, CDCl;) §: 1.40-1.80 (2H, m), 4.23-4.28 (1H, m),
4.83-5.02(1H, m), 7.67 (1H, 4, J=8_8Hz), B.38 (1H, d, J=8.6Hz),
8.86 (1H, d, J=2.7Hz)
Melting point: 198 to 201°C
Specific rotation: [a]p®*'® = -24.0°
Elemental analysis: As CisHsgCl,FRO;;
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-aminoccyclopropyl)pyrrolidin-l-yl]-B8-chloro-1-

[2-(8) -fluoro-1-(R) -cyclopropyl]l-1,4-dihydro-4-oxoquincline

-3-carboxylic acid

A mixture of 7,8-dichloro-1-[2-(S)-fluoro-1-(R)-140°C
cyclopropyl]-1,4-dihydro-4-oxoquinocline-3-carboxylic acid
{(253mg, 0.80mmol) , 3-(R)-[1-(tert-
butoxycarbonylamino) cyclopropyl lpyrrolidine {(272mg,
1.20mmol) , N-methyl piperidine (0.195ml1, 1.60mmol) anddimethyl
sulfoxide (3ml) was stirred for 55 hours while heating in an

oilbath at 80°C andunder anitrogen-replacedatmosphere. After
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and dinmethyl sulfoxide (1.5m) was stirred for 66 hours while heating_j ﬂn
oil bath at 80C under a nitrogen-replaced atnosphere. After evapoﬂétjiulq&ﬂ
the solvent, the residue was partitioned in chloroform (50m) and 10.%
aqueous citric acid solution (30m), and after separating the organic

| ayer, the aqueous |ayer was further subject to extraction into chloroform
(30m ). The conbi ned organic |ayer was then dried over anhydrous sodium
sul fate, and after renoving the drying agent by filtration, the_solvent

was evgpereradingdéheaspiigbtd Pre Fasicu velfePebyitbpred ithedhyde 7 - (3-
(R - [ I- (tert-

but oxyeaetiamyg §5Pmd) aral dPkoppldeys cdltirdicnadi ¢ lslol btf2n( 60ml) , and
fluoro-1-(R)-cycl opropyl]-5-hydroxy-8-nmnethyl -1, 4-di hydro- 4-

oxoqui Bghickes So£ad oY /tiHe 88§&nic Theedhomes @bgahned HididRas washed
7-{3-(R-[1-(tert-

but oxyganrho ] C rokihdi n- 1- - 1-L2+ -
ouC o A ROBILIFL BB o QLB 0l 4 gl vl ehos

oxoqui agh %336 igRdd Sl %Pg%ﬁjfgu\sﬁi%'ovc%ﬂ Lh38eld IHh 2094,

concentrate hyéfroch oric acid e cooling wth ice, and after

stirring at .room., emerature for Zl(é)ym tes, .the ol ution s_transferred
Cht o o SERNRG oHT AR PRI S Wit SR PR or T PR b PRy

wth | CYFREES KAAEsuE THSEreAre= YR NGRS FETERy A USEPAgSthe pH ¢
' pH to
~11, %réd stiqeirc%afg}eelr ’cl'}rhoex'naptl_égvl\@ésph%rdja%% ead -::Eroud7é 57-t{% -—7('R8) -b{)ﬁ. —af(?:girr‘t]:g—
butoxycarbon-yil amine) cyclopropyl lpyrrolidin-1-yl}-8-chloro-1
-[2-(8)-fluoro-1-(R) -cyclopropyl]-1,4-dihydro-4-
oxogquinoline-3-carboxylic acid was obtained from a
chloroform:methancl = 10:1 eluate.

The above-cbtained crude T-{3-(R)-[1-(tert-
butoxycarbonylamino) cyclepropyl Jpyrrolidin-l1-yl}-8-chloro-1
-[2-(S8)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-4-
oxoquincline-3-carboxylic acid 55 dissclved in

concentrated hydrochloric acid (5ml) while cooling with ice,
and after stirring at room temperzture for 20 minutes, the
sclution 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 aqueocus layer after washing, thereby adjusting the phB
to >11, and thereafter, the pH was adjusted to 7.7 by adding

concentrated hydrochleric acid and 1mol/l1 hydrochloric acid.

The agqueous layer cbtained was then subject to extraction into
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concentrated hydrochloric acid and Inol/1 hydrochloric acid. The aqueous

| ayer obtained was then subject to extraction into chloroform (1 L 2004
chloroform nethanol = 9:1 (100m x 2), and the | ower |ayer of chloroform
met hanol : water = 7:3:1 (100m ), and the conbined organic |ayer was dried
over anhydrous sodium sulfate. After renoving the drying agent by
filtration, the solvent was evaporated under a reduced pressure. The

residue was then purified by a preparative chro ogr (deyel oped into
the | ofdd or&ﬁ@rrnbffgaomzliaz angrishire isrm @a t8esedr Mh@ﬁ’%]\/\ét %)r) ,
slurry-purified using diethyl ether, and then dried under a reduced

pr essumadt bhehtailri idd my gahd 8 apér thes tirtiled @UmHERHYSESVE §eP1Uh powder .
1H NVR (400MHz, 0O.1nol/1 NaOD/D20) S: 0.45-0.55 (4H, m, 1.05-1.20 (1H,

m, 1. 4%1¥ate.(2Kft8), rdm8Pig Othd Miyimg agerdSby. E0Lttstiap, the 16 (3H s)
, 3.05-3.20 (2H, m, 3.25-3.35 (1H, m , 3.40-3.50 (1H, m , 3.90-3.95

(1H Mso1v8n032s dfapdtbtedunderl@ dbucd pfeskudelH THe desidie). Melting
poi nt: 203 - 206C 139 14 JUL 2004 Specific rotation: [a]D2-.1 = -274.4

D e e i B A g A
Bampl ¢ 18 70, (R {Jefm g5l 0 19¢1) 470l pd8nrl - hlxBageancok[2-
chloroform:methanol :water), slurry-purified using
ethanol—-diethyl ether, and then dried under a reduced pressure
toobtainQGmé}BO%)ofthetitlecompoundasapale-yellowpowder.
H-NMR (400MHz, 0.1lmol/l NaOD/D;0} ©0: 0.45-0.65 (4H, m),
1.15-1.30 (1H, m), 1.50-1.75 (2H, m}, 2.00-2.1C (1H, m} ,
2.10-2.25 (1H, m), 3.25-3.40 {(2H, m), 3.55-3.75 (ZH, 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 (1B, d, J=3.7Hz).
Melting point: 128 to 130°C
Specific rotation: [alp®*® = -193.0°
Eleﬁental analysis: As CypH21C1FN303+1.5H,;0:
Caled.: C 55.49%; H 5.59%; N 9.71%
Found: C 55.74%; H 5.45%; N 9.57%
MS (m/2): 406[ (M+H)}"]

Reference Example 48:

Ethvl 7—fluoro-l—[2-(S)-fluoro—l—(R)—cyclopropyl]-5—hydroxy—8-

methyl-1,4-dihydro-4-oxoguinoline-3-carboxylate

Ethyl 5-amino—7*fluoro—i—[2—(S)-fluoro—l-(R)—CyClOpropyli“
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(S)-fluoro-1-(R-c cloro I]-1,4-dih dro-4-oxo uinoline-3- carbox lhﬁ ﬂ@jd
A m xture of ethyl B-cyano-7-fluoro-1-[2-(S)-fluoro-1-(R)- 1k

cycl opropyl]-1, 4-di hydr o- 4- oxoqui nol i ne- 3-carboxylate (250ng, .0.785mmuvl)
3-(R)--[1-(tert-but oxycarbonyl am no) cycl opropyl ] pyrrolidine (267ny,
1.18mmol ), 1, 4-diazabicyclo[?2.2.2]octane (132ng, 1.18mmmol) , and di net hyl
sul foxide (13ml) was stirred for 2 hours at roomtenperature under a

ni trogen-repl aced at nosphere. After evaporating the solvent, the residue
was parﬁrmeut‘-gwédli,ﬁ-derlwérr@rérweg@ﬁprlaﬁ&-@o% %tric acid solution
(30m) , and the organic | ayer was separated. The organic | ayer obtained

was dri(@d4dygr ardgnthiclls wasdsuspsontiéatie, 28Rk aldals @N@virag the drying
agent by filtration, the solvent was evaporated under a reduced pressure.

