SUBSTI TUTED CYCLOBUTYLAM NE DERI VATI VE } NDUSTRI AL FI ELD
Th| s invention relates to an anti bacterial conmpound wuseful for a '
medi cament, a veterinary drug, a drug for fisheries or an antibacterial -
preservative, and to an antibacteri al a'gent and an anti bacteri al
preparation, which contain the c Since the

di scovery of norf| ox&%ST&%W%H&%BL%UTMWFyDgﬁaVM&?’ﬁacok| netics

after adm ni stration of quinolone antibacterial agents have been inproved,
and -many conpounds are now used in the clinical field-as ..chenotherapeutic

agents which are eff j.ve in alnobst systemc infectious diseases.
In ref:ent m%%h on of bacteria having low sensitivity to
qui nol one synt het ant.i bact erj al S S EAS D f| el d
of clinics. For eié‘r"fpl & ienfgéont ﬁéﬁ%g:s%tes 3'}?& %eﬁrl(ycoccus au%edd@é

whi ch i s ”%réfulse‘f_|’2>(5:15n Yr%&l%aﬁr%’x{ﬂ"a?“%}e%@ 1@{5‘7&11&‘& & EARE F5S bee”

I ncreasing 1n wh cterrumrori gi naI I stant to drugs ot her than

qui nol one AnkjhHadLdalarPGRRLIHRAGINRS |p2~@s%%%ﬁm/@ tnd Gt N one

anti bacterial agents too. In consequencé, developnent of a drug having

further hlaeﬁﬁiafdmalhaﬁgé@ﬂﬁran@aiﬂ ethtfiyadtiedi fosdphedt ddn piwisickn the
other hand, it - has been reveal ed that qui nol one synthetic antibacteri al

agents caysgmhtnisi &ngafdcﬁ@ouﬁu Mhi ch severe convulsion is
BACKGROUND ART

Since the discovery of norfloxacin, antibacterial
activity and pharmacokinetics after administration of
quinolone antibacterial égeﬁts have been improved, and many
compounds are now used in the qlinical field as |
chemotherapentic agents'which are effective in almost
systemic infectious diseases.

In recent years,.generation of bacteria having low -
'sensitivity to quinolone synthetic antibacterial agents has
been increasing in the field of clinics. For example, like
the case of Staphylococcus auréus (MRSA) which is non-
sensitive to P-lactam antibiotics, a case has been increasing
in which a bacterium originally fesistant_to drugs other than
quinolone antibacterial agents becomes low-sensitive to
guinolone antibacterial agents too. In consequence,
development of a drug having further high efficacy has been
called for in the field of clinics. On the other hand, it
has been revealed that quinolone synthetic antibacterial

agents cause a side effect in which severe convulsion is



I nduced when a non-steroidal anti-inflamuatory drug is .-sinmultaneously
used, as well as other side effects such-as phototoxicity and the |like, so
t hat devel opnent of a quinolone synthetic antibacterial agent having

hi gher safety has also been called for in the field. D SCLOSURE OF THE

| NVENTI ON In view of the above, the inventors of the present

I nvention have conducted intensive studies with the aimof providing an
excel | ent conpound which can satisfy the aforenentioned requirenents. As a

result of the effOLkSn it nolAS e idainainta Sl drni @£ yahaputy| ani ne

derivative represented by the fornula (1)-described bel'ow, a salt thereof

and a hydr gljgniiienRefusare veessessedelll @ dtivg siald idBfdets adudicta®n upon

broad range of Gramnegative and G ampositive bacteria, can show

parti cul ar lghctdt@d ciant idnarttdid dlikect isd tbhatpalevgiomiemte-ofa st ant

bacteria including MRSA, and have excel |l ent pharnmacoki netics and safety,

t her eby respitniol@ren siyhre redden@ntsiheerttemifalt fegernsr dsening vighénrsafety

