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Cl' S- SUBSTI TUTED SUBSTI TUTED--AM NOCYCLOALKYL PYRHGE O RE DERI VATI VES

TECHNI CAL FIELD: This invention relates to antincrobial cgnmpounds which
are useful as drugs, veterinary drugs, fishery drugs marine drugs and
antim crobidl® preservatives and antim crobial agents and anti m crobi al
preparations containing these conpounds. BACKGROUND ART: Since norfloxacin
was found out, attenpts have been made to inprove the anti m crobi al
activities 'and pharnacoki netics of synthetic quinolone antinicrobial

agentsi'As a result, a nunber cak-goppeuRdsEdr syskTrnrogakby avail abl e t oday
as ‘chenot herapeutic drugs efficaci ous agai nst system c infectious diseases.

In recent years, however AMIQOCICLOANKPOSERROLIVENE ODERECGRTUVESS have been
increasing in the field of clinical nedicine. Mreover, sone bacteria
tolerant to JdEHGENGCABrFIRLD: t hese synthetic quinol one antim crobial agents
beconme hyposensitive thereto, for exanple, Staphylococcus aureus (MRSA)
insensitive to [err]-Thts aimeent nntialsateEhdicefagrtdmicrobdalbeenpangeat | y
requi red to devel op highly efficacious drugs in the field of clinical

medi ci ne. | n #&drhi are nseful rapoirugh + mRteydmaryh dawasrofiighezyedrygs
soneti mes i nduce convul sion when adm ni stered together wth nonsteroidal
anti - i nf | anma®@rngr 45898 2aR¢ ANHERiCER@l preservatives and

antimicrobial agents and antimicrobial preparations
containing these compounds.
BACKGROUND ART:

Since norfloxacin wéé.found out, attempts have been
made fo improve the antimicrobial activities and
pharmacokinetics of synthetic quinolone antimicrobial agents.
As a result, a number of compounds are clinically available
today as chemotherapeutic drugs efficac;ous agéinst
systemic infectious diseases.

In recent yearé, however, bacteria hyposensitive to
these drugs have been increasing in the field 6f clinical
medicine. Moreover, some bacteria tolerant to drugs other
than these synthetic quinolone antimicrobial agents become
hyposensitive thereto, for example, Staphylococcus aureus
{(MRSA) insensitive to 8-lactam antibiotics. Therefore, it has
been urgently required to develop highly efficacious drugs in the
field of clinical medicine.

In addition, it is reéorted that some antimicrobial
agents sometimes induce convulsion when administered together

with nonsteroidal anti-inflammatory drugs or they have some
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side effects such as phototaxicity. Thus, it is needed to devel op
gui nol ones with el evated safety. DISCLCSURE OF | NVENTI ON: .Under these
circunstances, the present inventors have conducted extensive studies to
provi de conpolinds satisfying the above-nentioned requirements. As a result,
t hey have successfully found out that cis-substituted-substituted

am nocycl oal kyl pyrrolidine derivatives represented by the follow ng fornula
(1), their salts and hydrates thereof have broad antibacterial spectra, in

particular, pgigatespsifs C& QN &s GHdrWtd:AL i@ qwrﬂ Eong_gt %%@ﬁ&eﬁa%e” a

i ncl udi ng gran1p05|t|ve bacteria, 1n particul at the sane

tinme, favorabfievehep ngeoks Iwids Seiand diesh tedf %ta:fetfyhus conpl eting the
present invention. Accordingly, the present invention relates to conpounds

represent ed bpIshe.osSoREcDFNINVERTIMDN: (1), its salt's and hydrates thereof:

[err] wherein Rlerr] represents a hydrogen atomor an al kyl group having 1
to 6 carbon atons; RUnQeFeERiES & AMBNRIRTE 0RHY ﬁés@ﬂwlnﬁre%%ﬁ%awa% 1

to 6 carbon atons, provided that the al kyl group may have one or -2-

more substi t ueBhAusebacegehs Do tdiendi I o PAHEild NG ipchinds satlsfylng
the above-mentioned requirements. As a result, they have
successfully found out that‘cis-substituted-substituted :
aminocycloalkylpyrrolidine derivatives represented by the
following formula (I), their salts and hydrates thereof have
broad antibacterial spectra, in'particular, potent
antimicrobial activities on quinolone-tolerant bacteria
including gram positive bacteria, in particular, MRSA and, at
the same time, favorable pharmacokinetics and high séfety,
thus completing the present invention.

Accordingly, the present invention relates to

compounds represented by the following formula (I), its salts

and hydrates thereof:

(CHZ )n
B! R’
\\N
B P N—Q : (1)
R4 R5 RS

wherein R!' represents a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms; )
R? represents a hydrogen atom or an alkyl group having 1 to 6

carbon atoms, provided that the alkyl group may have one or



hydroxyl group, a hal ogen atonms and an al koxyl group having 1 to 6 carbon
atonms; R3 and R5 represent..ach a hydrogen atom R4 represents a hydroxyl
group, a hal ogen atom a carbamoyl group, an alkyl group having 1 to 6
carbon atons, an al koxyl group having 1 to 6 carbon atons or an alkylthio
group having 1 to 6 carbon atons, provided that the al kyl group may have
one or nore substituents selected fromthe group consisting of a hydroxyl
group, a hal ogen atom and an al koxyl group having 1 to 6 carbon atons; and
R4 and the supsll sueskielehbs S¥1&0tédi ffor i 4K Yrduie ddildiawing fox aul a:
[err] are located in the cis-configuration; R err] and R err], each

i ndependent | hydeRxg3eairsud, i (heUeGfe Rl Kb &Y adrK)d 116:6UD diddp haling G
carbon atons; n is an integer of froml to 3; and Q represents a parti al
structure reppeseaketohyatbmstol | owing fornula: [err] wherein Rl err]
represents an al kyl group having 1 to 6 carbon atons, an al kenyl group
having 2 to 6 car bonRitams RParbpregenvat&gh @rioggrdgan rakdnt o 6 car bon
atons, a substituted or unsubstituted cyclic alkyl group having 3 to 6
carbon atons; a subsRi tzepeesemtsnsubytroxyddgapyp, gaobplogen atom, a

carbamoyi group, an alkyl group having 1 to 6 carbon atoms,
an alkoxyl group having 1 to 6 carbon atoms or an alkylthio
group having 1 to 6 carbon atoms, provided that the alkyl
group may have one or more substituents selected from the
group consisting of a hydro%ji group, a halogen atom and an
alkoxyl group having 1 to 6 carbon atoms; and

R* and the substituent on the pyrrolidine ring of the

(CEy)n
e \/

.
RL//N

following formula:

are located in the cis-configuration;

R® and R’, each independently represents a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms;

n is an integer of from 1 to 3; and

Q represents a partial structure represented by the

following formula:




substituted or unsubstituted heteroaryl group, an al koxyl .group having 1 to
6 carbon atons or an al kytamino group having 1 to 6 carb®n atoms; RO
represents a hydrogen atomor an al kylthio group having 1 to 6 carbon
atons; R[err] and Rlerr] may formtogether with a part of the nother

nucl eus a cyclic structure optionally containing a sulfur atomas a
constituting atomthereof and optionally having an al kyl group having 1 to
6 carbon atons as a substituent; R err] represents a hydrogen atom an

amino group, a hydr adredhomp, réptddditHrai kil N areagnmietify 19rou@, an
al kyl group having 1 to 6 carbon atons, an al kenyl group having 2 to 6

carbon at onsgasftiordl dtons, @O KBAYLNGrdupOhlviaghRntat @nBathornatdk®Xya
group having 1 to 6 carbon atons, provided that the am no group may have

one or nore kabsderaslkEl loagt @dvingnit he g§rodpbennatsms pga cdulsst druyed
group, an al kyl group having 1 to 6 carbon atons and an acyl group having 2
to 5 carbon at omssubgtertrdtedepyeddnt alhyhabogep hévimgr 3 athyélrogpdmomt om - 4-
Alerr] represents a nitrogen atomor a partial structure represented by the
fol | owi ng forpems; (8 |IJubgtatpfted or unsubstituted aryl group, a
substituted or unsubstituted heteroaryl group, an alkoxyl
group having 1 to 6 carbon atoms or an alkylamino group
having 1 to 6 carbon atoms;
R’ represents a hydrogen atom or an alkylthio
group having 1 to 6 carbon At;ms;
R’ and R® may form together with a part of the
mother nucleus a cyclic structure optionally containing a
sulfur atom as a constituting atom thereof and optionally
having an alkyl group having 1 to 6 carbon atoms as a
substituent;
R!Y represents a hydrogen atom, an amino
group, a hydroxyl group, a thiol group, a halogenomethyl
group, 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 or an alkoxyl group having 1 to 6 carbon
atoms, provided that the amino group may have one or more
substituents selected from the group consisting of a formyl
group, an alkyl group having 1 to 6 carbon atoms and an acyl
group having 2 to 5 carbon atogs;

X! represents a halogen atom or a hydrogen

atom;



wherein Xl err] represents g, hydrogen atom an am no group,. a hal ogen atom
a cyano group, a hal ogenorm&thyl group, a hal ogenonet hoxyl**group, an al kyl
group having 1 to 6 carbon atons, an al kenyl group having 2 to 6 carbon
atons, ah al Kynyl group having 2 to 6 carbon atons or an al koxyl group
having 1 to 6 carbon atons, -provided that the am no group may have one or
nore substituents selected fromthe group consisting of a fornyl group, an
al kyl group having 1 to 6 carbon atons and an acyl group having 2 to 5

carbon atons; and X[err] and!Rrepibsaitsosmiogeddreratin bR PPdrifal he
not her nucl eus a cyclic structure optionally containing an oxygen atom a

nitrogen atogteacusdl teprasomas vy s tidlulowihiatfemmuler ¢afrjand
optionally having an al kyl group haviing 1 to 6 carbon atons as a
substituent; Alerr] and Alerr] each represents a nitrogen atomor a carbon
atom provided that Alerr], Alerr] @nd _the carbon atomto which they are
bonded nmay formtogethér with the b s anmong them expressed in dgffigd
lines, a partial structure represent by the following fornmula: [err] -5-
Y represents a hydrogen atom a phenyl group, an acetoxynethyl group, a
pi val oyl oxymet hyl group, an ethoxycarbonyl group, a choline group, a
di met hyl am noet hyl wherein X? represents a hydrogen atom, an
amino group, a halogen atom, a cyano group, a halogenomethyl
group, a halogenomethoxyl group, 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 or an alkoxyl group
having 1 to 6 carbon atoms,-provided that the amino group may
have one or more substituents selected from the group
consisting of a formyl group, an alkyl group having 1 to 6
carbon atoms and an acyl group having 2 to 5 carbon atoms;
and
X? and R® may form together with a part of the
mother nucleus a cyclic structure optionally containing an
oxygen atom, a nitrogen atom or a sulfur atom as a
constituting atom thereof and optionally having an alkyl
group having 1 to 6 carbon atoms as a substituent;
A? and A’, each represents a nitrogen atom or
a carbon atom, provided that A%, A* and the carbon atom to
which they are bonded may form together with the bonds among
them, expressed in dotted lines, a partial structure

represented by the following formula:

>C=C(A'=)-N(R%)- or >N-C(Al=)=C(R®)- ; and



group, a 5-indanyl group, ,a, phthalidinyl group, a 5-alkyl-2-
oxo- 1, 3-di oxol - 4-yl net hyl -gfoup, a 3-acetoxy-2-oxobutyl gi-6éup, an al kyl
group having 1 to 6 carbon atons, an al koxynethyl group having 2 to 7
carbon atons or a phenyl al kyl group conposed of an al kyl group having 1 to
6 carbon atons and a phenyl group. The present invention further provides:
the conpounds of the formula (1), wherein Q has a structure represented by
the following fornula, its salts and hydrates thereof: [err] or the
following formula: [err] wher gieprBsentk. a 9ﬂfbﬂeﬁ[8f6fn, Al phédyl Xedig, and
Y are each as defined above; the compounds of the fornmula (1), wherein Q
has a - 6 - an atetckiymethEPrRaY ca Pivaleylokyhethglf gioupa, ahts salts
and hydrates thereof: [err] wherein Rerr], Rerr], Rerr], Aerr], Xerr]
and Y are eaehhazycafhoreddl ahrugy, tahehodripeugadsupl, thdifiethylam{hdetinher ei n
Qis a 6- carboxy-9-fluoro-2, 3-di hydro-3-(S)-nethyl -7-oxo-7H
pyrido[l, 2, 3gdehpd, ] helrxmrazl wrbpyl agpbapalfidinghi ggobpr nal &yalkys-2alts
and hydrates thereof: [err]

oxo-1,3-dioxol-4-ylmethyl group, a 3-acetoxy-2-oxobutyl

group, an alkyl group having 1 to 6 carboﬁ atoms, an
alkoxymethyl group having 2 to 7.carbon atoms or a
phenylalkyl group composed of an alkyl group having 1 to 6
carbon atoms and a phenyl group.

The present inventian—further provides:

the compounds of the formula (I), wherein Q has a
structure represented by the following formula, its salts and

hydrates thereof:

R1o
3]
X N cooY
\A1 \ RO

wherein R®, R°, R!, A!, X! and Y are each as defined above;

the compounds of the formula (I), wherein Q has a



the conpound of the formul.a.(l), wherein Qis an 8- .
am no- 6- car boxy- 9-f | uor o- 2;*3- di hydr o- 3- (S) - et hyl - 7- oxo- #

pyrido[1, 2, 3-de][1, 4] benzoxazi n-10-yl group (follow ng fornula), its salts
and hydrates‘thereof: [err] -7- t he conpounds of the forrmula (I),

wherein Qis a 5-

am no- 3- car boxy-6-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-

1, 4-di hydr o- 8- et hoxy- 4- oxoqui nol i n-7-yl group (following fornula), its
salts and hygtphesutderepfesdiidd vyaneomRAURKS nef fbkawfiar ks ckltsWagaei n
Qis a 5- am no-3-carboxy-6-fluoro-1-[2-(S)-fluoro-I-(R)-cyclopropyl]-

1, 4- di hydr o- Byaeabys - fhep@sitd nol i n-7-yl group (following fornula), its
salts and hydrates thereof: [err] the conpounds of the fornula (1), wherein

Qis a 3- carboxy-6-fluoro-1-[2-(S) 4§l
di hydr o- 8- net hoxy- 4- oxoqui nol i n- 7-
and hydrates thereof: [err] -8x:

oro-1-(R)-cycl opropyl]-1, 4-
up (follow ng fornula),

its salts

wherein R%®, R, R!%, A!, X! and Y are each as defined above;

the compounds of the formula (I), wherein Q is a 6-

carboxy—9—fluoro—2,3-dihydro-§—(S)—methyl-?-oxo-?H-

. pyrido[l,2,3-de][1l,4]benzoxazin-10-yl group (following

formula), its salts and hydrates thereof:

the compound of the formula (I), wherein Q is an B-

amino-6-carboxy-9-fluoro-2, 3-dihydro-3-(S)-methyl-7-oxo-7H-

pyrido[l,2,3-de][1l,4)benzoxazin~10-yl group (following

formula), its salts and hydrates thereof:



t he conmpound of the formulax(l), wherein the substituent R4 is a hal ogen
atom its salts and hydrates thereof; the conpounds of the-formula (1),
wherein the substituent Rlerr] is a fluorine atom its salts and hydrates
t hereof ;" the’conpounds of the fornula (1), wherein nis 1 or 2, its salts
and hydrates thereof; the conpounds of the fornmula (I), wherein nis 1, its
salts and hydrates thereof; the conpounds of the fornmula (1), wherein the
substituent Rlerr] is a fluorine atomand nis 1 or 2, its salts and
hydrates thereof; themorpapedndel oEhenborouhald! 1) Migierein g saikstit uent
Rlerr] is . a fluorine atomand nis 1, its salts and hydrates thereof; the
conmpounds of drtend-B-radxbdxdy)-6-dhabebritpe-s8hstltoent 1 R Ry f¢ydSopropyl]-
hal ogenocycl opropyl group, its salts and hydrates thereof; the conpounds of
t he formul a (1)4-diterddor s-hethokyt-dt-orotjuRBoi $na7-yl group (following
1, 2-ci s- 2- hal ogenocycl opropyl group, its salts and hydrates-thereof; the
conpounds of fdmemflor)ulixs( lspltehendi hytihetssbtheteeht R8 is a
stereochem cally pure one, its salts and hydrates thereof; the conpounds of
the formula (1), wherein the -9-

NH, 0 O

F OH

|

N
LA

-

the compounds of the formula (I), wherein Q is a 5-
amino-3-carboxy-6~fluoro-1~[2-(S)-fluoro-1-(R)-cyclopropyl]-
1,4-dihydro-8-methyl-4-oxoquinolin-7-yl group (following

formula), its salts and hydrates thereof:

NH, O ©

F
OH

Nl'
Me A’F

the compounds of the formula (I), wherein Q is a 3-
carboxy-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-
dihydro-8-methoxy-4-oxoquinolin-7-yl group (following

formula), its salts and hydrates thereof:



substituent Rlerr] is a (IR:-2S)-2-hal ogenocycl opropyl group, its salts and
hydrat es thereof; the conmpouhds of the fornmula (1), wherei*h:'t he Substituent
Rlerr] is a (1R 2S)-2-fluorocycl opropyl group, its salts and hydrates

t hereof ; ‘t he tonpounds represented by the formula (1), which are
stereochem cally pure ones, its salts and hydrates thereof; the conpounds
of the formula (1), wherein the substituent X err] is a halogen aton its
salts and hydrates thereof; the conpounds of the formula (1), wherein Xl is

a fluorine atom its t3a icompRfhnldy drat8s £Ben804; (I), wherein the

10-[4- (R - (1-am nocycl opropyl )-3-(S)-fluoro-1I -

pyrrolidinyl Jstbdt itorent? K3- il hy dhat SgérP) aterh NYi ts/-Xas’ nd hydrates
pyrido[l, 2,3-de][1, 4] benzoxazi ne-6-carboxylic acid, its salts and hydrates

t hereof ; 8-anthexdd¥y 4- (R) - (1-am nocycl opropyl)-3-(S)-fluoro-
1-pyrrolidinyl]-9-fluoro-2, 3-di hydro-3-(S)-nethyl -7-oxo-7H
pyrido[ 1, 2, 3-de] [ 1, 4lHhenromppundsbofathexybimubsi (1) j twhewdis wl hydrates
t hereof ; 5-am no-7-[4-(R)-(1-am nocycl opropyl)-3-(S)-fluoro-I-
pyrrolidinyI]SﬁbﬁﬂinnﬁmilﬁfZiﬁSa)flmmmineIaﬂd@r(ﬁﬂﬂ @aldpyland hydrates
1, 4- di hydr o- 8- net hyl - 4- oxoqui nol i ne-3-carboxylic acid, its salts and
hydr at es t hertdwredE;ani no- 7-[ 4- (R) - (1 - ami nocycl opropyl ) -3-(S)-fl uoro- 1-
the compounds of the formula (I), wherein n is 1 or
2, its salts and hydrates thereof; .
the compounds of the formula (I), wherein n is 1, its
salts and hydrates thereof;-
ﬁhe compounds of the formula (I), wherein the
substituent R* is a fluorine atom and n is 1 or 2, its salts
and hydrates thereof;
the compounds of the formula (I), wherein the
substituent R* is a fluorine atom and n is 1, its salts and
hydrates thereof;
the compounds of the formula (I), wherein the
substituent R® is a halogenocyclopropyl group, its salts and
hydrates thereof;
the compounds of the formula (I), wherein the
substituent R® is‘a 1,2-cis-2-halogenocyclopropyl group, its
salts and hydrates thereof;
the compounds of the formula (I), wherein the
substituent R® is a stereochemiﬁally pure one, its salts and

hydrates thereof;

the compounds of the formula (I), wherein the



- 10 - pyrrolidinyl]-6-fkuoro-1-[2-(S)-fluoro-I-(R)-cyclopropyl]-

1, 4- di hydr o- 8- net hoxy- 4- oxegui nol i ne- 3-carboxylic acid, its'salts and
hydrates thereof; 7-[4-(R)-(1-am nocyclopropyl)-3-(S)-fluoro-1-
pyrrolidinyl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]- 1

, 4- di hydr o- 8- net hoxy- 4- oxoqui nol i ne- 3-carboxylic acid, its salts and
hydrates thereof; drugs containing as the active ingredient the above-
menti oned conpounds, hydrates thereof, salts of the conmpounds or hydrates

of the salts.sapétitesoDird 1808N{ SRCPH| 22 Th Ao Fénd A BSpE Sy ] NG it he
above-nenti oned conpounds, hydrates thereof, salts of the conpounds or

hydrates of thg1ealdsd Bfdrattie dieeeR#t i nvention further relates to
conpounds represented by the following formula, its salts and hydrates

thereof: [err] wher eithRodnigounesr esethe dobydlagen) atehepeiantkékyl group
having 1 to 6 carbon atons; R2 represents a hydrogen atom or an al kyl group
having 1 to 6sghstbitmentorrs, ipravi iRp2$ he2 - £ heorddyt 1 gpxogy Inegroup, its
salts and hydrates thereof;
the compounds represented by the formula (I), which
are stereochemically pure ones, its salts and hydrates
thereof;
the compounds of the formula (I), wherein the
substituent X! is a halogen.aiom; its salts and hydrates
thereof; -
the compounds of the formula (I), wherein X! is a
fluorine atom, its salts and hydrates thereof;
10-[4-(R)-(1-aminocyclopropyl)-3-(S§)-fluoro-1-
pyrrolidinyl}-9-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7H-
pyrido[l,2,3-de][1l,4]benzoxazine-6-carboxylic acid, its salts
and hydrates thereof;
8-amino-10-[4-(R)~(l-aminocyclopropyl)-3-(S)-fluoro-
l-pyrrolidinyl]-9-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7H-
pyrido(1,2,3~-de][1,4]benzoxazine-6-carboxylic acid, its salts
and hydrates thereof;
5-amino-7-[4-(R)~-(l-aminocyclopropyl)-3-(5)~-fluoro-1-
pyrrolidinyl]}-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-
1,4—dihydro—8—methyl—4—oxoquiAoline—3—carboxylic acid, its
salts and hydrates thereof;

5-amino-7-[4-(R)-(l-aminocyclopropyl)-3-(S)-fluoro-1-

- 10 -



have one or nore substituents selected fromthe group congisting of a
hydroxyl group, a hal ogen atom and an al koxyl group havi ng-:1 to 6 carbon
atoms; R3 and R5 represent each a hydrogen atom Rerr] represents a

hydr oxyl® grotip, a hal ogen atom a carbanoyl group, an al kyl group having 1
to 6 carbon atons, an al koxyl group having 1 to 6 carbon atons or an

al kylthio group having 1 to 6 carbon atons, provided that the al kyl group
may have one or nore substituents selected fromthe group consisting of a
hydroxyl groggrralhidiegen-ateruens- aop 2l koxyt 1w -avi-stg7ch dpr opyag-bon
atons; and err] and the substltuent of the followng formula: [err] are
located in t Ng 4cidd hgdrbi-gumnat hony - Rl exddu iardl iNesr3I{cardaxdy lind @pdad]e dttlsy
represents a hydrogen atomor an al kyl group having 1 to 6 carbon atons;
and n is an isaflé¢gerandf hizdoatést th&redhe present invention furthernore
relates to the above-nenti oned conpounds, wherein the substituent R4 is a
hal ogen atom its saW%$4ahﬂ)hyhﬁimianYE&Qgﬂprﬂhe3&u@weidmmmbeﬂed
conpounds, wherein the substituent R4 is a fluorine atom their salts and
hydrates - 1Pyrrolidhayédfb-fheorndoleldreffl ) dhHawrorpdidsyodioprepryli-is 1
or 2,

1,4-dihydro-8-methoxy-4-oxoquinoline-3-carboxylic acid, its
 salts and hydrates thereof; |
| drugs containing as the active ingredient the above-
mentioned compounds, hydrates thereof, salts of the compounds
or hydrates of the salts. .
antimicrobial agents containing as the active
ingredient the above-mentioned compounds, hydrates thereof,
salts of the compounds or hydrates of the salts; etc.
The present invention further relates to compounds
represented by the following formula, its salts and hydrates

thereof:

B! B
~
N
ﬁ//'f N—H
B.“ RS Rs

wherein R' represents a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms;
R’ represents a hydrogen atom or an alkyl group

having 1 to 6 carbon atoms, provided that the alkyl group may

- 11 -



its salts and hydrates thereof; the above-nentioned conpounds, wherein n is
1, its salts and hydrates thereof; the above-nentioned cofpounds, wherein
the substituent Rlerr] is a fluorine atomand nis 1 or 2, its salts and
hydr at es’ t hefeof ; the above-nentioned conpounds, wherein the substituent
Rlerr] is a fluorine atomand nis 1, its salts and hydrates thereof;

4-(R) - (1-am nocycl opropyl)-3-(S)-fluoro-I1- pyrrolidine, its salts and
hydrates thereof; etc. Now, the substituents in the conmpounds of the

present i nveRhiy8Noh8PHLSRHEE Us e 1181 HA ddtledifidorP @ X Ricduped. The
substituent R err] represents a hydrogen atomor an al kyl group having 1 to

6 carbon atosbnsiBtsngl k¥la HEY drouy ! ehald dgereatem Ahanahed1Rbgyl
having 1 to 6 carbon atons. Preferable exanples thereof include nethyl,

ethyl, n-progybupnHavsngropyd @raasion Btomepresents a hydrogen atomor an
al kyl group having 1 to 6 carbon atons. This al kyl group may have one or
nmore substituents sekeeinedRf roeptdmeny earic endiysidoggrofatamhydr oxyl group, a
hal ogen atom an al kylthio group having 1 to 6 carbon atons and an al koxy
group having 1 to 6 Ramepreseons. a- h§8rexyl ghospal kyhalpgrp amonbe eit her
a liner or branched ~ _

carbamoyl group, an alkyl group having 1 to 6 carbon atoms,

an alkoxyl group having 1 to 6 carbon atoms or an alkylthio

group having 1 to 6 carbon atoms, provided that the alkyl

group may have one or more substituents selected from the

group consisting of a hydroxyi group, a halogen atom and an

alkoxyl group having 1 to 6 carbon atoms; and

R? and the substituent of the following formula::

(C )
\/

N
RL//N

are located in the cis-configuration;

R® and R’, each independently represents a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms; and

n is an integer of from 1 to 3.

The present invention furthermore relates to the
above-mentioned compounds, wherein the substituent R* is a
halogen atom, its salts and hyérates thereof;

the above-mentioned compounds, wherein the

substituent R* is a fluorine atom, their salts and hydrates

- 12 -



one having 1 to 6 carbon atons. Preferable exanples thereof include nethyl,
ethyl, n-propyl and isopropyl groups. Wien this alkyl group is substituted
by a hydroxyl group, the alkyl group may be either a linear or branched one
having '1' to 6 carbon atons and the hydroxyl group is preferably attached to
the term nal carbon atom of the al kyl group. Preferable exanples of the

al kyl group having a hydroxyl group include hydroxynethyl, 2-hydroxyethyl,
2- hydroxypropyl and 3-hydroxypropyl groups. Wen this alkyl group is
substituted by a hal ogen atom the al kyl group nmay be either a |inear or
branched one having 1 to 6 carbon atons and a fluorine atomis preferable
as the hal ogeRh@¥®%f/ Wien this alkyl group is substituted by an al kylthio

group, the al kyl group nay be either a |inear or bragched one having 1 to 6
carbon atons. Al so, t SRR egtérags REFPRERESY hEReRSEPnBaltSot BF afiched

one having 1 to 6 carbon atong. Exanples qof the alkyl group having an
al kyl thio groﬁBsi?Ej%RkF |&ﬁ3%ﬁ9€ﬁeﬁ F?°§kakthioethyl and al kyl t hi opr opyl

groups. It is preferahle that the_ alkyl.thio gro has up.to_3.carbon, atons
too. Nanely, still p?@?%r%&"f‘é&?&ﬁﬁf’@édt ﬁSP‘Banﬁga‘dg%rgréf‘h?l thi §)hef’ﬁ§]l,
et hyl t hi onet h d_ met i get hyl _arqups. Wen this al kyl group is
substituted b%é%ﬁgaﬁﬁ%gg%h%gﬁﬁpF%¥ & ngyI group may be either a linear or

br anched one having 1§53 heRc3bALR- cbhpBunklS ahkCXYh ghgup may be -

substituent R* is a fluorine atom and n is 1 or 2, its salts
and hydrates thereof;

the above—mentioned~cbmpounds, wherein the
substituent R* is a fluorine atom and n is 1, its salts and
hydrates thereof;

4-(R)~-(1l-aminocyclopropyl)-3-(S)-fluoro-1-
pyrrolidine, its salts and hydrates thereof; etc.

Now, the substituents in the compounds of the present
invention represented by the formula (I) will be explained.

The substituent R! represents a hydrogen atom or an
alkyl group having 1 to 6 carbon atoms. This alkyl group may
be either a liner or branched one having 1 to 6 carbon atoms.
Preferable examples thereof include methyl, ethyl, n-propyl
and isopropyl groups.

R? represents a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms. This alkyl group may have one or
more substituents selected froﬁ the group consisting of a
hydroxyl group, a halogen atom, an alkylthio group having 1

to 6 carbon atoms and an alkoxy group having 1 to 6 carbon atoms.
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either a linear or branched-.one having 1 to 6 carbon atons. Exanples of the
al kyl group having an al koxyl group include al koxynethyl 4l koxet hyl and

al koxypropyl groups. It is preferable that the al koxyl group has up to 3
carbon ‘at ons ‘t 0oo. Nanely, still preferably exanples thereof include

met hoxynet hyl , et hoxynmet hyl and net hoxyet hyl groups. The substituents
Rlerr] and R err], each represents a hydrogen atom These hydrogen atons
are located in the cis- configuration with regard to the pyrrolidine ring.

The substituent R errhikeRlReEN§Sodp WAY 0 |e UMD a a 1ROIEN HHaBhed
car banoyl group, an al kyl group” havi ng to 6 carbon atons, an al koxyl

group havi ng chd Gia¥iear h0Roak0BErBon 28t GhK Y| t i Of &iFaBie hendnifl ek ttheredd® bon
atons. This al kyl group may have one or nore substituents selected fromthe

group consi stintguale aekhgloxgthgl pu-propyl cgtd Pdapramdl ayradgeaxy group
having 1 to 6 carbon atons. Preferable exanples of the hal ogen atom are
fluorine and chl ori n&@hanhotbhisAblkwlighrdue id ksdbgricupteathria thydraxyilnear
or branched one having 1 to 6 carbon atons, preferable exanpl es thereof

i ncl ude net hygrougt,hyhe alpydpygkoapdmayope opither cupsingdn udiranedhes lomey|
group may either a linear or branched one having 1 to 6 carbon atons,

pref erabl e eX@ygings 1t ker éofarhen ugeom®t dresk yiheyrly dtawidy |9xvupgs. Al t hough
the alkylthio group may either a |inear or branched one having 1 to _6

car bon atonqu@ﬁgmgp&y|ét@ggﬁﬁ@ego_tQQ terminal carbon atom of the alkyl

group. Preferable examples of the alkyl group having a
hydroxyl group include hydroxymethyl, 2-hydroxyethyl, 2~
hydroxypropyl and 3—hydroxy§r6pyl groups.

When this alkyl group is substituted by a halogen
atom, the alkyl group may be either a linear or branched one
having 1 to 6 carbon atoms and a fluorine atom is preferable
as the halogen atom.

When this alkyl group is substituted by an alkylthio
group, the alkyl group may be either a linear or branched one
having 1 to 6 carbon atoms. Also, the alkylthio group may be
either a linear or branched one having 1 to 6 carbon atoms.
Examples of the alkyl group having an alkylthio group include
alkylthiomethyl, alkykthioethyl and alkylthiopropyl groups.
It is preferable that the alkylthio group has up to 3 carbon
atoms too. Namely, still preferably examples thereof include
methylthiomethyl, ethylthiomethyl and methylthioethyl groups.

When this alkyl group is substituted by an alkoxyl
group, the alkyl group may be either a linear oxr branched one

having 1 to 6 carbon atoms. Also, the alkoxyl group may be
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t hereof include nethylthio-and ethylthio groups. Wen thig, alkyl group is
substituted by a hydroxyl group, the alkyl group may be ei'ther a linear or
branched one having 1 to 6 carbon atonms and the hydroxyl group is
preferably attached to the terminal carbon atom of the al kyl group.
Preferabl e exanpl es of the hydroxylated al kyl group having 1 to 6 carbon
atons i nclude hydroxynet hyl, 2- hydroxyethyl and 3-hydroxypropyl groups.
When this al kyl group is substituted by a hal ogen atom preferable exanples

of the hal ogentakemai Nghugde bt UbFamehad brd | vty al A6 cAYboh fateaisi.ne
atomis still preferable. The al kyl group may be either a |inear or

branched oneERawpleslofothecalken @fax%.hawfmg tar sladdepl Growp Aacilngel to
6 carbon atons is substituted by an al koxyl group, each alkyl noiety may be
ei ther a |inadkoaymbitanthedlkoretiayl ngnd d kdkygardpol ajrangps .Pr a@fteriabl e
exanpl es thereof include al koxymethyl or al koxethyl groups and

met hoxynet hypredemekyaethgt thel 2lkomytrhoyymith\Hagyngups & eagtion agowser abl e
therefor. The substituent R4 and the substituent on the pyrrolidine ring of
the foll ow ngoPor ni¥paelyer 811t epteterahly rexampldss tdwrecfudacilede which is
one of the -méghéxymethyl, ethoxymethyl and methoxyethyl gréups.

The substituents R?® and R®, each represents a
hydrogen atom. These hydrogen atoms are located in the cis-
configuratibn with regard to the pyrrolidine ring.

The substituent Rﬁ.feéiesents a hydroxyl group, a
halogen atom, a carbamoyl group, an alkyl group having 1 to 6
carbon atoms, an alkoxyl group having 1 to 6 carbon atoms or
an alkylthio group having 1 to 6 carbon atoms. This alkyl
group may have one or more substituents selected from the
group consisting of a hydroxyl group, a halogen atom and an
alkoxy group having 1 to 6 carbon atoms.

Preferable examples of the halogen atom are fluorine
and chlorine atoms.

Although the alkyl group may either a linear or.
branched one having 1 to 6 carbon atoms, preferable examples
thereof include methyl, ethyl, n-propyl and isopropyl groups.

Although the alkoxyl group may either a linear or
branched one having 1 to 6 carbon atoms, preferable examples
thereof include methoxyl and e£hoxyl groups.

Although the alkylthio group may either a linear or

branched one having 1 to 6 carbon atoms, preferable examples
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characteristics of the conpeunds of the present invention,.The substituents
R6 and R7, each independent}y represents a hydrogen atom-or an al kyl group
having 1 to 6 carbon atons. Although the alkyl group may either a |inear or
branchéd one‘having 1 to 6 carbon atons, preferable exanples thereof

I nclude methyl, ethyl, n-propyl and isopropyl groups. n is an integer of
froml to 3. Nanely, the ring may range froma cycl opropane ring to a

cycl opentane ring. In the conpounds of the present invention, this noiety

has a cyclict&b&u@&u&ﬁcluhécﬂefﬁyfwng5mgndﬂ§ﬂﬁymgﬁﬂdndﬁahpyi t he present
invention. It is particularly preferable that nis 1. Qis a partial

structure of a fusedwhehethiycaBeyY epfqagenidubs titmted bywanydaoxyila:
[err] - 17 - The substituent R err] represents an al kyl group having 1
to 6 carbon atromp, &heabkkpy| ggooppmdpabergeixier G dadrzar atroiganghed one
hal ogenoal kyl group having 1 to 6 carbon atons, a substituted or
unsubsti t ut ehavyjiogi @ &bk§l cgrbom dzemsipisl tithes hysdrdwory latgnesp dssubsti t ut ed
or unsubstituted arﬁl group, a substituted or unsubstituted heteroar
group, an al Pssferably attached to the terminal carbon atom of the al 1
group. Preferable examples of the hydroxylated alkyl group
having 1 to 6 carbon atoms include hydroxymethyl, 2-
hydroxyethyl and 3-hydroxypropyl groups.