The resicddeswastdossqhged) i nasansenl ¢ atest iy driaghlierd ¢ aacedueént) and
gl acial acetic acid (4m) at room tenperature and then stirred for 12

hours whish 6rheati-igd kARt iGN (Balhgat s130EmoATueEreyapasatiragpte sol vent,
concentrated 140 14 JUL Z604 hydrochloric acid (2nm) and water (20m) were

dded, dth | ut f d | ' f dth
e, ek e a4 e e ¢ MSRGEe jeLordaspatatianefyenct and Lher

washed gueous sodium roxi de solution

v, ;2o QURRYS Lavghe L) SLrIES DG e deT ey Adlyl i ng Lhe

pH to _ T'ng W or o ] e pH was adj usted
;gig:Bsg ea %&% ra%%ggsn%&?%%%eg%%r%%Ek%&!%I%?I%i Q%t%ﬁ%kéhy%&gE%Chlorlc
solution (17.00, 70.2mmol / 155ml) was dripped therein over a
periodoflOngnutes. After stirringat 0°C for Sminutes, copper
{I) oxide (565mg, 3.95mmol) was added while stirring thereaction
solution viclently. After then stirring at room temperature
for 20 minutes, extraction into chloroform (200ml x 2) was
performed, and after making the aqueous layer slightly basic
with sodium bicarbonate, the agueocus layer was extracted with
chloroform (150ml x 3). The combined organic layer was then
dried over anhydrous sodium sulfate, and after remocving the
drying agent bt the filtration, the solvent was evaporated under
a reduced pressure. The crude product ocbtained was then subject
to a silica gel chromatography, thereby cobtaining 297mg (21%)
of the title compound as a vyellow powder from a
chloroform:methancl = 10:1 eluate.
1H-NMR {400MHz, CDCls) §:1.36-1.47 (1H, m), 1.40 (3K, t, J=7.1Hz),

1.53-1.63 (1H, m), 2.51 (38, t, J=2.4Hz), 3.85-3.90 (1H, m),

4.39 (2H, g, J=7.2Hz), 4.77-4.96 (1, m), 6.58 (1H, &, J=11.5Hz),

8.52 (1H, d, J=3.2Hz).




The aqueous | ayer obtained was then concentrated to 5m under a red Beq
pressure, subject to extraction into chloroform nethanol = 10: 1%3 \ﬁdw
3) , and the conbined organic |ayer was dried over anhydrous sodi um
sulfate. After renoving the drying agent by filtration, the solvent was
evaporated under a reduced pressure. The yellow solids thus obtained were
recrystallized in ethanol and then driedunder a reducedpressure to obtain
124ny &40? of the tit]le cqnpound as a yellow powder. 'H NMR (400VHz,
DVBO- dé§S gtm/®l4g- 51l () 'y | 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 , 5Referekt @ddmpHe 492 14 (IH, d, J=9.3Hz) , 8.16 (1H, d, J=9.3Hz~ ,
8.61 (IH d, J=3.9Hz) Melting point: 138 to 140'C 24.5 Specific rotation:
RXI D = =1 ukadd - 1= [egverg)al £ laiad ors) -S(R)ATyed bid2cp4 63 -hydrd2@-8€al cd: C
60.21% H 5.65% N 13.07% Found: C60.42% H5.62% N 12.72% M5 (m z):
397[ (MiddiHy 114l s iheire -0 JAMRY 18 nk93 - talrBolkiRl il s@digno cl obutyl)
rrolidim-1I= 1T=-1-{2-(S)- ffuoro-1-(R-c claro I)-B-nmetho -1, 4-di h dro-4-

i nol i ne: 3- bo Ii i d ] frA- -l [2- -f -1 -
o LT T SRR BB IR s et Lt T ere

cyclopropyl]-5-hydroxy-8-methyl-1,4-dihydro-4-oxoquinoline~

3~carboxylate (325mg, 1.005mmol), acetic acid

{3ml) andconcentrated hydrochloricacid (1. 5ml) was heatedunder
reflux for 27£ours 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, CDCl3) §:1.40-1.75 (2B, m), 2.58 (3H, t, J=2.5Hz),
3.99-4.04 (1H, m), 4.80-5.05 (1H, m), 6.70 (1H, d, J=11.3Hz)},
8.76 (1H, 4, J=3.2Hz), 13.17 (0.7H, 4, J=1.0Hz), 13.34 (0.7H,
brs) .
Melting point: 209 to 213°C

Specific rotation: [alp®®’ = -111.6°

Elemental analysis: As CiH11FoNOg:

Calcd.: C 56.55%; H 3.76%; N 4.74%

Found: C 56.90%; H 3.74%; N 4.68%

MS (m/z): 296[ (M+1) 1]

Example 17:




carboxylic acid (290ng, 0.98muol), WL 2004
3-(R)-[I-(tert.-butoxycarbonyl am no) cycl obutyl ] pyrrolidine (283rrg,H
1.18mmol ), triethylam ne (0.409nl, 2.94mvl), and dinethyl sulfoxide (5m)
was stirred for 112 hours while heating in an oil bath at 80C under an
argon-repl aced at nosphere. After evapotating the solvent, the residue was
partitioned in chloroform (50m) and 10% aqueous citric acid solution
(30ntl) _ and after searatl ng the oranlc | ayer, the_organic_ | ayer was
washed 4 : Ve w&er obt ai ned
was then dri ed over anhydrous sodi um sulfate, and after renoving the

dryi ng Bbeproby-{R) teacioprophel sbt Vet omas8 -Bethpt al eé- dibiiedr e £ educed
pressure. The residue was subject a silica gel chronmatography and a crude
7- (3- (RxdduinebinbuBoxytlasohyt astn®) cycl obutyl I pyrrolidin
-1-yl}-1-T2-(S)-fluoro-T-(R) -cycl opropyl ) - 8- met hoxy- 1, 4-

di hydr o- 4- OXqui&Cﬁuir@e-ch- car boxyl it fAaGidkovas- thersbyr 1 tricailng®) f-r om a

chl or of crm net hanol = 20 1 eluate. The above obtai ned crude

7-(3- (Fs)y&ﬂoﬁ@g% nUHRA)-aY,u -QBHWH AP Il i i cl4Ael4 JUL 2004
-1l-y - S) -f I uor o- (R) -c¢yclopropyl’] -8-net hoxy- -1, 4-

di hydr i ne-3-caghpxylic aci gowagdi ssol ved in @%ﬁjﬁtrat ed
hydroco‘:{orl c aC| 5m) vvha‘T[le cool i ng V\nqth ?lge and after stirring for 5

Cepar ot oRT uhbol Con e epa i e Dy e R Tonor /1

Aqueous(f%%%é”nlh%%%géEQ?, N-methyl piperidine (0.243ml, 1.388mmol) ,

and dimethyldsulfoxide (1.5ml) was stirred for 66 hours while
heating in an o0il bath at B80°C under a nitrogen-replaced
atmosphere. After evaporating the solvent, the residue was
partitioned in chloroform (50ml) and 10% agueous citric acid
solution (30ml), and after separating the organic layer, the
agquecus layer was further subject to extraction into chloroform
{(30m1). Thecombinedorganiclayerwas thendriedoveranhydrous
sodiumsulfate, andafter removing thedryingagentby filtration,
the solvent was evaporated under a reduced pressure to thereby
obtain a crude 7-{3-(R)-{1-(tert-
butoxycarbeonylamino) cycloprepyl lpyrrolidin-1-yl}-1-[2-(8)~-
fluoro-1-(R) -cyclopropyl]-5~hydroxy-8-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid
The above obtained crude 7-{3-(R)-[{1-(tert-
butoxycarbonylamino) cyclopropyl lpyrreclidin-1-y11-1-[2-(8)-
fluoro-1-(R)~cyclopropyl]-5-hydroxy~-8-methyl-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid was dissolved in
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sol ution was then added while cooling with ice to the aqueous |4XQMLﬂMMer
washi ng, thereby adjusting the pHto >12, and thereafter, the pH was
adjusted to 7.4 by addi ng concentrated hydrochloric acid and | nol /|
hydrochl ori ¢ acid. The aqueous |ayer obtained was then subject to
extraction into chloroform (100mM x 3) and the conbined organic |ayer was
dried over anhydrous sodiumsulfate. After renoving the drying agent by
filtration, the solvent was evapotaed under a reduced pressure. The