Accordingly, the present invention relates to a conpound represented by

the fol | owheg fadrswulbeeer caliltesl fon irprthey diiglak. t her eof : [err]

- 2- ’
DISCLOSURE OF THE INVENTION

In view of the above, the inventors of the present
invention have condﬁcted intensive studies with the aim of
providing an excéllent compound which can satisfy the
aforementioned requirements. As a résult of the efforts, it
was.found that a substituted cyclobutylamine derivative
represented by the formula (I)° described below, a salt
thereof and a hydrate thereof are possessed of excellent
antibacterial action upon broad range of Gram-negative and
Gram-positive bacteria, can show particularly strong
antibacterial activity upon éuinolone—resistant bacteria
including MRSA, and have excellent pharmacokinetics and
safety, thereby resulting in the accomplishment of the
present.invention.

Accordingly, the present invention relates to a
compound represented by the following formula (I), its salt

or hydrates thereof:
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{wherein Rlerr] and R err], each independently represents a hydrogen atom
a hydroxyl group, a halogen atom a carbanpbyl group, an alkyl group having
1 to 6 carbon atoms, an al koxyl group having 1 to 6 carbon atons. or an

al kylthio group having 1 to 6 carbon atons (excluding a case in which
"Rerr] and Rlerr] are both hydrogen atons), wherein the al kyl
group may have one or nore substituent selected fromthe group consisting
of a hydroxyl group, a halogen atom and an al koxyl group having 1 to 6

carbon at oqwhereill & ran@ne? RlericH .imRperduialsndasititesdeps 65 eifdrégen
hydrogen atom or an al kyl group having 1 to 6 carbon atons,

wherein thatahkyh 8yaupxyay giteup,0ae halogene atouls s tda&lﬁanﬁﬂ}le@x%hﬁ rm the
group consisting of a hydroxyl group, a halogen atom an alkylthio group
having 1 tal&ylcarbap hnedmgandtansackebpn @toms hari rQkbidyd Greaigon
atonms, nis aninteger of 1 or 2, Qis a partial structure represented by
t he followhaglngoﬂNMbaﬁ carbon atpesr pr anwadkyilthRo rgeorgs diaiva ran Jaldey|
group having 1 to 6 carbon - 3-
6 carbon atoms (excluding a case in which R! and R? are both
hydrogen atoms),
wherein the alkyl group may have one or more
substituent 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 independently represents a hydrogen atom or
an alkyl-group.havingll-to 6 carbon atoms,
wherein the alkyl group may have one or more
substituent selected from the group consisting of a hydroxyl
group, a halogen atom, an alkylthio group having 1 to 6
carbon atoms and an alkoxyl group having 1 to 6 carbon atoms,
n is an integer of 1 or 2,

Q is a partial structure represented by the following-

formula:

[wherein R®> represents an alkyl group having 1 to 6 carbon



atons, an al kenyl group having 2 to 6 carbon atons, a hal.ogenoal kyl group
having 1 to 6 carbon atons, a cyclic alkyl group having 3 to 6 carbon
atons which may have a substituent, an aryl group which may have a
substituent, a heteroaryl group which may have a substituent, an al koxyl
group having 1 to-6 carbon atons or an al kylam no group having 1 to 6
carbon atons, R[err] represents a hydrogen atomor an al kylthio group
having 1 to 6 carbon atons, wherein R6 and the aforenentioned R5

may toget her atbRsMN anCltkefyst G¥ehyr Bakiagudi ke § RAboR atimsyolaher
nucl eus, and the thus fornmed ring may contain a sulfur atom as a ring

consti t uti nghategenaadkyhegibip Hayiagse Rave earbankwtopisqua kewilie 1 to 6
carbon atons as a substituent, R err] represents a hydrogen atom an an no

group, a hydadkxyl ggoapphaaihli 8| tor 6uparbohabhtgmsombiileyl nayo@aveam al kyl
group having 1 to 6 carbon atons, an al kenyl group having 2 to 6 carbon