When this alkyl group is substituted by a halogen
atom, preferable examples of the. halogen atom include
fluorine and chlorine atomsy and a fluorine atom is still
preferable. The alkyl group may be either a linear or
branched one having 1 to 6 carbon atoms.

When this alkyl group having 1 to 6 carbon atoms is
substituted by an alkoxyl group, each alkyl moiety may be
either a linear or branched one having 1 to 6 carbon atoms.
Preferable examples thereof include alkoxymethyl or
alkoxethyl groups and methoxymethyl, ethoxymethyl and 2-
methoxyethyl groups are still preferable therefor.

The substituent R* and the substituent on the

pyrrolidine ring of the following formula:
(CH, )
R! ;2
~
N
Rg//’
are located in the cis-configuration, which is one of the
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group having 1 to 6 carbon atons or an al kyl am no group haying 1 to 6
carbon atons. An ethyl group-is particularly preferable as“the al kyl group
having 1 to 6 carbon atons. A vinyl or 1- isopropenyl group is preferable
as the al'kenyl group having 2 to 6 carbon atons. A 2-fluoroethyl group is
preferabl e as the hal ogenoal kyl group having 1 to 6 carbon atons. A

cycl opropyl and 2-hal ogenocycl opropyl groups are preferable as the
substituted or unsubstituted cyclic alkyl group having 3 to 6 carbon atons.
As the hal ogertairemterishecad- oliatRecasmyYEhDs by | 18 séht |{URFHE R oM i s
preferable in particular. Exanples of the substituted or unsubstituted aryl
group include a phenylrhgr subst ét@eneptrionald R’ havadly indépehdailisty t uents
sel ected fromthe group consisting of a hal ogen atom (e.g., fluorine,
chlorine or breprespnta Bohgdrabély| agsmufpr hayidlkyll tErdu HPAMAQNORRD 62
hydr oxyl group, an am no group, a nitro group, a |ower al koxyl group having
1 to 6 carboncarboen, agbws.Pralthabjle eha@npllesl tdmngoindyn e itdepirenyihear
2-fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl - 18 - and

2-f 1 uor o- 4- hy@xokyphshed gneubavimg hkttey oargd riyprogtdns a pdfetrablent
derived froman aromati c heterocyclic conpound containing at |east one

het er oat om sele&gm@desr sheaathgirt lvdyarethd ge@tharid suipmapyl and

isopropyl groups.

n is an integer of from 1 to 3. Namely, the ring may
range from a cyclopropane ring to a cyclopentane ring. In
the compounds of the presenf Envention, fhis moiety has a
cyclic structure, which is -another characteristics of the
present invention. It is particularly preferable that n is
1.

Q is a partial structure of a fused heterocycles

represented by the following formula:

oxr

R10
1
NA cooy
\A’ Y R°
RO
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atons. Exanpl es thereof inelude pyridyl and pyrimdyl groups. Preferable
exanpl es of the substituent's on these rings include an al-kyl group and a
hal ogen atom A nethoxyl group is preferable as the al koxyl group having 1
to'6 carbon atons, while a nethylanm no group is preferable as the

al kyl am no group having 1 to 6 carbon atons. Preferable exanples- of the
substituent Rlerr] include a cyclic al kyl group and a hal ogenocycl oal kyl
group. Anpbng these substituents, a cyclopropyl group or a 2-

hal ogenocycl opropyl greupubst PEeder abl @epheEehok - aASalkfl hgl &S Mmak Dy B
fluorine atomis preferable. The substituent R err] represents a hydrogen

atom or an akkykt Ba@b8hOsHoRsYi 49 étuéé}uﬁl A 1Ay 2Altie N abiryehy .

Rlerr] and Rlerr] may formtogether with a part of the nother nucleus
(containing Afems] aohubogénddiEky]l drodpntadmnd tdie 6C @aiddnabednst, 0awhi ch
RO is bonded) a cyclic structure. The ring thus forned may contain a

sul fur at om asbatdbnsédt ot | wysaEbhom tdtesd efycdnat fed\kgy lagyrahilpy hagriagp 3h&wi 6g 1
to 6 carbon atons as a substituent. The ring thus fornmed is a 4- to 6-
menber ed onecattboh atomst herswastitattes] qrantrsphsdtidndedd agylugsaup, aged.

The substituent X err] represents a hal ogen atomor a - 19 - hydr ogen
atom When i substathtedgen ensmystltfuhest ihedexaanyils gpoaper abl e Lkpaydf or .
Anong all, a fluorine or hydrogen atom

group having 1 to carbon atoms or an alkylamino group
having 1 to 6 carbon atoms.

An ethyl group is particularly preferable as the
alkyl group having 1 to 6 cérﬁon-atoms. A vinyl or 1-
isopropenyl group is preferable as the alkenyl group having 2
to 6 carbon atoms. A 2-fluoroethyl group is preferable as
the halogenoalkyl group having 1 to 6 carbon atoms. A
cyclopropyl and 2-halogenocyclopropyl groups are preferable
as the substituted or unsubstituted cyclic alkyl group having
3 to 6 carbon atoms. As the halogen atom in the 2-
halogenocyclopropyl group, a fluorine atom is preferable in
particular.

Examples of the substituted or unsubstituted aryl
group include a phenyl group, etc. optionally having 1 to 3
substituents selected from the group consisting of a halogen
atom (e.g., fluorine, chlorine or bromine), a lower alkyl
group having 1 to 6 carbon atoms, a hydroxyl group, an amino
group, a nitro group, a lower élkoxyl group having 1 to 6
carbon atoms, etc. Preferable examples thereof include

phenyl, 2-fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl

- 18 -



Is preferable as this substituent. The substituent R err] .represents a
hydrogen atom an amino group, a hydroxyl group, a thiol grfoup, a
halogenonethyl group, 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 or an al koxyl group having 1 to 6 carbon atons. The am no group may
have one or nore substituents selected fromthe group consisting of a
formyl group, an al kyl group having 1 to 6 carbon.atons and an acyl group

having 2 to Sag@rbofl &ixpw8l-hilddoayphehlpe gkbMpsgroup may either a linear or
branched one having 1 to 6 carbon atons, preferable exanpl es thereof

i ncl ude net hyl, ethyU;}nﬁpﬁopyylagﬂoupopsoaybugsﬁﬂﬁﬁenﬂ?ﬂﬁfﬁ*@ﬂn&rqm(nn)is
a linear or branched one having 2 to 6 carbon atons and a vinyl group is
preferabl e thereiaric Alategglycillie ablppyhdgronpaimyngi &éheteastiomar or
branched one having 2 to 6 carbon atons, an ethynyl group is preferable

t heref or. Onéhetendatan fai@cted sroms aapegpantregear | 9xmemeamb| sulbfur he
hal ogen i n the haol enonet hyl group. Al though the al koxyl group be one
having 1 to ®&drbon Examplesa ﬁ@iyﬁ@?hygegpﬁnde% ﬁﬁéfEYEEW%dY erefor.
Preferabl e exanpl es of the substituent R err]_ include al kyl and am no
groups. Anong@%QYPs o daefAraleusxanalas afs B@t??h?%ﬁt%ﬁﬂﬁ% QR OLlRER e

particul arly preferable 20
rings {nclude an alkyl group and a halogen atom. A methoxyl

group is preferable as the alkoxyl group having 1 to 6 carbon
atoms, while a methylamino group is preferable as the
alkylamino group having 1 tb 6 carbon atoms.

Preferable examples- of the substituent R® include a
cyclic alkyl group'and a halogenocycloalkyl group. Among
these substituents, a cyclopropyl group or a 2-
halogenocyclopropyl group is preferable therefor. As the
halogen atom, a fluorine atom is preferable.

The substituent R’ represents a hydrogen atom or an
alkylthio group having 1 to 6 carbon atoms. Aiternatively,
R’ and R® may form together with a part of the mother nucleus
(containing A? to which R® is bonded and the carbon
atom to which R’ is bonded) a cyclic' strﬁcture. The
ring thus formed may contain a sulfur atom as a constituting
atom thereof and have an alkyl group having 1 to 6 carbon
atoms as a substituent. The ring thus formed is a 4- to 6-
membered one which is either sgturated, partly saturated or
unsaturated.

The substituent X! represents a halogen atom or a
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therefor. Wen the substituent R10 is an am no, a hydroxyl_group or a thiol
group, it may be protected by protective groups usually efipt oyed in the
art. Exanples of such protective groups include al koxycarbonyl groups
(e.g., ‘tert-butoxycarbonyl and 2,2,2- trichloroethoxycarbonyl),

ar al kyl oxycar bonyl groups (e.g., benzyl oxcarbonyl,

p- met hoxybenzyl oxycar bonyl and p- nitrobenzyl oxycarbonyl), acyl groups
(e.qg., acetyl, methoxyacetyl, trifluoroacetyl, chloroacetyl, pivaloyl,

fornyl and bepg@ybden addor. OfvnemalikylisgaOHRSoGEnJatoh®r &- £ RUb¥ine bePaW| is
p- ni trobenzyl ,  p-nmet hoxybenzyl and triphenyl nethyl), ethers (e.g.,

net hoxymet hyl préfetabluitihanarory| , aAmehgahydr, opy f2ayrinddo?, Aydrogen atom
trichl oroet hoxynet hyl) and substituted silyl groups (e.g., trinmethylsilyl,
| sopropyl di retdypsetfesablicerds thukysdbsetibykatlyl, tribenzylsily, and tert-
but yl di phenyl silyl). Conpounds carrying substituents protected by these
groups are preferabl &hFasubstiineptad’’ mepresentites hpdpegdncaton, an
processes. When Alerr] represents a partial structure represented by the
follow ng foramine gfaip, a dydeveytls gaohpdr eagbhial ogroam, a&i no group, a
hal ogen - 21 - atom a cyano group, a hal ogenonet hyl group, a
halogenomethyl group, an alkyl group having I to 6 carbon
atoms, an alkenyl group having 2 to 6 carbon atoms, an
alkynyl group having 2 to 6 carbon atoms or an alkoxyl group
having 1 to 6 carbon atoms. The amino group may have one or
more substituents selected from the group consisting of a
formyl group, an alkyl group having 1 to 6 carbon atoms and
an acyl group having 2 to 5 carbon atoms.

Although the alkyl group may either a linear or
branched one having 1 to 6 carbon atoms, preferable examples
thereof include methyl, ethyl, n-propyl and isopropyl groups.
The alkenyl group is a linear or branched one having 2 to 6
carbon atoms and a vinyl group is preferable therefor.
Although the alkynyl group may either a linear or branched
one having 2 to 6 carbon atoms, an ethynyl group is
preferable therefor. One to three fluorine atoms are
particularly preferable as the halogen in the haolenomethyl
group. Although the alkoxyl group may be one having 1 to 6
carbon atoms, a methoxymethyl group is preferable therefor.

Preferable examples of.the substituent R! include

alkyl and amino groups. Among all, a methyl group and an

unsubstituted amino group are particularly preferable
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hal ogenonet hoxy group, an alkyl group having 1 to 6 carbon-atons, an

al kenyl group having 2 to 6-carbon atonms, an al kynyl grobp:having 2 to 6
carbon atons or an al koxyl group having 1 to 6 carbon atons. The am no
group rAy have one or nore substituents selected fromthe group consisting
of a fornyl group, an al kyl group having 1 to 6 carbon atons and an acyl
group having 2 to 5 carbon atons. Al though the alkyl group nay be either a
| i near or branched one having 1 to 6 carbon atonms, nethyl and ethyl groups
are preferablihddesioaf.or. Al though the al kenyl group may be either a linear
or branched one having 2 to 6 carbon atons, a vinyl group is preferable
therefor. Al though twheal khieybubsoipuemy B £stéaeramihe pearhydrdtyinched one
having 2 to 6 carbon atons, an ethynyl group is preferable therefor. One to
three fluori nroaipome ar ehpailt geobpy | ¥t phay ebabprottsctdd hal mgeredtivehe

hal ogenonet hyl group. Al though the al koxyl group may be one having 1 to 6
car bon at ons,groupst weapll lyr emplogedr thethbdl ®@rt herefor. One to three
fluorine atons are particularly preferable as the halogen in the

hal ogenonet hoxyl gr o&pampieagof heveh spsteciuiere graupsalindluge al koxyl group
is preferable, and nethyl and nethoxyl groups are still preferable. X err]
and R err] maltMosyearbeayheBrarPs bepdrt RYiHutatyRaThAnylewnd 2,2,2-

(containing A2 to which Rerr] is bonded - 22 -
trichloroethoxycarbonyl), aralkyloxycarbonyl groups (e.g.,

benzyloxcarbonyl, p-methoxybenzyloxycarbonyl and p-
nitrobenzyloxycarbonyl), acyl groups (e.g., acetyl,
methoxyacetyl, trifluoroaceéyi,-chloroacetyl, pivaloyl,
formyl and benzoyl), alkyl or aralkyl groups (e.g., tert-
butyl, benzyl, p-nitrobenzyl, p-methoxybenzyl and '
triphenylmethyl), ethers (e.g., methoxymethyl, tert-
butoxymethyl, tetrahydropyranyl and 2,2,2-
trichloroethoxymethyl) and substituted silyl groups (e.g.,
trimethylsilyl, isopropyldimethylsilyl, tert-
butyldimethylsilyl, tribenzylsily, and tert-
butyldiphenylsilyl). Compounds carrying substituents
protected by these groups are preferable particularly as
intermediates in production processes.
When A! represents a partial structure represented by

" the following formula:

N

X

X? represents a hydrogen atom, an amino group, a halogen
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and the carbon atons to which X[ err] is bonded) a cyclic gtructure which is
a 4- to 7-nmenbered ring bei-ng either saturated, partly saturated or
unsaturated. This ring may contain an oxygen atom a nitrogen atomor a

sul fur atomas a constitutent atomthereof and optionally have an al kyl
group having 1 to 6 carbon atons as a substituent. As an exanple of the
fused ring systemthus forned,

2, 3-di hydr o- 7- oxo- 7H pyri do[ 1, 2, 3-de] [ 1, 4] benzoxazi n-6- carboxylic acid

structure is ddim Preicgianbl r@ﬂg agdhhPsgShémet iPL Nytog®POUNd i'S
particularly preferable. en ['err] Is"a partial-"structure represented by

the fol | ow nhalgsionetvaFPhesupl &dheaDkpl egoblp kKavbhgal i o6 Ofcdifirid ]
with X[err] include those wherein Rerr] Is an am no group, a hydrogen
atom a hydr atdnsyr amnp adkeaglabkyphpghavina?i tg 6 ¢arkor atmms ateons and
X[err] is an alkyl group having 1 to 6 carbon atons, an al koxyl group
having 1 to @Gldgmydn gaxoaps hagihgl 2geo &t carbaen hat oge nometm cadiosxgrlowprarp a

hydrogen atom Exanples of the still preferable conbination thereof are

t hose wherei maiag 1 it9 ancawbpp growd; aThgdemien grewp BA B \EANgyQ3UP

or a nmethyl group and X err] is a nethyl group, a nethoxyl group, a

fluorine atomorg Ehbsitiitaeatsnpeheated ubromethRXIFOWR NS BN @loden

atom - 23 - formyl group, an alkyl group having 1 to 6 carbon atoms and
an acyl group having 2 to 5 carbon atoms.

Although the alkyl group may be either a linear or
branched one having 1 to 6 éaibon atoms, methyl and ethyl
groups are preferable therefor. Although the alken?l group
may be either a linear or branched one having 2 to 6 carbon
atoms, a vinyl group is preferable therefor. Although the
alkynyl group may be either a linear or branched one having 2
to 6 carbon atoms, an ethynyl group is preferable therefor.
One to three fluorine atoms are particularly preferable as
the halogen in the halogenomethyl group. Although the
alkoxyl group may be one having 1 to 6 carbon atoms, a
methoxyl group is preferable therefor. One to three fluorine
atoms are particularly preferable as the halogen in the
halogenomethoxyl group.

Among these substituents, an alkyl or alkoxyl group
is preferable, and methyl and methoxyl groups are still
preferable. -

x* and R® may form together with a part of the

mother nucleus (containing A? to which R is bonded
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Exanpl es of the particularly preferable conbination thereof are those
wherein Rlerr] is an am no-group, a hydrogen atom a hydroxyl group or a
met hyl group and X/ err] is a nethyl group or a nethoxyl group. Preferable
exanpl es’ of Rlerr] and X/ err] are cited above. On the other hand, a
fluorine atomis preferable as X err]. Wen the substituents X err] and
X[err] are each a halogen atom it is particularly preferable that Xerr]is
a fluorine atomand x[err] is a fluorine or chlorine atom Next, the

hal ogenocycl epidophle gaeupnr 8068S e 8shfyh Bi%ehiE] behbkdheaexpbaiped. Exanpl es
of the hal ogen atom as the substituent include fluorine and chlorine atons
and a fluori geraceireSwhachi €8l &rdy s ef siatlexrdd afigiPbeiWd RifeeRect to
the stereochem cal environnent in this noiety, it is particularly

preferabl e tzatutratedal pgedlat oatarat édcopyiursionecaidinXy IMiie Finet yagr e

| ocated at the cis-configuration regarding the cycl opropane ring. There are
so-cal | ed enzwmintariar snwokhgeespeat, ta niteragen Ztral age rocdlfopr appin @S at vy
of Rlerr]. These isonmers each shows a potent antimcrobial activity and a
hi gh saf ety. cPnstiompenndaton thereptsand dpiiamalady dtave @rca@lkandt group
characteristics owing to the substituent represented by the follow ng
formul a (I11)havéds: ddtenbt GRrpYR r&tomE s rd rapbgtditngent.

As an example of the fused ring system thus formed,

2,3-dihydro-7-oxo-7H~pyrido{1,2,3-de][1,4]benzoxazin-6-
carboxylic acid structure is the preferable one and the 3(S)-
methyl compound is particulériy.preferable.

When A! is a partial structure represented by the
following:formula:
Y ,
examples of the preferable combination of R!° with X? include
those wherein R!° is an amino group, a hydrogen atom, a
hydroxyl group or an alkyl group having 1 to 6 carbon atoms
and X’ is an alkyl group having 1 to 6 carbon atoms, an
alkoxyl group having 1 to 6 carbon atoms, a halogen atom, a
halogenomethoxyl group or a hydrogen atom.

Examples of the still preferable combination thereof
are those wherein R!® is an amino group, a hydrogen atom, a
hydroxyl group or a methyl gro;p and X* is a methyl group, a
methoxyl group, a fluorine atom, a chlorine atom, a

difluoromethoxyl group or a hydrogen atom.
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The conpounds of the present, invention are further characterized in that
this substituent and the siibstituent R4:are located in thg=

cis- conflguratlon (As a matter of course, the substituents Rl err] and
Rlerr] ‘dre I bcated in the cis- configuration too.) It has been clarified

t hat the conmpounds of the present invention have excellent characteristics
in safety since these substituents are located in the cis- configuration.
That is to say, favorable properties such as a decrease in the acute

toxicity and negativexasmpled biethéCparttt€RirI@Spreferdbls duntfinatidn
Especially, it has been clarified that the conpounds of the present

i nvention, whsdrearfe axfeathoker whedein RHRatist ba ambsbi gneap, o4 hpkrdgemul a
(I'11) and the substituent R err] are located in the cis- configuration, are

superior in atdecr eadsdroxiyle gaoupeot oxi ety hsgrompaaetl X4 tils thaeehyl

conpounds having the substituent of the formula (111) and the substituent
R4 in the tramuonk gumatthorylTheoegcel | ent characteristics in safety of

t he conpounds of the present invention are obvious mhen the cyclic noiety

in the substituent r&yedezabdd byamples cpfmRY &nd| X’ jayea cdtedhibbowe -ri AY.

Al so, these characteristics beconme obvious when the substltuent R4 is a

fl uori ne at orhheAotheaf éha@ldlyeaeiénpresewtomel%cmlp%&ﬂmbb&caﬁcK ng to the

present invention, nanely, those wherein nis 1 and the substituent R4 is a

fluorine atom are ex¥igni thedsubstiteentspbusasd Képareeceach dyhalugdmnor nul a
) of - 25 -

(" atom, it is particularly preferable that X! is a fluorine

atom and X? is a fluorine or chlorine atom.

Next, the halogenocyciopropyl group represented by R®
will be explained. i

Examples of the halogen atom as the substituent
include fluorine and chlorine atoms and a fluorine atom is
particularly preferable therefor.

With respect to the stereochemical environment in
this moiety, it is particularly preferable that the halogen
atom and the pyridonecarboxylate moiety are located at the
cis-configuration regarding the cyclopropane ring.

There are so-called enantiomers with respect to the
cis-2-halogenocyclopropyl moiety of R®. These isomers each
shows a potent antimicrobial activity and a high safety.

The compounds of the present invention show excellent
characteristics owing to the substituent represented by the

following formula (III) located on the pyrrolidine ring:

(CHyhn
RI\NQ (111)

RL//
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the present invention, thersubstituent R4 and the substituent having a
cyclic structure of the forrula (111) are located in the €is-configuration.
More particularly speaking, the following two isomers occur with respect to
this nmoiéty: [err] The present inventors consider that the isoner
represented by the followng formula is preferred to another one: [err]
When a conpound represented by the fornula (1) according to the present
invention has a structure allow ng the existence of diastereoners, it is

preferabl e t ke acoRFRMEN HOHN ﬁ@s%talﬁkraﬂltﬁoﬁl asbeERPEREL! S
adm ni stered to human being or animals. The term "conprised of a single

di ast er eoner "charases iidiih s thek eaby¥tonaehei A8dCOAR! ehBs Vi thaet friom
ot her di astereoner(s) but also one having a certain degree of chemcally

purity. That asetloc#ted iin rihe edst-ebnfegieatdbast e(RONBIn&LtsL $HNY as

nei ther the physical constants nor the physiological activities thereof are
af fected t heretwyxse, 2the subsAlitaentbeR? eaimd "Bt ereodbeniedl iy pheetias used

herei n neans a conpound consi sting of one of isonmers, when the conpound has
two or nore |comEigurhleido taey et hasabben clarified that the compounds

of the present invention have excellent characteristics in
safety since these substituents are located in the cis-
configuration. That is to say, favorable properties such as
a decrease in the acute toxicity and negativeness in the
micronuclear test are thus éoﬁfirmed. Especially, it has
been clarified that the compouﬁds of the present invention,
which are characterized in that the substituent of the
formula (III) and the substituent R* are located in the cis-
configuration, are superior in a decrease in the acute
toxicity as compared with those compounds having the
substituent of the formula (III) and the substituent R* in
the trans-configuration.

The excellent characteristics in safety of the
compounds of the present invention are obvious when the
cyclic moiety in the substituent represented by the formula
(III) is a 3-membered ring. Also, these characteristics
become obvious when the substituent R is a fluorine atom.
As preferable examples of the compounds according to the
present invention, namely, tho;e wherein n is 1 and the
substituent R is a fluorine atom are exemplified.

In the compounds represented by the formula (I) of
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atonm(s) contained therein. . The term"pure" of this case can, be understood
in the sane nmanner as the ahovenentioned case. The pyri dorecarboxylic acid
derivatives of the present invention may be in a free state. Aternatively,
théy may' be c¢onverted into acid addition salts or carboxyl ates thereof.
Exanples of the acid addition salts include inorganic acid salts (e.qg.,
hydrochl oride, sulfate, nitrate, hydrobrom de, hydroi odi de and phosphate)
and organic acid salts (e.g., acetate, nethanesul fonate, benzenesul fonate,
tol uenesul f ongiee, prddartl Enveiteahe, thunBhbseiedént art alrk) tHex dpses taknthe
carboxyl ates include alkali netal salts (e.g., lithiumsalt, sodiumsalt
and potassiu i S e . i :
%Qgin‘:‘% a fj#g%{: {é?cr%%rtmﬁf?f e %gﬁ%}:,ﬁ IIt)Hgggefééﬂfﬁe%hh

calciumsalt), triethylamne s me |'ucam ne salt

and tris-(hydgpxyosi Jxaa[g"erHEtﬁ PE SaLticuRh i NG s GAN] Cndl dei 1w
organic salts are gsﬁ%%e t ler ef _or.g %h%éyé }crnée piﬁi%%necar ’oxy}ﬁlc aci &ung
derivatives OfwdNneidmdtd bR 4idh $_kbecer teathosyhaigeymy occur as
hydrates thereof. On the other hand, quinol one derivatives wherein the
carboxylate noiety (-COOY) is an ester are useful as internediates in the

synthesis or prodrugs. FOorgexdmp{oMy)al Kyl est el®), @ bln- 27 - esters,
al koxyal kyl esters, phenylakk esters and phenyk
/ / b
Rz ’ - N-Q . Rz EN’Q
9
R4 R4€"

The present inventors consider that the isomer represented by

the following formula is preferred to another one:

R: (CH2)q
N
R2 N-Q
R4

When a compound represented by the formula (I)
according to the present invention has a structure allowing
the existence of diastereomers, it is preferable that a
compound comprised of a single diastereomer is administered
to human being or animals. The term "comprised of a single
diastereomer" as used herein means not only one being
completely free from other diastereomer(s) but also one
having a certain degree of chemically purity. That is to
say, it may contain other dias%ereomer(s) so long as neithexr
the physical constants nor the physiological activities

thereof are affected thereby.
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esters are useful as internediates in the synthesis. The gsters usable as
prodrugs are those which are easily cleaved in vivo to théreby formfree
car boxyl at es. Exanpl es thereof include acetoxynethyl ester,

pi val oyl oxynet hyl ester, ethoxycarbonyl ester, choline ester,

di met hyl am noet hyl ester, 5-indanyl ester and oxoal kyl esters such as

pht hal i di nyl ester, 5-alkyl-2-o0xo0-1, 3-dioxol -4- ylnethyl ether and

3- acet oxy- 2- oxobutyl .ester and the |ike. The conpounds represented by the

f la (1) of th ' ' ; ai A
e

preferable exanple o ésé ne

represented Qyaheaf eb{np%ﬂa é&ﬁgﬂgjhﬁ% ;Qf;a Jfﬁ (r)c]rfl W RIS XSnegPiggent s a

group serving as a |eaving group su ne atom a chlorine atom

a brom ne at @inpBuduPakE! t{6do AT mdRS U Y eshP RN sttt @ae¥Bnor a
substituted or unsubstituted al kyl sul fonyl group having 1 to 3 carbon

atoms; Y[errhtoRqey ¥odtadpédnereidlid Ne BORAMOrPire(lof @hid case can
bor on-cont ai ning group represented by the following formula: [err] - 28 -

wherein Y[ er bk andeykeobll ifptksesdmeatdnreer ldprile aiovementdoned case.

al kyl car bonyl oxy group having 2 to 4 carbon atons; and R err], Rerr],

Rlerr], Alerr] and Xrherpynidormecadidnddd rmdite dehdwvatives of the
present invention may be in a free state. Alternatively,
they may be converted into acid addition salts or
carboxylates thereof. Examples of the acid addition salts
include inorganic acid salté keug., hydrochloride, sulfate,
nitrate, hydrobromide, hydroiodide and phosphate) and organic
acid salts (e.g., acetate, methanesulfonate,
benzenesulfonate, toluenesulfonate, citrate, maleate,
fumarate and lactate).

Examples of the carboxylates include alkali metal
salts (e.g., lithium salt, sodium salt and potassium salt),
alkaline earth metal salts (e.g., magnesium salt and calcium
salt), ammonium salt, triethylamine salt, N-methylglucamine
salt and tris-(hydroxymethyl)aminomethane salt. Either
inorganic salts or organic salts are usable therefor.

These free pyridonecarboxylic acid derivatives orxr
their acid addition salts or carboxylates may occur as
hydrates thereof.

On the other hand, qui;uolone derivatives wherein the
carboxylate moiety (-COQY) is an ester are useful as intermediates

in the synthesis or prodrugs. For example, alkyl esters, benzyl
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formula (1); or a conpound represented by the follow ng fermula (V): [err]
wherein X/ err] represents-a group serving as a |eaving gfoup such as a
fluorine atom a chlorine atom a bromne atom a substituted or

unsabst Ut ed ‘phenyl sul fonyl group or a substituted or unsubstituted

al kyl sul fonyl group having 1 to 3 carbon atons; and Rerr], Rerr], Rerr],
Alerr], Xerr] and Y are as defined in the above formula (1); with a
conmpound represented by the following formula (VI) or its acid addition

sal ts: [err]estersi rnlRoxvall kds esBersanphengbabky ises baéts odndR| ey BS
defined in the above fornmula (I) or represents a protective group of - 29 -
am no group;estrakrsRjaorer uselRudr al, iRfermgfitatés Rierthe &mthdsiN err] and n
are as defined in the above formula (1); provided that the substituent
Rlerr] and the subsflheuestersntaghiagashpreyrege are uthase Woimdedne t he
carbon atom adj acent to the carbon atomto which the substituent R4 is
bonded are |ersitlatl dieavied dinsvégnaf tgurherehy fRampfeee raxbrxyldatesdditi on

salt include inorganic acid salts and-organic acid salts. Mre particularly
Examples thereof include acetoxymethyl ester,

pivaloyloxymethyl ester, ethoxycarbonyl ester, choline ester,
dimethylaminoethyl ester, 5-indanyl ester and oxoalkyl esters
such as phthalidinyl ester, 5-alkyl-2-oxo-1,3-dioxol-4-
ylmethyl ether and 3-acetoxy-2-oxobutyl. ester and the like.
The compounds represented by the formula (I) of the
present invention can be pfeduced by various methods. A
preferable example of these method comprises reacting a

compound represented by the following formula (IV):

(1V)

wherein X® represents a group serving as a leaving group such
as a fluorine atom, a chlorine atom, a bromine atom, a
substituted or unsubstituted phenylsulfonyl group or a
substituted or unsubstituted alkylsulfonyl group having 1 to
3 carbon atoms;

Y! means Y as defined in the above formula (I) or a
boron-containing group represented by the following formula:

-B (Yll)le
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speaki ng, organic acid salts:(e.g., hydrochloride, sulfate, nitrate,
hydr obr omi de, hydroi odi de and phosphate) and organic - acié&:salts (e.g.,
sul fonat es such as net hanesul fonate, benzenesul fonate and tol uenesul f onat e,
and” car boxyl ates such as acetate, citrate, naleate, fumarate and | act ate)
are exenplified. The reaction may be perfornmed with the use of a solvent or
w t hout using any solvent. Any solvent nay be enployed in the reaction, so
long as it renmmins inert under the reaction conditions. For exanple,

di met hyl sul foxi de, pyietiena, v8C@hani!? ide@redbhanebcnChl e1abekit atom or

di et hyl f or mam de, di net hyl acet am de, N-nethyl pyrrolidone, tetrahydrofuran
wat er, 3-net hay NaNdardeeyToxyUgesubRESPhg aP et & X8 PATHd R taBsinds SH/ ent .
It is preferable that the reaction is perforimed in the presence of an acid
acceptor such as an i méy gRt)i R'DAE hd OXYIHL aACidd faasd (@ @he abkaki netal
or alkaline earth nmetal - 30 - carbonat e or hydrogencarbonate,
triethylam ne,fqymildi na)gr 1, 8-di azabi cycl undecene). The reaction
tenperature usually ranges fromroomtenperature to 200 [err]C, preferably
from about 25 drera JdOntpouhG0 repres&ntdleby ethe i Hol lowiwnt foumel £ ¢v) 15
mnutes to 48 hours. In usual, it may be conpleted wi thin about 30 m nutes
to 15 hours.

R10 )
x CooY
XA

. R®

wherein X* represents a group serving as a leaving group such
as a fluorine atom, a chlorine atom, a bromine atom, a
substituted or unsabstuted phenylsulfonyl group or a
substituted or unsubstituted alkylsulfonyl group having 1 to
3 carbon atoms; and

R}, R°, R!, A!, X! and Y are as defined in the above
formula (I);

with a compound represented by the following formula (VI) ox

its acid addition salts:

(CH,)y
Rlll R'I
>N
Bt g N—H (V1)
R‘ RS _Rs

wherein R!! has the same meaning as that of R! as defined in

the above formula (I) or represents a protective group of
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The protective group of amno group nmay be an arbitrary qne generally
enpl oyed in the art. Exanpl-és thereof include optionally substituted
al koxycar bonyl groups (e.g., tert-butoxycarbonyl and 2, 2, 2-
trichl or'ioet hoxycarbonyl ), optionally substituted aral kyl oxycarbonyl groups
(e.g., benzyl oxycarbonyl, p- nethoxybenzyl oxycarbony and
p- ni trobenzyl oxycar bonyl ), optionally substituted acyl groups (e.g.,
acetyl, nethoxyacetyl, trifluoroacetyl, chloroacetyl, pivaloyl, fornyl and
benzoyl), opaenal b¥ospbséhdut ed.-al kyl groups and optionally substituted
aral kyl groups (e.g., tert-butyl, benzyl, p-nitrobenzyl, p-nmethoxybenzyl
and triphenyl met hyl )r? etfigrg’,( ®°9g. R® /e’ oxsdehhyte d€rdebinoxyimting ,
t et rahydropyranyl and 2,2, 2-trichl oroethoxynethyl) and silyl groups (e.g.,
trimet hyl sil gbpovesoptropyad{nei hyl silyl, tert- butyldi methylsilyl,
tribenzylsilyl and tert- butyldiphenylsilyl). Wen Y and Y[err] represent
each an al kyl group peevided thatt tdwr EwbsitidnentaR’ adkd xyhet subs tgirtowent
having 2 to 7 carbon - 31 - atons or a phenyl al kyl group composed of an
al kyl ene groupnhavnngglthe éychidatmataneembicdndzedpenyhegrearpoent Béomonpound
can be converted into the correspondi ng carboxylic acid by treating under
aci di ¢ or basdgacenti tootke geambrerl |ataempicoydd cn thige shpgtdkpens 8f is
car boxyl at es.

bonded are located in the cis-configuration.

Examples of the acid addition salt include inorganic
acid salts and organic acid salts. More particularly
speaking, organic_acid salté (e;g., hydrochloride, sulfate,
nitrate, hydrobromide, hydroiodide and phosphate) and organic:-
acid salts (e.g., sulfonates such as methahesulfonate,
benzenesulfonate and toluenesulfonate, and carboxylates such
as acetate, citrate, maleate, fumarate and lactate) are
exemplified.

The reaction may be performed with the use of a
solvent or without using any solvent. Any solvent may be
employed in the reaction, so long as it remains inert under
the reaction conditions. For example, dimethyl sulfoxide,
pyridine, acetonitrile, ethanol, chloroform, dimethylformamide,
dimethylacetamide, N-methylpyrrolidone, tetrahydréfuran,

water, 3-methoxybutanol and mixtures thereof are exemplified as

a solvent.

It is preferable that the reaction is performed in
the presence of an acid acceptor such as an inorganic base or

organic acid base (e.g., alkali metal or alkaline earth metal
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When Y[err] is a structure represented by the follow ng forpul a:
-B(y[err])y[err] the conpound of the formula (I1V)is reacted with the
conpound of the fornula (VI) and then treated under acidic or basic
conditions to'thereby convert the reaction product into the correspondi ng
carboxylic acid. When deprotection is needed, the protective group is
renoved under appropriate procedure known in the art for the protective
group used to thereby give the target conmpound of the forrmula (I). The

conpound repreaebbﬁdtQYOifﬁXﬁfﬁg@ﬂdﬁﬂBﬂﬁaﬂ§¥1ﬂ@%e&%??%ﬁih&,rE?Q!HQﬂecbrfrom

a conpound represented by the followng fornula(VIT): [err] Wwherein Rerr]

represents a hydrageraibioyelwidetddad) . .group having 1 to 6 carbon atons or a
protective group of am no group; R err] represents a hydrogen atom or an

al kyl group - 32 - Thauewgtldm temparaenrat agtalpyoyhfgdst fabmt hgom! Kyl
group may have one or nore substituents selected fromthe group consisting
of a hydroxyl tegmpepatardato@D aConpaafenab iy kHxgm gilosipt h@s/ioagtd 1806°C.
carbon atons; R err] and R err], each represents a hydrogen atom R4
represents a Bheroxattiprouis cortdlgen fatroh> ainatkamoyl 4§r hoprsan ahkyl
group having 1 to 6 carbon atons,

usual, it may be completed within about 30 minutes to 15

hours.