resi due was tE r talljzed in ane ang dried under
& educeEPRFeREER E%@?%&t%%oacmﬁ tont§ oiBt ot B oft B
1H NMR (400N+E d6- DMSO), S 30-1.45 (1H, m, 1.45-1.60.(1H,
60- 1. 70 3Gy affer ftlmlzgs@t( giqomy) temperafure; ofox | 20 prinutgssg téle5o (1H,
m , 3.50 (3H_ s) , 3.56-3.60 (2H m , 4.03-4-09 (1H, m , 5.00-5.22 (1H,
m , 7.09Yution wds tiansfgrred igptq BHsephrakEien Hupnelgas@d washed,
J=3.4Hz) . Melting point: 174C El enental analysis: As C22H26FN3O4. 0. 25H20
Cal cd: Grbzh 928 otbBo86%{20ml0x03%kings)4 J8htib8tefloagquecUs683020%n H
6.22% N 10.10% MS (mz): 416[ (M+H) +] Reference Exanpl e 50:
3- cyano-Rydroik{ de aradhifiizgi asctite\fEdetedlivh § Devedwl ihg saphopyé are khe( 56. Onl
395mmol ) in anhydrous tetrahydrofuran (400m ) , the solution was stirred
at aquecus layer after washing, thereby adjusting the pH to >11,
and thereafter, the pH was adjusted to 7.5 to 7.8 by adding
concentrated hydrochloric acid and lmol/1 hydrochloric acid.
The aqueous layer obtained was then subject to extraction into
chloroform (100ml), chloroform:methanol = 9:1 (100ml x 2), and
the lower layer of chlorcform:methancl: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, 0.1mol/l NaOD/Dp0)} &: 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
(1H, m), 3.40-3.50 (1H, m), 3.90-3.95 (1H, m), 4.%0-5.10 (1H,
m), 6.16 (1H, s), 8.33 (1H, 4, J=3.4Hz).

Melting point: 203 - 206°C
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-15*C under a nitrogen atnosphere. After dripping therein a hexanﬁ JUL_ 2004
solution of n-butyllithium (1. 52M 260m , 395mmol) , the soluti lh %aé
stirred while cooling with ice for 1 hour. After cooling this solution to
-78"C, a solution, in which 2,6-difluorobenzonitrile (25.0g, 180mml) was
di ssolved in anhydrous tetrahydrofuran (100m ) , was dripped therein over
a period of 1 hour. After conpletion of dripping, the reaction solution
was stirred at -78 C for 1 hoyr.,and then dried carbon dioxide was bubbled
into t HREHLIE i TAEIBIOR | off Foor 3D F Alites. Thereafter, the reaction
solution was stirred at -78*C for 1 hour, then raised gradually in

t enper &lemesn wandd dadmely sis rrAgl CoallzsF8ePa tleippePat ure for 12 hours. 100m of
1nmol /1 Hydrochloric acid was then added to the reaction solution while
cooling with Cadedand &&.83&t;I dn6i. A6& ;dNeBhgll%et her (500m x 2) was
performed. The conbined organic | ayer was washed wth saturated saline:
sol ution (500cunand d sen odii;ed @vensanRydroes sodium sul fate. Af ter
filtration, the filtrate was concentrated under a reduced pressure,

t her ebyycobtai SN Ny @91 48+ 1%24%9 of theyell ow, anorphous conpound of the
title. This product was used in the subsequent 144 14 JUL 2004 reaction
Wthoutﬁia&{gl@rlé)yri fication. 1H NWVR (400MHz, CDCl13) & 7.10 (1H, m, 8.32
(1H, m erence Exanple 51: Ethyl 8-cyano-7-fluoro-I- [2- (S) -fluoro-I-
(R -cygl propy| - 1, 4-di h%rI4-xo 'O '&92133,&?&995%%@142-

3- cyano F F t ; 6t O IIUI) wWas

(S)-fluoro-1-(R)-cyclopropyl]=-1,4-dihydro-4-oxogquinoline-3-

carboxylic acid

A mixture of ethyl 8-cyanc-7-fluoro-1-[2-(S)-fluoro—1-(R)-

cyclopropyl]-l,4—dihydro;4-oxoquinoline-3~carboxylate
{250mg, Q.785mmol) ,

3-(R)—[1—(tert—butoxycarbonylamind)cyclopropyl]pyrrolidine

{267mg, 1.18mmel), 1,4-diazabicycle[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% aqueous 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
hydrochleric 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




di ssolved in dried toluene (250m) , and after adding a catalytic ggF |
of N, N-di net hyl formam de, thionyl chloride (17.7nml, 243mmol)was dr?gD %
while stirring at roomtenperature. Upon conpletion of dripping, the
reaction solution was stirred for 1 hour in an oil bath at 80C. Then after
| etting the reaction solution cool, the reaction solution was concentr at ed
under a reduced pressure, toluene (100m ) was added to the residue, and
vacuum concentrati on was performed again. This operation was repeated 3

. h : : |
t:atmra:thy %f- %fgféﬁgén%& ?%fftaﬁlé&‘%%& ﬁi(ﬁlﬁg e aﬁé{z@ygﬁauipl Prri ng and
I th t which tr th d et hyl
SRR %539@0?#‘%5&&9:55%9% ar%#ga%b%ﬂ?ﬂs i
tetrahydrofuran (100n1 . After conpletlon of dripping, the reaction

sol ut i ol tRhashhezeEermndeomnky - | ukOPel/ 12 Aagipaus s um nBNAFPKEER ng t he
reaction solution through cellite (washing with diethyl ether t he

filtrateoligtienneant thendaddadr tpelihecaapeeysulayardather Pé§%§ﬂ§robtained
wassubj ect to a short silica gel chromatography. Abrown, oily substance
was t hethabélay nedjbgtiaguthe gritehor 2flRon IHenl faftgr 204ghbhg awi th
chl orof orm net hanol = 100:1 to 100: 3 eluate. This substance was then
di ssol vkl oo ey dr(cGusnl )t et thaydHof waan ad3@@ed to 8.3 by adding
2-(S)-fluoro-1-(R)-cycl opropyl am ne paratol uenesul fonate (28.2g, 114mmol)
was addeshdédiet £h ted angdroéhl er bt iddid@ami -1hiQ, / 1a hyelrdichApric acid.
I nwhi chtriethylamne (23nl, 165mvpl) was di ssol ved i n anhydrous
tetrahythofagmadodSAdyer oMt2ined 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 cbtain 124mg (40%)} of the title compound as a yellow powder.

lH-NMR (400MH=z2, DMSO-dé) &: 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 Cy Hp1FNy0a+1.25H,0:

Calecd: 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)"*]

141




dripped therein gradually. After conpletion of dripping, the rea %Uﬁp |
solution was stirred while cooling with ice for 2 hours and then i g@ at
roomtenperature for 12 hours. Water (300m ) was then added to the
reaction sol ution, andvacuum concentration was performed to evaporate the
tetrahydrofuran. Water (300ml) was further added, and then extraction into
ethyl acetate (400nlL x 3) was performed. After washing the conbi ned
organic layer wth saturated saline solution (500mL), it was dried

over anByamede d&di um sul fate. After filtration, the filtrate was
concentrated under reduced pressure. A yell ow sh-brown oi |y substance was
thus obtdisrd®) ~THi-smeusstysicbuid ) pyssol ¢ddnrd-%¥1driad21(Sh-"di oxane (4
00m) , and while stirring and cooling with ice, 60% oily sodi um hydri de
(4. 35@)uwas-addsd -ghasdlvidopy1ThBsmeeaetdyen  duspbpskondwas then stirred at
roomténperature tor 1 hour. After then concentrating the reaction

sol uti Qg J@ 1 FRANKKE LSl @& bggoriginal volume under a reduced .
pressureTh%?ﬁnvfft—hydrUCﬁﬁggrt‘ﬁc|a (50mM ) was poured in gradually while
cool i ng mﬁthAice.mIE% Q%eciphgated7_§qbbgg_@eq§_ﬁghngggr@ugr(m@shed W th
wat er, and t'hen was ed 146 14 Jul 2aok with small anmpunts of cold ethanol

and et iyl et her 11 Lhalc 8T der Tho Lude GEyst aLsBLalned wero puri i1 ed

ion 1Tn 1 sdprdpano and dried under a reduced pressure

to obtain_10. 49% of the title conp s yel | owi showhi crystal s,
Nbltin&ﬁ&HQﬁ;¥%é2 to 177C?fﬂ%conposed)qygam8’ BN oBRbE)

3-(R) - [1- (tert-butoxycarbonylamino) cyclobutyl Jpyrrolidine

(283mg, 1 .1é;mnol) , triethylamine (0.408ml, 2. S4mmol), and
dimethyl sulfoxide (5ml) was stirred for 112 hours while heating
in an oil bath at 80°C under an argon-replaced atmosphere. After
evapotating the soclvent, the residue was partitioned in
chleroform (50ml) and 10% agqueous citric acid solutiqn {30ml) ,
and after ‘separating the organic layer, the organic layer was
washedwithsaturated saline selution (30ml). The organiclayer
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
~1-yl}-1-1{2~(S)-flucro-1-(R} -cycleopropyl]-8-methoxy-1,4~
dihydro-4-oxoquinoline-3-carboxylic acid was thereby
obtained from a chlorofcrm:methanol = 20:1 eluate.

The above obtained crude

7-{3-(R)-[1- (tert-butoxycarbonylamino)cyclobutyl]pyrrolidin




1H NMR (400MHz, CDC13) 6: 1.23-1.30 (1H, m), 1.41 (3H, t, J=7. 1Hz¥l,
1.61-1.99 (1H, m , 4.00 (1H, n) , 4.40 (2H q, J=7.1Hz) , 5.10 (hiUigdd0t
J=63.5Hz), 7.31 (1H, n), 8.52 (1H, d, J=2.6Hz), 8.77 (1H n) [Test Exanple
1] Antibacterial activities of the conpounds of this invention were
measured in accordance to the standard nmethod designatedby the Japan

Soci ety of Chenot herapy vm'th the results shown as M C val ues
(mcrogranmim ) _units in | owi ng t abl e. arlson with the MC

val ues of"Yhb- Eﬁﬁrﬁo&ﬁﬂsféfjoi‘ﬁl §' (Bhv‘éﬁﬂ-%mWU V%T’B% heFy Vb7 | oxaci n
(LVFX), ciprofloxacin (CPFX) and

7- [ 3- (RjikdnarAooycopropyhipyreakbdinl i cplclidéwas dissolved
fluoro-1-[2-(S)-fluoro-I-(R)-cycl opropyl]-8-nmethyl-1,4

di hydr o ot thel idqteh3deachdsyl cadel ¢ShRpfwriarcecdl ingg L)ith idéch i s
described in PCT/JP96/ 00208, areal so shown in the table . 147 14 JUL 200 H

ri- vWAN, Mibter éﬂﬁﬁrnglfépsuhn%&sqqpyn b bRV MERORRAH OcHE S Du®ién0 0 0 0 0
000 VII O ri a) M@ DI11

was transferred into a separation funnel and washed with
chloroform (10ml x 3 times). 10mol/l Aqueous sodium hydroxide
sclution was then added while cocoling with ice to the agqueous
layer after washing, thereby adjusting the pH to >12, and
thereafter,’ihe pH was adjusted to 7.4 by adding concentrated
hydrochloric acid and 1mol/l1 hydrochloric acid. The agueous
laver obtained was then subject to extraction into chloroform
(100ml x 3) and the combined organiclayer wasdriedoveranhydrous
sodium sulfate. After removing thedrying agent by filtration,
the solvent was evapotaed under a reduced pressure. The residue
was then recrystallized in ethyl acetate — hexane and dried 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(1E, m), 1.70-2.50 (8H, m), 3.30-3.40 (1iH, m)},
3.40-3.50 (1H, m), 3.50 (34, s), 3.56-3.60 (2H,m), 4.03-4.08
(l1H, m), 5.00-5.22 (1H, m), 7.09 (1K, d, J = 8.18z), 7.92 (1lRH,
d, J=9.1Hz), 8.57(1H, d, J=3.4Hz).

Melting point: 174°C

Elemental analysis: As CuB24FN30,0.25H;0:

Calcd: C 6€2.92%; B 6.36%; N 10.01%
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Found: C 63.20%; H 6.22%; N 10,10%
MS (m/z): 416[ (M+H)"]
Reference Example 50:

3-cgyvano-2,4-difluorobenzoic acid

After dissolving diisopropylamine (56.0ml, 395mmol} in
anhydrous tetrahydrofuran (400ml), the solution was stirred at
—-15°C under a nitrogen atmosphere. After dripping therein a
hexane solution 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 sclution 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 suifate.
After filtration, the filtrate was concentrated under a reduced
pressure, therebyobtaining29.7g (90%) of theyellow, amorphous

compound ¢of the title. This product was used in the subsequent
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Ncl O,-1 00 r-1 O" r~1 Ori Mr-IONa O Or I Q@ O-1.-i HNtD U

ifl1 0 ~lar-+ NNH'0O MV N ula~Dr,?"I MM'- In040h 40 W- -rdw - MiﬁJN2%4
Clild-,-1rnto - -ONF.l -Q 0 WWiO0-,.1 to W-rl WIdOOOTrl N'dQ -H
OC Mi . 1rl ri wCccCccC-r+C+tri 0 ZPr-I CN-r1 -rl a-F. 61rdem
OUt ntri OWI i ttibl u Wr~ ,~%$41-1 r~l a) b;+fCONCo0 -I CM
E:aa+ as U 4-4 a rd al rdi i 1-1 1-1 i F+ Qd WWW -4-3-0 --W"', >4
MtD MU If1 4 in fs~ OOONNONM t DODM a 0000000I- r-INTrIN -ir-1 UOOO

0000044 Mt fuMlierdtifidhiGon: I N -1 01 Crom
1H-NMR (400MHz, CDCls} &6: 7.10 (1H, m), 8.32 (1H, m)
Reference Example 51:

Ethyl 8-cyvano-7-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-

1,4-dihydro-4-oxoquinoline 3-carboxylate

3-cyano-2,4-difluorocbenzoic acid (29.6g, 16Z2mmol) was
dissolved in dried toluene (250ml}, and after adding a catalytic
amount of N,N-dimethylformamide, thionyl chloride (17.7ml,
243mmol) wasdrippedinwhilestirringat rocomtemperature. Upon
completion of dripping, the reaction solution was stirred for
1 hour in an oil bath at 80°C. Then after letting the reaction
solution cool, the reaction solution was concentrated under a
reduced pressure, toluene (100ml) was added to the residue, and
vacuum concentration was performed again. This operation was
repeated 3 times. The concentrate thus cbtained was dissoclved
in anhydrous tetrahydrofuran (200ml), and this soclution was
dripped, while stirring and cooling with ice, into a solution,
inwhichtriethylamine (30ml} and ethyl 3-dimethylaminoacrylate
(24.3g, 170mmol) were dissolved in anhydrous tetrahydrofuran
(100ml). After completion of dripping, the reaction solution
was heated under reflux for 12 hours. After then filtering the
reaction solution through cellite (washing with diethyl ether),
the filtrate was concentrated under reduced pfessure and the
residue obtainedwas subject toa short silica gel chromatography.

Abrown, cily substance was then obtainedbyvacuumc¢oncentration
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of a chloroform:methanol = 100:1 to 100:3 eluate.

This substance was then dissolved in anhydrous
tetrahydrofuran (300ml), 2-(S)-fluoro-1-(R)-cyclopropylamine
paratoluenesulfonate (28.2g, ll4mmol) was added thereto, and
whilestirringat-15°C, asolution, inwhich triethylamine (23ml,
165mmol) was dissolved in anhydrous tetrahydrofuran (50ml) , was
dripped therein gradually. After completion of dripping, the
reaction solution was stirred while cooling with ice for 2 hours
and then stirred at room temperature for 12 hours. Water (300ml)
was then added to the reaction solution, and vacuum concentration
was performed to evaporate the tetrahydrofuran. Water (300ml)
was further added, and then extraction into ethyl acetate (400ml
x 3) was performed. After washing the combined organic layer
with saturated saline solution (500ml), it was dried
overanhydrous sodium sulfate. After filtration, the filtrate
was concentrated under reduced pressure. A yellowish-brown,
cily substance was thus cobtained.