The protective group of amino group may be an
arbitrary one generally employed in the art. Examples
thereof include optionally §uﬁstituted alkoxycarbonyl groups
(e.g., tert-butoxycarbonyl and 2,2,2-
trichloroethoxycarbonyl), optionally substituted
aralkyloxycarbonyl groups (e.g., benzyloxycarbonyl, p-
methoxybenzyloxycarbony and p-nitrobenzyloxycarbonyl),
optionally substituted acyl groups (e.g., acetyl,
methoxyacetyl, trifluoroacetyl, chloroacetyl, pivaloyl,
formyl and benzoyl), optionally substituted alkyl groups and
optionally substituted aralkyl groups (e.g., tert-butyl,
benzyl, p-nitrobenzyl, p-methoxybenzyl and triphenylmethyl),
ethers (e.g., metoxymethyl, tert-butoxymethyl,
tetrahydropyranyl and 2,2,2-trichloroethoxymethyl) and silyl
groups (e.g., trimethylsilyl, isopropyldimethylsilyl, tert-
butyldimethylsilyl, tribenzylsilyl and tert-
butyldiphenylsilyl). ]

When Y and Y' represent each an alkyl group having 1

to 6 carbon atoms, an alkoxymethyl group having 2 to 7 carbon
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an al koxyl group haV|ng 1.-to0 6 carbon atons or an al kylthio group having 1
to 6 carbon atons, provided that the alkyl group may have:one or nore
substituents sel ected from the group consi sting of a hydroxyl group, a
halogen atom and an al koxy group having 1 to 6 carbon atons; and Rerr] and
the substituent on the pyrrolidine ring of the foll ow ng fornula: [err] are
| ocated in the cis-configuration (as a nmatter of course, the substituents
Rlerr] and Rlerr] are located at the cis- configuration too); R err] and

Rlerr], eachatonttependenitenylepkgiegtoup bysipoged efoamoalkyuéﬂéy¢ngqpup
having 1 to 6 carbon atons; nis an integer of from1l to 3; and
represents ahgriotgect itee Ggmumohoatams neighoapphehelt @toup 33the coxfipmmd he
group consisting of optionally substituted al koxycarbonyl groups,

optional | y sadrsthe utasdreanrtaidk intry thebooyregpoupsng oparioomwylic sadist ibwt ed
acyl groups, optionally substituted al kyl groups, optionally substituted
aral kyl gr outps%mdlgsubsialt acadisi byl bgs@gpsontm‘el@mmmabw eamiaxedy
the formula (VI1) may present as salts or hydrates thereof or hydrates of
the salts. ¥xdhn dydsolysdsaefdcanbprydatsalts include inorganic acid

salts and organic acid sahts More particularly
, When Y' is a structure represented by the following

formula: -B(¥!yy!?

the compound of the formula (IV) is reacted with the compound
of the formula (VI) and then treated under acidic or basic
conditions to thereby conveit-the reaction product into the
corresponding carboxylic acid.

When deprotection is needed, the protective group is
removed under appropriate procedure known in the art for the
protective group used to thereby give the target compound of
‘the formula (I).

The compound represented by the formula (VI) can be
formed by removing Q' from a compound represented by the

following formula (VII):

(CHy)n
Rlll R7
>N
B g N—Q (VII)
K4 RS RG

wherein R!'!! represents a hydrogen atom, an alkyl group having
1 to 6 carbon atoms or a protective group of amino group;

R? represents a hydrogen atom or an alkyl group
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speaki ng, inorganic acid salts (e.g., hydrochloride, sulfate, nitrate,
hydr obr omi de, hydroi odi de @hd phosphate) and organic aci d=al t s (e.q.

sul fonat es such as net hanesul fonate, benzenesul fonate and toluenesulfonate,
and carboxyl ates such as acetate, citrate, maleate, fumarate and | actate)
are exenplified. Wien Rlerr] and Q are both protective group of am no
group, they may be either the sane or different fromeach other. To produce
the conpound (1), it is advantageous that these protective groups for am no

group are thoseiwy ahtar ¢ EefBYRUatGRE] shdd RIAN It HAR O M 108Mdidrhcus may
Exanpl es of the protective groups for R[err] and Q |nclude optionally

substituted aldvexypnher benymbrgr substibpéhadd VeStdibtiiidil @the group
ar al kyl oxycar bonyl groups, optionally substituted acyl groups, optionally

substitut ed adnglisgrimgpef aphydnekyy srdnsp, tatled ogeal katlongraoupamrd koxy
substituted silyl groups. - 34 - Particul ar exanpl es thereof include

optional ly suhstup tiaydngl kokygcar banydn gatoams; (e. g., tert-butoxycarbonyl and
2,2,2- trlchloroethoxycarbonyl) optionally substituted aral kyl oxycar bonyl

groups (e.g., benzyl Bxyand Bonyeach- raprﬂ@mmmwmmmﬁpr@nd

p- n|trobenzyloxycarbonyl) optionally substituted acy roups (e.g.,

acetyl, methoxyacetyR' nepudsestsacetydrosiloasasst ya, hpgvaeayaﬁom, a
carbamoyl group, an alkyl group having 1 to 6 carbon atoms,
an alkoxyl group having 1 to 6 carbon atoms or an aikylthio
group having 1 to 6 carbon atoms, provided that the alkyl
group may have one or more éuﬁstituents selected from the
group consisting of a hydroxyl group, a halogen atom and‘an
alkoxy group having 1 to 6 carbon atoms; and

R and the substituent on the pyrrolidine ring of the

following formula:

are located in the cis-configuration (as a matter of course,
the substituents R’ and R’ are located at the cis-
configuration too);

R® and R’, each independently represents a hydrogen
atom or an alkyl group having i to 6 carbon atoms;

n is an integer of from 1 to 3; and

Q represents a protective group for amino group selected
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formyl and benzoyl), optionally substituted al kyl groups and optionally
substituted aral kyl groups {e.g., tert-butyl, benzyl, p-nitrobenzyl,

p- et hoxybenzyl and triphenyl methyl), ethers (e.g., netoxynethyl,

tert-but oxynet hyl, tetrahydropyranyl and 2, 2,2-trichl oroet hoxymet hyl) and
substituted silyl groups (e.g., trimethylsilyl, isopropyldinethylsilyl,
tert-butyldinmethylsilyl, tribenzylsilyl and tert-butyl di phenylsilyl). The
conmpound of the forrmula (VII) can be produced as the cis-conmpound by
formng a CO'ﬂi@dﬂQh@D?ﬁ:bﬁbl BEngeEtVRG | ¥E) opbissid 1M+ N ibaitdf om to whi ch
the substituent R err] is bonded and the adjacent carbon atomis bonded via
a doubl e bonalfkekyeaetohylcgtatys| CopeibiwdlDp. suddEiiadddel y, the cis-
conpound can be produced by once form ng a conpound wherein the substituent
Rlerr] and tkeadlgdoxieanrbonpl efyousy,) rptiileeadyyl sobsti tated adfle gretmiscd
at the trans-configuration and then inverting the configuration of the
substituent RipdichalBycaubetdfubediabkypbtemiupsi iopttiatsldly efubsdtituteke
conpounds of the present invention are usable as drugs for - 35 - human
bei ng, ani nalaFadkylf grhepsoangr suks vbtuted fiokylagdaupgural chenical s and
f oods. When used as drugs for human being, the conpounds_of_ the present

i nvention are adnmi ni%F@H‘PPBHQnIQHEPFeP%e‘é Bskhef formm EVig) e g per

day, preferably from 100 to 30
y. P prggent as saf@% or %ygrates thereof or hydrates of the

salts. Examples of the acid addition salts include inorganic
acid salts and organic acid salts. More particularly
speaking, inorganic acid saité'(e.g., hydrochloride, sulfate,
nitrate, hydrobromide, hydroiodide and phosphate) and organic
acid salts (e.g., sulfonates such as methanesulfonate,
benzenesulfonate and toluenesulfonate, and carboxylates such
as acetate, citrate, maleate, fumarate and lactate) are
exenmplified.

When R*® and Q' are both protective group of amino group,
they may be either the same or different from each other. To
produce the compound (1), it is advantageous that these protective
groups for amino group are those which are removed under different
reaction conditions.

Examples of the protective groups for R!!! and Q’
include optionally substituted alkoxycarbonyl groups,
optionally substituted aralkyloxycarbonyl groups, optionally
substituted acyl groups, optio;ally substituted alkyl groups,
optionally substituted aralkyl groups and substituted silyl

groups.
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mg per day. Wien used as drugs for animals, the dose of the, conpounds of
the present invention variés: depending on the purpose (therapeutic use or
prevention, etc.) of the adm nistration, the type and size of the animal to
be 'treat &d, the pathogenic bacteriumand the severity of the infection. In
general, a daily dose ranges from1l ng to 200 ng per kg body weight,
preferably from5 ng to 100 ng per kg. Such a conmpound is adm nistered in
t he above daily dose once to 4 tinmes in a day. |If necessary, it may be
adm nistered in a dospaexiRedimn@Adrplalzotheienti anedubevepridhaltpnpounds
of the present invention are efficacious against infective m croorgani sns
over a w de ranhstahdtednalkeatcariewdnigroupsglel.arat eedicsbasesycaubedyby
t hese m croorgani snms. Exanpl es of the bacteria and bacteriumlike

m cr oor gani snendgai s -whi il ddve tbomysaxdenyfl )t, heppiesedilyi aubatitntade

ef ficaci ous include Staphyl ococcus, Streptococcus pyogenes, henol ytic

st r ept ococcusarahkgtesyearikonyhanegsc des J-t-hbegeydoxyeprbonyépt Bcoccus,
Nei §seri a gonorrhoeae, Escherichia coli, the genus - 36 - citrobacter,
the genus shi §ethaxyherssl exycarhenemda®-nifxohengylenyersbasydd, t he

genus serratia, the genus pr ot eus, Pseudononas aerugi nosa, iLnfluenza virus,
t he genus optionally substituted acyl groups (e.g., acetyl,

methoxyacetyl, trifluorocacetyl, chloroacetyl, pivaloyl,
formyl and benzoyl), optionally substituted alkyl groups and
optionally substituted aralkyl groups (e.g., tert-butyl,
benzyl, p-nitrobenzyl, p—mefhbxybenzyl and triphenylmethyl),
ethers (e.g., metoxymethyl,- tert-butoxymethyl,
tetrahydropyranyl and 2,2,2-trichloroethoxymethyl) and
substituted silyl groups (e.g., trimethylsilyl,
isopropyldimethylsilyl, tert-butyldimethylsilyl,
tfibenzylsilyl and tert-butyldiphenylsilyl).

The compound of the formula (VII) can be produced as
the cis-compound by forming a compound\(pyrroline derivative)
wherein the carbon atom to which the substituent ﬁ‘ is bonded
and the adjacent carbon atom is bonded via a double bond
followed by catalytic reduction. Alternatively, the cis-
compound can be produced by once forming a compound wherein
the substituent R’ and the substituent moiety having the
cyclic structure are located at the trans-configuration and
then inverting the configuratién of the substituent R*.

Because of having potent antimicrobial effects, the

compounds of the present invention are usable as drugs for
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aci netobacter, the genus catpyl obacter and Chlanydia trachomatis. Exanples
of the di seases induced by these pathogenic m croorgani sns-incl ude
folliculitis, furuncle, carbuncle, erysipelas, phlegnon, |ynphantitis,

| ynphnodi'tis,' panaritium (felon), subcutaneous tunor, hidrosadenitis,
aggregated acne, infectious atheroma, anal abscess, mastitis, superfacial
secondary infection such as-trauma, burn and operative wound,

pharyngol aryngitis, acute bronchitis, tonsillitis, chronic bronchitis,

br onchi ect asi fumgh f beisy bronGRiQ idids £1586aNER" $rbBESGLEGPEN 6T ONi ©

respiratory di seases, pneunonia, pyelonephritis; cystitis, prostatitis,

epi didym tis, agpeeDEEBA] Wi ddlisS andOFod@aococcal urethritis,
chol ecystitis, cholangitis, bacillary dysentery, enteritis, uterine

adnexitis, intrauteriWhern nise ia@n draet foki Rukks, bb2h§| L {he HORSSSIAEN of

dacryocystitis, tarsadenitis, corneal ulcer, oititis nmedia, sinusitis,

peri odont i um thé | prnesdnito N nyEaTt icor @tiet aginindwcerblatBahhoaduPer i 08l dbSe

endocarditis, sepsis, nmeningitis and skin infectious di seases. The

conpounds of e¢fiefperes®himg meerkt igopear dagl, sprefférabtiyofisomgaddshg to 300

m croorgani sns causi ng infectious diseases in animls, for exanple,

escherichi a, B&lPeheda®n, pasteurella, henmophilus, bordetella,

st aphyl ococcus and - 37 - nycopl asma. Particul ar exanpl es of the

di seases caused by When used as drugs for animals, the dose of the
compounds of the present invention varies depending on the
purpose (therapeutic use or prevention, etc.) of the
administration, the type and size of thé animal to be
treated, the pathogenic bacterium and the severity of the
infection. 1In general, a daily dose ranges from 1 mg to 200
mg per kg body weight, preferably from 5 mg to 100 mg per kg.

Such a compound is administered in the above daily
dose once to 4 times in a day. If necessary, it may be
administered in a dose exceeding the above-mentioned level.

The compounds of the present invention are
efficacious against infective microorganisms over a wide
range and can treat, prevent or ameliorate diseases caused by
these microorganisms.

Examples of the bacteria and bacterium-like
microorganisms against which the compounds of the present
invention are efficacious include Staphylococcus,
Streptococcus pyogenes, hemolygic Streptococcus,

enterococcus, pneumococcus, the genus peptostreptococcus,

Neisseria gonorrhoeae, Escherichia coli, the genus
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t hese mi croorgani sms incluge, bird diseases (e.g., E coli 4nfection,
pul | orum di sease, avi an paratyphoi d, avian chol era, infectious coryza,
st aphyl ococcus infection and nycopl asma infection), sw ne diseases (e.g.,

E. coli infection, salnonellosis, pasteurellosis, henophilus infection,
atrophic rhinitis, exudative superfacial inflammuation and nycopl asma
i nfection), bovine diseases (e.g., E. coli infection, sal nonellosis,

henorrhagi c septicem a, nycopl asma i nfection, bovine pleuropneunoni a and
bovi ne masti tdisrobeartieng dheegeats(&hdgells) i RMeBsi Sl S0PEbbASH Sae, the
henorrhagi ¢ septicem a, uterine enpyenma and cystitis) and feline di seases
(e.g., exudatgemuspleateiropactest,i ths, gelmionsersat ta | i the Hratmphidoteus,
infection, kitten diarrhea and nycopl asma i nfection). Antim crobial agents
conpri si ng t Hsausigroneds aeruglisopaesinfluenantviamspytie gemeessed into
appropriate preparations depending on the adm nistration nmethod by using
vari ous procésd@steobagdery thel ogrds i ranprel ehactdEx sl edh dmtdien dosage
forms of the antimcrobial preparations for oral use containing the
conpounds of GA#€AYmELERt i nvention as the principal agent include tablets,
dusts, granules, capsules, solutions, syrups, elixirs and oily and aqueous
suspensi on. Wien enpEd9BRI8E 9hjEhe ibircaser indusadtivoridessy peshogenic
stabilizers, _antiseptic¢s and Sfléubi |izers.. A solution optionally containing
t hese auxilig?§r88ﬁ§83éﬁwg Mgl ggfolliculitis, furuncle, carbuncle,

erysipelas, phlegmon, lymphantitis, lymphnoditis, panaritium
(felon), subcutaneous tumor, hidrosadenitis, aggregated acne,
infectious atheroma, anal aﬁséess, mastitis, superfacial
secondary infection such as-trauma, burn and operative wound,
pharyngolaryngitis, acute bronchitis, tonsillitis, chronic
bronchitis, bronchiectasis, diffuse bronchiolitis, secondary
infection in chronic respiratory diseases, pneumonia,
pyelonephritis, cystitis, prostatitis, epididymitis,
gonococcal urethritis, non-gonococcal urethritis,
cholecystitis, cholangitis, bacillary dysentery, enteritis,
uterine adnexitis, intrauterine infection, bartholinitis,
tarsitis, hordeolum, dacryocystitis, tarsadenitis, corneal
ulcer, oititis media, sinusitis, periodontium inflammation,
pericoronitis, jaw inflammation, peritonitis, endocarditis,
sepsis, meningitis and skin infectious diseases.

The compounds of the present invention are also
efficacious against microorganiﬁms causing infectious
diseases in animals, for example, escherichia, salmonella,

pasteurella, hemophilus, bordetella, staphylococcus and

- 37 -



be packed into a container and processed into a solid prepacation by
freeze-drying, etc. to give“a product to be prepared before-suing. Such a
preparation may be packed in a container in a single dose. Alternatively,
it may be packed in a single container in a nunber of doses. Exanples of
external preparations include solutions, suspensions, enulsions, ointnents,
gels, creans, lotions and sprays. Solid preparations nmay be produced by

bl endi ng the active conpounds with pharmaceutically acceptable additives

apprOPViate'Ym§§b§§é§ﬂafrQ@Sf%EEHﬂé?“Eﬂﬂ%?ﬂé% df thel $1i sRIaRAE" Saused by

di sintegration agents, dissolution accel érators, noistening agents,

lubricants, etfeséohleresrdan imsastiingle BiaWlBsakek! §ui.g.Pr ePapayi;ons
i ncl ude sol utions, suspensions and enul sions. These preparati ons my

contai n suspendfegt 8gent pul Fordrsidiiase Clatriats paddithpyesd, TReigRt hods for

adm ni stering the conpounds of the present invention to animals include an

oral admi ni st chblena petibet gy icinygali seeidhy laddicagst enfeedioananaal

adm ni stration nmethod conprising once preparing solutions foll owed by

di rect adm ni syeapissmarimikition ( ewinenldisgasesen eoy.f,e€d; cand an

injection nmethod. To adm nister to aninmals, the conpounds of the present

i nventi on canibéeptbersswalnanel lhssiss, peisteuselipsdes, hembphligusdust s,

syrups, solutions or injections by the techniques commonly enployed in the

art. - 39 - Ainfection, atrophic rhinitis, exudative superfacial
inflammation and mycoplasma infection), bovine diseases
(e.g., E. coli infection, salmonellosis, hemorrhagic
septicemia, mycoplasma infection, bovine pleuropneumonia and
bovine mastitis), canine diseases (e.g., coliemia,
salmonellosis, hemorrhagic septicemia, uterine empyema and
cystitis) and feline diseases (e.g., exudative pleurisy,
cystitis, chronic rhinitis, Haemophilus infection, kitten
diarrhea and mycoplasma infection).

Antimicrobial agents comprising the compounds of the
present invention may be processed into appropriate
preparations depending on the administration method by using
various processes commonly employed in the art. Examples of
the dosage forms of the antimicrobial preparations for oral
use containing the compounds of the present invention as the
principal agent include tablets, dusts, granules, capsules,
solutions, syrups, elixirs and oily and agueous suspension.

When employed as injecfions, the preparations may

contain stabilizers, antiseptics and solubilizers. A

solution optionally containing these auxiliary components nay
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Next, formulation exanples m: | be given. Formul ati on Exanple 1

[ Capsul e]: Conmpound of Exanpfe 3 100. 0 mg-Corn starch
23.0 nmg CMC cal ci um 22.5 ny

Hydr oxynet hyl cel | ul ose 3.0 nmy Magnesium stearate

1.5 ng Tot al 150.0 ng Formul ation Exanple 2

[ Sol ution]: Conmpound of Exanple 5 1 - 10 g Acetic acid or
sodi um hydr oxi de 0.5 - 2 g Ethyl parahydoxybenzoate

0.1 g Purifiethewplaeked into a container &d brodsbd ildla so1id
100 g Fornul ati on Exanple 3 [Dust to be added to aninmal feed]: Conpound

of Exanpl e 7 preparation by fredze-ddyingpratst aiclyive a groduct to be
98.5 - 89.5 g Soft silicic anhydride .5 g Total
100 g - 40 - preBESRAVDRECFORCHRRY|I Nadh IpYpdda@Nonl aafyu bieh@ackkedushr at e
the present invention in

container in a single dose. Alternatively, it may be packed

in a single container in a number of doses.

Examples of external preparations include solutions,
suspensions, emulsions, ointments, gels, creams, lotions and
sprays.

Solid preparations may be produced by blending the
active compounds with pharmécéutically acceptablée additives
appropriately selected from among excipients, fillers,
binders, disintegration agents, dissolution accelerators,
moistening agents, lubricants, etc. followed by processing.

Examples of liquid preparations include solutions,
suspensions and emulsions. These preparations may contain
suspending agents, emulsifiers, etc. as additives.

The methods for administering the compounds of the
present invention to animals include an oral administration
method comprising directly adding to feed; an oral
administration method comprising once preparing solutions
followed by direct administration or addition to drinking
water or feed; and an injection method.

To administer to animals, the compounds of the
present invention can be procegsed into dusts, fine

subtilaes, soluble dusts, syrups, solutions or injections by

the techniques commonly employed in the art.
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greater detail, and not by may of limtation, the follow ng. Exanples wll
be given. The antimnicrobialactivity of each target conpoun# was eval uat ed
in accordance with the standard nmethod specified by Japan Society of

Chenot herapy and expressed in MC ([err]g/m). [Referential Exanple 1-1]

Et hyl 3-(l-tert-butoxycarbonyl am nocycl opropyl )propiolate [err] Under a

ni trogen atnosphere, chloronethyltrinethyl- phosphoniumchloride (5.156 g,
14.85 mol ) was suspended in dry tetrahydrofuran (30 ml). After cooling the
suspension to give anNefkt§r RokmhEAPESA dkSnples whLT &id Ifdveh.l- 68 M
solution of n-butyllithiumin n-hexane (8. m, 14.90 nmol) was dropped
thereinto over 5 mnutes. Then the reaction suspension was stirred under
ice cooling for 30 mnutes and then at roomtenperature for additional 3
hours fol | owe@dcrmudadliongEkempleel an Cdparulal):t enperature of - 55 [err]C
Into this reaction suspensi on was dropped a solution of 1-tert-

but oxycar bonyl am nocy€bupeupdnef cBxampehy/de (2.49 g, 13. 3@0U®MWg i n dry
tetrahydrofuran (10 m) over 10 minutes and the - 41 - resultant m xture
was stirred at - 50 [EPERGStarch hour and then under ice c@3.iOngqdf or

addi tional 30 mnutes. The reaction suspension was cooled to - 78 [err]C
and a 1.68 M sol uti onC¥f ®@1®L®| | ithi umin n-hexane (17.6&2mS m29. 70 mmol )
was dropped

Hydroxymethylcellulose 3.0 mg
Magnesium stearate 1.5 mg
Total T 150.0 mg

Formulation Example 2 [Solution}:

Compound of Example 5 1-10g
Acetic acid or sodium hydroxide 0.5 -2g
Ethyl parahydoxybenzoate 0.1 g
Purified water 87.9 - 98.4 ¢

Total 100 g

Formulation Example 3 [Dust to be added to animal feed]:

Compound of Example 7 1 -10g
Corn starch 98.5 - 89.5 g
Soft silicic anhydride 0.5 g

Total 100 g
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thereinto over 10 mnutes followed by stirring at - 78 [er+]C for 20

m nutes. Next, ethyl chloroformate (1.61 m, 16.88 mmol) was dropped into
this reaction suspension followed by stlrrlng at - 78 [err]C for 1.5 hours
and thén under ice cooling for 1 hour. Under ice cooling, a saturated
aqueous solution of sodiumchloride (30 mM) was added to the reaction
suspension and the organic layer was separated. The aqueous |ayer was
extracted with diethyl ether (30 M x 2) and the conbined organic layer was
washed with ogset WiGE drdd taRs aNQENSOgRUM chl oride (30 m) and
dried over anhydrous nagne5|un1su Fate. After filtering, the filtrate was
concentrated under ra@&e&tné@smaasﬁﬁstéhEhéeptéwnwaﬁnmﬁme.mto flash
silica gel colum chromatography (eluent: n-hexane : ethyl acetate =5 : 1)
to give 2. 178&mpdied A<Hpidf, thd hbtl Byceapodfidl isitatibbwy | Ess following
substance. {err]H NWR (400 MHz, CDCl[err]) [err]: 5.04 (brs, 1H), 4.27 (q,
J = 7.16 Hz, Edmplesiai(ld, beHpivén28 The dntimidfobizal FHtidith ¢ineach
2H), 1. 06 (n] 2H). [Referential Exanple 1-2] Ethy

1- benzyl - (1t4@€ttmrmq@alrmﬁyeanﬂnetydl oprapypyd@nce with the standard
‘pyrroline-3-carhoxylate - 42 - %

N Benzyl - - N- (R %)&B?é’tllf}le)i{ Pi&'nﬂ@ﬁ?ﬂs Pgiety hof sGhemotheamy @nd. 176 ol )

and ethyl 3-(1-tert-
expressed in MIC (pg/ml).

[Referential Example 1-1]

Ethyl 3-(1-tert-butoxycarbonylaminocvclopropvl)propiolate

Okymmo ) N M0»—::—@‘ 0
H o—{—

Under a nitrogen atmosphere, chloromethyltrimethyl-
phosphonium chloride (5.156 g, 14.85 mmol) was suspended in
dry tetrahydrofuran (30 ml). After cooling the suspension to
give an internal temperature of - 55 °C, a 1.68 M solution of
n-butyllithium in n-hexane (8.8B7 ml, 14.90 mmol) was dropped
thereinto over 5 minutes. Then the reaction suspension was
stirred under ice cooling for 30 minutes and then at room
temperature for additional 3 hours followed by cooling to
give an internal temperature of - 55 °C. 1Into this reaction
suspension was dropped a solution of l-tert-
butoxycarbonylaminocyclopropane carbaldehyde (2.49 g, 13.50

mmol) in dry tetrahydrofuran (10 ml) over 10 minutes and the
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but oxycar bonyl am nocycl opr:opyl ) propiolate (1.136 g, 4.485~mol) were

di ssolved in dry dichlorongthane (9 m). Wile stirring at:room
tenperature, a 1.0 Msolution of trifluoroacetic acid in dichloronethane
(0.72 m’, 0.72 mmol) was added thereto and the liquid reaction nmxture was
stirred for 3 hours. Then a saturated aqueous sol ution of sodium

bi carbonate (20 mMl) was added to the liquid reaction m xture f ol | owed by
extraction with dichloronmethane (20 m x 3). The conbi ned organic | ayer was

washed W th gesaltaat ediREwedUsas M i@y ¢ft sodiountchber i dRohB0ard ) tivdl
dried over anhydrous magnesium sulfate. After filtering, the filtrate was

concent r at edudader i t€dtseTing efstirfidiidha Posndwete’s swbeegbadttionf | ash
silica gel colum chromatography (eluent: chloroform to give 1.449 g (83.6

% of the titshepensponmiagiscaoled aid ess7Pi°tyamsdbsat an6e. M[ €614 tkdRO£ 400
MHz, CDCl[err]) [err]: 7.40 - 7.11 (m 5H), 5.17 (brs,. 1H, 4.12 (q, J =
6.83 Hz, 2H) buBy8dithiumHn B-hekdma @H9).68 7, 29,. 7BHmmol )44aksdrBppedl. 24
(t, J =6.83 Hz, 3H), - 43 - 1.14 (m 2H), 1.01 (m 2H). [Referential
Exanpl e 1- 3] tkehgintosevebeh? yhinht{ds tferlil-dwmetdobyc athamingnanoeyZBoft afoad ) -
pyrrolidine-3-carboxylate [err] Under a nitrogen gas stream
bi s(bi cycl o] 202mipheesa- Next, ethyl chloroformate (1.61 ml, 16.88 mmol)
was dropped into this reaction suspension followed by
stirring at -~ 78 °C for 1.5 hours and then under ice cooling
for 1 hour. TUnder ice cooling, a saturated agqueous solution
of sodium chloride (30 ml) was added to the reaction
suspension and the organic layer was separated. The aqueous
layer was extracted with diethyl ether (30 ml x 2) and the
combined organic layer was washed with a saturated aqueous
solution of sodium chloride (30 ml) and dried over anhydrous
magnesium sulfate. After filtering, the filtrate was
concentrated under reduced pressure and the residue was
subjected to flash silica gel column chromatography (eluent:
n-hexane : ethyl acetate = S5 : 1) to give 2.178 g (63.9 %) of
the title compound as a colorless oily substance.
'H-NMR (400 MHz, CDCl;) &: 5.04 (brs, 1H), 4.27 (q, J
= 7.16 Hz, 2H), 1.44 (s, 9H), 1.28 (t, J = 7.16 Hz, 3H), 1.15
(m, 2H),1.06 (m, 2H).

[Referential Example 1-2)

Ethvl 1-benzvl—4—[l—tert—butoxyparbonvlaminocvc10Dropvl)—3-

pvrroline-3-carboxylate
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2,5-diene)rhodium (1) perchkorate (54.5 ng, 0.14 nmmol) and..

1, 2- bi s(di phenyl phosphi no) ét-hane (67.4 ng, 0.17 nmmol) wer & dissolved in
degassed nethanol (25 m) and stirred at roomtenperature for 10 m nutes.
To this catal yst solution was added a sol ution of ethyl 1-benzyl-4-(l-tert-
but oxycar bonyl am nocycl opropyl ) - 3-pyrroline-3-carboxylate (1.090 g, 2.820
nmml) in dry and degassed nethanol (15 nl). The obtained |liquid reaction

m xture was then stirred under a hydrogen atnosphere (1 kg/cnR) at room
tenperature for 2.5 hours. After adding active carbon (% g), the liquid
reaction mxture was allowed to stand at roomtenperatu{e for 30 m nutes
and then filtered tQrough celite (washed with nethanol).0 The fil0trate was

concentrated under r ced prmssure and the residue téed yo flash
silica gel colum chrowatsg y0(el uent: n-hexane : et acet =5 - 44
- 1) to give 1.0710g (97.8NHK of/the title conpound ol orles

crystals. [err] HNWR (400 Hz, 6: 7.40 - 7.19 (m Eﬂﬁ, 5.07 (brs,
1H), 4.13 (g, J = 7.33 Hz, 2H), 3.63 (s, 2H), 2.87 (m 167 (m 1H,
2.54 (m 1H, 2.35 (m 1H, 2.15 (m 1H, 1.79 (m 1H), 1.(s, 9H), 1.23
(t, J =7.33 Hz, 3H), 0.85 (m 2H), 0.69 (m 2H). [Referent™af Exanple 1-4]
ci s-1-Benzyl -4-(1-tert-butoxycarbonyl am nocycl opropyl) - 3-
N-Benzyl-N- (n-butoxymethyl)trimethylsilylmethylamine
(2.006 g, 7.176 mmol) and ethyl 3-(l-tert-
butoxycarbonylaminocyclopropyl)propiolate (1.136 g, 4.485
mmol) were dissolved in dry-dichloromethane (9 ml). While
stirring at room temperature, a 1.0 M solution of
trifluoroacetic acid in dichloromethane (0.72 ml, 0.72 mmol)
was added thereto and the liquid reaction mixture was stirred
for 3 hours. Then a saturated aqueous solution of sodium
bicarbonate (20 ml) was added to the liquid reaction mixture
followed by extraction with dichloromethane (20 ml x 3). The
combined organic layer was washed with a saturated aqueous
solution of sodium chloride (30 ml) and dried over anhydrous
magnesium sulfate. After filtering, the filtrate was
concentrated under reduced pressure and the residue was
subjected to flash silica gel column chromatography (eluent:
chloroform) to give 1.449 g (83.6 %) of the title compound as
a colorless oily substance.
'H-NMR (400 MHz, CDCl;) &: 7.40 - 7.11 (m, 5H), 5.17
(brs,. 1H), 4.12 (q, J = 6.8B3 Hz, 2H), 3.85 (m, 2H), 3.72 (m,

2H), 3.67 (s, 2H), 1.44 (s, 9H), 1.24 (t, J = 6.83 Hz, 3H),

- 43 -



hydr oxynmet hyl pyrrol i di ne [err] Under a nitrogen gas stream.|lithium

al umi num hydride (195.6 ny, “5.135 mmol) was suspended in diy
tetrahydrofuran (40 m). Under stirring at - 15 [err]C, a solution of

et hyl cis- 1-benzyl-4-(1-tert-butoxycarbonyl am nocycl opropyl ) -
pyrrolidine-3-carboxylate (1.001 g, 2.577 mml) in dry tetrahydrofuran (10
m ) was dropped thereinto over 15 mnutes. After stirring the reaction
suspensi on under ice cooling for 3.5 hours, cooling water (5 m) was slowy
added theretoland {(ie BHX{ureOwagmstaHyed at roomtenperature for
additional 15 m nutes. The reaction suspension was filtered - 45 -

t hrough cel i t §Réfashptialt Bxampldyl- -¥rher). The filtrate was concentrated
under reduced pressure and dried to give 833.9 ny (93 4 % of the title
conpound as aEthydrtassl ebénzylbbt Ghererf-drutjdividd ¥ adinocGB )

[err]: 7.39 - 7.00. (m 5 5.10 (brs, 1H), 3.69 (m 2H), 3.58 (s, 2H),

2.99 (m 1H, 22_52_%§$_i£&;_ﬂﬂmljchuzﬂFD 2.27 (m 1H, 2.00 (m 1H, 1.94
(brs, 1H), 1.74 (m 1H), 1.42 (s, 9H), 0.90 (m 1H), 0.74 - 0.61 (m 3H)

[ Referential Exanple 1-5] ,cis-4-(1-tert-Butoxycarbonyl - am nocycl opropyl) - 3-
hydroxynethylpyrrolldlne</ ?m

0

40 0 NHJ<0
0 NH
= " 0~

NI

Under a nitrogen gas stream, bis(bicyclo[2.2.1]hepta-
2,5-diene)rhodium (I) perchlorate (54.5 mg, 0.14 mmol) énd
1,2-bis(diphenylphosphino)ethane (67.4 mg, 0.17 mmol) were
dissolved in degassed methanol (25 ml) and stirred at room
temperature for 10 minutes. To this catalyst solution was
added a solution of ethyl 1-benzyl-4-(l-tert-
butoxycarbonylaminocyclopropyl)—3-pyrroline-3-carboxylate
(1.090 g, 2.820 mmol) in dry and degassed methanol (15 ml).
The obtained liquid reaction mixture was then stirred under a
hydrogen atmosphere (1 kg/cm?) at room temperature for 2.5
hours. After adding active carbon (1 g), the liguid reaction
mixture was allowed to stand at room temperature for 30
minutes and then filtered through celite (washed with
methanol). The filtrate was cancentrated under reduced
pressure and the residue was subjected to flash silica gel

column chromatography (eluent: n-hexane : ethyl acetate = 5
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[err] cis-l-Benzyl-4-(1-tert-butoxycarbonyl am no-
cycl opropyl) - 3- hydr oxynet hyl'pyrrolidine (820.1 ng, 2.376 nnDI) was
di ssolved in nmethanol (50 m). After adding 5 % pall adi um carbon cat al yst
(mbi stur'e cohtent: 55.6 % 750 ng), the mixture was stirred under el evated
hydrogen pressure (4.5 kg/cnferr]) over day and night. After filtering off
the catal yst through celite (washed with nethanol), the filtrate was
concentrat ed under reduced pressure to give 578.8 ng (91.0 %9 46 - of
the title comppuyl g& @1w7tlefar(%p|@0§§ §Eb§hé”‘é§tléeééﬂlﬁbm 4400 Mz,
CDCl[err]) [err]: 05 (brs 2H), 3. (m~2H), 2.82 (m 2H),
2.29 (m 1H), ccll&fhe(sty,cz%lé)t,alk 76 (m 1H) 1.42 (S 9H) 0.92 (m 2H), 0.82
(m 1H), 0.61 (m 1H). [Exanple 1]
5- Ami no- 7-[ ci s- 4- (1- daHi-NBRY c4 OPriapy) ez ydsexynedhyl 7119 (m, 5H), 5.07
pyrrolidinyl]-1-cyclopropyl-6-fluoro-1, 4-di hydro- 8- net hyl -
oxoqui nol i ne- Gxsay AKXy, idc. 13ci(d,[ ar k] 7. 33 Hz, 2H), 3.63 (s, 2H), 2.87 (m,
cis-4-(1-tert-Butoxycarbonyl am nocycl opropyl)-3- hydroxynet hyl pyrrolidine
(550.1 ng, 2.1Hp, dud?) (wgs 1di)ssal.Bed (inp dHpt ByB5shf ok ple Z 155 n{ny, alil),
triethylamne (3.5 nl) and
5- ami no- | - cycl ofpf ofsyd -161)8- dilf.l4for(s- 198 di hydBo{ 8, n&thyT-33 Hz, 3H), 0.85
oxoqui nol i ne- 3- carboxyllc acid (300.2 ng, 1.020 mmol) were

(m, 2H), 0.69 (m, 2H).

[Referential Example 1-4]

cis-1-Benzyl-4-(1l-tert-butoxycarbonylaminocyclopropyl)-3-

hydroxvmethyvlpvrrolidine

(. - 0
0 ° NHS _<_ 10 NMU—Q

s o

Under a nitrogen gas stream, lithium aluminum hydride

(195.6 mg, 5.135 mmol) was suspended in dry tetraﬁydrofuran
(40 ml). Under stirring at - 15 °C, a solution of ethyl cis-
l-benzyl-4-(1l-tert-butoxycarbonylaminocyclopropyl) -
pyrrolidine-3-carboxylate (1.001 g, 2.577 mmol) in dry
tetrahydrofuran (10 ml} was dropped thereinto over 15
minutes. After stirring the reaction suspension under ice
cooling for 3.5 hours, coolingﬁﬁater (5 ml) was slowly added

thereto and the mixture was stirred at room temperature for

additional 15 minutes. The reaction suspension was filtered
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added thereto. Then the m xture was stirred under a nitrogen atnosphere in
an oil bath at 150 [err]C for 22 hours. After allowing to cool , dinethyl

sul foxi de was evaporated. The residue was di ssol ved in chloroforn1(100 m),
washed successively with a 10 % aqueous sol ution of citric acid (100 m)
and a saturated aqueous solution of sodiumchloride (50 - 47 - m). The
organic | ayer was dried over anhydrous magnesium sul fate. After filtering,
the filtrate was concentrated under reduced pressure. Under ice cooling,
conc. hydrochiarbaghctd1{16 [ishes wﬁfhn&ibﬂﬂyl)éﬂh%xUESI@yﬁaﬁghEQW%@ R¥s
stirring for 1 hour. The liquid reaction m xture was washed with

di chl or onet harenc2trhted4ynder téduqed ataisufe tdiel AU Td e 933 .9
adjusted to 12 with a 15 % aqueous sol ution of sodi um hydroxide foll owed by
washi ng wi th agcliPdr éndé) habet{@Ot it lex Rmpoimel @d \aalowd caflelski ®idgueous

sol ution was adgusted to 7.2 wwth 1 N hydrochloric acid foll owed by
extracti on wi sBbgRRBEBFOrm (100 Ml x 4). The conbi ned organic | ayer was
dried over anhydrous pagnesi um sul fate and filtered. The filtrate was
concentrated under dﬁ'g‘@@ rﬁﬁ@@sﬁﬁé:aﬁ@cifﬂe &ir Joa Pprodud0 t(imus Set,aiSnéd was
recrystallized fron1a 2- gro anol/dllsgP ig et her systen1 The crystals

t hus obt ai ned (REFe &H) ed (my etfllce d$ur @Hat, 20 9Per(m,C1HY, 286Ro(ms

to give 112.4 5.6 of the t|tIe co ound as el |l ow crystal s.
g 19, (838 W, a4 & SR (h, 1), 194  (brs,

1), 1.74 (m, 1H), 1.42 (s, 9H), 0.90 (m, 1H), 0.74 - 0.61
(m, 3H).
[Referential Example 1-5])

cis-4-(1-tert-Butoxycarbonvlaminocyclopropvl)-3-

hvdroxymethylpvrrolidine

v

0
HO NH1<O _é 0 - 42%1

N

0

cis-1-Benzyl-4-(l-tert-butoxycarbonylamino-

o=

cyclopropyl)-3-hydroxymethylpyrrolidine (820.1 mg, 2.376
mmol) was dissolved in methanol (50 ml). After adding 5 %
palladium-carbon catalyst (moisture content: 55.6 %, 750 mg),
the mixture was stirred under elevated hydrogen pressure (4.5
kg/cm?) over day and night. After filtering off the catalyst
through celite (washed with methanol), the filtrate was

concentrated under reduced pressure to give 578.8 mg (91.0 %)
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o,

Melting point: 158.8 - 159.9:[err]C (deconp.). [err] H NWR (400 MHz, 0.1
N-NaOD) [err]: 8.39 (s, 1H)7<3.99 (m 1H), 3.80 (dd, J = 1%:23, 5.37 Hz,
1H), 3.62 (m 2H), 3.51 (d, J =7.32, 2H), 3.41 (t, J = 7.81 Hz, 1H), 2.45
(m’1H), '2.37 (s, 3H), 1.71 (q, J = 7.81, 1H), 1.18 (m 2H), 0.74 (m 1H),
0.70 (m 1H), 0.55 (m 4H). Elenental analysis data: as
Cerr]Herr]FNJerr]O[err] calcd.: C 61.31; H 6.32; N 13.02 - 48 -

f ound C, 61.25; H 6.32; N, 12.74. [Referential Exanple 2-1]

4- (S) - (1- Et hos¥cahboByt Ly Ct ORpORYH ) a3-4 Riride YnRsrdptoksl Sibstance.

phenyl et hyl ] -2-pyrrolidone [err] Under a nitrogen atnosphere,

di i sopropyl anine (3.9%-NMR 3Q.04 MmIz) m@@lgj ssolyarh i(rblcy,y 1et,r ahyer qfngran
(50 m). After cooling the solution to - 78 [err]C, a 1.68 M'sol ution of
n-butyl |ithiueg)n B-beX 188, onda 30, 2 12). 225 ndr aped 1t BEr @bt 02fyer
10 m nutes. The?l t he Iigf}?d rg'acti on (m"xt quw;goms sf(i rrggnét l— Ig10?[gr"r]2§g:\/for
20 mnutes and.z6o(md 1B); Y847 efs] QH)Next. 922 (3q! @H)QN0QB2 (m, 1H), 0.61
4-(S)- (I -ethoxycarbonyl cycl opropyl)-I-[1- (S)-phenylethyl]-2-pyrrolidone
(7.052 g, 23.40,nm@)) in dry tetrahydrofuran (30 m) was dropped thereinto
over 15 mnutes. The liquid reaction mxture was stirred at - 78 [err]C for
1 hour. Then &Exampie¢oh] of N-fl uorobenzenedi sul foni mi de

rrolidinylj-l-cyclopropyl-6-fluoro-1,4-dihvdro-8-methvl-4—

oxoguinoline-3-carboxvlic acid

Cis-4-(1l-tert-Butoxycarbonylaminocyclopropyl)-3-
hydroxymethylpyrrolidine (550.1 mg, 2.146 mmol) was dissolved
in dimethyl sulfoxide (15 ml) and triethylamine (3.5 ml) and
5—amino—1-cyclopropyl—6,8—difluoro-l,4—dihydro—8—methyl—4-
oxoquinoline-3-carboxylic acid (300.2 mg, 1.020 mmol) were
added thereto. Then the mixture was stirred under a nitrogen
atmosphere in an oil bath at 150 °C for 22 hours. After
allowing to cool, dimethyl sulfoxide was evaporated. The
residue was dissolved in chlor;form (100 ml), washed
successively with a 10 % aqueous solution of citric acid (100

ml) and a saturated agueous solution of sodium chloride (50
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(11.81 g, 37.44 nmol) in dry-tetrahydrofuran (60 m) was dropped thereinto
at the sane tenperature over 25 minutes. The liquid reactiigh mixture was
stirred at - 78 [err]C for 2 hours and then heated to roomtenperature

fol'l owed by stirring for additional 20 minutes. Under ice cooling, a - 49 -
saturated aqueous sol ution of amoni um chloride (200 mM) was added to the
liquid reaction m xture. The organic | ayer was separated and the aqueous

| ayer was extracted with diethyl ether (200 mMl x 2). The conbi ned organic

layer was washEy. Wi Tie dtan{2AQydr ¥ad) daidddbied a¥Rya2BIYdhalyseSBgRESI UM
sulfate. After filtering, the filtrate was concentrated under reéeduced

pressure and shkfaesi dweftwas Shjeading] thef faghratki wasgebnéehtfited
chromat ography (eluent: n-hexane : ethyl acetate = 3: 1) to give 5.276 ¢
(70.6 9% of thwederttedumrpmesasea cUhdekrediseotbylsnbhstaone. [err] H NWVR
(400 MHz, CDC-13) 6: 0.76 - 0.81 (1H m, 0.89 - 0.93 (IH m, 1.09 (3H t,
J = 6.84 Hz), hwdpechlorigy gcdid, (30, ml) 58a$3ﬂmogped info38héizres2d28 (I H, dq,
J=28.32, 8.30 Hz), 2.88 - 2.93 (IH m, 3.48 (IH t, J =9.28 Hz), 3.92 -
4.08 (2H ) ,folhewed y dtirrings3or1]l hosr. Hz;?he5154umH¢eq¢tﬂon; wistute),
7.27 - 7.34 (5H,- m. [Referential Exanple 2- 2%
4-(S)- (| -Et hd&%dﬁtﬁd}ﬁﬂ w&lbﬁirl@b}proge(cs?nm géPoml-k| ¢] ynd the pH value
phenyl et hyl ] - _yrrolidone
he agueous layer was adjusted to 12 with a 15 % aqueous
solution of sodium hydroxide followed by washing with
dichloromethane (20 ml x 2). The pH value of this aqueous
solution was adjusted to 7.2 with 1 N hydrochloric acid
followed by extraction with-chloroform (100 ml x 4). The
combined organic layer was dried over anhydrous magnesium
sulfate and filtered. The filtrate was concentrated under
reduced pressure and the crude product thus obtained was
recrystallized from a 2-propanocl/diisopropyl ether system.
The crystals thus obtained were dried under reduced pressure
at 70 °C for 18 hours to give 112.4 mg (25.6 %) of the title
compound as yellow crystals.
Melting point: 158.8 - 159.9 °C (decomp.).
'H-NMR (400 MHz, 0.1 N-NaOD) &: 8.39 (s, 1H), 3.99
(m, 1H), 3.80 (dd, J = 11.23, 5.37 Hz, 1H), 3.62 (m, 2H),
3.51 (d, J = 7.32, 2H), 3.41 (t, J = 7.81 Hz, 1H), 2.45 (m,
), 2.37 (s, 3H), 1.71 (g, J = 7.81, 1H), 1.18 (m, 2H), 0.74
(m, 1H), 0.70 (m, 1H), 0.55 (m, 4H).
Elemental analysis data: as C,;,H,;FN,0O,

caled.: C, 61.31; H, 6.32; N, 13.02
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[err] Under a nitrogen atmpsphere, diisopropylamne (7.22 - 50 - n
51.52 mmol) was dissolved iin dry tetrahydrofuran (100 m):: = After coollng
the solution to - 78 [err]C, a 1.68 M solution of n- butylllthlun1|n

n- hexane (28:1 m, 47.21 mol ). was dropped thereinto over 15 m nutes. Then
the liquid reaction m xture was stirred at O [err]C for 10 m nutes and
cooled to - 78 C. Next, a solution of 4-(S)-(1-

et hoxycar bonyl cycl opropyl )-3-(R) -fluoro-I1-[1-(S)-

phenyl et hyl ] -2-pyrrolidone (¥3ufd ¢.c426902870In,i6. 32y tefrehydyof uran (40
m ) was dropped thereinto over 20 mnutes. The liquid reaction m xture was
stirred at - [ReferésdtidbreExthpienat-ag. Then a sol ution of
2,6-di-tert-butyl phenol (10.63 g, 51.52 nmol) in dry tetrahydrofuran (40

m ) was dropped biBtho bovitcralleprophd ) FBqURY-£tactooh- € was
stirred at - 78 [err]C for 10 nlnutes and then heated to roon1tenperature
Under i ) vl et kAl adiidope sol uti on of ammoni um chl oride (200
m) was added to t he liquid reaction mxture. The organi c | ayer was
separated and t he aqueous |ayer was extracted with diethyl ether (200 m x
2). The conbi ned organic | ayer was washed with water (400 mMl x 2) and dried

over anhydrous magnesi Qulfate. After filtering, the fildyraPe was
concentrated under r o pressure and the residue wasfsu gted to flash
silica gel A\ A\

o N Ld o) N

O O

Under a nitrogen atmesphere, diisopropylamine (3.99

ml, 30.4 mol) was dissolved in dry tetrahydrofuran (50 ml).
After cooling the solution to - 78 °C, a 1.68 M solution of
n-butyllithium in n-hexane (18.1 ml, 30.4 mmol) was dropped
thereinto over 10 minutes. Then the liquid reaction mixture
was stirred at - 10 °C for 20 minutes and cooled to - 78 °C,
Next, a solution of 4—(S)—(i—ethoxycarbonylcyclopropyl)—l—[l—
(S)-phenylethyl]-2-pyrrolidone (7.052 g, 23.40 mmol) in dry
tetrahydrofuran (30 ml) was dropped thereinto over 15
minutes. The liquid reaction mixture was stirred at - 78 °C
for 1 hour. Then a solution of N-fluorobenzenedisulfonimide
(11.81 g, 37.44 mmol) in dry tetrahydrofuran (60 ml) was
dropped thereinto at the same temperature over 25 minutes.
The liquid reaction mixture wag-stirred at - 78 °C for 2
hours and then heated to room temperature followed by

stirring for additional 20 minutes. Under ice cooling, a
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col um chronmat ography (el uent: n-hexane : ethyl acetate = 3 1) to give
10.19 g (74.2 % of the title conpound as a col orless 0|Iy Subst ance.
[err]H—NNR (400 MHz, CDCl[err]) [err]: 0.57 - 0.63 (1H, m, 0.78 - 51 -

- 0.84 (1H, m, 1.07 - 1.13 (1H, m, 1.26 (3H, t, J 7.09 Hz), 1.23 - 1.29
(1H, m, 1.54 (3H, d, J =7.32 Hz), 2.59 (1H, t, J 9.77 Hz), 3.05 (1H,

dq, J = 28.81, 8.30 Hz), 3.25 (1H, t, J = 9.77 FE), 4.00 - 4.16 (2H, m,
5.15 (1H, dd, J = 52.73, 6.35 Hz), 5.53 (1H, q, J = 7.32 Hz), 7.27 - 7.38

(5H, m. [F@fgﬁfﬁﬁafédE%@ﬂﬁﬂﬂ% Zolution of ammonlum chlorlde (200 ml) was
4-(S)-(1-Et hoxycarbonyl cycl opropyl)-3-(S)-fluoro-1-[1-(S)

phenyl et hyl | - 2dqyd riod i chenthicpriel [relakckion mixture. The organic layer was
4-(S)-(1-Et hoxycarbonyl cycl opropyl)-3-(S)-fluoro-I-

[1- (S) - pheny| sepyFdted mnd dhed agmepbis8Gager2¥adSentphytedswit ssdieelyin dry
toluene (100 m ). After adding Lawesson reagent (5.21 g, 12.89 mol ), the
m xture was hether G206G0OnY e 12)C f Ghe30ombhnedsorgahic hbyen was tweshedui d
reaction m xture to cool, toluene was evaporated under reduced pressure and
t he residue W%St%LWﬂ§ﬁﬁ6k¥QQ)mﬂlésﬁ)sﬂhdcdrgeﬁ evkunanbyid opes oue GEs/ium
(eluent: n-hexane : ethyl acetate = 4 : glve 6.49 g (90.1 %9 of the
title conpourtPbEate pal Eﬁﬂlﬂé&tﬁFﬂygsubbﬁaﬁéé rate was concentrated

under reduced pressure and the residue was subjected to flash
silica gel column chromatography (eluent: n-hexane : ethyl
acetate = 3 : 1) to give 5.276 g (70.6 %) of the title
compound as a colorless oilj substance. |

'H-NMR (400 MHz, CDC};) &: 0.76 - 0.81 (1H, m), 0.89
- 0.93 (1H, m), 1.09 (3H, t, J = 6.84 Hz), 1.24 - 1.34 (2H,
m), 1.58 (3H, d, J = 7.33 Hz), 2.23 (1H, dg, J = 28.32, 8.30
Hz), 2.88 - 2.93 (1H, m), 3.48 (1H, t, J = 9.28 Hz), 3.92 -
4.08 (24, m), 5.14 (1H, dd, J = 53.71, 7.81 Hz), 5.54 (1H, q,
J =7.33 Hz), 7.27 - 7.34 (5H, m).
[Referential Example 2-2)

4-(S)-(1-Ethoxycarbonylcyclopropyl)-3-(S)-fluoro-1-[1-(S)-

phenylethyl]-2-pyrrolidone

Z
L4
Z

Under a nitrogen atmosphere, diisopropylamine (7.22
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H NVR (400 MHz, CDCl[er<]) [err]: 0.59 - 0.66 (IH, m,. 0.86 - 52 -

err 2

! o.]92 (1H m, 1.08 - 1.15°(1H m, 1.20 (3H t, J = 7.33-Fz), 1.24 - 1.31
(iH m, 1.60 (3H, d, J = 7.32 Hz), 2.85 (iH dd, J = 11.23, 9.28 Hz), 3.16
(1H, dq; 'J ='30.27, 8.30 Hz), 3.50 (1H, dd, J = 11.23, 9.28 Hz), 4.04 -
4.15 (2H, m, 5.32 (1H, dd, J = 52.73, 5.38 Hz), 6.28 - 6.34 (1H, m, 7.30

7.41 (5H, m). [Referential Exanple 2-4] 4-(S)-(
1- Et hoxycar bonyl cycl opropyl )-3- (S ) -fluoro-1-[1-(9) -
phenyl et hyl i pyI} 05105 Demh&T Y was dissolved in dry tetrahydrofuran (100

4-(S) - (1- Et hoxycar bonyl cycl opropyl ) -3-(S)-fl uoro-1 - _
[ 1-(S) - phenylel hy| ]A2teyread ] digtdheor® 1849 go 19785¢ )1 Ve Mli ssol ved
in dry tetrahydrofuran (150 m). After adding Raney nickel catalyst (15
m), the nixtsoPuvdsn séf ri-ashtatl riatiiuive Ipe hahekantor 280 1mudyt 3, 2Af fu8b1 )
elimnating the catalyst by filtering through celite (washed with .
t et rahydr of ureas , dtdpped | theatesi ntas cvercdst mhedesnderheadunedl pgesaure. The
resi due was dissolved in diethyl ether (200 m) and the obtained solution
was washed wiré¢agtion %Jé?t}l]mya@olamm'@dofatamlﬁpthHDnIﬂnuc@ am a
saturated aqueous solution of sodiumchloride (150 m) and dried over
anhydrous - 53ooled to - 78 °C. Next, a solution of 4-(S)-(1-
ethoxycarbonylcyclopropyl)-3-(R)-fluoro-1-[1-(S)-
phenylethyl]-2-pyrrolidone (13.72 g, 42.96 mmol) in dry
tetrahydrofuran (40 ml) was dropped thereinto over 20
minutes. The liquid reaction mixture was stirred at - 78 °C
for 20 minutes. Then a solution of 2,6-di-tert-butylphenol
(10.63 g, 51.52 mmol) in dry tetrahydrofuran (40 ml) was
dropped thereinto over 20 minutes. The liguid reaction
mixture was stirred at - 78 °C for 10 minutes and then heated
to room temperature. Under ice cooling, a saturated aqueous
solution of ammonium chloride (200 ml) was added to the
liquid reaction mixture. The organic layer was separated and
the aqueous layer was extracted with diethyl ether (200 ml x
2). The combined organic layer was washed with water (400 ml
x 2) and dried over anhydrous magnesium sulfate. After
filtering, the filtrate was concentrated under reduced
pressure and the residue was subjected to flash silica gel
column chromatography (eluent: n-hexane : ethyl acetate = 3
1) to give 10.19 g (74.2 %) of the title compound as a

colorless oily substance.

'H-NMR (400 MHz, CDCl;) &: 0.57 - 0.63 (1H, m), 0.78
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sodiumsul fate. After filtering, the filtrate was concentrated under
reduced pressure to give 5:08 g (86.0 % of the title conpdéund as a
colorless oily substance. [err]H NVR (400 MHz, CDCl[err]) [err]: 0.54 -
0.60 (1H, m’, 0.95 - 1.08 (2H, m, 1.22 (3H, t, J =7.33 Hz), 1.25 - 1.32
(1H, m, 1.35 (3H, d, J =6.35 Hz), 1.99 (1H, t, J = 9.28 Hz), 2.42 (1H t,
J =8.30 Hz), 2.63 (1H, ddd, J = 33.21, 11.72, 1.95 Hz), 2.99 (1H, dm J =
28.32 Hz), 3.25 - 3.37 (2H, m, 4.03 - 4.16 (2H, m, 5.33 (1H, dm J =
55.67 Hz), 7.210.847.(361,(),, m).07[ Refiendn{iin} dxanpl262¢H, t, J = 7.09

1- Benzyl oxycar bonyl -4-(S) - (| - et hoxycar bonyl cycl opr opyl ) - 3-
(S)-fluoropyrtz) ;i di 183 [-err.29 (1H, m), 1.54 (3H, d, J = 7.32 Hz), 2.59
4-(S)- (|- Et hoxycarbonyl cycl opropyl)-3-(S)-fl uoro-1-

[ 1- (S) - phenyl €ty 4 py¥ Fol9.diTnEz(5. 880§, (1B, 683 md|F 2hsBYi BV te ) n I35

di chl oronet hane (50 m ). Under ice cooling, benzyl chloroformate (3.56 nl,
25.0 mol ) walslHr dppell 5 #t-d 7t Hizd (sl 0P on% - Yhet2Hhean) i gui P redtt idsh ™ Xt ure
was heated under reflux for 1 hour and dichl oronet hane was evapor at ed under

reduced presstd €3 THe Fedizdue5was $4Bjered Tol f3ashZ) 54-27 - %i3§ c@Hyel

col um chr orrantl)ogr aphy (eluent: n-hexane et hyl

[Referential Example 2-3)

4-{S5)Y-(1-Ethoxvcarbonvlcyclopropvl)-3-(S)-fluoxo-1-[1-(S)-

henvlethvli-2-pyrrolidinthione

4-(S)-(1-Ethoxycarbonylcyclopropyl)-3-(S)-fluoro-1-
[1-(S)-phenylethyl]-2-pyrrolidone (6.86 g, 21.48 mmol) was
dissolved in dry toluene (100 ml). After adding Lawesson
reagent (5.21 g, 12.89 mmol), the mixture was heated at 60 °C
for 30 minutes. After allowing the liquid reaction mixture
to cool, toluene was evaporated under reduced pressure and
the residue was subjected to flash silica gel column
chromatography (eluent: n-hexane : ethyl acetate = 4 : 1) to
give 6.49 g (90.1 %) of the title compound as a pale yellow
oily substance.

!H-NMR (400 MHz, CDCl;) &: 0.59 - 0.66 (1H, m), 0.86
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acetate = 3 : 1) to give 4.67 g (83.7 %9 of the title conpound as a
colorless oily substance. [err]H NVR (400 MHz, CDC13) 6: 0-71 - 0.78 (1H,
m, 1.11 - 1.23 (2H m, 1.24 (3H t, J =6.84 Hz), 1.29 - 1.37 (1H m,
2.93 - 3/00 (‘1H, m, 3.10 (1H, dm J = 34.67 Hz), 3.54 - 3.84 (2H, m), 4.09
- 4.18 (2H, m, 5.14 (2H, s), 5.34 (1H, ddm J = 53.71, 16.6 Hz), 7.29 -
7.38 (5H, m). [Referential Exanple 2-6]

1-[ 1- Benzyl oxycar bonyl -4-(S)-fluoro-3-(S)-pyrrolidinyl]-

cycl opropanecar bosyl (tHachy, [2ro§ - 1.15 (1H, m), 1.20 (3H, t, J = 7.33

1- Benzyl oxycar bonyl - 4- (S) - (1- et hoxycar bonyl -

cycl opropyl ) -Bz{ $) 1f 2éior opy31 of 11l me) ( 4 .60 g,3H,3.d92 Jmeol7). 38aszgi,sgobged in
et hanol (50 ml). Then a 1 N aqueous solution of sodium hydroxide (50 m)
was dropped i fiB,téds SoFuil o3, ThadB tHw) | iyuied (léacdigon Jni=xBor27was . 30
stirred at 40 [err]C for 1.5 hours and et hanol was evaporated under reduced
pressure. WatBe)¢58-pP) (Whs dddel T ot 13 r dsiZBudlzi)ol KoWdd-by . WasiRHg )t h
chloroform (100 m ). The aqueous |ayer was separated and acidified by
dropping 1 N BydZotkord@: alid Yhetdi m-38 HB5 6.28 Negt 34i { Liasmext 7adbed
successively with chloroform (200 mM x 2) and diethyl ether (100 m). The
conbi ned or gani E'?éy@ﬂx/\d‘é) dri ed over anhydrous sodium sul fate. After

fi IIerl ng, tthé%é}é%t:leafve?xacn?priceerEt_r4a]t ed under reduced pressure to give

4-(S)-(1-Ethoxycarbonylcyclopropyl)-3-(S)-fluoro-1-[1-(S)-

henvlethyl rrolidine

4-(5)-(1-Ethoxycarbonylcyclopropyl)-3-(S)-fluoro-1-
[1-(S)-phenylethyl]-2-pyrrolidinthione (6.49 g, 19.35 mmol)
was dissolved in dry tetrahydrofuran (150 ml). After adding
Raney nickel catalyst (15 ml), the mixture was stirred at
room temperature for 30 minutes. After eliminating the
catalyst by filtering through celite (washed with
tetrahydrofuran), the filtrate was concentrated under reduced
pressure. The residue was dissolved in diethyl ether (200
ml) and the obtained solution was washed with a 10 % agueous
solution of ammonia (200 ml x 2) and a saturated aqueous

solution of sodium chloride (150 ml) and dried over anhydrous
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3.94 g (92.1 %9 of the title-conpound as a col orl ess anorphous substance.
[err] H- NVR (400 MHz, CDCl[err]) [err]: 0.79 - 0.89 (IH, m;+:1.18 - 1.35
(2H, m, 1.37 - 1.47 (1H m, 2.90 - 3.18 (2H, m, 3.50 - 3.84 (3H, m,
5.13 (2H, s),” 5.31 (1H, ddm J = 53.22, 15.13 Hz), 7.26 - 7.42 (5H m).

[ Referential Exanple 2-7] 1-Benzyl oxycarbonyl-4-(R)-(1-tert-

but oxycar bonyl am nocycl opropyl )-3-(S)-fl uoropyridine [err]

1-[ 1- Benzyl oxycar bonyl -4-(S)-fl uoro-3-(S)-

pyrrolidinyl]epalianr epangear boxytée £C11hfhe? the ¥.1458 swas di ssol ved
in dry acetonitrile (80 m). After adding N, N -carbonyldiimdazole (2.55 g,
15.73 mol ), tbackngradeteantéonreduded s iid HEGidle 5008 GeRer at 4he
for 30 m nutes. Next, ammoni a gas was bubbled thereinto at thé sane

t enper ature. ®lfethehtikilgucompeand i s driod 1ol edds 01156 substageagcent r at ed
under reduced pressure. Water (80 m) was added to the residue followed by
extraction with chl or Bi-0®R (80 0nmMHz , 2EDCThe &orthiSted @r.gdni(QH,ayxgr, \vass

dri ed over anhydrous sodiumsulfate. After filtering, the filtrate was
concentrated undeP8r¢dticed) prsddr @H THe, resi Jud3niiz )di 9sa@bvedli.82 (1H,
tert-butyl al cohol élOO m) and |l ead tetraacetate (7.93 g, 15. 70 mmol) was
added t heret om)AfdeB> (3H, d, J = 6.35 Hz), 1.99 (1H, t, J = 9.28 Hz),

2.42 (1H, t, J = 8.30 Hz), 2.63 (1H, ddd, J = 33.21, 11.72,
1.95 Hz), 2.99 (1H, dm, J = 28.32 Hz), 3.25 - 3.37 (2H, m),
4.03 - 4.16 (24, m), 5.33 (1H, dm, J = 55.67 Hz), 7.21 - 7.36
{5H, m).

[Referential Example 2-5]) -

l-Benzyloxycarbonyl-4-(S)-(l-ethoxvcarbonvlcvclopropvl)—3—

{S)-fluoropyrrolidine

z
9

4-(5)—(l-Ethoxycafbonylcyclopropyl)—3—(S)—fluoro—l—
[1-(S)-phenylethyl ]pyrrolidine (5.08 g, 16.63 mmol) was
dissolved in dry dichloromethane (50 ml). Under ice cooling,
benzyl chloroformate (3.56 ml, 25.0 mmol) was dropped into
this solution. Then the liqui& reaction mixture was heated
under reflux for 1 hour and dichloromethane was evaporated

under reduced pressure. The residue was subjected to flash
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heating under reflux for 30.:m nutes, the liquid reaction nmxture was
al l owed to cool and diethyl:* ‘et her (50 m ) and sodi um hydr ogencar bonate (10
g) were added thereto. Then the mixture was stirred at roomtenperature for
10 mnutés and filtered. The filtrate was concentrated under reduced
pressure. After adding ethyl acetate (150 ml) to the residue, the m xture
was washed with a saturated aqueous sol ution of sodi um bi carbonate and
dri ed over anhydrous sodiumsulfate. After filtering, the filtrate was
concentrat ed shdécar gdlicedlpnesshrenaineytdghy e ldiem tvah-Hdyaeet edetaylll ash
silica gel colum chromat ography (eluent: n-hexane : ethyl acetate = 3 : 2)
to give 3.2l16aget8te2=93 of 1) heotgive £dnpaundBihy & )cafordhestiailey
substance. [err]H NWVR (400 MHz, CDCl[err]) [err]: 0.65 - 0.74 (1H, m, 0.70
- 0.84 (1h, nFompossd-as aocelerlegs aily S(Imqstasw)ce 2.21 (1H, ddm J =
80.57, 36.14 Hz), 3.08 - 3.24 (2H, m, 3.48 - 3.84 ( BHEVQ 5.02 (1H, brs),
5.13 (2H, s), 5.15 (1W l\mﬂd(‘lﬁ 5¥Hzo FPFls). &8 Q. 771380( (FH, FExadple 2)
- 57 - 5- Ami no- k é 1amnocycI0£ p&) -fluoro-1-
pyrrolidi nyI] =61f Rdof 38 - F2e (5241 (08 ( é%} 40|@er|le1]29 - 1.37 (1H,
1, 4-di hydro-8 rret?yb 4- o§o(%u nol i ne- 3- car box I|c aci d h%drochl oride Eerr]
m), 2.93 - 3.

= (1H, m), 3.10 (IH, dm, Hz),
3.84 (24, m), 4.09 - 4.18 (2H, m), 5.14 (2H, s), 5.34 (1H,
ddm, J = 53.71, 16.6 Hz), 7.29 - 7.38 (5H, m).
[Referential Example 2-6]

l-[1-Benzyloxycarbonyl-4-(S)—-fluoro-3-(S)-pyrrolidinvl]-

cvclopropanecarboxylic acid -

y_
y_
o}

l1-Benzyloxycarbonyl-4-(S)~(l-ethoxycarbonyl-

cyclopropyl)-3-(S)-fluoropyrrolidine (4.67 g, 13.92 mmol) was
dissolved in ethanol (50 ml). Then a 1 N aqueous solution of
sodium hydroxide (50 ml) was dropped into this solution.

Then the liquid reaction mixture was stirred at 40 °C for 1.5
hours and ethanol was evaporated under reduced pressure.
Water (50 ml) was added to the residue followed by washing
with chloroform (100 ml). The aqueous layer was separated

and acidified by dropping 1 N hydrochloric acid thereinto.
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1- Benzyl oxycar bonyl -4-(R)-(1-tert- i .

but oxycar bonyl am nocycl opropyl )-3-(S)-fluoropyrrolidine (1.43 g, 3.78 mol)
was di ssolved in ethanol (60 m). After adding 5 % pal | adi um car bon
catal yst (nmoi‘sture content: 55.6 % 1.5 g), the mxture was stirred under a
hydr ogen at nosphere for 3 hours. After filtering off the catal yst through
celite (washed with nethanol), the filtrate was concentrated under reduced
pressure. The residue thus obtained was di ssolved in dinmethyl sulfoxide (12
m) and 5-am mexk,7idi tagoeqttatfed Successively with chloroform (200 ml x,
fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-8-net hyl -4- oxoqui nol i ne- 3-car boxylic
acid (1.18 g, 23. @dmidkrhghdethéet pyd@mnpe. ( rhd )comyitealda@ainier alagexrThen
the m xture was stirred under a nitrogen atnosphere at 130 [err]C for 3
days. After akeswdmgetioovenl anbydediy|scdddmx& e ates. eidimratfad tetiag,

resi due was dissolved in chloroform (80 nl), washed successively with a 10
% aqueous sol theofiidtratervas aepuceBoratsd under mMedumed prestsuret ¢¢ ggueous
solution of sodiumchloride (100 m ). The organic |ayer was dried over
anhydrous sodiPuffis@l {82el A)tef thetiktlr) canpound tasatee oRdoTd@sSent r at ed
under reducedﬁgres ure. The residue was subjected to flash silica gel

col unm chr oma®BgFRBRYS (8PBERRRCRhl orof orm : methanol = 9 : 1) fol | owed by

ggggen%ration of_the g%gﬁ%g( %ﬁe%géedgceg ﬁre§sure._pnde@ ic% cgpliqqis _
. hydrochl oric aci rdFBbpel §nth the edddl, m) .
1.35 (2H, m), 1.37 - 1.47 (1H, m), 2.90 - 3.18 (2H, m), 3.50
- 3.84 (3H, m), 5.13 (2H, s), 5.31 (1H, ddm, J = 53.22, 15.13
Hz), 7.26 - 7.42 (5H, m).
[Referential Example 2-7] -

l-Benzyloxyvcarbonvl-4-(R)—-({1-tert-

butoxycarbonylaminocyclopropyl)-3-(S)-fluoropyridine

o)
o)

v

e

1-[1-Benzyloxycarbonyl-4-(S)-fluoro-3—-(S)-
pyrrolidinyl}cyclopropanecarboxylic acid (3.22 g, 10.48 mmol)
was dissolved in dry acetonitrile (B0 ml). After adding
N,N’-carbonyldiimidazole (2.55 g, 15.73 mmol), the liquid
reaction mixture was stirred at room temperature for 30
minutes. Next, ammonia gas was bubbled thereinto at the same

temperature. Then the liquid reaction mixture was
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fol lowed by stirring at roomtenperature for 50 mnutes. After adding 1 N
hydrochloric acid (30 m), -fhe liquid reaction nmixture wag“washed wth
chloroform (50 M x 2) and its pH value was adjusted to 12.0 with an
aqueous ‘sol uti on of sodi um hydroxi de foll owed by washing with chl orof orm
(100 mM). The pH value of this aqueous solution was adjusted to 7.4 with 1
N hydrochloric acid followed by extraction with chloroform (150 mM x 3).
The conbi ned organic | ayer was dried over anhydrous sodi um sul fate and
filtered. Thednddntala® edaanderceatitdéadpusgdsirs eduserkPr e uile) and hadied
hydrochloric acid (2.0 m) was dropped into the residue under ice cooling.
After stirrirng athd resdave tfelpewatiube égtréctiomtwsth tdieldrafioxmn rE@lctilon
m xture was concentrated under reduced pressure (azeotropic distillation
wi th et hanol x tr.i c&he Thabissddoeganscr beygstets i dreted rametardnalrcarsd
dried under reduced pressure to give 230 ng (12.1 %9 of the title conpound
as a yel |l ow pmddem svilfeiteg pdifter 2ilterpung, [the | O Y Westowads - 59 -

[err]H—Nl\/R(400M—Iz 0.1 N-NaOD) [err]: 0.55 - 0.71 (4H, ,1 - 2.35 (1H,
m, 3.32 (1chnce31tfa$eﬁ9unﬂl)ar gedgcec_iLkpraasuge 25. @89 rlezs eHmas 3. 85 -
3.97 (2H m), 4 11 (1H, Hz) , (lH dm J = 70.31

Hz), 5.49 (1Kissdves 4%56{8 PﬁfylsaéqonH HOOJT"J:) 3312921%. El ement al

anal ysi s dat%eé?%acgtg%LHk%rrgFgerrgN[earkélf{riak{ndgéd tl£¥£to Aftex
heating under reflux for 30 minutes, the liquid reaction
mixture was allowed to cool and diethyl ether (50 ml) and
sodium hydrogencarbonate (10 g) were added thereto. Then the
mixture was stirred at room temperature for 10 minutes and
filtered. The filtrate was concentrated under reduced
pressure. After adding ethyl acetate (150 ml) to the
residue, the mixture was washed with a saturated aqueous
solution of sodium bicarbonate and dried over anhydrous
sodium sulfate. After filtering, the filtrate was
concentrated under reduced pressure and the residue was
subjected to flash silica gel column chromatography (éluent:
n-hexane : ethyl acetate = 3 : 2) to give 3.216 g (B81.2 %) of
the title compound as a colorless oily substance.