This substancewas dissolvedinadriedl,4-dioxane (400ml) ,
and while stirring and cooling with ice, 60% oily sodium hydride

(4.35g) was added gradually. This reaction suspension was then
stirredat roomtemperature for1hour. After thenconcentrating
the reaction solution to approximately 1/3rd theoriginal volume
under a reduced pressure, 0.5mol/1 hydrochloric acid (50ml} was
poured in gradually while cooling with ice. The precipitated

solids were filtered out, washed with water, and then washed
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N NdOr-1 01 ,-1 OCr-11 0O0r-1 or-i No~ru" Hionto Ucr 1s1 O
ar-1 NNHtDMON 111~ M- srl040 o W- rtwM N- Cidrd -rl Q% Y700
-01d }] -mWWWiorl WWNHrl =-WId UO OrINNIODC Hrl -ri rl W
gr C.L-1Crl O ZPrir. Nri -,i aU rd0O .H?Cr-I 5it $41-1r-
|

r
(oIl d? it NCHO)-1 Ct aE'aa4a ar041rd 044 | 1 D7 WWW 4
)4 43 WO P4U] aa04VWN n (nWJ) 148 14 JUL 2004 [Test Exanple 2] For the
conpound described as Exanple 1 of this invention, the m cronucleus test

DB T S TtV RGN o i Lo BB 0 M 7 0P
COmPOUNg e The"®trode “Syitats “SotainBa’ were” putitied By
recrystallization in iscopropancl, and dried under a reduced
pressure to obtain 10.6g (49%) of the title compound as
yellowish-white crystals.
Melting point: 172 to 177°C {(decomposed)
lH-NMR (400MHz, CDCli) &: 1.23-1.30 (iH, 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 (lH, 4, 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),

whichisdescribedinPCT/JP96/00208, arealscoshownin the table.
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am nocycl opropyl ) pyrrolidin-1-yl]-6-fluoro-1-[2-(S)- 14 JUL 2004
fluoro--1-(R)--cycl opropyl]-8-nethyl-I1,4-di hydro-4-

oxoqui nol i ne- 3-carboxylic acid (Reference drug 1) described in

PCT/ JP96/ 00208 were dissolved in and diluted with Olnol/l NaOH saline
solution. The O lInol/1 NaOH saline solvent was used as a control, and as a
positive Reference drug, a drug solution, prepared by dissolving and

di luting cycl ophosphamde (CP) in saline solution, was used. Al drug
solutions were disinfected by filtration through Mylex GS 0.22mfilters.
Wth each dragisol ution, maNei nglie ixtr vgose of kg was

2 i of or SIS 8 SanaadmBE B A8 rht © Ho8 IS ndE Thours after

adni ni st rat gy, el S8R 6 Lo Wes e Coldeid el 8w otdhd J @mir bone, the
snear prepafations were prepared, and these were dyed with acrylic orange.
Using a fl tbrescence ni cYbscope, 1000™pof'ychromatic erythrocytes were
observed fgr each individual nouse, and the frequency of occurrence of

m cronucl eat ed pol ychromatic erythrocytes and the ratio of orthochromatic
eryt hrocyt easggugapgl yghrg@giggmegyt%ﬁr qg&ggs 149 14 JUL 20 4 anong 1000
eryt hr ocyt EhSwEe® Oak Ouh 6t@6.0 A0 a 5 esakt e rar 8 gM dirtant Na

m cronucl elss 4 EdI6td Bl Ba € di@so NdT  séeho bas wael bhecedatd ol and any of
the 25, 5 V“and 100ng/k\g] agl[n ni\ﬁ‘tration groups for the gonpound described
as Exanpl e and t he judgiren result was thus negative. That is, the
conpound descri bed as Exanple | wasg‘f ound to be extrenely weak in

m cronucl eus induction and high in ,gaf ety.
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In contrast, with the conparison conpound,

7-13-(R) - (1-am nocycl opropyl )pyrrolidin-I-yl]-6-fluoro-1-1
2-(S)-fluoro-1-(R)-cycl opropyl]-8-nethyl -1, 4-di hydr o- 4- 14 JUL 2004
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 seen with the 50 and 100ngy/ kg adm ni stration groups. These results
show t hat the conpound described as Exanple 1 of this invention, wherein a

fluorine 6mposi tion of the conparison conpound, 7-[3-(R)-(lI
aninocycﬁ%%ggkg%?%egfo ﬁdin-I-yI]-6-fIuoro-l-[2-(S)-quoro

-1-(R) -cycl opr -8-net hyl - L, 4-dihydro-4- oxoquinol i pe-3- carboxylic acid
descr bed i FOH SPGB def et b st ie St 0t RS ISt 1 o o
potent antibacterial_ action upon a broad range of both gram negative

bact er i atBRIMFEPRPOLEEF S hast BPPE M TPt A GirssrasRerbarredily and yet
is highin safety. [Test Exanple 3] 150 14 JUL 2004 For the conpound of
this i nvEhej faliewipgpb@athedExanple 1, the bl ood concentration and organ
concentration after oral admnistration were determ ned by the foll ow ng
met hods. Meadiasregreup®r eeatrbo armdd ahyi ncheo S afid veet Fdds Wark Rdfcr ence

drug 1. Method 1: Aninmal Tests An adm nistration solution was prepared by
di ssol vi 8fc:ddY male mice, were used. The compound of this invnetion

described as Example 1 and 7-[3-(R)-({1-

aminocyclop?opyl) pyrrolidin-l1-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 solution. The 0.lmcl/l NaOH/saline solvent was
used as a control, and as a positive Reference drug, a drug
solution, preparedbydissolving anddiluting cyclophesphamide
(CP) in saline solution, was used. All drug sclutions were
disinfected by filtration through Mylex GS 0.22um filters.
With each drug sclution, 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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a tested conpound to a concentration of 2ng/m (as free conpound) in
distilled water, and using a 2.5m disposable syringe or a netal oral
probe, the solution was orally adm nistered at a dose of 20nmg/ kgstjgl 2004
fasting rats (Crj: CDIGS;, nmale; 7-week-old; Charles River Japan, Inc.).
The absorption test groups (4 rats per group; total of 6 groups) were
kill ed by exsangui nation while under ether anesthetization 0.25, 0.5, 1,
2, 4, or 6 hours after drug admnistration, and the blood, |iver, Kkidneys,

and |ungg, qoﬁr%ﬁg’ y‘\g%gegh‘g lltjé ofe]e § [y was sanpl ed by
centrifugation (30 prﬁ:x i nu es, 4%%? a%ﬁter coagul ation. Tissues
wer e hom)ge(r;kéedraft?& addi. nﬂ‘%it 0 grafafga‘?ﬁo | M 8h0 hat e bu”ﬁ{e sol ution
(PH 7. 0) and“PrieTE8Ht Fv rugaPiont§aper LIBoBor AT kOB CnfHEt es, 4%0)
were collected. The excretion test groups (4 rats per group) were put in a
met abol OGS FF FaAterag MRnise PAEVSRD they comtredt 8Rd Y *F §8fples for
O to 4 hours and 4 to 24 hours were sanmpled while cooling with ice, and at
the tim2%f SPan@nchd 0ome kahadmicd stra tionygroswsof orh Eheagempayndashed
with approximately 15nml of O.1mol /| phosphate buffer solution (pH 7.0) to
recover descunikarbasExanpde 1 andithe jurdament resul hevasajeus Apgativeor der to
exam ne gl ucuronide and other conjugated conpounds, a part of the sanple
was seFadt ac,, lnhey chypednd tesanibgdi el ampheuhtwasd flommld ko bgueous
sodi um hydroxi de solution, and thereafter neutralized wth 0.5nvol /I
hydr oc hleortireeradivil weaikd ieontepbnatiens induction and high in safety.
In cpntrast, with the comparison compound,

7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-yl]-6-fluoro-1-|

2-(S)-fluorec-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

1 of this invention, wherein a fluorine atom of the é6-position

of the comparison compound, 7-[3-(R)-{1-

aminocyclopropyl)pyrrolidin-l1-yl]-6-fluoro-1-{2-{8)-fluoro

~1-{R) ~cyclopropyl]-8-methyl-1,4~-dihydro-4-oxoquinoline-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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measurenents were made on sanples prepared in this manner. Method 2: Drug
Concentration Measurenents Determ nation of drug concentrations in ljiqui d(ps
sanples were quantified by an agar well nethod bioassay using the B
subtilis ATCC6051 strain as the test organism A test nedium was

pr epar edby inocul ating a suspension containing 5 x 107CFU mM  of spores of
the test bacteria at a proportion of 1%into an nutrient agar (Ei ken
Kagaku) that was sterilized at 121C for 15 minutes and then cooled to

approxi mately 50C.. After placin |.On{ each, of IS rredlumlnasterlllzed
Petri dish an§°rs’6]l"?d?‘?’?‘?‘ﬁﬂ‘qi&fgﬂiﬁﬁa’rq‘\}eanﬁ? ‘#‘o‘-l ST dPEReCer were

nmade to prepare a test plate nedium The Bi oassay System TDA- -1

( Dai ni pfon tBei R1goderengentrakiqn epsk argan epneertratiopafiter araila. For

t he measurenments, the test sanples (diluted with serum or phosphate buffer
sol uti ora@@niaﬁasas‘zﬁrqt) , weeei aletediniumeichnlgy ofthiehef alr i isoy unethedsoer
calibration (two-fold serial dilutions prepared so that the inhibition

ri ng di Meisarremdrits berappl ssimedelby thet sarBédmgthadsl farr REEeeaneedr ug
solution 152 14 JUL 2604 (a drug solution of given concentration for
correctidyugpfi the error anong plates; normally, a concentration of form ng
an inhibition ring of approximately 20mm is used) were prepared,

and5L ¢fe tHRe qs.t a{iHa (esgde drug solution for calibration) were placed
in each of two of The tour notes of each plate and 50RL of the reference

sol ution was phaggfli hisepGRiBh LBEuRiBAM wabVBriphesa By 48Es88¢ihgon of the

sanpl e, the plate nmedi umwas
a tested compound to a concentrationof 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
adose of 20mg/kg to fastingrats (Crj: CD IGS; male; 7-week-o0ld;
Charles River Japan, Inc.).