'H-NMR (400 MHz, CDCl,;) §: 0.65 - 0.74 (14, m), 0.70

- 0.84 (1h, m), 0.85 - 1.00 (2H, m), 1.42 (9H, s), 2.21 (1H,
ddm, J = 80.57, 36.14 Hz), 3.08 - 3.24 (2H, m), 3.48 - 3.84
(34, m), 5.02 (1H, brs), 5.13 (2H, s), 5.15 (1H, brd, J =
53.72 Hz), 7.28 - 7.38 (5H, m).

[Example 2]}
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calcd.: C 50.40; H 5.33; N, 10.87 found : C, 50.45; H 5.44;, N, 11.21.
[Exanple 3] 5-Amno-7-[4-(Ry-(I-am nocycl opropyl) -3-(S)- fJuoro | -
Pyrrolidinyl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-

1, 4- di hydr o- 8- net hoxy- 4- oxoqui nol i ne-3-carboxylic acid [err]

1- Benzyl oxycar bonyl -4-(R)- (Il -tert-

but oxycar bonyl am nocycl opropyl )-3-(S)-fluoropyrrolidine (400 ng, 1.06 nmol)
was di ssolved in ethanol (20 m). After adding 5 % pal | adi um car bon

catal yst (noi StRméneentenat (RS (6-dmi BEWydbprdfia yu (g e famretiirr ed under
a hydrogen atnosphere for 18 hours. After filtering off the catalyst
+4 Tucres- MR (o)
reduced pressure. The residue thus obtai ned was di ssol ved in dinet hyl
sul f oxi de (8 Al @-didiyBro-86efethyl-4-oxoquinoline-3-carboxylic acid

am no-6, 7-difluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-

di hydr o- 8- net bydyoghdendgdenol i ne- 3-carboxylic acid (289 ng, 0.88 mmol) and
triethylamne (2 m) were added thereto. Then the m xture was stirred under
a nitrogen atnosphere at 100 [err]C for 26 hours. After allowing to cool,
di et hyl sul f oxi de was evaporated. The residue was di ssolved in chloroform
(80 M), washed with a %6 9o agueous solution of citric ae#do (8D n1) The
organi ¢ | ayer was driF l ydr ous sodlun1sulfateF

F N

NbléVF

1-Benzyloxycarbonyl-4-(R)-(1-tert-
butoxycarbonylaminocyclopropyl)-3-(S)-fluoropyrrolidine (1.43
g, 3.78 mmol) was dissolved in ethanol (60 ml). After adding
5 % palladium~carbon catalyst (moisture content: 55.6 %, 1.5
g), the mixture was stirred under a hydrogen atmosphere for 3
hours. After filtering off the catalyst through celite
(washed with methanol), the filtrate was concentrated under
reduced pressure. The residue thus obtained was dissolved in
dimethyl sulfoxide (12 ml) and 5-amino-6,7-difluoro-1-{2-(S)-
fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylic acid (1.18 g, 3.78 mmol) and
triethylamine (3 ml) were added thereto. Then the mixture
was stirred under a nitrogen atmosphere at 130 °C for 3 days.
After allowing to cool, dimeth§l sulfoxide was evaporated.
The residue was dissolved in chloroform (80 ml), washed

successively with a 10 % aqueous solution of citric acid (B0
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After filtering, the filtrate was concentrated under reduced pressure. The
resi due was subjected to flash silica gel colum chromatography (el uent:
chloroform: nethanol = 9 : 1) followed by concentration of the eluate
under reduced pressure. Under ice cooling, conc. hydrochloric acid (5 m)
was dropped into the residue followed by stirring at roomtenperature for
20 m nutes. After adding 1 N hydrochloric acid (30 m), the liquid reaction
m xture was washed with chloroform (50 m x 2) and its pH val ue was

adj usted to 1&10 windhaasagqua@ed qhebuoNseOlusOsh W Ny O den oy lqangd oy
washing with chloroform (100 m x 2). The pH value of this aqueous sol ution
was adj usted td)7. 4 Thiet bryahibydlapehl was cdated éwdt et dnowrX tgcaGhindn Wit h
chl oroform (200 m x 3). The conbi ned organic |ayer was dried over

anhydr ous sodiswhisdlef.at 8fsed filteridg, Thee ffiltrtee wass conmenttratted under
reduced pressure and the residue was recrystallized from ethanol and dried
under reducedupdessgeducgdgpyessuoeny THQ. ¥esjddug wir sihjesteshpouddasdh a
yel | ow powder. - 61 - Melting point: 211 - 213 [err] C (deconp.).

[err] H NVR (46618A2 g9elicRlirATDyheonatagraphy 7éeYusnt njchlprpform 27 (1H,
m, 1.36 - 1.48 (1H m, 2.24 (1H dm J 37.60 Hz), 3.46 (3H s), 3.53 (1H
t, J = 8.79 HPPthangd F1f :dd4) Hollowed by jgonmentratiprgeL theggeluame mn)

4.10 (1H’ ddnhnéei iédﬁgédlgiggsgggf 5ﬁ§§g£]{ée(ggoigﬂayG%kEZLFt)’ 5.49 (1H,

hydrochloric acid (10 ml) was dropped into the residue
followed by stirring at room temperature for 50 minutes.
After adding 1 N hydrochloric acid (30 ml), the liquid
reaction mixture was washed with chloroform (50 ml x 2) and
its pH value was adjusted to 12.0 with an aqueous solution of
sodium hydroxide followed by washing with chloroform (100
ml). The pH value of this aqueous solution was adjusted to
7.4 with 1 N hydrochloric acid followed by extraction with
chloroform (150 ml x 3). The combined organic layer was
dried over anhydrous sodium sulfate and filtered. The
filtrate was concentrated under reduced pressure and 1 N
hydrochloric acid (2.0 ml) was dropped into the residue under
ice cooling. After stirring at the same temperature for 5
minutes, the liquid reaction mixture was concentrated under
reduced pressure (azeotropic distillation with ethanol,
thrice). The residue was recrystallized from ethanol and
dried under reduced pressure té-give 230 mg (12.1 %) of the
title compound as a yellow powder.

Melting point: 213 - 218 °C (decomp.) .
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brd. J = 54.69 Hz), 8.19 (1H,:..d, J = 3.91 Hz). Elenental analysis data: as
C21H23F3N404 calcd.: C, 55.757 H, 5.12; N, 12.38 found : C{'55.78; H, 5.20;
N, 12.28. [Exanple 4] '

10-T4-(R) - (I -'Am nocycl opropyl )-3-(S)-fluoro-1-pyrrolidinyl]-

9-fluoro-2, 3-di hydro-3-(S)-nethyl-7-oxo-7H pyrido[1,2 3-

de] [ 1, 4] benzoxazi ne- 6-carboxylic acid [err]

1- Benzyl oxycar bonyl -4-(R)-(1-tert-

but oxycar bonyl ani nocy®-aMrROQWI00- #HES) of hURLRRYHS 06 dp nes (918, 79, (&g Admy D! )
was di ssolved in nethanol (50 m). After adding 5 % pal | adi um car bon

catal yst (noi stu?e3Toft®ntn) 53 .82(1k,0tg) J £he.mdxHBN ¢ Ba89IS{LH| eddpunges a
hydr ogen atnosphere for 3 hours. After filtering off the catal yst through
celite (washed?ii 8%, mb? Ahd13),, thé5sf iH Br.afe (R8s m)624.11 (tBncadny al ed
under reduced pressure. The residue thus obtained was di ssol ved in di nethyl
sul f oxi de (15 £9)7Znuﬂ2-45 Hz), 4.97 (1H, dm, J = 70.31 Hz), 5.49 (1H, brd,
9, 10-di fl uor o- 2, 3-di hdyr o- 3- (S) - et hyl - 7- oxo- 7H pyri do[ 1, 2, 3- de]

[ 1, 4] benzoxazi‘hes 65-%a+%di@)|ri &8 -&di dlﬁéZdahél gt d-¢86Hzhy, 2.01 nmol) and
triethylamne (336 [err], 2.41 mmol) were added thereto. Then the m xture
was stirred at room té#ﬁé’feﬁt@ﬁe aNglygigagatansaerCobnfdb G id - 26E:9 0 qui d

reacti on m xture under reduced Rressure, wat er was added to the residue.
The calcd.: C, 50.40; H, 5.33; N, 10.87

found : C, 50.45; H, 5.44; N, 11.21.

[Example 3)

rrolidinyl }-6-fluoro-1-[2—(S)-fluoro-1-(R)-cvclopropyl]-

1,4-dihydro-8-methoxy-4-oxoguinoline-3-carboxvlic acid

NH, O ©O NH, O O©

F
o - o
F N g N N
o Ar HN ol AF
F

1-Benzyloxycarbonyl-4-(R)~(1l-tert-
butoxycarbonylaminocyclopropyl)-3-(S)-fluoropyrrolidine (400
mg, 1.06 mmol) was dissolved in ethanol (20 ml). After
adding 5 % palladium-carbon catalyst (moisture content: 55.6
%, 500 mg), the mixture was stirred under a hydrogen
atmosphere for 18 hours. After filtering off the catalyst
through celite (washed with meEhanol), the filtrate was

concentrated under reduced pressure. The residue thus

obtained was dissolved in dimethyl sulfoxide (é ml) and 5-
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yellow crystals thus precipitated were collected by filtration and washed
with water. The obtained crystals were suspended in a sol ufizon (200 m) of
met hanol : water = 1 : 1. After adding triethylamne (4 m), the mxture
was heat ed under reflux for 4 hours. After allowing to cool, the liquid
reaction m xture was concentrated under reduced pressure and the residue
was di ssolved in chloroform (200 m) and washed with a 10 % aqueous
solution of citric acid (200 m ). The organic |ayer was dried over

anhydr ous sodamhnsuﬁfaidiflﬁéfn—fiﬂ24¥9yu;lddrb;hLumnabgcwagr@99g§nn;aLed
under reduced pressure.- Under ice cooling, conc. hydrochloric acid (10 m)
was dropped i dibydhe-8-eethexy-of +mwerh ine lsime-3i-og radbxy0am teddeyagarggf or
10 minutes. After adding 1 N hydrochloric acid (30 m), the liquid reaction
m xture was wlshedmmpih amd croferhylE@tng (2 2l )aweriet adaedvahaeewas Then
adjusted to 12.0 with an aqueous sol ution of sodi um hydroxide. The pH val ue
of this aqueotBesBlEErem Was sdinradkdndser7 a4 nijtrhgenNatypdspbhrer at 280 o°C
fol l owed by extraction with chloroform (500 - 63 - m x 3). The conbi ned
organi ¢ | ayer ToBs2@rietr Dy erA ey dldeyisaditoncoails addémghbyli suefenidgeas

filtrate was concentrated %Pder reduced pressure and the_residue was
recrystal | i zedVFPOFREEFandi &P hdued ¥@sd Sl seedieddipr ebdarefesmgl §@ mbp, ny

(505t 10, OF I oSshad e GOPAUY B0 LRILRS ¥ 21 8e HELLLO0 B 5 . 2%°
The organic layer was dried over anhydrous sodium sulfate.
After filtering, the filtrate-was concentrated under reduced
pressure. The residue was subjected to flash silica gel
column chromatography (eluent: chloroform : methanol = 9 : 1)
followed by concentration of the eluate under reduced
pressure. Under ice cooling,_conc. hydrochloric acid (5 ml)
was dropped into the residue followed by stirring at room
temperature for 20 minutes. After adding 1 N hydrochloric
acid (30 ml), the liquid reaction mixture was washed with
chloroform (50 ml x 2) and its pH value was adjusted to 12.0
with an aqueous solution of sodium hydroxide followed by
washing with chloroform (100 ml x 2). The pH value of this
aqueous solution was adjusted to 7.4 with 1 N hydrochloric
acid followed by extraction with chloroform (200 ml x 3).

The combined organic layer was dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under
réduced pressure and the residue was recrystallized from

ethanol and dried under reduced pressure to give 170 mg (42.6

%) of the title compound as a yellow powder.
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[err]H- NMR (400 MHz, 0.1 N-NaOD) 6: 0.55 - 0.75 (4H, m), 1.52 (3H, d, J =
6.84 Hz), 2.25 (1H, dm J ='36.62 Hz), 3.49 (1H t, J = 8.79 Hz), 3.70 (IH,
dd, J = 26.37, 11.72 Hz), 3.88 (1H, t, J = 8.79 Hz), 4.10 (1H, dd, J =
40.53, 12.70 'Hz), 4.30 (1H, d, J = 9.27 Hz), 4.50 (1H, d, J = 9.28 Hz),
4.55 - 4.65 (1H, m, 5.47 (1H, dt, J = 55.17, 3.42 Hz), 7.53 (IH, d, J =
14.16 Hz), 8.33 (1H 9eliRef Yanki:abiExanphe eclld%:&n%/}:l.. y.

1- acetyl cycl opropanecar boxyl ate Et hyl acetoacetate (100 g, 0.77 nol) was

di ssolved in acetone (©OMml )400Tamze poht a-paBpgokYt bO§7Waspadgdedsy, n

di br onoet hane (361 g, 1.92 nol) and potassium carbonate (266 g, 1.92 n)of)
and the m xtune 1@as heagediunday ,ref sgx_forag S.m jtzy‘ i dkeri L the
insoluble matters, the fi?trategmas distilled ﬁﬁyer f;duég%(gf§3§ﬂﬁeqi80
[err]C/ 8 nmrHgB37t.60giHeg ,78..260 (685. 4) N3 0$3thmfid) e eorao.ozmdizgq 3 .60l Qniess
oily substance. [err]H NWVR (400 MHz, CDCl[err]) [err]: 1.29 (3H t, J =
7.33 Hz), 1.470d(48, =sP5.2047123R B3), 43286 (2B .9 (RH;, #0)334H2)0. (1H, ddm,

[ Referential Exanple 3-2] Ethyl

3- (1- et hoxycadbong¢ke 8l opPepdl ¥z 2, f$ UBP of T butrencht= 63 .64 Hz), Ba4d (1H,
solution (1500 m) of ethyl 1- acetyl cycl opropanecarboxylate (124.5 g,
0.797 mol) iﬁrﬁenﬁeﬁe5ﬁfag9aﬁééd giht pbidet, (0156.3%4 %, HE)39 mml ). Wile

Elemental analysis data: as C,;H;3FsN,0,
caled.: C, 55.75; H, 5.12; N, 12.38
found : C, 55.78; H, 5.20; N, 12.28.
[Example 4] *

10-[4-(R)-(1-Aminocyclopropyl)-3-(S)-fluoro-1-pyrrolidinylj}-

9—fluoro—2,3-dihvdro—3—{S)—methvl—?—oxo—?H—Dvridor1.2,3-_

del[l,4)benzoxazine-6-carboxvlic acid

1-Benzyloxycarbonyl-4-(R)~(1l-tert-
butoxycarbonylaminocyclopropyl)—3—(S)—fluoropyrrolidine (913
mg, 2.41 mmol) was dissolved.in methanol (50 ml). After
adding 5 % palladium-carbon catalyst (moisture content: 55.6
%, 1.0 g), the mixture was sti;red under a hydrogen
atmosphere for 3 hours. After filtering off the catalyst

through celite (washed with methanol), the filtrate was
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heating under reflux, a catalytic anount of iodine was added thereto.
Subsequently, a solution of-ethyl bronofluoroacetate (94.23 ' m, 0.797 nol)
in benzene (200 mM) was dropped thereinto over 1 hour followed by heating
under reflux' for 1 hour. Under ice cooling, 1 N hydrochloric acid (1000 m)
was added to the liquid reaction m xture and the m xture was stirred for 1
hour. The organic |ayer taken up by phase separation was washed
successively with 1 N hydrochloric acid, water and a saturated agueous

sol ution of sefidentait@d daded’ redueuar paabydrous BR4i Hes saibé afruaand
filtered. The filtrate was concentrated under reduced pressure and the
resi due was disslnes vas ikisdilved( 287dihetlyY8subtgxidét €15 aaldy reghd hi onyl
chloride (69.8 m, 0.957 nol) at - 10 [err]C, the resultant m xture was
stirred underS ;lde-diddluonp-203-8ihdyre-3hdermethytobtoxg; 7H+mytidpid 2, 3-
reaction m xture was poured into 1 N hydrochloric acid (2000 m ) and et hyl
acet at e (150@e( )1 Mddeaddx@ztiineré-oarbhsydigaattdtByerhedite (@b bymphase
separation was washed successively with 1 N hydrochloric acid, water and a
sat ur at ed aqudls mesilt iagwd driestiylamihéol Bde, nbr i 2d4 bvamonhiwedreowsidasti um
sulfate and filtered. The filtrate was concentrated under reduced pressure
and the resi denfd® di §hem éde RidgterPorefet hineed 580D HPJN temparature
cooling, 1,8-azabicyclo[5.4.0]-7- - 65 -  undecene (131 m, 0.877 nol)
was dr opped tﬂﬂﬁwﬁld%yﬁandAéﬁgﬁ concentrating the liquid reaction mixture

under reduced pressure, water was added to the residue. The
yvellow crystals thus precipitated were collected by
filtration and washed with water. The obtained crystals were
suspended in a solution (200"&1) of methanol : water = 1 : 1.
After addiang triethylamine (4 ml), the mixture was heated
under reflux for.4 hours. After allowing to cool, the liquid
reaction mixture was concentrated under reduced pressure and
the residue was dissolved in chloroform (200 ml) and washed
with a 10 % aqueous solution of citric acid (200 ml). The
organic layer was dried over anhydrous sodium sulfate. After
filtering, the filtrate was concentrated under reduced
pressure. Under ice cooling, conc. hydrochloric acid (10 ml)
was dropped into the residue foliowed by stirring at room
temperature for 10 minutes. After adding 1 N hydrochloric
acid (30 ml), the liquid reaction mixture was washed with
chloroform (50 ml x 2) and its pH value was adjusted to 12.0
with an aqueous solution of sodium hydroxide. The pH value
of this agqueous solution was adjusted to 7.4 with 1 N

hydrochloric acid followed by extraction with chloroform (500
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the resultant m xture was stirred at roomtenperature for 17 hours. After
adding 1 N hydrochloric acid (2000 m) and chloroform (1000 M), the

organi c | ayer taken up by phase separation was washed with a saturated
agueous sol ution of sodiumchloride, dried over anhydrous sodium sulfate
and filtered. The filtrate was concentrated under reduced pressure and the
resi due thuspabikaidned whe sthbefié@dotganti@siaysd ives gadiegbloymr anhydrous
chromat ography (eluent: n-hexane : ethyl acetate = 4 : 1) 152.78 g (78.5 %
of the titlesoaipausdldatanand| ¥iltdasédnceThd hisl oo whs mencsmtaiated,
which was a m xture of geonetrical isonmers (about 1 : 1), was not separated
but enpl oyed undeirheesubedqpeassneacendnthke xecidud ReFfemanlvstadldssde 3- 3]
(E) - Et hyl 4-Dbrono- 3-(1-ethoxycarbonyl cycl opropyl)-2-fluoro-2- butenocate To
a sol uti on offremhgthanpl- antoslyiad bengér rsduesst @RAISULS |HfoiHVe BdeMGat e
(152.78 g, 0.625 mol) in chloroform (1500 M) were added N-br omisucci ni m de
(111.33 g, O0.(6%54m31)) odnhg EALALYEPBPRRRAMS @ake ¥eldpphiFystals.
(isobutyronitrile) and _then the resultant_mi xture was heated under refl ux
for 16 hours. Then t Meltigg goiekct 28R mi 48Hr & i&€©9®-dd and concentrated

under reduced, b esoung wdh Lo 8LES PTERRREIO ) 5ok L FOLER, S

pressure. The rest dge vps Sudkeghed, {0 51ash fu) 168, 98'- o0 WY 220 5.49
(1H, t, J = 8.79 Hz), 3.70 (1H, dd, J = 26.37, 11.72 Hz),
3.88 (1H, t, J = 8.79 Hz), 4.10 (1H, dd, J = 40.53, 12.70
Hz), 4.30 (1H, d, J = 9.27 Hz), 4.50 (1H, d, J = 9.28 Hz),
4.55 - 4.65 (1H, m), 5.47 (1H, dt, J = 55.17, 3.42 Hz), 7.53
(1H, d, J = 14.16 Hz), 8.33 (1H, s).
[Referential Example 3-1]
Ethyl l-acetylcyclopropanecarboxylate

Ethyl acetoacetate (100 g, 0.77 mol) was dissolved in
acetone (500 ml). To the obtained solution was added
dibromoethane (361 g, 1.92 mol) and potassium carbonate (266
g, 1.92 mol) and the mixture was heated under reflux for 4
days. After filtering off the insoluble matters, the
filtrate was distilled under reduced pressure (80 °C/8 mmHg)
to give 78.1 g (65.1 %) of the title compound as a colorless
oily substance.
'H-NMR (400 MHz, CDCl,) &: 1.29 (3H, t, J = 7.33 Hz),

1.47 (4H, s), 2.47 (3H, s), 4.21 (2H, q, J = 7.33 Hz).
[Referential Example 3-2)

Ethvl 3-(l-ethoxycarbonvlcvclopropyvl)—-2-fluoro-2-butenoate
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chromat ography (eI uent: n-hexane : ethyl acetate 4 : 1) to give 100.5 g
(49.7 % of the title conpound as a yellow oily substance:::On the ot her
hand, 75 g (37.1 %9 of (Z)-ethyl 4-

brono- 3: ( 1- €t hoxycar bonyl cycl opropyl ) - 2- f | uor o- 2- but enoate (the geonetri cal
i soner of the title conpound) was obtained as a yellow oily substance with
the use of another eluent (n- hexane : ethyl acetate =2:1). (E) -isoner:

[err]H- NVR (400 MHz, CDCl[err]) [err]: 1.23 (3H, t, = 7.08 Hz), 1.38 (3H,
t, J =7.08 He), 153 ol RAdtddn Riboodni} b2Het 1 1= 7.08 Hz), 4.35 (2H,
g, J = 7.08 Hz), 4.54 (2H, s). (Z ) -isonmer: [err] NNR (400 MHz,

CDA [err]) [edddt ]Jc}?cllc(p'i'da atnec«hﬁo&y(i&tuz)(,lzl §2g(3bL 767 smS1y. 08 Hz),
1.52 - 1.62 (4H, br). 4.11 (2H q, J'=7.08 Hz), 4.13 (2H, s), 4.29 (2H q,

J = 7.08 Hz) .bér%ﬁ ands alddeaming M}ier (156.4 g, 2.39 mmol). While

4- (| - Et hoxycar bonyl cycl opr opyyl )-3-fluoro-1-[1-(S)-

phenyl et hyl | -13eqtyingunte: oredf ITx ,a as cltkilyt iof afEhnet bf| idd nema8-{dded

et hoxycar bonyl cycl opropyl ) - 2-fl uoro- 2- but enoate (143 mmol ) in ethanol (1000
m) was addedthBeyitm hyEisRaventdonate se30tdgnge3g8hydol ). After dropping
1-(S)-phenyl ethylamne (20.31 m, 158 mmol) thereinto at room tenperature,
the nixture veEOmeBiwaraanftateef(9: 2Poml3 RodP2. myhdninhbenzens d(4@&ael bn
m xture was cooled and filtered through celite. The filtrate was

concent r at ed WA eFCIRRAME dd egieddder VaRd 1t heureépdlewadsPy Bgating under

reflux for 1 hour. Under ice cooling, 1 N hydrochloric acid
(1000 ml) was added to the liquid reaction mixture and the
mixture was stirred for 1 hour. . The organic layer taken up
by phase separation was washed successively with 1 N
hydrochloric acid, water and a saturated aqueous solution of
sodium chloride, dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated under reduced
pressure and the residue was dissolved in pyridine (387 ml,
4,78 mol). After adding thionyl chloride (69.8 ml, 0.957
mel) at - 10 °C, the resultant mixture was stirred under ice
cooling for 3 hours. Under ice cooling, the liquid reaction
mixture was poured into 1 N hydrochloric acid (2000 ml) and
ethyl acetate (1500 ml) was added thereto. The organic layer
taken up by phase separation was washed successively with 1 N
hydrochloric acid, water and a saturated agueous solution of
sodium chloride, dried over anhydrous sodium sulfate and
filtered. The filtrate was co;centrated under reduced
pressure and the residue was dissolved in dichloromethane

(500 ml). Under ice cooling, 1,8-azabicyclo[5.4.0]-7-
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subjected to flash silica gel columm chromatography (eluent:. n-hexane

ethyl acetate = 2 1) to gi've 36.95 g (81.2 % of the tifl.e conpound as an
oily substance. [err]H NVR (400 MHz, CDCl[err]) 6: 1.16 (3H, t, J = 7.08
Hz), 1,22 - 1.30 (2H, m, 1.55 - 1.59 (2H, m, 1.62 (3H, d, J 7.33 Hz),
3.76 (2H, ddd, J = 128.42, 18.07, 5.37 Hz), 4.08 (2H, g, J = 7.08 Hz), 5.56
(1H, g, J = 7.33 Hz). [Referential Exanple 3-5] 4-(9S)

- (1 - Et hoxycar bonyl cycl opropyl ) -3- (S )-fluoro-1- [I-(S)-
pheny|ethy|]'ﬁhd&ﬁéﬁé'f¥3®?nﬁ9 @ .397Ukb?) @bs dropped thereinto and then

4- (| - et hoxycar bonyl cycl opr opyl ) - 3-

fluoro-1-[1-(fhe presyl ety Idixdupe vaki Btireea £88Fo6d, ténBératte fdr 17

et hanol (5 m) was added Raney nickel (R-100, 2 m ). Under a hydrogen

at nospher e ofhduaksgy/ criftdhaddixigune N\wagdsbechlediat achdnm(2edPenh) vamd for 1
hour. Next, Raney nickel (R 100, 3 ml) was further added and stirring was
conti nued undsrletefoane AOdintli)onsheopr@gabiholager ARaken ebp nbnaphase t he
catalyst by filtering through celite (washed with ethanol), the filtrate
was concent r ReRRIAMEN wafuceshedewdlinea FhEuraspduadwagus uppbetient@f f| ash
silica gel colum chromatography (eluent: n-hexane : ethyl acetate = 3 1)
to give 382 rgpdism ecfw)eord{dgetlhéirﬁe@ evesnpBIKETraYs aSedlwri eakiate yand
substance. The Jerr NMVR dat.a of this conmpound agreed with the qgta of the
conpound obt af FEPREHA RefRie dtildiratRapFecongentrated under reduce

pressure and the residue thus obtained was subjected to flash

silica gel column chromatography (eluent: n-hexane : ethyl
acetate = 4 : 1) 152.78 g (78.5 %) of the title compound as
an oily substance. The compound thus obtained, which was a
mixture of geometrical isomers (about 1 : 1), was not
separated but employed in the subsequent reaction as such.
[Referential Example 3-3]

(E)-Ethyl 4-bromo-3- (1-ethoxycarbonylcyclopropyl)-2-fluoro-2-

butenocate

To a solution of ethyl 3-(l-ethoxycarbonyl-
cyclopropyl)-2-fluoro-2-butenocate (152.78 g, 0.625 mol) in
chloroform (1500 ml) were Added N-bromosuccinimide (111.33 g,
0.625 mol) and a catalytic amount of 2,2'-azobis-
(isobutyronitrile) and then the resultant mixture was heated
under reflux for 16 hours. Then the liquid reaction mixture
was cooled and concentrated under reduced pressure. After
adding benzene (300 ml), the insoluble matters were filtered
off and the filtrate was concentrated under reduced pressure.

The residue was subjected to flash silica gel column

- 66 —



[err] H-NVR (400 MHz, CDCl[erFr]) [err]: 0.57 - 0.63 (1H m...0.78 - 68 -

- 0.84 (1H, m, 1.07 - 1.13¢1H, m, 1.26 (3H t, J = 7.09-Hz), 1.23 - 1.29
(I1H m, 1.54 (3H d, J =7.32 Hz), 2.59 (1H t, J = 8.30 Hz), 3.05 (1H,
dg, J ='28.81, 8.30 Hz), 3.25 (1H, t, J= 8.30 Hz), 4.00 - 4.16 (2H, ),
5.15 (1H, dd, J= 52.73, 6.35 Hz), 5.53 (1H, q, J = 7.32 Hz), 7.27 - 7.38
(5H, m). [Referential Exanple 3-6] '

4-(S)-(1-Carboxycycl opropyl)-3-(S)-fluoro-1-[1-(S)-

phenyl et hyl | - ghpyha by (eluent: n-hexane : ethyl acetate = 4 : 1) to
4-(S)- (| -ethoxycarbonyl cycl opropyl)-3-(S)-fluoro-I -

[I-(S)-phenyl gitagl 10@:-Pydsr 049 i dohe dfl 2 Heb 10t 130 codhponmld) asaa geddotwedliyn
et hanol (120 m) and a 1 N aqueous sol ution of sodi um hydroxide (120 nm)
was dropped thebstance. AfOmrtis iothery retnd40 T5emr [(G7.4r %§ bdur 8)-ethzhok-was
evapor at ed under reduced pressure. The residue was washed with chl orof orm
(100 m x 2).buader 3+ (-ebdxyrprhany lnysdicamepyddu@odd uoape2 -mtenohlief i ed
by dropping 1 N hydrochloric acid thereinto and then extracted successively
wi t h chl or of of Bhe3g6oHetRiEa] sivPrEetdfy | tha Hdit le3gomprnndihwagopbitaéged
organic |layer was dried over anhydrous sodiumsulfate and filtered. The
filtrate was e®nehetiPB Tt TRARGR FHrids Shite w56 Qifvaneshexr glpsats(ny
of the title conpound as, colorless needles. [err]H NVR (400 MHz, CDCl[err])
[err]: 0.65 -ﬁﬁggge(FkﬁtH¥f - gsrte =)

(E)-isomer:

!'H-NMR (400 MHz, CDCl,) &: 1.23 (3H, t, J = 7.08 Hz),
1.38 (3H, t, J = 7.08 Hz), 1.52 — 1.62 (4H, br), 4.11 (2H, g,
J = 7.08 Hz), 4.35 (2H, q, F = 7.08 Hz), 4.54 (2H, s).
(Z)-isomer:

'H-NMR (400 MHz, CDCl,) &: 1.21 (3H, t, J = 7.08 Hz),
1.32 (3H, t, J = 7.08 Hz), 1.52 - 1.62 (4H, br), 4.11 (2H, q,
J = 7.08 Hz), 4.13 (2H, s), 4.29 (2H, g, J = 7.08 Hz).

{Referential Example 3-4]

4-(1-Ethoxycarbonylcyclopropyl)-3-filuoro-1-[1-(5)-

phenvlethyl]-3-pyrrolin-2-one

To a solution of (E}-ethyl 4-bromo-3-(1-
ethoxycarbonylcyclopropyl)-2-fluoro-2-butenocate (143 mmol) in
ethanol (1000 ml) was added sodium hydrogencarbonate (30.08
g, 358 mmol). After dropping 1-(S)-phenylethylamine (20.31
ml, 158 mmol) thereinto at room temperature, the mixture was
heated under reflux for 3 hour;‘ Then the liquid reaction
mixture was cooled and filtered through celite. The filtrate

was concentrated under reduced pressure and the residue was
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- 0.95 (lH n') 1.15 - 1.25; (lH m, 1.26 - 1.36 (1H, m,,1.54 (3H d, J =
7.32 Hz), 2.60 (1H, t, J =7.8 Hz), 3.01 (1H, dq, J 27.83, 7.81 Hz), 3.28
(1H t, J = 7.81 Hz), 5.16 - 69 - (1H, dd, J = 52.74, 6.35 Hz), 5.53
(1H, q, 7.32 Hz), 7.27 - 7.38 (5H, m). [Referential Exanple 3-7]

4- (R) - (| -tert- But oxycar bonyl am nocycl opropyl )-3-(S)-fluoro-1-

[1-(S)-phenyl ethyl]-2-pyrrolidone Process by Hof fman rearrangenent: To a
solution of 4-(S)-(I-carboxycycl opropyl)-3-(S)-

fluoro-1-[I- (sQbjpitard eohyihsR- BY1 L6041 §oDecdhim® & igrontd: Sip-dpmY )(dlhent :
acetonitrile (160 m) was added 1,1'- carbonyl diim dazole (13. 25 g, 81.70
m ). The obt ai-nmkan@(tueehyﬁSasétated—az fobMmtenperatis 85 @ (JL 1P Mt eF
and then at 40 [err]C for additional 30 mnutes. After cooling the liquid
reacti on m xttwhee ttid leocompenpdr as uae, oahyoswizs terscenas bubbl ed thereinto for
30 mnutes. After distilling off the solvent, chloroform (500 m) was added
to the residue fol | oWeeN¥y (fhiMite WiCDE et &F .1 The O3gant c J ayet. 0adiz) i ed
over anhydrous sodiumsulfate and filtered. The filtrate was concentrated
under reduced - Fessdr-80arf@Hyhe)redi dhe-t husd oK med, WasAi(SHol vad J i+
tert-butyl al cohol (200 M) and heated to 70 C. Then |lead tetraacetate
(purity 90 %33z, 2347§5 (gH,49dd2 ol 32§k added T her et’o Hid t4hd8

m xture
(2H, q, J = 7.08 Hz), 5.56 (1H, q, J = 7.33 Hz).

[Referential Example 3-5]

4-(S)-(1-Ethoxycarbonylcyclopropyl)-3-(S)-fluoro-i-[1-(S)-

phenvlethvl]j-2-pvrrolidone

To a solution of 4-(l-ethoxycarbonylcyclopropyl)-3-
fluoro-1-{1~(S)-phenylethyl]-3-pyrrolin-2-one (587 mg, 1.85
mmol) in ethanol (5 ml) was added Raney nickel (R-100, 2 ml).
Under a hydrogen atmosphere of 5 kg/cm?, the mixture was
stirred at room temperature for 1 hour. Next, Raney nickel
(R-100, 3 ml) was further added and stirring was continued
under the same conditions for 2.5 hours. After eliminating
the catalyst by filtering through celite (washed with |
ethanol), the filtrate was concentrated under reduced
pressure. The residue was subjected to flash silica gel
column chromatography (eluent: n-hexane : ethyl acetate = 3 :
1) to give 382 mg (64.6 %) of the title compound as a
colorless oily substance. The 'H-NMR data of this compound
agreed with the data of the coﬁﬁound obtained in Referential
Example 2-2.

'H-NMR (400 MHz, CDCl;) &: 0.57 — 0.63 (1H, m), 0.78
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was heated under reflux for .20 mnutes. After cooling, sodium

hydr ogencar bonate was added fol |l owed by dilution with ethyl "acetate (300
m). Then the insoluble matters were 'filtered off and the filtrate was
washed Wi'th a saturated aqueous sol ution of sodium bi carbonate. The organic
| ayer - 70 - was dried over anhydrous sodium sulfate and the sol vent was
evapor at ed under reduced pressure to give 10.52 g (71.7 %9 of the title
conmpound. Process by Curtius rearrangenment: Under a nitrogen gas stream
toluene (100 o ) was (agédeeh)t,01.07 - 1.13 (1H, m), 1.26 (3H, t, J = 7.09
4-(S)-(I-carboxycyclopropyl)-3-(S)-fIuoro-l-[l-(S)-

phenyl et hyl | - Zzpy,r nal2izdene .@8. 6HY, mi2. DOs5aMPERY, &dNexy ,=t7)ixt mg)a,n‘imgg( 3.50
m, 25.13 muol) was dropped thereinto at roomtenperature. Wen the |iquid
reaction m xtynel becade=ashG0DEeNe0Bs05ys1BM ddj phenyd prespreric moi d Azisde
(2.71 m, 12.56 nmol) was added and the resultant m xture was stirred at
room t enper at (r2# f d&r, T Folr. 38&nHz) heh.D@atedl. UHIAE2ZHy ef) XS fXF (@AHouwds. JTken
tert-butyl alcohol (100 mM) was added to the liquid reaction m xture and
the mi xture w2 .3t BeB5h¥al) edSubdef 1Hef tuxI for7 232 Himy 5.7 Rk 4 i7gB8d (5H,
reaction m xture was cool ed and concentrated under reduced pressure. The
resi due thus &9t-ai ned was subjected to flash-silica gel colum

chromat ography (el uent: n-hexane : _ethyl acetate = 1 1) to give 3.30 g
(72.5.9% of tH&eferratdghpEEANPAS 4-6]

4-(S)-(1-Carboxycyclopropyl)-3-(S5)-fluoro-1-[1-(S)-

phenvliethylj-2-pyrrolidone

4—(S)—(1—ethoxycarbonyicyclopropyl)-3-(S)-fluoro—l—
[1-(S)-phenylethyl]-2-pyrrolidone (12.56 g, 39.33 mmol) was
dissolved in ethanol (120 ml) and a 1 N aqueous solution of
sodium hydroxide (120 ml) was dropped thereinto. After
stirring at 40 °C for 6 hours, ethanol was evaporated under
reduced pressure. The residue was washed with chloroform
(100 ml x 2). Under ice cooling, the separated aqueous layer
was acidified by dropping 1 N hydrochloric acid thereinto and
then extracted successively with chloroform (300 ml x 2) and
diethyl ether (300 ml). The combined organic layer was dried
over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure to give 10.24 g (89.4 %)
of the title compound as colorless needles.

'H-NMR (400 MHz, CDCl;) &: 0.65 - 0-.75 (1H, m), 0.85
- 0.95 (1H, m), 1.15 - 1.25 (1H, m), 1.26 - 1.36 (1H, m),
1.54 (3H, d, J = 7.32 Hz), 2.60 (1H, t, J = 7.8 Hz), 3.01

(1H, dgq, J = 27.83, 7.81 Hz), 3.28 (1H, t, J = 7.81 Hz), 5.16
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colorless oily substance. [srr]H NWR (400 MHz, CDCl[err]) 6: 0.58 - 0.66
(I1H m, 0.70 - 0.82 (2H, m, 0.88 - 96(1H n, 131(9H s), 1.54 (3H,
d, J =7.33 Hz), 2.36 - 2.52 (1H, m, 286(1H t, J 8.30 Hz), 3.32 (1H,
t, J = 8.30 Hz), 4.99 (IH dd, J = 52.73, 6.35 Hz), 4.99 (1H, s), 5.46 (1H,
q, J = 7.33 Hz), 7.27 - 7.42 (5H m. - 71 - [ Referenti al Exanpl e 3-8]
4-(R)-(1-tert-Butoxycarbonyl am nocycl opropyl )-3- (S)-fluoro-1I-

[ 1- (S)-phenyl ethyl ] pyrrolidine Under a nitrogen atnosphere, a 1 Msol ution
of borane-tet|ahyda@fuyan s 36135 HRLY arsyq},@of(qhan q(, 130 =), 3waﬁzgir oppesl
under ice cooling into a sol ution of 4- (R -(

tert-but oxycarbpnggapsnpayyl opropyl)-3-(S)- quoro - [1- (S) -

phenyl et hyl ] -2-pyrrolidone in tetrahydrofuran (120 nl) and the m xture was
stirred at ropReferprtalirkxdmples haurs. After evaporating the sol vent
under reduced pressure a sol vent mxture (200 n1) of ethanol with water
(4 : 1) and t€ At e g s ,
heati ng under
concentrat ed L 6 g lloeof orm (400 m ) was added to
t he residue. After vvashr n vvrth a saturat ed aqueous sol ution of sodium
chl ori de, theSoPEaFees |1a192'f°£/ra@rdme@¢re\neenenﬁydrous sodi um sul fate and

To a solution of 4-(S)-(1l-carboxycyclopropyl)-3-(S)-

fluoro-1-[{1-(S)-phenylethyl]-2-pyrrolidone (11.90 g, 40.85
mmol) in acetonitrile (160 ml) was added 1,i’—
carbonyldiimidazole (13.25 g, 81.70 ml). The obtained
mixture was stirred at room temperature for 30 minutes and
then at 40 °C for additional 30 minutes. After cooling the
liquid reaction mixture to room temperature, ammonia gas was
bubbled thereinto for 30 minutes. After distilling off the
solvent, chloroform (500 ml) was added to the residue
followed by washing with water. The organic layer was dried
over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure and the residue thus
obtained was dissolved in tert-butyl alcohol (200 ml) and
heated to 70 °C. Then lead tetraacetate (purity 90 % or
more, 24.15 g, 49.02 mmol) was added thereto and the mixture
was heated under reflux for 20 minutes. After cooling,
sodium hydrogencarbonate was added followed by dilution with
ethyl acetate (300 ml). Then £ﬁe insoluble matters were
filtered off and the filtrate was washed with a saturated

aqueous solution of sodium bicarbonate. The organic layer
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filtered. The filtrate was :concentrated under reduced pressure and the
resi due was subjected to flash silica gel colum chromat ogfraphy (el uent:
n-hexane : ethyl acetate = 1 2) to give 7.84 g (99.4 % of the title
conpound as a colorless oily substance. [err]H NVR (400 MHz, CDCl[err])
[err]: 0.54 - 0.62 (1H, m, 0.70 - 0.95 (3H, m, 1.35 (3H, d, J = 6.35 Hz),
1.42 (9H, s), 2.27 - 2.45 (2H, m, 2.46 - 2.56 (1H, m, 2.60 - 2.75 (1H,
m, 3.00 - 3.15 (1H, m, 3.29 (1H, q, J = 6.35 Hz), 5.06 (1H, s), - 72 -
5.05 - 5.20 (d&t d¥ied.@fer aniBRAANI stdiumEsalgbeeShnd the solvent was
7-[4- (R - (1- Ami nocycl opropyl )-3-(S)-fluoro-1-pyrrolidinyll-6-
fluoro-1-[ 2- (Syapouated | ufdr cyedwprd pridsshré- dohgdve- 80.52 g (71.7 %) of
met hoxy- 4- oxogui nol i ne- 3-carboxylic acid 4-(R)-
(1-tert - but oxyear bbby seempynd opropyl )-3- (S) -
fluoro-1-[1-(S)-phenylethyl]pyrrolidine (6.32 g, 18.14 mmvl) was di ssol ved
in ethanol (180PFPTeSArherClitdity rERIXMARSIEMgdtam car bon catal yst (noi sture
content: 50.2 % ijéﬁd the mi xture was stirred at_40 [err]C under a
hydr ogen at nosphere {3t UL OIEM GRSt BLEERPngteiReRfe( EBR andstwashr ough
reduced

celite (washed with ethanol), the filtrate was congcentrated under
pressure. TheaQ%éédﬂ% {%&35?) 75%ﬁ§?%ﬁ%§°ép§§8PV§d"n(ﬁDnﬁiﬁ9F°shTbe(%b-(20

12 (8% P uor ERPRI SN Ao LLPng HaBE. 8 rdPnakymmOl) . Next,

triethylamine (3.50 ml, 25.13 mmol) was dropped thereinto at
room temperature. When the liquid reaction mixture became a
homogeneous system, diphenylphosphoric acid azide (2.71 ml,
12.56 mmol) was added and the resultant mixture was stirred
at room temperature for 1 hour and then héated under reflux
for 2 hours. Then tert-butyl alcohol (100 ml) was added to
the liquid reaction mixture and the mixture was further
heated under reflux for 21 hours. The liquid reaction
mixture was cooled and concentrated under reduced pressure.
The residue thus obtained was subjected to flash .silica gel
column chromatography (eluent: n-hexane : ethyl acetate = 1 :
1) to give 3.30 g (72.5 %) of the title compound as a
colorless oily substance.

'H-NMR (400 MHz, CDCl;) &: 0.58 - 0.66 (1H, m), 0.70
- 0.82 (24, m), 0.88 - 0.96 (1H, m), 1.31 (9H, s), 1.54 (3H,
d, J = 7.33 Hz), 2.36 - 2.52 (1H, m), 2.86 (1H, t, J = 8.30
Hz), 3.32 (1H, t, J = 8.30 Hz);‘4.99 (1H, dd, J = 52.73, 6.35
Hz), 4.99 (1H, s), 5.46 (1H, g, J = 7.33 Hz), 7.27 - 7.42

(5H, m).
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oxoqui nol i ne- 3- car boxyl i c aci d-BF2 chelate (4.37 g, 12.09 mmol) and
triethylamne (5.05 m, 36.23 mvl) were added thereto. Then the m xture
was stirred at roon1tenperature for 23 hours. After concentrating the
I|qU|d reacti'on mixture under reduced pressure, water was added to the
residue. The solid matter thus precipitated was collected by filtration and
washed with water. The obtained solid was suspended in a solution (400 m)
of methanol : water = 10 1. After adding triethylamne (20 m ), the mxture
was heated ungrefeethtxal OExdmpbeirs-gAfter allowing to cool, the liquid
reaction nlxture mas concentrated under reduced - 73 - _pressure-and the
: ) gUEouUsS

sol ution of C|tr|c aC|d (500 mM). The organic layer was dried over

anhydrous sodidm(E)tphenyléthel |fytralidine the filtrate was concentrated

under reduced pressure. Under ice cooling, conc. hydrochloric acid (30 m)
was dropped into the Vedexriuvre nigitagesd appospheriengaatl Mosmlteaperafure for 2
hours. After adding drochloric acid (30 m), the liquid reaction

m xture was mﬁeﬁeaemﬁeﬁreﬁy%%ﬁw&ﬁ Croplax imteixahydsofHraal (&20aml)
adjusted to 12 th an aqueous sol ution of sodi um_ hydroxide. The pH val ue

of this aqueBas é%?ﬂ??%n & akffq ol iy Antoigt §o1uRiRpdPECcA6R) ¢ (Aci d

fol l owed by e§é£€9£u€gx¥%£r éﬁgfgégéggy(fggiggyl)-%l(S)h%lgggng—?l—(S)-

phenylethyl]-2-pyrrolidone in tetrahydrofuran (120 ml) and
the mixture was stirred at room temperature for 5 hours.
After evaporating the solvent under reduced pressure, a
solvent mixture (200 ml) of ethanol with water (4 : 1) and
triethylamine (20 ml) were added to the residue followed by
heating under reflux for 2 hours. Then the liquid reaction
mixture was concentrated under reduced pressure and
chloroform (400 ml) was added to the residue. After washing
with a saturated aqueous solution of sodium chloride, the
organic layer was dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated under reduced
pressure and the residue was subjected to flash silica gel
column chromatography (eluent: n-hexane : ethyl acetate = 1
2) to give 7.84 g (99.4 %) of the title compound as a
colorless oily substance.

'H-NMR (400 MHz, CDCl;) 6: 0.54 - 0.62 (1H, m), 0.70
- 0.95 (3H, m), 1.35 (3H, d, J = 6.35 Hz), 1.42 (9H, s), 2.27
- 2.45 (2H, m), 2.46 - 2.56 (1H, m), 2.60 - 2.75 (1H, m),

3.00 ~ 3.15 (1H, m), 3.29 (1H, g, J = 6.35 Hz), 5.06 (1H, s),
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organi c |l ayer was dried over anhydrous sodiumsulfate and.filtered. The
filtrate was concentrated tider reduced pressure and the ‘resi due was
recrystallized fromethanol and dried under reduced pressure to give 4.09 g
(77.3 9% of the title conmpound as pale yellow crystals. Melting point:

218.5 - 219.8 [err]C (deconp.). [err]]HNWR (400 MHz, 0.1 N-NaOD) 6: 0.57 -
0.74 (4H, m, 1.32 - 1.45 (IH m, 1.48 - 1.60 (IH, rr), 2.20 - 2.38 (1H,
m, 3.53 - 3.58 (1H, m, 3.58 (3H, s), 3.72 (IH dd, J 25.88, 13.19 Hz),
3.86 - 3.93 (ligs @) 5.400Q1H,4mi8 (220 M7.3525%H 1) dm J = 63.96 Hz), 5.51
(1h, brd. J = 54.68 Hz), 7.68 (1H, d, 14.16 Hz), 8.19 (1H, d, J = 3.91 Hz) .
El enment al angExsmpleatty: as Cerr]Herr]Flerr]Nerr]O[err] calcd.: C,
57.66; H, 5.07; N, 9 61 - 74 - f ound C, 57 52 H, 5 02; N, 9 48.

[ Exanpl e 6] b y g lcdiighy

9-fl uoro-2, 3-di hydro 3 (S) rrethyl 7- oxo 7H—p r|d0[1 2 3-

de] [ 1, 4]benze_n.' per-16 : el Ry 4
4-(R) - (Il -tert- butoxycarbonylan1nocyclopropyl'
fluoro-1-[| - CStheEym AHILBO PgX agidd1 mmol ) was dissol ved

in ethanol (20 m). After addi ng. 10 % pal | d|u car bon cat al yst (noi sture
content: 50.2 % 1.12-§%)-{het ﬁgﬁfﬁ‘ﬁ%o’%ﬁé%a AMERLCCHEE R PEY 1d ~Ry dFagen

at mospher e fluoro-1-[1-(S)-phenylethyl Jpyrrolidine (6.32 g, 18.14 mmol)

was dissolved in ethanol (150 ml). After adding 10 %
palladium-carbon catalyst (moisture content: 50.2 %, 6.0 g),
the mixture was stirred at 40 °C .under a hydrogen atmosphere
for 36 hours. After filtering off the catalyst through
celite (washed with ethanol), the.filtrate was concentrated
under reduced pressure. The residue thus obtained was
dissolved in dimethyl sulfoxide (20 ml) and 6,7-difluoro-1-
-(S8)-fluoro-1-(R)-cyclopropyl)-1,4-dihydro-8-methoxy-4-
oxoquinoline-3-carboxylic acid-BF, chelate (4.37 g, 12.09
mmol) and triethylamine (5.05 ml, 36.23 mmol) were added
thereto. -Then the mixture was stirred at room temperature
for 23 hours. After concentrating the liquid reaction
mixture under reduced pressure, water was added to the
residue. The solid matter thus precipitated was collected by
filtration and washed with water. The obtained solid was
suspended in a solution (400 ml) of methanol : water = 10 :
1. After adding triethylamine-(20 ml), the mixture was
heated under reflux for 4 hours. After allowing to cool, the

liquid reaction mixture was concentrated under reduced
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for 4 hours. After f||ter|ng of f the catal yst through celite (washed with
ethanol), the filtrate was concentrated under reduced pressure. The residue
t hus obtai ned was di ssol ved in di met hyl sul foxide (10 nl) and

9.10-di'f'l uor 0- 2, 3- di hydr o- 3-

(S)-nmethyl -7-oxo-7H pyrido[ 1, 2, 3-de] [ 1, 4] benzoxazi ne- 6- carboxylic

aci d-BF[err] whalale (afb tHe résidueMhs an8sb1ved hyhaphlerdfofif (B00 419
nmol ) .were added thereto. Then the mi xture was stirred at roomtenperature

for 3 hours. #iderasimenivatd N9 &hagheausdsoracioRnof od ti £o laeliad (aiced
pressure, water was added to the residue. The yellow crystals thus
precipitatedmkye citld extgethilny lavietrr ahsodried ewsheanhydhowst svdidine

obtai ned crystals were suspended in nethanol (noisture content: 10 % 100
m). After adshikfptei etAfiteanifidtesing), thhefndkrate was teagentxatkd refl ux
for 14 hours. After allowing to cool, the liquid reaction m xture was
concent r at ed WrdRy yadinasy QrESSYree aHodeReice76001lingy e@omue was di ssol ved
in chloroform (200 M) and washed with a 10 % aqueous sol ution of citric
acid (200 nl)hydwpellpis @aig dB0wad ) dvreddB9BPeAnklER otlde SERFAAHS Ul f at e.
After filterin t he f||trate was concentrated under reduced pressure.

Under ice codt@hP¥ebhY, Shidrddm &t 088 Heflﬂﬁrﬁﬁr?\ago’ar%pﬁﬁgrq nt PRIRF

oot due ol ougl By PO iSRRI S, e IO e A
washed wi th mixture was washed with chloroform (100 ml x 2) and its pH
value was adjusted to 12.0 with an aqueous solution of sodium
hydroxide. The pH value of this-aqueous solution was
adjusted to 7.4 with 1 N hydrochloric acid followed by
extraction with chloroform (500 ml x 4). The combined
organic layer was dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated under reduced
pressure and the residue was recrystallized from ethanol and
dried under reduced pressure to give 4.09 g (77.3 %) of the
title compound as pale yellow crystals.

Melting point: 218.5 - 219.8 °C (decomp.) .

!lH-NMR (400 MHz, 0.1 N-NaOD) &: 0.57 - 0.74 (4H, m),
1.32 - 1.45 (1H, m), 1.48 - 1.60 (1H, m), 2.20 - 2.38 (1H,
m), 3.53 - 3.58 (14, m), 3.58 (3H, s), 3.72 (1H, dd, J =
25.88, 13.19 Hz), 3.86 - 3.93 (1H, m), 4.00 - 4.18 (2H, m),
5.50 (1H, dm, J = 63.96 Hz), 5.51 (lh, brd. J = 54.68 Hz),
7.68 (1H, d, 14.16 Hz), B8.19 (lﬁ, d, J = 3.91 Hz).

Elemental analysis data: as C;H;F;3;N30,

caled.: C, 57.66; H, 5.07; N, 9.61
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chloroform (50 ml x 2) and:ts pH value was adjusted to 120 with an
aqueous sol ution of sodi um hydroxi de. The pH val ue of thi $*aqueous sol ution
was adjusted to 7.4 with 1 N hydrochloric acid followed by extraction with
chloroforn1(500 m x 3). The conbi ned organic | ayer was dried over
anhydrous sodium sulfate and filtered. The filtrate was concentrated under
reduced pressure and 1 N hydrochloric acid (5.0 mM) was dropped into the
resi due under ice cooling. After stirring at the sane tenperature for 5

m nutes, the liquid reaction filmutdur:e Cwas7c68¢entr, abed2yndrey 9edigiced
pressure (azeotropic distillation with ethanol, thrice). The residue was
recrystall i zefExampdethhnol and dried under reduced pressure to give 685 ngy
(68.9 %9 of the t|tIe conpound as a pale yellom/pomder Nbltlng p0|nt 197
- 199 [err] C {6ett Al i ] - 3-(1 S) ~NilNge > oyl
(4H, m, 1. 52‘(3H d J = 6, 84 Ft), 2. 39 (1Hl dt, J ? 29 30 7 81 Hz), 3.37

(1H, t, J . ,- : : V 3y 4.36
(15 82 HE]) .26 He), Hod 6 - o1l | 3162 (IH8q,35J
f.155H[S?err]EBe§§PES'. ! %@7(31 @asatg%gf% % ﬁ%mkﬁ% %ﬁgé%@%f>$ .
N, 9.10.

fluoro-1-[1-(S)-phenylethyl]pyrrolidine (1.12 g, 3.21 mmol)
was dissolved in ethanol (20 ml). After adding 10 %
palladium-carbon catalyst (moisture content: 50.2 %, 1.12 g),
the mixture was stirred at 40 °C under a hydrogen atmosphere
for 4 hours. After filtering off the catalyst through celite
(washed with ethanol), the filtrate was concentrated under
reduced pressure. The residue thus obtained was dissolved in
dimethyl sulfoxide (10 ml) and 9.10-difluoro-2,3-dihydro-3-
(S)-methyl-7-oxo-7H-pyrido[1l,2,3-de][1,4]benzoxazine-6-
carboxylic acid-BF, chelate (705 mg, 2.14 mmol) and
triethylamine (0.60 ml, 4.29 mmol) were added thereto. Then
the mixture was stirred at room temperature for 3 hours.
After concentrating the liquid reaction mixture under reduced
pressure, water was added to the residue. The yellow
crystals thus precipitated were collected by filtration and
washed with water. The obtained crystals were suspended in
methanol (moisture content: 10 %, 100 ml). After adding
triethylamine (5 ml), the mixtdfe was heated under reflux for
14 hours. After allowing to cool, the liguid reaction

mixture was concentrated under reduced pressure and the
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[ Exanpl e 7] 5-Am no-7-[4-(R)-(Il-am nocycl opropyl)-3-(S)-fluoro-1-
pyrrolidinyl]-6-fluoro-1-[22(S)-fluoro-1-(R) -cycl opropyl] =

1, 4- di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-carboxylic acid hydrochloride 4- (R)-
(. | -tert-butoxycarbonyl am nocycl opropyl )-3- (S) -
fluoro-1-[1-(S)-phenylethyl]pyrrolidine (2.11 g, 6.06 mol) was di ssol ved
In ethanol (40 m). After adding 10 % pal |l adi um carbon catal yst (noisture
content: 50. Zrd§idhd Wway dilshelmedt dhechasrsfotned2000el ) aahydwagiead with

at nosphere for 5 hours. After filtering off the catal yst through celite
(washed with @thanbljquddis fsidlutibe wdscdbnienacate(200del ) r ediicedorganic
pressure. The residue thus obtai ned was di ssolved in dinethyl sulfoxide (6
m) and 5-am bayer wal fdniedo over2apbydrous sodium sulfate. After
fluoro-1-(R)-cyclopropyl]-1,4-di hydro-8-nethyl -4- oxoqui noline-3-carboxylic
acid (1.26 g, fulterinml thendiditicetrywasi aencentrptedenederdeedueerd et 0. Then
the m xture was stirred _in a nitrogen _ atnosphere in an oil bath at 150
[err] C for 8 RESRESUNGt eUndaroiCRgCPBL1aB8Y , CONFrt RYAX eI O%iGeaGHS (10 ml)

evapor at ed under reduced pressure and the _residue was djssolved in

chl orof orm (W%ér%‘?ﬁ?‘gdéﬁéd#ﬁet ﬁeél%e%fglej?weg bYaﬁEbBﬁ%“%o?Et“F%??“ of

CLe oS, PllaThe ALOGN Babatel veRefiied,arst RGOS Spd I

pressure. Lﬁ“%%id (30 m1), the liquid reaction mixture was washed with -
chloroform (50 ml x 2) and its pH value was adjusted to 12.0
with an aqueous solution of sodium hydroxide. The pH value
of this aqueous solution was adjﬁsted to 7.4 with 1 N
hydrochloric acid followed 5& extraction with chloroform (500
ml x 3). The combined organic layer was dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated
under reduced pressure and 1 N hydrochloric acid (5.0 ml) was
dropped into the residue under ice cooling. After stirring
at the same temperature for 5 minutes, the liquid reaction
mixture was concentrated under reduced pressure (azeotropic
distillation with ethanol, thrice). The residue was
recrystallized from ethanol and dried under reduced pressure
to give 685 mg (68.9 %) of the title compound as a pale

yellow powder.

Melting point: 197 - 199 °C (decomp.).
'H-NMR (400 MHz, 0.1 N-NaOD) &: 0.59 - 0.68 (4H, m),

1.52 (3H, d, J = 6.84 Hz), 2.39 (1H, dt, J = 29.30, 7.81 Hz),

3.37 (1H, t, J = 7.81 Hz), 3.74 - 3.90 (3H, m), 3.95 (1H, t,

J =9.76 Hz), 4.36 (1H, d, J = 10.26 Hz), 4.53 (1H, 4, J =
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i ce cooling,

followed by stirring at roomtenperature for 30 mnutes. Aft'er adding 1 N

conc. hydrochloric acid (10 ml) was dropped into the residue

hydrochloric acid (30 n), the liquid reaction mxture was washed with
chloroform (50 mM x 2) and its pH value was adjusted to 12.0 with an

aqueous sol ution of sodi um hydroxi de.
was adjusted to 7.4 with 1 N hydrochloric acid followed by extraction with

chl oroform (500 m x 3). The conbi ned organic |ayer was dried over

anhydr ous sodnmnpguhgﬁge4aaﬂ fi#k
reduced pressure and

N hydrochiorlc acid (5.0'm) was dropped'into the

resi due undershcezcggbing.51v§£m,sdjrJiﬂmlgusﬁImg)game3geggggagy[e for 5
er .

m nutes, the liquid reaction m xture was concentrated un

r educed

pressure (azeotropic Hiaténtal i amaMidis eldranolas ChH,FN,0,THE] 1€Is¥Ye Was

recrystallized from et hanol

(28.8 %9 of the title conpounckiasi.a ggl &1y@Bl;owHpoddae; [wyr$bHNVR (400
MHz, 0.1 N-NaOD) [err]: 0.55 - 0.71 (4H m, 1.10 - 1.21 (1H m, 1.46 -

teged; The d4 Hpnat & was Qancemlyrayed under

The pH val ue of this aqueous sol ution

and dried under reduced pressure to give 561 ny

1.58 (1H, m), 2.30 (3H s), Zomd :2C35501M7;m) H,35324¢1HV,t9.00= 8.79 Hz),

3.49 (1H, dd, J 25.88, 12.21 Hz), 3.85 - 3.97 (2H, nm), 4.11 (1H, ddm J =

40.77, 12.45 HExamgle77{1H, dm J = 70.31 Hz), 5.49 (1H, brd, - 78 - J
8.27 (1H, d, J = 3.42 Hz). |

55. 18 Hz),

S5-Amino-7-[4-(R)-(1-aminocyclopropyl)-3-(S)-fluoro-1-

pyrrolidinyl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-

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

hydrochloride
4-(R)-(1-tert-butoxycarbonylaminocyclopropyl)-3-(S)-
fluoro-1-[1-(S)-phenylethyl jpyrrolidine (2.11 g, 6.06 mmol)
was dissolved in ethanol (40 ml). After adding 10 %
palladium-carbon catalyst (moisture content: 50.2 %, 2.11 g),
the mixture was stirred under a hydrogen atmosphere for 5
hours. After filtering off the catalyst through celite
(washed with ethanol), the filtrate was concentrated under
reduced pressure. The residue thus obtained was dissolved in
dimethyl sulfoxide (6 ml) and 5-amino-6,7-difluoro-1-[2-(S)-
fluoro-1-(R)~cyclopropyl]-1,4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylic acid (1.26 g, 4.04 mmol) and
triethylamine (14 ml) were added thereto. Then the mixture
was stirred in a nitrogen atmosphere in an oil bath at 150 °C
for 8 days. After allowing toncool, dimethyl sulfoxide was
evaporated under reduced pressure and the residue was

dissolved in chloroform (80 ml) and washed with a 10 %
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El enrental analysis data: as.: i
Clerr]Herr]F[err]Nerr]O[erir]HC [err]0.5H err]0 calcd.: G- 52.34; H, 5.23;
N, 11.63 found : C 52.32; H 5.36; N, 11.76. [Exanple 8]

8- Ami no- 10-[4- (R) - (I - ami nocycl opropyl )-3-(S)-fl uoro-1-
pyrrolidinyl]-9-fluoro-2, 3-di hydro-3-(S)-nethyl-7-oxo-7H pyrido[1, 2, 3-de]

[ 1, 4] benzoxazi ne- 6- car boxylic acid

4-(R)-(1-tert-But oxycarbonyl am nocycl opropyl)-3-(S)-
fluoro-1-[I-(8guebeasykselylippysfotitiine 4O (ap m B8 MHY Joramid Isgkred
in ethanol (20 m). After adding 10 % pal | adi um carbon catal yst (noisSture
content: 50.2wis d@Qedgpverhenhydtons swdiwt isulethtendenfadrydridgeting,

at nrosphere for 4 hours. After filtering off the catalyst through celite
(washed with &headéllyrratpevwés| contenteatednuelar atesthasil@ressdresd Under
pressure. The residue thus obtai ned was di ssolved in dinmethyl sulfoxide (20
m) and 8-ani A629C20ldngl uepse 2, Bydrochloric acid (10 ml) was dropped into
di hydro-3-(S)-nethyl -7-oxo-7H pyrido[ 1, 2, 3-

de] [ 1, 4] benzo%&%i nESEdugr bBkiPVed oy B iHuzing, at WPNRsmperadure omyBan ne
(3 mM) were added theretg. Then the m xture was stirred in_a nitrogen

at nospher e i nméHuBFF'baf*gt%‘t’E AL} 1N hgtromh adiics acAr: dB0amldwi f§et o

|, di met hyl . sul.f.oxi d ted und dyced d th
o due was SFAIBICRoRREER GPUTOIA (00 oo & Ve KA ORPEATR 1 0oAqoous

SO0, 028 BfPaPS, By fe L ARG Y PR B Q4RER O
solution of sodium hydroxide. The pH value of this aqueous
solution was adjusted to 7.4 with 1 N hydrochloric acid
followed by extraction with chloroform (500 ml x 3). The
combined organic layer was dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under
reduced pressure and 1 N hydrochloric acid (5.0 ml) was
dropped into_the residue under ice cooling. After stirring
at the same temperature for 5 minutes, the liquid reaction
mixture was concentrated under reduced pressure (azeotropic
distillation with ethanol, thrice). The residue was
recrystallized from ethanol and dried under reduced pressure
to give 561 mg (28.8 %) of the title compound as a pale
vellow powder.

'H-NMR (400 MHz, 0.1 N-NaOD) &: 0.55 - 0.71 (4H, m),
1.10 - 1.21 (1H, m), 1.46 - 1.58 (1H, m), 2.30 (3H, s), 2.21
- 2.35 (18, m), 3.32 (1H, t, J = 8.79 Hz), 3.49 (1H, dd, J =
25.88, 12.21 Hz), 3.85 - 3.97 (2H, m), 4.11 (1H, ddm, J =

40.77, 12.45 Hz), 4.97 (1H, dm, J = 70.31 Hz), 5.49 (1H, bxd,
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the filtrate was concentrated under reduced pressure. Under.. ce cooling,
conc. hydrochloric acid (10:m') was dropped into the resi due- f ol | owed by
stirring at room tenperature for 30 mnutes. After .adding 1 N hydrochloric
acid (30 m), the liquid reaction nixture was washed with chloroform (50 m
x 4) and its pH value was adjusted to 12.0 with an aqueous sol ution of

sodi um hydr oxi de. The pH val ue of this aqueous solution was adjusted to 7.4
with 1 N hydrochloric acid foll owed by extraction with chloroform (500 m x
3). The conbi ned- P8 H Ry ®.2vaq 18I @ gver 3aqbyﬂg§)us sodi um sul fate and
filtered. The filtrate was concentrated under reduced pressure and the

resi due was recrystal |[Blzecrdtadmatalgeak dadadr asdcyngdernjosdicied. pagssure to
give 640 mg (76.0 % of the title conpound as a yell ow powder. Melting
point: 247 - 250 [err]C (decopplydlerc) HobiVR4f 400, M1230. NNINa@D) [err]:
0.53 - 0.68 (4H, m, 1.45 (3H, d, J =6.98 Hz), 2.18 (1H, dt, J = 36. 14,
7.81 Hz), 3.38 (1H, t, J = 7. &uhd); G,662(3¥; dd, I.3625.163,11.27.804 Hz),
3.82 (IH t, J =10.01 Hz), 3.99 - 4.12 (3H m, 4.32 (1H d, J = 11.24
Hz), 4.44 (1H[E#amPiQ5&&3Ft) 5.43 (1H, d, J 54.69 Hz), 8.13 (1H, S).

El enent al anal %LE data as C[err]HZ[err]F err]N[err O[err] calcd.: C

57.14; H, 5. s!' ' di-aginge = (SNLIE
[ Ref erenti al Exa 1] EthyI 1- acetglcyclobutanecarboxylate - 80 -
pyx olldlnyl]—Q fluoro-2, hydr (S)-methyl-7-oxo-7H-

pyrido[1,2,3-de][1,4lbenzoxazine-6-carboxylic acid
4-(R)-(1-tert-Butoxycarbonylaminocyclopropyl)-3-(S)-
fluoro-l—[l—(S)-phenylethyl]pyfrolidine (900 mg, 2.58 mmol)
was dissolved in ethanol (20 ml). After adding 10 %
palladium-carbon catalyst (moisture content: 50.2 %, 900 mg),
the mixture was stirred under a hydrogen atmosphere for 4
hours. After filtering off the catalyst through celite
(washed with ethanol), the filtrate was concentrated under
reduced pressure. The residue thus obtained was dissolved in’
dimethyl sulfoxide (20 ml) and 8-amino-9,10-difluoro-2,3-
dihydro-3-(S)-methyl-7-oxo-7H-pyrido[1,2,3-
de][1,4]benzoxazine-6-carboxylic acid (593 mg, 2.00 mmol) and
triethylamine (3 ml) were added thereto. Then the mixture
was stirred in a nitrogen atmosphere in an oil bath at 100 °C
for 25 hours. After allowing to cool, dimethyl sulfoxide was
evaporated under reduced pressure and the residue was
dissolved in chloroform (100 mi) and washed with a 10 %
aqueous solution of citric acid (80 ml). The organic layer

was dried over anhydrous sodium sulfate. After filtering,
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[err] Ethyl hydrogen 1, 1-cyglobutanecarboxyl ate (64.43 g, 374 mol) was

di ssol ved in nethyl ene chl ori'de (500 m). Under ice cooling; oxalyl
chloride (65.29 m, 748 mmvl) was added thereto foll owed by the addition of
a tatal'ytic anmount of N, N-dinethylformam de. Then the resultant m xture was
stirred at roomtenperature for 1.5 hours. After evaporating the solvent,

the residue W@ﬁesyghgféﬁ? #8s ?%é%&oﬁ?rﬂdﬁlra 'e%cte‘agﬁy%%su%t h bg?ggngz

twice to give an aci orid and, coppe i odi de

g, 449 mmol) wag sHSREAGSIcdRc ! Sy A I Al Y ouRES! wasnidtbppen 9ago
stream At - 20 [err]C "a 1.4 Msolution (294 m) 'of nmethyllithiumin

di et hyl ether ¢yasrdsoaRedrbeswedtioy add fhhdlatt WoRm\denpeiratagdeattoirhgosame
tenperature for 1 hour. Subsequently, the above-nentioned acid chloride was

di ssol ved in méhtoabydrohsten 4880ngl) Mtk difoied ilchekgidnt(a dailyhe thane
tenperature followed by stirring for 1.5 hours. After the conpletion of the
reaction, theliqadtlii epateiperaixteravasadvagdidd bddh ohlorofotrengéOamldr & and
a 10 % aqueous solution of citric acid (500 m) was added to the m xture.
Aft er evapor adi)ngntietitahpHr valvanyaetddjusicet dtce 121 01 wiwhs anaddguebos- 81 -
solution of sodium hydroxide. The pH value of this aqueous
solution was adjusted to 7.4 with 1 N hydrochloric acid
followed by extraction with chloroform (500 ml x 3). The
- combined organic layer was dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under
reduced pressure and the residue was recrystallized from
ethanol and dried under reduced pressure to give 640 mg (76.0
%$) of the title compound as a yellow powder.

Melting point: 247 - 250 °C (decomp.).