The abscorption 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 drﬁg
administration, and the blood, liver, kidneys, and lungs were
sampled. With the blood, serum was sampled by centrifugation
(3000xrpm x 15 minutes, 4°C) after coagulation. Tissues were
homogenized after adding 3 to 5ml of 0.1M phosphate buffer
solution {pH 7.0) and the centrifugatiocon 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, andat the time of sampling, the interior




set still for 1 hour at 40C to performprelimnary dispersion , | and then
culturing at 37'C was perfornmed for approximately 18 hours, and {hgii 200
inhibition ring dianmeters were neasured using CA-400 (Dainippon Seiki).
The concentrations of the test sanples were neasured using a calibration
curve determ ned by second-order regression fromthe logarithm c val ues of
the drug concentration of the calibration curve serial dilutions and the
inhibition ring dianeters For the tissue concentration (pg/nm) , the

concentrati on Sﬁ’lhe hgnogenat e supernatant was_determ ned from
the tisShethgi ﬁg (Q’)"‘Sal‘f& R X3ddd 2PREOFIRAE P f]é-’rmlarﬂﬁlrﬁ-](“i’ﬁ])/l and
using the follow ng equation: [Tissue concentration] [ Honbgenat e

concentrEhPéﬁTakeQHﬁﬁﬁRﬁo%ﬁ¢§mmHPHTEﬁﬁF@ﬂaﬂﬂWﬁﬂEME&WBumﬁgﬁqdﬁg¢ue

wei ght] The urinary excretion rate (%9 was determned f rom the anount
(gg) of totheddrtiarigimeofdheaapent Ahbkd iofoxmemto eaaminasdlivtgsalide on)
and concentration (pg/m) in urine (or washing solution): 153 14 JUL 2001
[ Uri nar yardcbehieen gaaipigatdd Ocampoimddsint aofpast nef xhe[ Carpaet naid on in
urine])/[Amount of drug adm nistered] Method 3: Cal cul ati on of

phar macoképeia el aareN§zear v2ath £H USquive18her EReakitneis amarAameters in
rats were cal cul ated based on nean concentration, by non-conpartnental

anal ysi saq@8usSdil U ByBRaskTRESYNANH &, 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 biocassay using the B.
subtilis ATCC6051 strain as the test organism. A test medium
was preparedby inoculatinga suspensioncontaining5 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 Bicassay 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
dilutions of thedrugsolutions forcalibration (two-foldserial
dilutions prepared so that the inhibition ring diameter will

be approximately 10 to 30mm), and a reference drug solution




anal ysis software, PSAG CP (Asnedica). The serum concentration and %,h‘ﬁ .
organ concentration for liver, kidneys, and |ungs of the conpound 3 J0L 200
Exanple 1 and Reference drug 1, determ ned by the above nethods, are shown

in Table 2. 154 14 JUL 2604 I'mo Ch OO0 ,-I r I NT.I If {Y) TI1 Wri m
[* (Y) NVVvvr -1 (Y) ONU ri + NNr-I C+-Nr, r-Icnv Npp NOn

Nr-1r-1 .-10¢0Cn

(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 thedrugsclutionforcalibration)
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
{(pg/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 (pg/ml) in urine (or

washing solution):




VvV 'n0OO rr 0O;0Ch NHVJ OUd4J 54 155 14 JUL 2004 As is apparent
from Table 2, the conpound of this invention was found to be distnisbit e
at higher concentrations, for both serumand tissue, in conparison to

Ref erence drug 1. It is thus apparent that the conpound of this invention
is excellent in oral absorption. It is also apparent that the conpound of
this invention is excellent in tissue penetration. The structures of the
conpounds that were conpared in activities are as follows. Conpound
describegyas Conpound_ descri be in__Egiﬁfle 1, PCT/ JP96/ 00208 Ref er ence drug
1 | NDUSTRI AL "APPL (BT AP chRpGdnds hi's § Don Odxhpbiredxctl | ent
anti bacterial action upon a broad,range of both gram negative and
gran}posf¢?Q%e%55?E+?% IRgurine hhf (PpguRE oExdrug: agpieastesadibact eri al
activity even against resistant gram

positive bacteria, such as

met hi ci IMekbedsP st Gatcwlabhon gefcpharmacekinetiRPparamgbarsil | i n-resi st ant
Strept ococcus pneunoni ae (PRSP) , vanconycin-resistant Enterococcus (VRE),
etc., and 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.




gui nol one-resi stant bacteria, and yet are excellent in safety 156 14 JUL
1004 characteristics, such as being negative in mcronucl eus tests, 14dHdd 2004
excel l ent in pharmacoki netics, such as being inproved in urinary recovery
rates and being excellent in oral absorption and tissue penetration, etc.
The conpounds of this invention are thus useful as antibacterial conpounds
to be used in chenotherapy against mcrobial infections. 157 14 JUL 2M
CLAIMS 1. A conpound represented by the followi ng general fornula (1), its
salts, and hydrates thereof: | [wherein Rl represents an al kyl group having
1 to 6 carbon atong, an al kenyl group having 2 to 6 carbon atons, a

hal ogenoal kyl Q?"p having | to 6 carbon atons, a cyclic al kyl group

having 3 to 6 gg on atonms, which nay have a substituent. an aryl group,
whi ch may have a g(bstituent, a heteroaryb g éup, which may have a
substi tuent, eu1$ﬂ30qugwpup haveng 1 to § garpon atems or an al kyl am no
group having | tﬁnﬁ <Gakben atoAsn M2 represents an alky thio group having 1
to 6 carbon atomsQlor a hydr ogén atom wherei m R2 and the abovenentioned R
may be integrated®fto forma ring structugerbys i ncorporating a part of the
not her  skel et o t|he thus formed ring nmay contain a sulfur atom as
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a ring-constituent atom and the ring nmay be substituted by an al kyl group
having 1 to 6 carbon atons, which may have a substituent; R3 reprﬁq[}ﬁ?ﬂu@
phenyl al kyl group conposed of an al kyl ene group 158 14 JUL 2004 havi ng t
6 carbon atons and a phenyl group, an alkyl group having 1 to 6 carbon
atons, an al koxynethyl group having 2 to 7 carbon atons, a hydrogen atom
a phenyl group, an acetoxynethyl group, a pival oyl oxynet hyl group, an

et hoxycar bonyl group, a choline group, a dinethylam noethyl group, a
5-indanyl groyp,. _a_phthalidiny| oyp, . a L. .

Skt 2o a8 3aRaetne (0T naBAS the somngung of shiecrentiemut y
group; R4 represents an alkyl group having 1 to 6 carbon atons, an al kenyl
group ha¥@adandte %Wrﬂ%ﬁd ak highey copcendnaddiong . fordstiar bon
atons, an al koxy group having 1 to 6 carbon atons, a hydrogen atom an
am no groepum ang debgie gr bupcompahi epn gkouRef epenaehdtogehonetthyi s gr oup,
and anong the above, the am no group nay have one or nore substituents
sel ect edthus appren tt hbagr thp compeiusid af tdfi sadnvanitilongi o WxdelMiéegt 1 to 6
carbon atons, an acyl group having 2 to 5 carbon atons, and a fornyl
group; A eulsabis®rptiichr.0JEn Bé (DY appRAdntAlthakr thé WsnpaE@snt ed by
formula (I1): It Il K (wherein X1 represents an al kyl group having I to 6
carbon a¢ii®,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