'H-NMR (400 MHz, 0.1 N-NaOD) &§: 0.53 - 0.68 (4H, m),

it

1.45 (3H, d, J = 6.98 Hz), 2.18 (1H, dt, J = 36.14, 7.81 Hz),

3.38 (1H, t, J = 7.81 Hz), 3.66 (1H, dd, J 25.63, 12.94
Hz), 3.82 (1H, t, J = 10.01 Hz), 3.99 - 4.12 (3H, m), 4.32
(1H, d, J = 11.24 Hz), 4.44 (1H, d, J = 6.98 Hz), 5.43 (1H,
d, J = 54.69 Hz), 8.13 (1H, s).
Elemental analysis data: as CyoHy,F;N,O,
caled.: C, 57.14; H, 5.27; N, 13.33
found : C, 56.86; H, 5.26; N, 13.39.

[Referential Example 4-1)

Ethvl l-acetvlcyclobutanecarboxyvlate
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the residue. Then the insoluble matters were filtered off and the residue
was washed successively with-a 5 % aqueous sol ution of sodi‘ttimthi osul fate
(300 m) and a saturated aqueous sol ution of sodiumchloride (300 nl) and
dri'ed over anhydrous sodium sulfate. After evaporating the solvent, the
obt ai ned resi due was subjected to silica gel columm chromatography (eluent:
n- hexane : ethyl acetate =4 : 1) to give 56.70 g (89 %9 of the title
conpound as an oily substance. [err]H NWVR (400 MHz, CDCl[err]) [err]: 1.27
(3H, t, J =7.33 Hz), 1.82 - 2.01 (2H, -m, 2.12 (3H, s), 2.45 - 2.55 (4H,
m, 4.20 - 4.24 (2H, m). [Referential Exanple 4-2] Ethyl

1- et hoxycarbonyl -[err]-hydroxy-[err]-nmethyl- cycl obutyl propanoate [err]

Et hyl 1-acety|cyclobutanecarbox&!ate (13.79 g, 81 mMmop) was dissolved in
tetrahydrofuran (50 n) and zin 0.59 5Ok catal yti c amount of
i odi ne were added thereto. Wile he ng under reflu a solution (100 m)
of ethyl bronpacetate (13.48 ml, 121 mmol) in tetrahydrofuran was dropped
thereinto. Then the liquid reaction m xture was - 82 - heat ed under
reflux for additional 1 hour and allowed to

Ethyl hydrogen 1,l-cyclobutanecarboxylate (64.43 g,
374 mmol) was dissolved in methylene chloride (500 ml).

Under ice cooling, oxalyl chloride (65.29 ml, 748 mmol) was
added thereto followed by the addition of a catalytic amount
of N,N-dimethylformamide. Then the resultant mixture was
stirred at room temperature for 1.5 hours. After evaporating
the solvent, the residue was subjected to azeotropic
distillation together with toluene twice to give an acid
chloride.

On the other hand, copper (I) iodide (B5.52 g, 449
mmol) was suspended in tetrahydrofuran (1 1) under a nitrogen
gas stream. At - 20 °C, a 1.4 M solution (294 ml) of
methyllithium in diethyl ether was dropped thereinto and the
mixture was stirred at the same temperature for 1 hour.
Subsequently, the above-mentioned acid chloride was dissolved
in tetrahydrofuran (300 ml) and dropped thereinto at the same
temperature followed by stirring for 1.5 hours. After the
completion of the reaction, the reaction temperature was
brought back to room temperatufé and a 10 % aqueous solution
of citric acid (500 ml) was added to the mixture. After

evaporating tetrahydrofuran, ethyl acetate (1 1) was added to
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cool. After adding 1 N hydgochloric acid.(100 nl), the solvent was
evaporated and ethyl acetaté (500 ml) was added. The insdéfuble matters were
filtered off, washed with a saturated aqueous sol ution of sodium chloride
(300 m ) and dried over anhydrous sodium sulfate. After evaporating the
solvent, the title conpound was obtained in a quantitative anmobunt as an
oily substance. [err]H NVR (400 WMHz, CDCl[err]) [err]: 1.24 - 1.32 (9H, m,
1.73 - 1.87 (2H, m, 2,21 - 2.34 (2H, m, 2.41 - 2.57 (5H m, 4.16 - 4.21
(4H, . [ Refksendsbdudxanten 4h3 ipEblobhyl matters were filtered off

3- (I - et hoxycar bonyl cycl obutyl)-2-butenoate [err] Ethyl

1- et hoxycar bang| therrds idulr aas warshedmeubylkssdyellgbwiyhpaopaboagee¢2?. 27 g,
86 nmol) was dissolved in pyridine (42 m) and thionyl chloride (8.18 m,
112 mmol ) wasotmboppedof herdiunt dhhtosulfatee(BPC. rl)Af asd aheatonptedi on of
the reaction, the liquid reaction m xture was poured into ice water (250
m) and extrageedusystlutinn afcsostiam chddoride $300THE) condi Avdedr guat c

| ayer was washed with 1 N hydrochloric acid (100 m) and a saturated
aqueous sol udnbydePus cRdian phfate. cRfgerdevepogakingahbedFpéneByerthe

anhydrous sodjum sulfate, After evaporating the_solvent, the residue thus
obt ai ned wasPBFaLREY EPT IR MAR SHOIERIEEH; g@ E238CH ??RTHBE‘HT’,‘S-

chromatography (eluent: n-hexane : ethyl acetate = 4 : 1) to
give 56.70 g (89 %) of the title compound as an oily
substance.

IH-NMR (400 MHz, CDCl,;) §: 1.27 (3H, t, J = 7.33 Hz),
1.82 - 2.01 (2H, m), 2.12 (3H, s), 2.45 - 2.55 (4H, m), 4.20
- 4.24 (2H, m). '
[Referential Example 4-2]

Ethyvl l-ethoxycarbonvl-f-hydroxy-B-methyl-

cyclobutylpropanoate

EtOOC 9 EtOOC
g %%

Ethyl l-acetylcyclobutanecarboxylate (13.79 g, 81
mmol) was dissolved in tetrahydrofuran (50 ml) and zinc
powder (10.59 g) and a catalytic amount of iodine were added
thereto. While heating undexr £éflux, a solution (100 ml) of
ethyl bromoacetate (13.48 ml, 121 mmol) in tetrahydrofuran

was dropped thereinto. Then the liquid reaction mixture was
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dlazablcyclo[S 4, O] 7-undecene (12.89 m) was dropped thereinto at 0 [err]C
and the obtained m xture was stirred at roomtenperature for 18 hours.

After the conpletion of the reaction, the solvent was evaporated. |ce water
(100 mM’) was'added to the residue follomed by extraction with ethyl acetate
(200 M x 3). The conbined organic |ayer was washed with 1 N hydrochloric
acid (100 m) and a saturated aqueous solution of sodiumchloride (100 m)
and dried over anhydrous sodium sulfate. After evaporating the solvent, the

resi due was spbi@€cd Qthddr Sidf16xk Fr @RYFIoRRNOTRLEAFaRAY 48168 (tH-
hexane : ethyl acetate =4 : 1) to give 16.91 g (82 % of the title

conpound as afpo®l | y mfst aieiing qrmllriywacmaelwam@DQherM) [ere]: 1.24
(3H, t, J = 6.83 Hz), 1.29 (3H, t, J = 7.32 Hz), 1.74 - 1.80 (2H, m), 1.94

- 2.04 (1H, mMolvedd wadH evhpokatell 4hdHekhy2. d2etaRe3Q50@Hnl Mwa. d@ded 2. 30
(2H, m, 2.50 - 2.57 (2H, m, 4.13 - 4.20 (4H, m. [Referential Exanple

4-4] 4-( 1- Ethiexyiesdiorhllec ya tddetsy were- [flilt8redphéfy| eabhed-@ith a
pyrrolin-2-one [err] - 84 - (E) - Et hyl

3-(1- ethoxycasitu@dtgdﬂ&ﬂnﬁqﬂ%-Sbhﬂni@mo@ﬁeS@Q@uglcglormdﬁanQOmm%)dﬁ@@olved
in chloroform (180 nl) and N-bronosuccinimde (12.53 g, 70 nmmol ) and a
catal yti c anidmiedfowsm HBIxBmusy cefitm salfate - addégerhevaperatihed obheai ned

solvent, the title compound was obtained in a quantitative
amount as an oily substance.

'H-NMR (400 MHz, CDCl;) &: 1.24 - 1.32 (9H, m), 1.73
- 1.87 (2H, m), 2,21 - 2.34 (2H,-m), 2.41 - 2.57 (5H, m),
4.16 - 4.21 (4H, nm). -
[Referential Example 4-3]

(E)-Ethyl 3-(l-ethoxycarbonylcyclobutyl)-2-butenoate

COOEt EtOOC COOEt

OH —+F

EtOOC

Ethyl l-ethoxycarbonyl-B-hydroxy-f-methyl-
cyclobutylpropanoate (22.27 g, 86 mmol) was dissolved in
pyridine (42 ml) and thionyl chloride (8.18 ml, 112 mmol) was
dropped thereinto at - 10 °C.. After the completion of the
reaction, the liquid reaction mixture was poured into ice
water (250 ml) and extracted wifh ethyl acetate (100 ml x 3).
The combined organic layer was washed with 1 N hydrochloric

acid (100 ml) and a saturated agueous solution of sodium
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m xture was heated under reklux for 18 haurs. After the cegpletion of the
reaction, the solvent was evaporated and carbon tetrachl oitde (100 m) was
added to the residue. Then the insoluble matters were filtered off and the
fi'ltrate was concentrated. The residue was dissolved in ethanol (100 n)
and sodi um hydrogencarbonate (11.82 g, 140 mmol) was added thereto. Next,
(S)-phenylethylamne (9.87 m, 77 mol) was dropped thereinto at room
tenperature. After the conpletion of the addition, the resultant m xture
was heat ed uptigbridél YI000m1$ @edréric teared isinoheat isodiah khe fagaction,
t he sol vent was evaporated and nethyl ene chloride (300 mM) was added to the
resi due. TheAfneal ebbpormatipgstiersoXvdrnter atheofdesdnbhet husolbbeat nedswas
evapor ated. The residue thus obtai ned was subjected to silica gel colum
chr omat ogr aphyséelvedt innmébkphene chlndidetZftlfe mi )l : Thent d,8-ve 19.57 ¢
(43 %9 of the title conpound as an oily substance. [err]H NVR (400 MHz,
CDO [err]) [€@Appabicyzlefby, 440)37 umdeg®eng)(12. 824 ml)1 wae dxAppep, 1.59 (3H,
d,J =6.84 Hz), 1.84 - 2.01 (2H, n&, 2.15 - 2.28 (2H, m, 2.60 - 2.69 (2H,
n, 3.56 (2Hthgrejntogaps0{y ang gae ohtajned miytpgepas gtiprediptg J =
7.32 Hz), 5.50 - 5.59 (1H, 6.03 (2H, s), 7.26 - 7.35 (5H, - 85 -

[ Ref er ent i al TERRnHEBEPgTfuTre for 18 hours. ’ 'After the completion of the

4-(1-Ethoxycggg8@ E%¥CL82”§XlQé§£[$§?'éﬁgﬁgﬁéﬁgE(']i%é water (100 ml) was
added to the residue followed by extraction with ethyl
acetate (200 ml x 3). The combined organic layer was washed
with 1 N hydrochloric acid (105 ml) and a saturated aqueous
solution of sodium chloride {100 ml) and dried over anhydrous
sodium sulfate. After evaporating the solvent, the residue
was subjected to silica gel column chromatography (eluent: n-
hexane : ethyl acetate = 4 : 1) to give 16.91 g (82 %) of the
title compound as an oily substance.

'H-NMR (400 MHz, CDCl,) &: 1.24 (3H, t, J = 6.83 Hz),

1.29 (34, t, J = 7.32 Hz), 1.74 - 1.80 (2H, m), 1.94 - 2.04
(1H, m), 2.07 (3H, d, J = 1.47 Hz), 2.12 - 2.30 (2H, m), 2.12
- 2.30 (2H, m), 2.50 - 2.57 (2H, m), 4.13 - 4.20 (4H, m).
[Referential Example 4-4]

4-(1-Ethoxycarbonylcyclobutyl)-1-[1-({S)-phenylethyl]-3-

pvrrolin-2-one

gooc (OO0t f?oooa
8 " 6*N
)
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pyrrolidone [err] 4-(1-Ethoxycarbonylcyclobutyl)-1-[(S)-phenylethyl]-3-
pyrrolin-2-one (9.57 g, 31 mmol) was dissolved in ethanol €150 m) and

pl ati num oxi de (230 ng) was added thereto. The obtained mxture was stirred
in‘a hydrogen atnosphere for 18 hours. After the conpletion of the
reaction, the liquid reaction mxture was filtered and concentrated. The
resi due thus obt ai ned was subjected to silica gel columm chromatography
thrice (eluent: n-hexane : ethyl acetate = 1 1) to give 2.3 g (24 % of an

optical isomer A of the)tEthel conpwthaydakbbnylcié1¥butlylanotbetenphteal
i somer B thereof each as an oily substance. Optical isomer A [err]H NMR
(400 MHz, CDCiL6érP]l)g|e?d]mmdl PowdSHidsolived Gr83Miv)rofbrdd (180, md) dnd
7.32 Hz), 1.83 - 1.95 (4H m, 2.38 - 2.54 (4H m, 2.66 - 2.74 (1H m,
3.01 (1H, t, B-Bookrpjucginimide (HZ, .98 g 5. 86 @177 arzl) a 4a®@lytdcl18mbRhic
m, 5.48 (1H, dd, J = 7.32, 14.16 :, 7.27 - 7.35 (5H m. - 86 -
Optical isonePfBazpbisisPRVRYTADENE WeoE [asided qhanéFO 1. The( @htained =
7.32 Hz), 1.52 (2H, d, J = 7.33 Hz 1.68 - 1.92 (4H m, 2.23 - 2.43 (3H,
M), 2.50 - 2.BFXEere w§s beated undgy xmiluy foz 3B pomrsy, Afteg ghery),
= 1H, dd, J
4.05 (2H q, gompZetlon gf E%éxééactlon, the solvent was evaporated and
carbon tetrachloride (100 ml) was added to the residue. Then
the insoluble matters were filtered off and the filtrate was
concentrated. The residue was dissolved in ethanol (100 ml)
and sodium hydrogencarbonate (11.82 g, 140 mmol) was added
thereto. Next, (S)-phenylethylamine (9.87 ml, 77 mmol) was
dropped thereinto at room temperature. After the completion
of the addition, the resultant mixture was heated under
reflux for 3 hours. After the completion of the reaction,
the solvent was evaporated and methylene chloride (300 ml)
was added to the residue. The insoluble matters were
filtered off and the solvent was evaporated. The residue
thus obtained was subjected to silica gel column
chromatography (eluent: n-hexane : ethyl acetate = 1 : 1) to
give 19.57 g (43 %) of the title compound as an oily
substance.
'H-NMR (400 MHz, CDCl;) 8: 1.17 (3H, t, J = 7.33 Hz),
1.74 - 1.80 (2H, m), 1.59 (3H, d,J = 6.84 Hz), 1.84 - 2.01
(2H, m), 2.15 - 2.28 (2H, m), 2.60 - 2.69 (2H, m), 3.56 (2H,
d, J =9.04 Hz), 3.88 (2H, d, J = 9.04 Hz), 4.13 (2H, q, J =

7.32 Hz), 5.50 - 5.59 (1H, m), 6.03 (2H, s), 7.26 - 7.35 (SH,
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7.32, 14.16 Hz), 7.24 - 7.35(5H m. [Referential Exarrple_.4-6] trans

4- (1- Et hoxycar bonyl cycl obut yI¥) - 3-fl uoro-1-[1-(S) -

phenyl et hyl ]-2-pyrrolidone (optical isonmer B) [err] Under a nltrogen

at nosphere, diisopropylanmine (2.55 m, 18.2 mvl) was dissolved in dry
tetrahydrofuran (120 m). After cooling the solution to - 78 [err]C, a 1.63
M solution of n-butyllithiumin n-hexane (11.2 m, 18.2 mmvol) was dropped
thereinto over 10 minutes. Then the liquid reaction m xture was stirred at
O [err]C for Hb)mnutes and cooled to - 78 [err]C. Next, a solution (30 nl)
of 4-(1-ethoxycarbonyl cycl opropyl)- 1-[1-(S)-phenylethyl]-2-pyrrolidone
(optical isonefReferemZa), Ektnpllen®sb)] in dry tetrahydrofuran was dropped
thereinto over 15 minutes. The I|qU|d reactlon mxture was stirred at - 78
C for 1 hour. i3e: b S : eybeslt syl f-ont m de
(7.07 g, 22,42 mml) in dry - 87 - tetrahydrofuran was dropped thereinto
over 5 mnutem_oq&d reaction mxture was stirred at - 78 [err]C for
30 mnutes and then heated to roomtenperature followed by stirring for
addi tional 20 mi nutes. Under ice cooling, a saturated aqueous sol ution of
ammoni um chl oride (200 mM) was addeq to the liquid reaction m xture. After
evaporating tetrahydrofuran, the a Bgtlayer was c)%{;gct ed with ethyl

ON O”N

4—(1—Ethoxycarbonylcyciobutyl)—1-[(S)—phenylethyl]—S-
pyrrolin—Z—oné (9.57 g, 31 mmol) was dissolved in ethanol
(150 ml) and platinum oxide (230 mg) was added thereto. The
obtained mixture was stirred in a hydrogen atmosphere for 18
hours. After the completion of the reaction, the liquid
reaction mixture was filtered and concentrated. The residue
thus obtained was subjected to silica gel column
chromatography thrice (eluent: n-hexane : ethyl acetate = 1 :
1) to give 2.3 g (24 %) of an optical isomer A of the title
compound and 7.1 g (74 %) of another optical isomer B thereof
each as an oily substance.
Optical isomer A:

'H-NMR (400 MHz, CDCl;) &: 1.26 (3H, t, J = 6.83 Hz),
1.49 (2H, d, J = 7.32 Hz), 1.83 - 1.95 (44, m), 2.38 - 2.54
(4H, m), 2.66 - 2.74 (1H, m), 5.01 (1H, t, 8.30 Hz), 3.14
(1, d, J = 5.86, 9.77 Hz), 4.09 - 4.18 (2H, m), 5.48 (1H,

dd, J = 7.32, 14.16 Hz), 7.27 - 7.35 (5H, m).
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acetate (200 M x 2). The conbi ned organic |ayer was washed W|th wat er (200
m x 3), dried over anhydrous sodiumsulfate and filtered. ThHe filtrate was
concentrated under reduced pressure and the residue was subjected to silica
gel colum chromat ography (eluent: n-hexane : ethyl acetate =1 : 1) to
give 3.88 g (83 % of the title conpound as an oily substance. [err]H NWVR
(400 MHz, CDCi[err]) [err]: 1.14 (3H t, J =6.83 Hz), 1.57 (2H, d, J =
6.83 Hz), 1. &ptichl08dohdr ®:, 2.33 - 2.58 (3H, m, 2.81 - 2.92 (1H m,
3.42 (1H, t, J =9.77 Hz), 3.93 - 4.07 (2H, m, 5.18 (1H, dd, J = 6.83,
53.22 Hz), 5.51 (1H, ‘HdNMB 4003z 1400 MzP: ¥.2% (3H, 34, (5H ™32 Hz),

[ Referential Exanple 4-7] cis

4- (| - Et hoxycar lsmylasycldabut yi 7-.33f Happ 011681 -(5)92 (4H, m), 2.23 - 2.43
phenyl et hyl ] - 2-pyrrolidone (optical isoner B) [err] -88- Under a

ni trogen at nosthems),, & .isopr @pyliafilHe ©2,97- 7B, -22.898 @bl )mwas3 A% sldiHed
in dry tetrahydrofuran (30 m ). After cooling the solution to - zﬁﬁierr]c
a 1.63 M sol uti oh =f8 Bhdtajl dt-RbukPHn @/ héxané- $AHB) n3- 3. G

dropped thereinto over 5 m nutes. Then_the |liquid reaction m xture was
stirred at 0734 %6 B )ni Hutzés a?ld3éob$7éd Rb-- 78 [err]C. Next, a
solution (30 m) of trans 4- 1 car bonyl -

cycl opropyl ) - 33QﬂQRﬁﬂ¥%Pl[fXP n9 et hyl ]-2-pyrrolidone

trans 4-(1-Ethoxvcarbonvlicvclobutvl)-3-fluoro-1~-[1-

henvlethvl 1-2-pyvrrolidone (optical isomer B

\ 1m?c:ooe*f - F’;r_?cooa
O*N " o™n
) ~)

Under a nitrogen atmosphere, diisopropylamine (2.55
ml, 18.2 mmol) was dissolved in dry tetrahydrofuran (120 ml).
After cooling the solution to - 78 °C, a 1.63 M solution of
n~butyllithium in n-hexane (11.2 ml, 18.2 mmol) was dropped
thereinto over 10 minutes. Then the liguid reaction mixture
was stirred at 0 °C for 15 minutes and cooled to - 78 °C.
Next, a solution (30 ml) of 4-(l-ethoxycarbonylcyclopropyl)-
1-[{1-~(S)-phenylethyl]-2-pyrrolidone (optical isomer B; 4.42
g, 14.01 mmol) in dry tetrahydrofuran was dropped thereinto
over 15 minutes. The ligquid reaction mixture was stirred at
- 78 °C for 1 hour. Then a solution (25 ml) of N-

fluorobenzenedisulfonimide (7.07 g, 22,42 mmol) in dry
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(optical isonmer B; 4.71 g, .14.13 mol ) in.dry tetrahydrofufan was dropped
thereinto over 5 minutes. The liquid reaction mxture was“stirred at - 78
[err]C for 3 minutes. Then it was dropped into a solution (40 m) of
2,6-di-tert- butyl phenol (4.37 g, 21.18 mml) in dry tetrahydrofuran over 5
nlnutes The liquid reaction mxture was stirred at - 78 [err]C for 10

m nutes and a saturated aqueous solution of anmonium chloride (200 mM) was
added thereto. Next, the liquid reaction m xture was brought back to room
t enper at ur e abdttabkydrgfuntan |vae rdnspadakdieredntbhevegusonsnhagsr wake
extracted with chloroform (100 mM x 2). The conbi ned organic |ayer was
washed with whiguid 10®action 2)ixthmeedvasy et iameddatcus 38dPQInfosml Fatrel rartcks
filtered. The filtrate was concentrated under reduced pressure and the

resi due was sahjethen heatsed itwa wpein cemperathrendbddrapdybyosyiveiig 9oy
(42 %9 of the starting conpound (eluent: n-hexane : ethyl acetate = 2 : 1)
and 1.79 g (38d@étn¢n@lnﬂﬁ|m1n§ﬁ§§mpo@m@€Feh@@npooﬁlnexaﬁesaterhyedacetate =
3 : 2) each as an oily substance. - 89 - [err]H NVR (400 MHz, CDCl[err])
[err]: 1.22 (8maepusjsolytigm (g arr@%um rhigridm (400)mi)gwas F@‘)ledlt84 -
2.42 (6H, m, 2.83- 2.97 (1H,. m, 15 - 3.24 (1H, m, 3.36 - 3.43 (IH m,
4.11 - 4.17 (oke %}qmsdofieicmomauxdtuee séftszf QZaHE)fatsnsa (1H, q, J =

7,33 Hz), 7. 26 - Referentl
‘ ) tetrahy réghran, ‘the agueous ayer ng extrLcted with ethyl

acetate (200 ml x 2). The combined organic layer was washed
with water (200 ml x 3), dried over anhydrous sodium sulfate
and filtered. The filtrate was concentrated under reduced
pressure and the residue was subjected to silica gel column
chromatography (eluent: n-hexane : ethyl acetate = 1 : 1) to
give 3.88 g (B3 %) of the title compound as an oily
substance.

H-NMR (400 MHz, CDCl;) &: 1.14 (3H, t, J = 6.83 Hz),
1.57 (28, d, J = 6.83 Hz), 1.88 - 2.08 (4H, m), 2.33 - 2.58
(34, m), 2.81 - 2.92 (1H, m), 3.42 (1H, t, J = 9.77 Hz), 3.93
- 4.07 (2H, m), 5.18 (1H, dd, J = 6.83, 53.22 Hz), 5.51 (1H,
dd, J = 7.32, 14.16 Hz), 7.25 - 7.34 (5H, m).
[Referential Example 4-7]

cis 4-(1-Ethoxycarbonylcyclobutyl)-3-fluoro-1-(1-(S)-

phenylethyl]-2-pyrrolidone (optical isomer B)

théQEOOEL__*_Ez_é>bOOET
O\N C: O\N Cj
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cis 4- (1 Carboxycycl obutyl.}-3-fluoro-1- [1- (S)-phenylethyl ]-2-
pyrrolidone (optical isomer B) [err] cis Fa

4- (1- Et hoxycar bonyl cycl obutyl ) -3-fluoro-1-[1-(S)-

phenyl et hyI] 2-pyrrolidone (optical isomer B, 1.79 g, 5.37 mmol) was

di ssolved in nethanol (10 m) and a 1 N aqueous sol ution of sodium

hydr oxi de was dropped thereinto. The liquid reaction m xture was stirred at
40 [err]C for 18 hours and then met hanol was evaporated under reduced
pressure. Water (50 uddemas raddedeno athespheirdiiedi osbpyegybymiweh{nge W t h
chloroform (100 m ). The aqueous | ayer thus separated was acidified by
droppi ng 1 Nnhyd2bchd amal povaks tdierselivied dmd dirffeneextahgdtrefiunath( 860k pf orm
(100 M x 2). The conbined organic | ayer was dried over anhydrous sodi um
sul fate and Afterreeolifie ¥hd tgodhd ivms teorc @Bt PG eal LirfelerM rssludeibpregssur e
to give the title conpound in a quantitative anount - 90 - as a crude
product . [ RefiebetylhitiBaampine n-Igjxagnes (10.8 ml, 17.60 mmol) was dropped
4-(1-tert-But oxycarbonyl am nocycl obutyl)-3 quoro 1-[1-

(S) - phenyl et ByeFeiny rewy domlqusss -calThedo ke B}QPéﬂrFeéFﬁlon mixture

4- (I-Carboxycyclobutyl - 3- quoro I-LI- S) - phenyl et hyl ] -2-pyrrolidone
(optical isofief tinred gt &.°Gofmfoly WaBUEPS s &LPIIPAIEP avetbonftrile (30

m) and N, N - ,
Next, a solution (30 ml) of trans 4-(l-ethoxycarbonyl-

cyclopropyl)-3-fluoro-1-{1-(S)-phenylethyl}-2-pyrrolidone
(optical isomer B; 4.71 g, 14.13 mmol) in dry tetrahydrofuran
was dropped thereinto over 5 minutes. The liquid reaction
mixture was stirred at - 78 °C for 3 minutes. Then it was
dropped into a solution (40 ml) of 2,6-di-tert-butylphenol
(4.37 g, 21.18 mmol) in dry tetrahydrofuran over 5 minutes.
The liguid reaction mixture was stirred at - 78 °C for 10
minutes and a saturated aqueous solution of ammonium chloride
(200 ml) was added thereto. Next, the liguid reaction
mixture was brought back to room temperature and the organic
layer was taken up. The aqueous layer was extracted with
chloroform (100 ml x 2). The combined organic layer was
washed with water (100 ml x 2), dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under
reduced pressure and the residue was subjected to silica gel
column chromatography to give 1.96 g (42 %) of the starting
compound (eluent: n-hexane : efhyl acetate = 2 : 1) and 1.79
g (38 %) of the title compound (eluent: n-hexane : ethyl

acetate = 3 : 2) each as an oily substance.
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car bonyl dii m dazole (1.33 g, 8.20 nmol) was added theretq., The liquid
reaction mxture was stirred at 60 [err]C for 1 hour. Thenrammoni a was
bubbl ed thereinto at roomtenperature for 10 m nutes. After concentrating
the liquid reaction mxture under reduced pressure, water (100 nl) was
added to the residue followed by washing with chloroform (100 mM x 2). The
conbi ned organic | ayer was dried over anhydrous sodium sul fate and
filtered. The filtrate was concentrated under reduced pressure and the

resi due thus obtai negi-waR di4osoMued Cpclerts:but.yl2 gl3eghel, (56 6l.B3 Bkyer
adding lead tetraacetate (6.32 g, 14.25 mmol ), the m xture was heat ed under
reflux for 1ihser- Thes! (3 diy enct icarsIniBd)yr & .\8ds -t Rerd 2al(baves )t 02¢B3+
foll owed by the addition of diethyl ether (50 m) and sodi um

hydr ogencar ban8fe (18, gh) , Nexts 4132901 H, m)vasd.Sbi Fr8d4dt (ABem) enpel at ure
for 10 mnutes and filtered. The filtrate was concentrated under reduced
pressure and-e#h¥l §28f atk, (3007 nfdH wakl added 6t.83t,hé2r84i Ha¢, IhESOHLHI ned
m xture was washed with a saturated aqueous sol ution of sodi um bi carbonat e,
dried over afllhydrdug-33diiam slidate 7akd f(idHemdd. The filtrate was
concentrated under reduced pressure to give 1.74 g (65 % of the title
conpound as &ReEPr§NELRLt BFRAERIY 41814 NMR (400 MHz, CDCl[err]) [err]: 1.40

9H, s), 1.92 - 2.21 (6H, , 3.04 - 3.12 (1H, , . 3.31 .- 3.38 (1
2.87 (iH cis -Jl-éarboggcvclobutvl)ég-f&uoroqh—rl—LS)—p%envlgthlq12—

pyxrrolidone (optical isomer B)

F ) F

2_?00051 COOH

0N T To%y

Lo Yo
cis 4-(1l-Ethoxycarbonylcyclobutyl)-3-fluoro-1-[1-(S)-

phenylethyl}-2-pyrrolidone (optical isomer B; 1.79 g, 5.37
mmol) was dissolved in methanol (10 ml) and a 1 N agqueous
solution of sodium hydroxide was dropped thereinto. The
liguid reaction mixture was stirred at 40 °C for 18 hours and
then methanol was evaporated under reduced pressure. Water
(50 ml) was added to the residue followed by washing with
chloroform (100 ml). The agueous layer thus separated was
acidified by dropping 1 N hydrochloric acid thereinto and
then extracted with chloroform (100 ml x 2). The combined
organic léyer was dried over aﬁhydrous sodium sulfate and
filtered. The filtrate was concentrated under reduced

pressure to give the title compound in a quantitative amount
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brs) 5 01 (1H dd, J 5.86 , 52.73 Hz),. 5.52 (1H dd, J J 32, 14.16 Hz),
7.30 - 7.38 (5H, n) [ Ref erent i al Exanple 4-10] cis
1-[1-(S)-phenyl ethyl]-4-(1-tert- butoxycarbonylanlnocyclobutyl)
-3-fluoropyrrolidone (optical isomer B) cis
4- (1-tert-Butoxycarbonyl am nocycl obutyl) - 3-
fluoro-1-[1-(S)-phenylethyl]-2-pyrrolidone (optical isomer B; 1.74 g, 4.62
nol ) was dissolved in tetrahydrofuran (30 m). At 0 [err]C,
bor ane-t et rahydaotuads ppogher. salt (13.86 nl) was added thereto and the
resultant m xture was stirred at room- 92 - tenperature for 2 days.
After the cofpeferentpdltbeamphbetd4-eh] the sol vent was evaporated and water
(50 mM) was added to the resrdue follomed by extraction with chIoroform
(100 M x 2)gighé-(hnrbeé i arbensnian / 5
sul fate and f||tered The f||trate mas concentrated under reduced pressure
and the residae b2 v R G RIATE S,
met hanol (40 nml). ﬁdter addrng trrethylanlne (10 m), the nlxture was
heat ed under reflux for 2 hours. After evaporating the solvent, the
obt ai ned resi due was subjected to silica gel columm chromatography (eluent:
n- hexane : ethyl acetate = ZFS;QEP give 1.18 gdtb67 % of the title conpound
COOH NHBoc

as an oily substance.

O™\ > O%N

‘cis 4-(1-Carboxycyclobutyl)-3-fluoro-1-[1-(S)-
phenylethyl]-2-pyrrolidone (optical isomer B; 1.92 g, 6.29
mmol) was dissolved in dry acetonitrile (30 ml) and N,N’-
carbonyldiimidazole (1.33 g, 8.20 mmol) was added thereto.
The liquid reaction mixture was stirred at 60 °C for 1 hour.
Then ammonia was bubbled thereinto at room temperature for 10
minutes. After concentrating the liquid reaction mixture
under reduced pressure, water (100 ml) was added to the
residue followed by washing with chloroform (100 ml x 2).
The combined organic layer was dried over anhydrous sodium
sulfate and filtered. The filtrate was concentrated under
reduced pressure and the residue thus obtained was dissolved
in tert-butyl alcohol (50 ml). After adding lead
tetraacetate (6.32 g, 14.25 mmol), the mixture was heated
under reflux for 1 hour. The iiquid reaction mixture was
then allowed to cool followed by the addition of diethyl

ether (50 ml) and sodium hydrogencarbonate (6 g). Next, it
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[err]H NVR (400 MHz, CDCl[err]) [err]: 1.37 (3H d, J = 6.35 Hz), 1.44 (9H,
s), 1.65 - 2.58 (7H, m), 2:70 - 2.92 (4H, m, 3.27 - 3.32°(1H, nm), 5.14
(1H, brd), 5.53 (1H, brs), 7.22 - 7.33 (5H, m. [Exanple 9] 5-Amino-7-[cis
4-(1- am nocycl obutyl )-3-fl uoro-1I -
Pyrrolidinyl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyll]-

1, 4- di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-carboxylic acid (optical isoner B)
[err] - 93 - cis 1-[1-(S)-phenylethyl]-4-(1-tert-

but oxycar bonwaamsndeyredoatt ybpm3téhperopyfe ofbfli 1¢ fiopitesnland dEtdEedl. 13
g, 3.12 mmol) was dissolved in ethanol (20 m). After adding 10 %

pal | adi um carlihen fddttalayet wasDEshuest cated nindéd. fedgcdd xpPssurtee andkt ur e
was stirred under a hydrogen atnosphere at 50 [err]C for 18 hours. After
filtering of fethyd esedbyst (LAPowYh eas i addédashetthenitdsitbichandbe t he
filtrate was concentrated under reduced pressure. The residue thus obtai ned
was di ssol ve®htaigiedemigtusgl vagi desiad with angsaturated agueous solution
5-ami no-6, 7-di fluoro-1-[2-(S)-fluoro-1-(R)- )

cycl opropyl ] °f £ogiimpdPécerhenpye, 44 UPYRY | b rand sgaium flfate 18 g,
3.78 mml ) and triethylamne (5 m) were added thereto. Then the m xture
was stirrediQ?Qaﬂ#iFP5§Qn at sﬁﬁ%%éa%? 429 T%ﬂ?ﬁ?f?%ﬁeQLQﬂé%E gqused

allow ng to %&%sbure to give 1.74 g (65 %) of the title compound as an

oily substance.

!H-NMR (400 MHz, CDCl,) &: 1.40 (9H, s), 1.92 - 2.21
(6H, m), 3.04 - 3.12 (1H, m), 3.31 - 3.38 (1H, m), 4.87 (1H,
brs), 5.01 (1H, dd, J = 5.86, 52.73 Hz), 5.52 (1H, dd, J =
7.32, 14.16 Hz), 7.30 - 7.38 (5H, m).
[Referential Example 4-10)

cis 1-{1-(S)-phenylethyl]-4-(1-tert-

butoxvcarbonylaminocveclobutvl)-3-fluoropvrrolidone (optical

isomer B

cis 4-(l-tert-Butoxycarbonylaminocyclobutyl)-3-
fluoro-1-[1-(S)-phenylethyl]-2-pyrrolidone (optical isomer B;
1.74 g, 4.62 mmol) was dissolved in tetrahydrofuran (30 ml}).
At 0 °C, borane-tetrahydrofuran complex salt (13.86 ml) was

added thereto and the resultant mixture was stirred at room
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di met hyl sul f oxi de was evapor ated under reduced pressure.and the residue
was di ssol ved in chlorof orm (50 nl) and washed successively with a 10 %
agueous_solution of citric acid (50 m) and a saturated aqueous sol ution of
sodi um chl oride (100 mM). The organic |ayer was dried over anhydrous sodi um
sulfate. After filtering, the filtrate was concentrated under reduced
pressure. The residue was then subjected to flash silica gel colum

chromat ography (eluent: chloroformnmethanol = 9 : 1) and the el uate was
concent r at edteiplera skl clsk (@ ekste.e. pfnder theecemplébPoncoOncthdydrochl oric
acid (5 mM) was dropped into the residue followed by stirring at room

t enper at ur e fesci8lom; ntheesolAfarar waddiergpbriited94nd watéyd(®ehhDy iwasci d
(30 M), the liquid reaction m xture was washed with chloroform (50 m x 2)
and its pH vadded vas i ustssidiueo £ 10wedt byarxagaebiion sei th i oml af o Smch um
hydroxi de. The liquid reaction m xture was washed with chloroform (100 m)
and then its(pH val ve s Mjausoadined7 oxganih laKehydascétbed coeer d
followed by extraction with chloroform (150 m x 3). The conbined organic

| ayer was drarkydneys i iidedeumndufidteradd f Theefblitrate wastrate
was concentrated under reduced pressure and the residue was purified by
prepar ati ve FRREYRRANGHIRT HedUSEC: BFESEYER BRAChNSr BEDERYE - Hthanol

water = 7 : S%éafﬁe$(% "éﬁéé& Jgélf% %%ngo%ggs grg-gégggi £ggQﬁéﬁhéggf”

(40 ml). After adding triethylamine (10 ml), the mixture was
heated under reflux for 2 hours. After evaporating the
solvent, the obtained residue was subjected to silica gel
column chromatography (eluent: n-hexane : ethyl acetate = 2 :
1) to give 1.13 g (67 %) of the title compound as an oily
substance.