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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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 hydrpgén 2004
atom an am no group, a halogen atom a cyano group, a hal ogenonet hyl
group, or a hal ogenonet hoxy group, 159 14 JUL 2004 anong the above, the

am no group may have one ore nore substituents selected fromthe group
consisting of an alkyl group having 1 to 6 carbon atons, an acyl group
having 2 to 5 carbon atons, and a fornyl group, wherein X1 and the

aforenmentioned RL may be inteqgrated to forma ring structure b

i ncor porcgﬁrr?d: aerplasrr?i%sf’ F‘thr‘% ﬁgﬂ’ng%ae’i]o‘fﬁ }nﬂfég‘fcffﬂﬁctif%} 85¥ng may
contai n an, oxy atom nitrogen atom or a sulfur atomas a ring

const i t & e&f"gﬁ':ie“}nantﬁ §W?ﬁagﬁﬁ?tﬁ€55uﬁ'§?ﬁ‘t%ﬁ REIRF ARPFOREE dPoup
having 1 to 6 carbon atons, which may have a substituent); each of R5 and
R6 i ndepeddaryl Fereyrsyehtteamnd gingr eigehdentigin prnad sbsarbbhont ons, a
hydr ogen atom or a substituted carboxyl group derived froman am no acid,
di pept i @ad bissueeeneteativny etc t hfhal kothpgundp fthiisvenvartbos nore
subs tituents selected fromthe group consisting of an al kylthio group
havi ng aret ccHusaunbefiudt ass,arani ksd ddoewyi af otpmpavndg tot ®eb wSsdonnat ons, a
hydr oxyl group, and a hal ogen atom and n represents an integer 1 or 2]. 2.
The comabiemdthetaipdt REydinst aivrbbiidls iYfdstiogns hydrates thereof, wherein
t he conpound of fornmula (1) is a stereochem cally pure conmpound.
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3. The compound according to claim1 or 2, its salts or hydrates thereof,
wherein nin the formula (1) is 1. 4. The conpound according to anyhalle 8
claimse 1 to 3, its salts or hydrates thereof, wherein R3 in the formula
160 14 JUL 2094 (1) is a hydrogen atom S. The conpound according to any
one of clainms 1 to 4, its salts or hydrates thereof, wherein R2 in the
formula (1) is a hydrogen atom 6. The conpound according to any one of
claime 1 to 5, its salts or hydrates thereof, wherein R4 in the formula
(1) is a hydrogen atom 7. The conmpound according to any one of clainms 1 to
6, its salts or hydrates thereof, WISy A in the fornula (1) is a
partial structure represented by the fornula (I1). 8. The conpound
according to claim7, its salts or hydrates thereof, wherein X1 in the
formula (11) is a methoxy group, a nmethyl group, a dif |uoronethoxy group,
a fluorine atdm of gombbunidneepresentedliby dbepduld caciery digrget®l cl ai m 7,
its salts or hydrates thereof, wherein X' in the formula (11) is a nethoxy
group orfermeldyl(Ipyoips &81tFheandnpgdpdtaecerdregrto any one of clains 1
to 9, its salts or hydrates thereof, wherein each of R5 and R6 in the
formula (1) is a hydrogen,atom 11. The conpound according to any one of
claims 1to R O

H COOR®
c
(CH,), ~ | | , '
5 N~ A N R
R—-N\ R '

R®
[wherein R* represents an alkyl group having 1 to 6 carbon atoms,
an alkenyl group having 2 to 6 carbon atoms, a halogencalkyl
group having 1 to 6 carbon atoms, a cyclic alkyl group having
3 to 6 carbon atoms, whichmay have a substituent, an aryl group,
which may have a substituent, a hetercaryl 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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9, its salts or hydrates thereof, wherein one of either R5 or R6 in the
formula (1) is a hydrogen aton1and the other is a methyl group. ]QZ#MTMm
conmpound according to any one of claims 1 to 161 14JULI & 9, its salts or
hydrates thereof, wherein one of either R5 or R6 in formula (I) iIs a
hydrogen atomand the other is a substituted carboxyl group derived from an
am no acid, a dipeptide, or a tripeptide. 13. The conpound according to
any one of claims 1 to 12, its salts or hydrates thereof, wherein the
cyclic alkyl re having 3 to 6 caybon atons whi ch may have a
substitﬁ’ear#/ln - 816, < ’ab |aofg‘?§%ajd 8pPBEYN L9 BoRP 120 aﬂH@%@ﬁ}?&%d
according to cIa|n113 its salts or idrates t hereof, wherein the

hal ogen&@EiRshlob§l & FERPR @tpms), ancadkoxymes§YAcayeIBraGYNT G dgp. 15.

The corrpound according to claim14, its salts or hydrates thereof, wherein

t he hal g%ﬁb‘é?%ﬁ@pﬂ@pﬁhgdéegenglt@m,sa Bhsowh@nmai,lqnpaeeowh@ttuyaent 16.
The conpound according to claim15, its salts or hydrates thereof, wherein

the hal @yenuyel ppvepplgrymethylagrétR, 25)etlhatagenney ganpmpy  group.
17. The compound according to any one of clains 13 to 16, its salts or

hydr at eshididmao frowper #idinidthlaimagese EHIg refupt, he Hal b@?’ opyl
group is a fluorine atom 18. 7-[3-(R)-(I|-am nocycl opropyl pyrro din-1I-
a phthalidinyl group, a 5-alkyl-2-oxo-1,3-dioxole-4-ylmethyl
group, or a 3-acetoxy-2-oxobutyl group;
R* represent::s 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 atom or a partial structure represented
by formula (II):
Y n
(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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yl]1-1-12-(S)-fluoro-I-(R)-cycl opropyl]-1, 4-di hydr o- 4- oxo-

1, 8- napht hyri di ne-3-carboxylic acid, its salts or hydrates therebf JUl18004
7-[ 3- (R)-(I -am nocycl opropyl ) pyrrolidin-I 162 14 JUL 2004
yl]-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 4-

oxoqui nol i ne-3-carboxylic acid, its salts or hydrates thereof. 20.
7-13-(R) - (1-am nocycl opr opyl )pyrrol I di n-1-
yl]-1-[2-(S)-fluoro-1-(R)--cyclopropyl]-8-chloro-1,4-

di r

hydr o- 4- oxo%f{ nal i.ne- 3scarboxylic acid, its saltﬁave oné/drat es thereof.

21." 7-[3-(R) I S EPSY o p T PpoFrBPi FRUR. may

yl]-1-[2- f o-1 - cycl gprop 8-fluoro-1, 4-

di hydr o- ‘316% ?%F?n%ég{eﬁﬁ?ﬂof(’fﬁrf‘cg}éﬁlQiroli’lt"sc%%ﬂ%t%ﬂg 4 raft el ¥er eof .
22. 7-[3-(R)- (1 am nocycl opropyl ) pyrrolidin-I-

yl ]-1-[ 9¥yP fhaigineg| 1 (19 - \eadmo@atqns. dl |aeybretduxyhaving 2 to

1, 4- di hydr o- 4- oxoqui nol i ne-3-carboxylic acid, its salts or hydrates

t her eof .5 2garkon Jat@ps ¢ | andi noﬁqcmnbrgpytppyrrol i din-I-

yl]-1-[2-(S)-fl uoro- I-(lR) cycl opropyl ] -1, 4-di hydr o- 8-

met hoxy- 4- oxocphiexeiinn e 3andrb1wyifcraﬁedtmhedsa% tnfayo lbeh iahtaigas tidier eof .
24. 7-[3-(R)-[1 (nethylam no) cyclopropyl ] pyrrolidin-1-yl ] --1- [2- (9S)
- fl uor otd -fiddm ayelngramuidturet by hydosp8rati RgXy phrt of the mother

ore more

skeleton , the thus formed ring may contain an oxygen atom,
a nitrogen g_tom, 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
1l 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 cnhe ore more substituents
selected from the group consisting of an alkylthio group having
1l to 6 carbeon atoms, an alkoxy group having 1 to 6 carbon atoms,
a hydroxyl Qroup, 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




oxoqui nol i ne-3-carboxylic acid, its salts or hydrates thereof. 25.

7-(3-(R) - (1-am nocycl opropyl )pyrrolidin-1- yl ] -1- [2- (S) -quor? HULQﬁQ
-cyclopropyl ] -1, 4-dihydro-8- nethyl-4-oxoquinoline-3-carboxylic aC|

its salts orhydrates 163 14 JUL 2004 thereof. 26. 7-[3-(R-[I-

(et hyl am no) cycl opropyl I pyrrolidin-1-yll-1-12-(S)-
fluoro-1-(R)-cycl opropyl | -1, 4-di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-car boxylic
acid, its salts or hydrates thereof. 27. 7-[3-(R-[I

(ethyla )c cl opr yrroI|d|n 1-yi]-1-[2- (S)
f1 uor o- I(?& §yé|§§3§§ ﬁ PE20i hydr o- 8- met hyl - 4- oxoqui nol i ne- 3- car boxyl i c
acid, its salts or %drates t hereof. 28. 5- an1no 7- [3- (R - (I-

ami nocycl opr opyl ) pyF SIFBWR°E“9I?9F°FQJPS)tPIEBY00P9(¢§ claims 1 to
cycl opr Eyll-l 4- di hydr o- 8- f | uor o- 4- oxoqui nol i ne- 3- carboxy lic acid, its
sal ts ordhyikatsaltfaepsohydpates- theneof, [BheRpipl R’ in the formula
am nocycl opropyl )pyrrolidin-1-yl]-1-[2-(S)-fluoro-1-(R)-
cycl oprofp¥yl 114, 4- dydlydgen8atmtmhoxy- 4- oxoqui nol i ne- 3- carboxylic acid, its
salts or hydrates thereof. 30. 5-amino-7-[3-(R)-(I-
am nocycl opr oyl ) pyThel edinpotnyll detokdi ) tb! 40y Oohe (&Y -claims 1 to
cycl opropyl | -1, 4-di hydr o- 8- net hyl - 4- oxoqui nol i ne-3- carboxylic acid, its
salts ors5hyifltatesl theseohydrates thereof, wherein R* in the formula

(I) is a hydrogen atom.

7. M?he 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, adiflucromethoxy group, a fluorine atom,
or a chlorine atom.

9. The compound according to c¢laim 7, its salts or
hydrates thereof, wherein X' in the formula (II) is a methoxy
group or a methyl group.

10. The compound according to any cone 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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31. 5-amno-7-[3-(R)-[I-

(met hyl am no) cycl opropyl I pyrrolidin-1-yll-1-[2-(S)- 14 JuL 200
fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 8- et hoxy- 4-

oxoqui nol i ne-3-carboxylic acid, its salts or hydrates thereof. 164 14 JUL
2004 32. 10- [3- (R - (I- am nocyclopropyl)pyrrolidin-I-yl]-2,3-dihydro-3-
(S)-nethyl-7-oxo-7kkpyrido[l,2,3-de][1,4]benzoxazine-6- car boxylic acid,
its salts or hydrates thereof. 33. (cyclopropyl) 8-methyl-7-[3-(R)-[1-

oxoqul noli A6 5B FBRE AR GGs Rk atls ks SiRuPREcSE Wik aer Kser A

medi camept., ich co rlse t he conpound described in any one of clains 1
Lo 33, R SrEPTEULE (1 o By A HOBPCLFORangF R e FREE gk SUbERt ugsd An
antibacterial agent, which conprises the conpound described in any of
claims £POXYL Proupafesiyedhfrentan aning etid as dipeptide i rgr adi ent .

36. A therapeutic agent for an infectious disease, which conprises the
conpoundrdesptiisled in any of clains 1 to 33, its salts or hydrates
thereof, as an active ingredient. 37. Anethod for producing a nedi canent,

whi ch conpri sk3. f dtheallcarpegnichaccorpdmad tdeaari bad bF anxift ¢l abns 1 to
33, its salts or hydrates thereof, as an active ingredient. 38. Anethod

for proaaclmgsasaamblbachyaraheagenbreahlChheeeﬂﬁrtﬁesc§elﬂalaik99 t he
conmpound described in any of clains
group having 3 to 6 carbon atoms, which may have a substituent,
in R! is a hglogenocyclopropyl group.
i4. 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 c¢laim 15, its salts or
hydrates thereof, wherein the halogenocyclopropyl group is a
(1R, 28)-2Z2-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) - (1-aminocyclopropyl)pyrrolidin-1-
yl]-1-[2-(8S)-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-

le2




1 to 33, its salts or hydrates thereof, as an active ingredient. 39. A

met hod for producing an infectious disease treating agent, which epnpyiggs
formul ati ng the conpound described in any of clains 1 to 33, its salts or
hydrates thereof , as an active ingredient. 165 14 JUL 1004 40. Use of the
conpound described in any of clains 1 to 33, its salts or hydrates
thereof, for the production of a nedicanent. 41. Use of the conpound
descri bed in any of claims 1 to 33, its salts or hydrates t hereof for the

By of e B (RS LR %ﬁ%‘#ﬁ%@ﬁ e oduct on of
an inf eCt Iq%lﬁsno :I.Sneea car(i'.:nat | 89& 1]1:5 salts or hydrates thereof.

20, 7-[3-(R) - {1l-aminocyclopropyl)pyrrolidin~-1-
yl]-1-[2-(8)-fluoro-1-(R)-cyclopropyl]-8-chloro-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid, its salts or
hydrates thereof.

21, 7-[3-({R) - (l-aminocyclopropyl)pyrrolidin-1-
yl]—1—[2—(8)-fluoro-1-(R)—cyclopropyl]-B—fluoro—l,d—
dihydro-4-oxoquincline-3-carboxylic acid, its salts or
hydrates thereof.

22. "7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-
yl1-1-[2-(S) -fluoro-1-(R) —cyclopropyl]-8-difluoromethoxy-
1,4-dihydro—-4-oxoquinoline-3-carboxylic acid, its salts or
hydrates thereof.

23. 7-[3-(R) - (1l-aminocyclopropyl)pyrrolidin-1-
vl]-1-[2-(S)-flucro-1-(R) -cyclopropyl]l-1,4-dihydro-8-
methoxy-4-oxoquinocline-3-carboxylic acid, its salts or
hydrates thereof.

24. 7-[3-(R)-[1-

{(methylamino) cyclopropyl Jpyrrolidin-1-yl1j-1-[2-(8) -
fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-methoxy-4-
oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.

25. 7-[3-(R) - (l-aminocyclopropyl)pyrrolidin-1-
yl]-1-{2~(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-

methyl-4-oxoquinoline-3-carboxylicacid, itssaltsorhydrates

1e3




14 JUL 2004

thereof .

26. 7-{3-(R)-[1-

(methylamino) cyclopropyllpyrrolidin-1-yl]-1-[2-(8) -
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-yl]-1-[2-(S) -
fluoro—l—(g)~cyclopropyl]—1,4—dihydro—8—methyl—4—
oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.

28. S5-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-yl1]-1-[2-(8) -fluoro-1-(R) -
cyclopropyl]l-1,4-dihydro-8-methoxy-4-oxoquinoline-3-
carboxylic acid, its salts or hydrates thereof.

30. 5B-amino-7-[3-(R)-(1-
aminocyclopropyl)pyrrolidin-1-y1]-1-[2- (S} -fluoro~-1-(R) -
cyclopropyl]-1,4-dihydro-8-methyl-4-oxoguinoline-3-
carboxylic acid, its salts or hydrates thereof.

31, S5-amino-7-[3-(R)~[1-
{(methylamino)cyclopropyl]pyrrolidin-1-yl]-1-[2-(S) -
fluoro-1-(R) -cyclopropyl]-1,4-dihydro-8-methoxy-4-

oxoquinoline-3-carboxylicacid, its salts or hydrates thereof.

le4




14 JUL 2004

32, 10-[3-(R)~(1-
aminocyclopropyl)pyrrolidin-1-y1]-2,3-dihydro-3-

(S) -methyl-7-oxo-7H-pyrido[1,2,3-de] [1,4]benzoxazine-6~
carboxylic acid, its salts or hydrates thereof.

23, 1- (cyclopropyl) -8-methyl-7-[3-(R)-[1-
{methylamino)cyclopropyllpyrrolidin-1-y1]1-1,4-dihydro-4-
oxogquinoline-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
compounddescribed in any of claims 1 to 33, its saltsor hydrates
thereof, as an active ingredient.

36. A therapeuticagent foraninfectious disease, which
compri ses the compound described in any of claims 1 to 33, its
salts or hydrates thereof, as an active ingredient.

37. Amethod forproducingamedicament, which comprises
formulating the compound described in any of claims 1 to 33,

its salts or hydrates thereof, as an active ingredient.

38. Amethod forproducinganantibacterial agent, which
comprises formulating the compound described in any of claims
1 to 33, its salts or hydrates thereof, as an active ingredient.

39. A method for producing an infectious disease
treating agent, which comprises formulating the compound

described in any of claims 1 to 33, its salts or hydrates thereof,

as an active ingredient.




14 JuL 200k

40. Use of the compound described in any of claims 1
to 33, its salts or hydrates thereof, for the production of
a medicament.

41. Use of the compound described in any of claims 1
to 33, its salts or hydrates thereof for the production of an
antibacterial agent.

42, 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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