'H-NMR (400 MHz, CDCl;) &: 1.37 (3H, d, J = 6.35 Hz),
1.44 (94, s), 1.65 - 2.58 (78, m), 2.70 - 2.92 (4H, m), 3.27
- 3.32 (1H, m), 5.14 (1H, brd), 5.53 (1H, brs), 7.22 - 7.33
(5H, m).

[Example 9]

S5-Amino-7-[cis 4-(l-aminocyclobutyl)-3-fluoro-1-

pyrrolidinyll-6-fluoro-1-12-(S)-fluoro-1-(R)-cyclopropyl]l-

1,4-dihydro-8-methyl-4-oxoguinoline-3-carboxvlic acid

{optical isomer B)

NHD

) FI;I%TCOOH
F [
N N
Y‘?NHBOC——» Fed AF

\";,—@ H2N ﬁ
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recrystallized from et hanolfether, 157 ng (17 % of the title conpound was
obtai ned. Melting point: 177 - 184 [err]C. [err]H NWR (400 WHz, CDCl[err])
[err]: 1.16 - 2.34 (13H, m, 2.47 - 2.60 (1H, m, 3.35 (IH t, J =8.79
Hz), 3.53 (1H, q, J = 12.21 Hz), 3.78 - 3.83 (1H m, 4.09 - 4.21 (2H, m),
4.76 - 4.95 (1H, m), 5.42 (1H dt, J = 3.41, 55.18 Hz), 6.53 (2H brs),
8.60 (1H, d, J = 3.41 Hz). Elenental analysis data: as
CerrJHerr]F[err]NJerr]Jerr]O.5Herr]Ocalcd.: C 57.51; H 5.70; N,
12.19 found : C, 57.58isH -p1505) NhehiyidnyilAcut-g 1Teergi-t y] A sol ution of
5-am no-7-[4-(R)-(1-am nocycl opropyl)- - 95 -

3- (S) - f 1 uor o- buppryokrdonyl dmbadd prolrabd £} 12-(3S)ffdor@pgriolRiine (optical
cycl opropyl]-1, 4-di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-car boxylic acid
(abbrevi at ed asowes)Bhydr d3hyor3 db2 (alnplves2)digisodved in ethanol (20

am no-7-[4-(R -Sl- am nocycl opropill )-3-(R)-fluoro-1-

pyrrolidinyl ] 2&)f| ubfber-pdymy -0 forrplladiun-yperbonoppitplyst (moisture

1, 4-di hydr o- 8- et hyl - 4- oxoqui nol i ne- 3-carboxylic acid (abbrevi ated as
trans) hydrocRPBERRE: i PO db sti |1 Y Tat &rhe FHiAtarec wasn skasradmandereaed

I ntravenously Slc:ddy nale mce (five mce group)_ and the synptons

t A er ;
are observed. PYAEOPER FHROSPRELR 35|30 wk. f%s&&t%‘?urs- After filtering
off the catalyst through celite (washed with methanol), the

filtrate was concentrated under reduced pressure. The
residue thus obtained was dissolved in dimethyl'sulfoxide (10
ml) and 5-amino—6,7—difluoro-l:[2—(S)—fluoro—l—(R)-
cyclopropyl]-1,4-dihydro-B-methyl-4-oxoquinoline-3-carboxylic
acid (1.18 g, 3.78 mmol) and triethylamine (5 ml) were added
thereto. Then the mixture was stirred in a nitrogen
atmosphere at 140 °C for 4 days. After allowing to cool,
dimethyl sulfoxide was evaporated under reduced pressure and
the residue was dissolved in chloroform (50 ml) and washed
successively with a 10 % aqueous solution of citric acid (50
ml) and a saturated aqueous solution of sodium chloride (100
ml). The organic layer was dried over anhydrous sodium
sulfate. After filtering, the filtrate was concentrated
under reduced pressure. The residue was then subjected to
flash silica gel column chromatography (eluent: chloroform :
methanol = 9 : 1) and the eluate was concentrated under
reduced pressure. Undexr ice cdbling, conc. hydrochloric acid
(5 ml) was dropped into the residue followed by stirring at

room temperature for 30 minutes. After adding 1 N

- 94 -



Conpound Dose Nunber of death cis 150 no/ kg

0/5 trans 150 ng/kg 2/ 2* trans 100 ‘ng/ kg

2/ 2* trans 50 ng/kg 0/5 "*": The nouse died inmediately
after the adninistration is finished. The test was stopped at the second
nouse di ed. The sane result was obtained for other conpounds (Exanples 1,
3, 4, 5 8 and 9) of the present invention at a dose of 150 ng/kg in the

test illustrated above. - 96 - St rai n/ Conpound ( Exanpl e No.) 2
3 5 Ehydebchldkid acid (30 ml), the llqu1d<ﬂéda¥ion md:Q9%6e kALS]
0.003 S. flexneli, 2A 5503 0. 003 0. 006 0. 006 Pr.

vul garis, 086@&shed with chloroform O(XM 3l x @.)Oind its QJID%lBl’e- walsr abi | i s,
| FO- 3849 0. 025 0.10 0.05 Ser. marcescens, 10100

0. 05 0. 28djusted. 0 P2, 0 aeitiyiarosaquedd04olution of sodium 0. 10

0. 39 0.20 Ps. aeruginosa, 32121 0. 05 0. 20

0.10 X na|topﬁﬁrpaldglcylne5llqu1d reaction @mig&ure wa@ ¥@shed wltB0O S.
aureus, 209P < 0.003 <0.003 <0.003 S. epidermdis,
56500 chlorofozmo(b@@ ml) Embehen Ot PHSMelugy vgsnesjusted to 7.4
< 0.003 0.013 0.006 Str. faecalls ATCC- 19433 0. 025

0. 05 0.¥35h 1 N hydrochioric acid followed by extraction with

chloroform (150 ml x 3). The combined organic layer was
dried over anhydrous sodium sulfate and filtered. The
filtrate was concentrated under reduced pressure and the
residue was purified by preparative TLC (developed at the
bottom layer of chloroform :-methanol : water = 7 : 3 : 1) to
give the title compound as a crude product. After
recrystallized from ethanol/ether, 157 mg (17 %) of the title
compound was obtained.
Melting point: 177 - 184 °C.
'H-NMR (400 MHz, CDCl;) &: 1.16 - 2.34 (13H, m), 2.47
- 2.60 (1H, m), 3.35 (1H, t, J = 8.79 Hz), 3.53 (1H, q, J =
12.21 Hz), 3.78 - 3.83 (1H, m), 4.09 - 4.21 (2H, m), 4.76 -
4.95 (1H, m), 5.42 (1H, dt, J = 3.41, 55.18 Hz), 6.53 (2H,
brs), 8.60 (1H, d, J = 3.41 Hz).
Elemental analysis data: as CuHﬁFﬁ@OyO.SHﬁ)
caled.: C, 57.51; H, 5.70; N, 12.19
found : C, 57.59; H, 5.52; N, 11.89.
[Acute Toxicity)

A solution of 5-amino-7-[4-(R)-(l-aminocyclopropyl)-
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S. aureus, 870307 : 0..025 0. 025 6. 025

Straln/Cbnpound (Exanpl e Nb ) 6 8 E. coli, NIH]

0.010 , A 0.006 S. flexneli, 2A 5503 0. 010 0.013 Pr
vul garis, 08601 0. 025 0.10 Pr. mirabilis, |FO 3849
0.10 0.10 Ser. marcescens, 10100 0.10 0.20 Ps.
aer ugi nosa, 32104 0. 39 0. 39 Ps. aeruginosa, 32121
0. 10 0.20 - 97 - X. maltophilia, 11D 1275 0. 39

0.39 S. auregs,(s30%Ruoro-1-pyrrolidinyl ]-6-£fliko-1- [(@-0QH -F1weicda—Trgi-s,
56500 0. 025 0.013 Str. pyogenes, G 36

0. 010 0. 025 cSopropgdqali, 4 -dARPTr4d 983Bethyl -4 -oxoquihdiine-3-dar®oxglic
aur eus, 870307 0. 20 0. 20 | NDUSTRI AL APPLI CABI LI TY:
Because of bejdig ee%ﬂee;ahtba aBt ci§r BpEabcATO L Vdé y (Exeinsid €2)y o1 -
conpounds of the present invention are useful as drugs. - 98 - 1.

conmpound r eprased-ed Ay (RQ-u-amihpeyclepsapys) ~3~ (R) ~fluoro-1-
pyrrolidinyl]-6-fluoro-1-[2-(8)-fluoro-1-(R)-cyclopropyl]-
1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid
(abbreviated as trans) hydrochloride in distilled water for
injection was adminisfered intravenously to Slc:ddy male mice

(five mice per group) and the symptoms are observed. The results

are as follows.

Results;

Compound Dose Number of death
cis 150 mg/kg 0/5

trans ' 150 mg/kg 2/2"

trans 100 mg/kg 2/2"

trans 50 mg/kg 0/5

“*": The mouse died immediately after the
administration is finished. The test was stopped at the

second mouse died.
The same result was obtained for other compounds

(Examples 1, 3, 4, 5, 8 and 9) of the present invention at a dose

of 150 mg/kg in the test illustrated above.
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and hydrates thereof: [err] . .wherein Rl represents a hydrogen atom or an

al kyl group having 1 to 6 ¢arbon atoms; R2 represents a hyéirogen atom or an
al kyl group having 1 to 6 carbon atoms, provided that said al kyl group may
have one or nore substituents selected fromthe group consisting of a

hydr oxyl group, a hal ogen atom and an al koxyl group having 1 to 6 carbon
atons; R err] and Rlerr], each represents a hydrogen atom R err]
represents a hydroxyl group, a hal ogen atom a carbanmoyl group, an al kyl
group having 1 to 6 carbon atons, an al koxyl group having 1 to 6 carbon
atons or an al kylthio group having 1 to 6 carbon atons, provided that said
al kyl group may have one or nore substituents selected fromthe group

consi sting of a hydroxyl group, a hal ogen atom and an al koxyl group havi ng
1 to 6 carboStazaamgCangoher (Pxample Mo sjubstituer® on the3pyrrolidbne ring
of the foll ow — = i

cis-configuration; R err] and Rlerr], each independently represents a

hydr ogen at of-0FCaa,aNki ¥ group having 1 to 6 <& at o¥s 008 i £ An0PAt eger

of from1l to 3; and - Qrepresents a partial structure represented by the
S. flexneli, 2A 5503 < 0.003 0.006 0.006

Pr. vulgaris, 08601 0.013 0.05 0.006
Pr. mirabilis, IFO0-3849 0.025 0.10 0.05

Ser. marcescens, 10100 | 0.05 0.20 0.10

Ps. aeruginosa, 32104 ) 0.10 0.39 0.20

Ps. aeruginosa, 32121 : ' 0.05 0.20 0.10

X. maltophilia, 11D-1275 i 0.05 0.20 0.20

S. aureus, 209P < 0.003 < 0.003 < 0.003
S. epidermidis, 56500 < 0.003 0.006 0.013
Str. pyogenes, G-36 < 0.003 0.013 0.006
Stxr. faecalis, ATCC-19433 0.025 0.05 0.025
S. aureus, 870307 0.025 0.025 0.025
Strain/Compound (Example No.) 6 8

E. coli, NIHJ 0.010 0.006

S. flexneli, 2A 5503 0.010 0.013

Pr. vulgaris, 08601 _ 0.025 0.10

Pr. mirabilis, IF0-3849 0.10 0.10

Ser. marcescens, 10100 i D.10 0.20

Ps. aeruginosa, 32104 0.39 0.39

Ps. aeruginosa, 32121 0.10 0.20
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following formula; [err] wherein Rerr] represents an al kyl. group having 1
to 6 carbon atons, an al kenyF group having 2 to 6 carbon atons, a

hal ogenoal kyl group having 1 to 6 carbon atons, a substituted or
unsubstituted cyclic alkyl group having 3 to 6 carbon atons, a substituted
or unsubstituted aryl group, a substituted or unsubstituted heteroaryl.
group, an al koxyl group having 1 to 6 carbon atons or an al kyl am no group
having 1 to 6 carbon atons; R err] represents a hydrogen atom or an

al kyl thio group havieghili®, 61 peeiprs atons; R err 3and R grgp may form
together with a part of the not her nucl eus a cyclic structure optionally
contai ning a sul &ureas pn2@®pa constituting atom tphepgof apdogpti onal ly
havi ng an al kyl group having 1 to 6 carbon atons as a substituent; ‘R err]
represents a 8ydepjdermidis, a6 300 no group, a hydr.eggl groupi3a thiol

group, a hal ogenonet hyl group, an alkyl group having 1 to 6 carbon atons,
an al kenyl gr8&tup. heyogenes i .G3fcar bon at ons, an &l.KwOyl gooOp5having 2 to 6
carbon atons or an al koxyl group having 1 to 6 carbon atons, provided that
said am no gr8tp- nbgedales orARTAI-IAH33 subst it uentds 0Sel ect 8d0Brom t he group
consisting of a fornyl groqy, an al kyl groups having 1 to 6 carbon atom and
an acy| S. aureus, 870307 0.20 0.20

INDUSTRIAL APPLICABILITY:
Because of being excellent in antimicrobial activity
and safety, the compounds of the present invention are useful

as drugs. -
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groups having 2 to 5 carbonatons; X err] represents a hal.ogen atomor a
hydrogen atonmy Alerr] repré&Sents a nitrogen atomor a partial structure
represented by the following formula (11): [err] wherein Xferr] represents
a hydr ogen atom an anmino group, a hal ogen atom a cyan oup, I
hal ogenonet hyl group, a hal ogenonet hoxyl group, an al kyl M&w ”ﬂﬂ ' to
6 carbon atons, an al kenyl group having 2 to 6 carbon a u,
group having 2 to 6 carbon atons or ang%ﬁ%‘géll group having 1 to "6 darbon

atons, provided that said am no group - 101 - may have one or nore

substituents selected fromthe rou consisting of a forn?/ group, an al kyl
group having 1 to 6 car BoffCHPOHEdaRBPERSERY R PBubPHE G1g( D) ¢ 615 SR lch

atons, and X err],.and %ﬁe” formtogether with a part of the nother
nucl eus a cycql?‘% @%ﬁﬁ é:’%ﬁteloﬁnal |y containing an oxygen -atom a nitrogen
atomor a sulfur atomas a constituting atomthereof and optionally having
an al kyl group having 1 to 6 carbon ato s a substituent;: A2 and Alerr],
each represents a nitrogen atom or a a%natom provided that Alerr] and

Alerr] may formtogether with t helcar at@ to which they are bonded a
partial structure represented by t ng formul a: (1)

wherein R! represents a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms;

R? represents a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms, provided that said alkyl group
may have one or more substituents selected from the group
consisting of a hydroxyl group, a halogen atom and an alkoxyl
group having 1 to 6 carbon atoms;

R’ and R’, each represents a hydrogen atom;

RY represents a hydroxyl group, a halogen atom, a
carbamoyl group, an alkyl group having 1 to 6 carbon atoms,
an alkoxyl group having 1 to 6 carbon atoms or an alkylthio
group having 1 to 6 carbon atoms, provided that said alkyl
group may have one or more substituents selected from the
group consisting of a hydroxyl group, a halogen atom and an
alkoxyl group having 1 to 6 carbon atoms and R* and the

substituent on the pyrrolidine ring of the following formula:

- g9 _



[err] or a partial structure-represented by the follow ng fQrnula: [err] Y
represents a hydrogen atom '.a phenyl group, an acetoxynethyf group, a
plvaloyloxynethyl group, an ethoxycarbonyl group, a choline group, a
di met hyl am noet hyl group, a 5-indanyl group, a phthalidinyl group, a
5-al kyl - 2- oxo-1, 3-di oxol -4-yl net hyl group, a 3-acet oxy-2-oxobutyl gr oupr.
an al kyl group havi ng 1 to 6 carbon atons, an al koxynet hE Iﬂrout)l!‘haw n

to 7 carbon atons or-a phenyl al kyl group corrposed of an m EH’HH
1 to 6 carbon atons and a phenyl group. 2. The corrpound aim

1, wherein antheforrrula(l) has gﬂz ure represented by the

foIIovm ng - 102 - for mul ae, 1sa t hydrates thereof: [err]
wherein Rerr], Rerr], R[err], A[ X[err] and Y are each as defined
above. 3. The compound as cl ai meq i CI im1, wherein Qin the formula (I)

has a structure represented by tRI€ f ol | owi ng-formula, its salts and
hydrates thereof: [err] wherein Rlerr], Rerr], Rerr], Alerr], Xerr] and
Y are each as defined above. 4. The conpound as cl ai med in O aim 1, 2 or 3,
wherein Qin &¥e foFatrd (n)the ais-com ngb&“}/r@tlqulforo 2, 3-

R® and R/, each independently represents a hydrogen
atom or an alkyl group having 1 to 6 carbon atoms;

n is an integer of from 1 to 3; and

Q represents a partial structure represented by the

follqwing formula:

cooy

wherein R® represents an alkyl group having 1 to 6
carbon atoms, an alkenyl group having 2 to 6 carbon atoms, a
halogenoalkyl group having 1 to 6 carbon atoms, a substituted
or unéubstituted cyclic alkyl group having 3 to 6 carbon
atoms, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heteroaryl group, an alkoxyl
group having 1 to 6 carbon atoms or an alkylamino group
having 1 to 6 carbon atoms;

R’ represents a_hydrogen atom or an alkylthio

group having 1 to 6 carbon atoms;

R’ and R® may form together with a part of the
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dlhydro 3-(S)-nmethyl -7-oxa-#H pyrido[ 1, 2,3-de][1, 4] - benzexazin-10-yl
group, its salts and hydraties thereof . - 103 - 5. The conpound as

claimed in Jaiml, 2 or 3, mhe Q in theformula (1) is an

8- am no- 6- car boxy- 9- fluoro-2,3 met hyl - 7- oxo- 7H pyri do[ 1, 2, 3-
de] [ 1, 4] benzoxazi n-10- vyl group, Mﬁg drates thereof. 6. The
conmpounds as claimed in daiml, Qin the formula (1) is a
5- am no- 3- car boxy- 6-f | uor o-

1-[2-(9) - f1 ugicthex( thqéﬁgoarefaﬂc 15 thp 6k el Qopk 1B 10Xy -¢ontaining a
a

oxoqui nolin-7-yl group, its salts and hydrates thereof. 7. The conpound as

claimed in Csailfuk, aZofi ad, aWbehet Dt iy tdusorh atiBdeb i Ignd Sptionally
5- am no- 3- car boxy- 6-f | uor o-

1-[2-(S) - f | utyatriing( Bh- YRy 2pgoeyd | hdvingli hyts o6 &amtidy latbmsoXxqw nol i n-7-yl
group, its salts and hydrates thereof. 8. The conpound as clainmed in Caim
1, 2 or 3, WsabsititQenh;the fornmula (I) is a 3-carboxy-6-fluoro-I|-[2-
(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydr o- 8- net hoxy-4- oxoqui nolin-7-yl
group, its salts and hydrate&”tim@rgﬂenﬁs & hyydcogpouret axs, @draiamgda n Cl ai m
1, 2 or 3, wherein the substituent R4 is a halogen atom its salts and
hydrat es t hergzoup,1@. hydzozphpguoup asa ctziekdyForl @ rhal,ogengmes:hydher ei n
the substituent Rerr] is a fluorine atom its salts and

group, 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 or an alkoxyl group having 1 to 6 carbon

atoms, provided that said aminé-group may have one or more

substituents selected from the group consisting of a formyl

group, an alkyl groups having 1 to 6 carbon atom and an acyl

groups having 2 to 5 carbon atoms;

X! represents a halogen atom or a hydrogen
atom;

Al represents a nitrogen atom or a partial

structure represented by the following formula (II):

X2

wherein X? represents a hydrogen atom, an
amino group, a halogen atom, a cyano group, é halogenomethyl
group, a halogenomethoxyl group, 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 or an alkoxyl group

having 1 to 6 carbon atoms, provided- that said amino group
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hydrat es thereof 11. The conpound as clainmed in Cdaim1l,.2 or 3, wherein n
is 1 or 2, its salts and hydrates thereof. 12. The connound as _claimed in

Caim1l1, 2 or 3, - 104 - wherein nis 1, its salts and hydrates thereof
13. The' compound as clained in aimi, 2 or 3, vvhetmulm Eﬂﬁ%ﬂjlluent
Rlerr] is a fluorine atomand nis 1 or 2, its salt her eof .
14. The conpound as clained in daim1l1, 2 or 3, wher'ei i t he ‘substituent R4

is a fluorine atomand nis 1, its salts and hydrates thereof. 15. The

conpound as madRiH@k idgheClodi Hoke auggtstuéheéeselédsree§Uf>§:§mtﬂ@éltgr is a
hal ogenocycl opropyl group, its salts and hydrates thereof. 16 he conpound

as clai ned idoddiatiny oF @ f3rmylegebip hansabkylt gemip Ri@fidgis o 6

1, 2-ci s-2- hal ogenocycl opropyl group, iIts salts and hydrates thereof. 17.
The conpounccaasar ated iamdCaai acyl group3hawhege? ntd he candsdn tatsmis R8 is a
stereochem cally pure one, its salts and hydrates thereof. 18. The conpound
as clai med iand®i and, R rary Tormhéogethelrewithsai paeht oR8the mother

(I R, 2S) - 2- hal ogenocycl opropyl group, its salts and hydrates thereof. 19.
The conpounchweslaisaiareycilicCsaroctnrg opt8pnally containing an oxygen

atom, a nitrogen atom or a sulfur atom as a constituting atom
thereof and optionally having an alkyl group having 1 to 6
carbon atoms as a substituent;
A? and A’, each represents a nitrogen atom or

a carbon atom, provided that'A?~and A’ may form together with
the carbon atom to which théy are bonded a partial structure
represented by the following formula:

>C=C(A'=)-N(R%)-
or a partial structure represented by the following formula:

>N-C(A!=)=C(R®)~; and

Y represents a hydrogen atom, a phenyl group,

an acetoxymethyl group, a pivaloyloxymethyl group, an
ethoxycarbonyl group, a choline group, a dimethylaminoethyl
group, a 5-indanyl group, a phthalidinyl group, a 5-alkyl-2-
oxo-1,3-dioxol-4-ylmethyl group, a 3-acetoxy-2-oxobutyl
group, an alkyl group having 1 to 6 carbon atoms, an
alkoxymethyl group having 2 to 7 carbon atoms or a
phenylalkyl group composed of.an alkyl group having 1 to 6
carbon atoms and a phenyl groué.

2. The compound as claimed in Claim 1, wherein Q in

the formula (I) has a structure represented by the following
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mhereln the substituent R8-is a (IR 2S) - 2-fluorocycl opropyl group, its
salts and hydrates thereof::20._The conpound as clained ii-Claim1l, 2 or 3,
wherein the substltuent Iogen atom its salt's and hydr at es

t hereof. 21.” The conpou l'i& l”mw Claim 20, wherein said - 105 -

hal ogen atomis a fluori ts and hydrates thereof. 22. The
conpound represented by the formula (1) as clained in daim1, 2 or 3,
which is stereochemcally pure one, its salts and hydrates thereof. 23.
10-[4-(R)- (L;sé%ﬂ@ggcl 9_9.&0@31&5 BaAP) hfd M &k | thereot
pyrrolidinyl]-9-fluoro-2, 3-di hydro-3-(S)-net hyl - 7-oxo- 7H
pyrido[1l,2,3-de][1, 4]benzoxa2|ne 6-carboxylic acid, its salts and hydrates
thereof. 24. 8-Amno-10-[4-(R)- (I-anlnocyclopropyl) 3- (S)
fluoro-1-pyrrolidinyl]-9-fluoro-2, 35 dro-3-(S)-net hyl -

0x0- 7H-pyrido[ 1, 2, 3-de] [ 1, 4] benzoxgzi n¢:- 6- car boxylic aC|d |ts salts and

hydrates thereof. 25. 5-Am no- A8MN0ocycl opropyl Jo3- (S) -
fluoro-1-pyrrolidinyl]-6-fluoro- I- 21(8) fluoro-1-(R)-
cycl opropyl]-1, 4-di hydr o- 8-net h \ﬁ1 % | i ne-3-carboxylic acid, its

salts and hydrates t hereof . 26.
5-Am no-7-[4- (R)-(1-am nocycl opropyl ) - 3—(8)

R'"
; _ .
X an CO0Y
I
\A1 N R°

wherein R%®, R®’, R!%, A!, X! and Y are each as defined above.
3. The compound as claimed in Claim 1, wherein Q in
the formula (I) has a structure represented by the following

formula, its salts and hydrates thereof:

R
1
X Z l I CoovY
\A1 /e

wherein R®, R’, R!®, A!}, X! and Y are each as defined above.
4. The compound as claimed in Claim 1, 2 or 3,

wherein Q in the formula (I) ig a 6-carboxy-9-fluoro-2,3-

dihydro-3-(S)-methyl-7-oxo-7H-pyrido[1l,2,3-de](1,4]-

benzoxazin-10-yl group, its salts and hydrates thereof.
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fluoro-1- pyrrolldlnyl) 6-flworo-1-(2-(S)-fluoro-1-(R)- T
cycl opropyl |- 1, 4-di hydro-8-methoxy- 4- oxoqui nol i ne-3- carboxylic acid, its

sal Zs(g;ld( Pymﬂwmnﬁﬂw ,lr3 (S)-fluoro-1-

pyrrol i di nyl]-6-f5udro?l-f2-{S)-fluoro-1-(R)-cycl opropyl]-

1, 4- di hydr o- 8- met hoxy- 4- oxoqui nol i ne- 3-carboxylic acid, its salts and
hydrates thereof. 28. A drug containing as the active ingredient the - 106
- conpound as cl anegheNc&hpdbihd, ag @lafwed Vi atlesint ey eofor syl ts of
sai d compound or hydrates - of said salts. 29. An anti m cr obi al agent
contai ni ng awhdreiachi @ ther edigalat ) COSPm N8 awimd -6 yokboxyEl%d m 1, 2
or 3, hydrates thereof, salts of said conpound or hydrates of said salts.
30. A conpourfducep-@s8rtidtytiyot Be( $ pthevhwnl- T-avxeH B-psida 1,2 &d hydrat es
thereof: [err] wherein R err] represents a hydrogen atom or an al kyl group
having 1 to @leddibdibaneoeaziRhelf}yl egrespntsta splrogom dtwinagresan al kyl
group having 1 to 6 carbon atons, provided that said al kyl group nay have
one or nore $degectfuents selected fromthe group consisting of a hydroxyl

group, a hal ogen atom and an al koxyl group having 1 to 6 carbon atons;
6. The compounds as claimed in Claim 1, 2 or 3

wherein Q in the formula (I) is a 5-amino-3-carboxy-6-fluoro-
1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-methoxy-4-
oxoquinolin~-7-yl group, its salts and hydrates thereof.

7. The compound as ciaimed in Claim 1, 2 or 3,
wherein Q in the formula (I)-is a 5-amino-3-carboxy-6-fluoro-
1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-methyl-4-
oxoquinolin-7-yl group, its salts and hydrates thereof.

8. The compound as claimed in Claim 1, 2 or 3,
wherein Q in the formula (I) is a 3-carboxy-6-fluoro-1-[2-
(S)-fluoro—l—(R)—cyclopropyl]—l,4—dihydro-8—methoxy—4—
oxoguinolin-7-yl group, its salts and hydrates thereof.

9. The compound as claimed in Claim 1, 2 or 3,
wherein the substituent R* is a halogen atom, its salts and
hydrates thereof.

10. The compound as claimed in Claim 1, 2 or 3,
wherein the substituent R* is a fluorine atom, its salts and
hydrates thereof.

11. The compound as clalmed in Claim 1, 2 or 3,
wherein n is 1 or 2, its salts and hydrates thereof.

12. The compound as claimed in Claim 1, 2 or 3,
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Rlerr] and Rlerr], each represents a hydrogen atom Rerr].represents a

hydroxyl group, a hal ogen ‘atom a carbanoyl group,—an—atkyt—group—having 1

to 6 carbon atons, an al koxyl group having 1 to 6 c
alkylthio group having 1 to 6 carbon atons, provi dex[!nwmmmuﬂmm - 107
- group may have one or nore substituents sel ecte rom t gr oup

consi sting of a hydroxyl group, a halogen atom and an al koxyl group havi ng

1 to 6 carbon atons, and R4 and the substituent on the pyrrolidine ring of

the fol | owi ng;He&ydnd & ilsenr] 1@keshoeat 8fal Ryl PELes sexopdbguration; Rerr]
and Rlerr], each independently represents a hydrogen atom or an al kyl group

having 1 to 6 carboniatOfbe aBfiphuh@ &8 ¢D4EREd D drHm 11 f @ Hr 3, The
conmpound as clainmed in Caim30, wherein the substituent Rlerr] is a

hal ogen at omwhdreisalthe andskydoahesrt gy epffiuddinBhateoapoadna ds al arned
in Caim30, wherein the substituent R4 is a fluorine atom its salts and

hydrat es therpofits33altize apdmpodpdtaes €thereed.in Caim 30, 31 or 32,

wherein nis 1 or 2, its salts and hydrates thereof. 34. The conpound as

clainmed in daim 30, 131 Ghe3Zpmphenéi as nclsirediis Gairs Bnd odr3t es

thereof wherein the substituent R* is a fluorine atom and n is 1, its
salts and hydrates thereof.

15. The compound as claimed in Claim 1, 2 or 3,
wherein the substituent R® is a halogenocyclopropyl group,
its salts and hydrates there6f1-~

16. The compound as'cléimed in Claim 1, 2 or 3,
wherein the substituent R® is a 1,2-cis-2-
halogenocyclopropyl group, its salts and hydrates thereof.

17. The compound as claimed in Claim 1, 2 or 3,
wherein the substituent R® is a stereochemically pure one,
its salts and hydrates thereof.

18. The compound as claimed in Claim 1, 2 or 3,
wherein the substituent R® is a (1R,2S)-2-halogenocyclopropyl
group, its salts and hydrates thereof.

19. The compound as claimed in Claim 1, 2 or 3,
wherein the substituent R® is a (1R,2S)-2-fluorocyclopropyl
group, its salts and hydrates thereof.

20. The compound as claimed in Claim 1, 2 or 3,
wherein the substituent X! is a—halogen atom, its salts and

hydrates thereof.

21. The compound as claimed in Claim 20, wherein said
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35. The corrpound as claimeg.in CI aim 30, wherein the substituent Rerr] is
a fluorine atomand n is I>or 2, Tts salts and hydrates thereof 36. The
conpound as clainmed in Claim30 l " 08 - substituent R[err]
is afluorine atomand nis 1, “lmmﬂﬂ nﬂu m rates thereof. 37.

4- (R)-(1- Ami nocycl opropyl ) - 3- (S) “f1Uorto-*- pyrrolidine, its salts and
hydrates thereof. - 109 -

halogen atom is a fluorine atom, its salts énd hydrates
thereof.

22. The compound represented by the formula (I) as
claimed in Claim 1, 2 or 3, which is stereochemically pure
one, its salts and hydrates thereof.

23. 10—[4-(R)—(l—Aminocyclopfopyl)—3-(S)—fluoro—1-
pyrrolidinyl]-9-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7H-
pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid, its salts
and hydrates thereof.

24, B—Amino-lo-[4—(Rj—fl—aminocyclopropyl)-3—(S)—_
fluoro-l-pyrrolidinyl J-9-fluoro-2,3-dihydro-3-(S)-methyl-7-
oxo-7H-pyrido[1l,2,3-de][1,4]benzoxazine-6-carboxylic acid,
its salts and hydrates thereof.

25. 5-Amino-7-[4-(R)-(l-aminocyclopropyl)-3-(S)-
fluoro-l-pyrrolidinyl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-
cyclopropyl]-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic
acid, its salts and hydrates thereof.

26. 5-Amino-7-[{4-(R)-(l-aminocyclopropyl)-3-(S)-

. fluoro-1-pyrrolidinyl}-6-fluoro-1-[2-(S)-fluoro-1-(R)-
cyclopropyl]-l,4—dihydro—8—methoxy—4—oxoquinoling—3—
carboxylic acid, its salts and hydrates thereof.

27. 7-{4-(R)-(l-Aminocyclopropyl)-3-(S})-fluoro-1-
pyrrolidinyl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-
l,4—dihydro—8~methoxy—4—oxoquiﬁbline—3—carboxylic acid, its
salts and hydrates thereof.

28. A drug containing as the active ingredient the
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compound as claimed in Claim 1, 2 or 3, hydrates thereof,
salts of said compound or hydrates of said salts.

29. An antimicrobial agent containing as the active
ingredient the compound as claimed in Claim 1, 2 or 3,
hydrates thexreof, salts of said compound or hydrates of said
salts.

30. A compound represented by the following formula,

its salts and hydrates thereof:

;i
RI\N R
RZ/ R3 N—H

B.4 RS Bs

wherein R! represents a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms;

R’ represents a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms, provided that said alkyl group
may have one or more substituents selected from the group
consisting of a hydroxyl group, a halogen atom and an alkoxyl
group having 1 to 6 carbon atoms;

R’ and R’, each represents a hydrogen atom;

R* represents a hydroxyl group, a halogen atom, a
carbamoyl group, an alkyl groué having 1 to 6 carbon atoms,
an alkoxyl group having 1 to 6 carbon atoms or an alkylthio

group having 1 to 6 carbon atoms, provided that said alkyl
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group may have one or more substituents selected from the
group consisting of a hydroxyl group, a halogen atom and an
alkoxyl group having 1 to 6 carbon atoms, and R‘ and the

substituent on the pyrrolidine ring of the following formula:

(C )
0

~N
R@/’N

are located in the cis-configuration;

R® and R’, each indepénéently represents a hydrogen
atom or an alkyl group“héving 1 to 6 carbon atoms; and

n is an integer of from 1 to 3.

31. The compound as claimed in Claim 30, wherein the
substituent R* is a halogen atom, its salts and hydrates
thereof.

32. The compound as claimed in Claim 30, wherein the
substituent R* is a fluorine atom, its salts and hydrates
thereof.

33. The compound as claimed in Claim 30, 31 or 32,
wherein n is 1 or 2, its salts and hydrates thereof.

34. The compound as claimed in Claim 30, 31 oxr 32,
wherein n is 1, its salts and hydrates thereof.

35. The compound as claimed in Claim 30, wherein the
substituent RY is a fluorine atém and n is 1 or 2, its salts
and hydrates thereof.

36. The compound as claimed in Claim 30, wherein the
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substituent R* is a fluorine atom and n is 1, its salts and
hydrates thereof.
37. 4-(R)~(1l-Aminocyclopropyl)-3-(S)-fluoro-1-

pyrrolidine, its salts and hydrates thereof.

* c L M s *
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