atons, an al kybgptignenp,hauni agy2 gvoGpcwhich magnbage aasulisitdiyplendr,ow
having 1 to 6 carbon atons, wherein the ami no group nay have one
or nore subbeteyearys)gsenpcwbdchr vayt havgr supubsitdityenty en alkesml
group, an alkyl group having 1 to 6 carbon atons and_an _acyl group having
2 to 5 carboarauBnbaviRgetr for éprasbansahongl 8FecANaRIFYSATE NGy GX6FPN at om
Alerr] represents a nitrogen atomor a partial structure represented by
the fol | owi n§aVépguilate| f) carbon atoms, - 4-

R® represents a hydrogen atom or an alkylthio group having 1
to 6 carbon atoms,

wherein R® and the aforementioned R’ may together
form a cyclic structure including a part of the mother
nucleus, and the thus formed ring may contain a sulfur atom
as a ring constituting atom, ahd the ring may aLso have an
alkyl group having 1 to 6 carbon atoms as a substituent,
R’ represents a hydrogen atom, an amino group, a hydroxyl
group, a thiol group, a halogenomethyl group, an alkyl group
having 1 to 6 carbon étoms, 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,

wherein the amino group may have one or more
substituent(s) 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, |
X! represents a halogen atom or a hydrogen atom,
A! represents a nitrogen atom or a partial structure

represented by the following formula (II):



(rr) (wherein X[err] -represents a hydrogen atom an .am no group, a

hal ogen atom a cyano group, a hal ogenonethyl 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, an al kynyl group having 2 to 6 carbon atons or an

al koxyl group having 1 to 6 carbon atons, wherein the am no group
may have one or nore substituent 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 5 carbon atons, and X[err] and the aforenentioned R5
may together forma cyclic structure including a part of the nother

nucl eus, and the thus fornmed ring tain an oxygen atom a nitrogen
atomor a sulfur atomas a ring constifuting atom and the ﬁtng may al so
have an al kyl group having 1 to 6 carb atons as a substig nt), Alerr]
and Alerr], each represents a nitrogenfatomor a carbon atom wherein
Alerr] and Alerr] together with carbon atoms to which they are linked form
a partial structure: [err] . or a partial structure:

(wherein X? represents a hydrogen atom, an amino group, a

halogen atom, a cyano group, a halogenohethyl'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,

wherein the amino group may have one or more

substituent 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 the aforementioned R’ may together form a

cyclic structure including a part of the mother nucleus, and

the thus formed ring may contain an oxygén atom, a nitrogen

atom or a sulfur atom as a ring constituting atom, and the

ring may also have an alkyl group having 1 to 6 carbon atoms

as a subétituent),

A? and A*?, each represents a nitrogen atom or a carbon atom,

wherein A? and A’ together with carbon atoms to which they

are linked form a partial structure:

‘\\?//
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N . and Y represents .a hydrogen atom a
phenyl group, an acetoxynethyl group, a pival oyl oxynethyl group, an

‘et hoxycar bonyl group, a choline group, a dinethylam noethyl group, a

5-i ndanyl group, a phthalidinyl group, a 5-al kyl-2- oxo-1,

3-di oxol -4-yl met hyl group, a 3-acetoxy-2-oxobutyl group, an al kyl group
having 1 to 6 carbon atons, an al koxynethyl group having 2 to 7 carbon
atons or a phenylal kyl group conposed of an al kyl ene group having 1 to 6

car bon aton§regub5$@{gd SF PPt dre: The present invention also relates
to: t he ‘af orenenti oned conpound, its salt or hydrates thereof in -
which a partial structure resulting fromthe exclusion of Q fromthe
formula (1) is a stereochem cally _~pure conpound; . t he

af orenenti oned conpound, its salN” or hydrates thereof in which Qin the
formula (1) is a conpound havingla structure represented by the.foll ow ng

formula: [err] <§§1,,C~\_ rr] Jf{wmekein RS represents an al kyl
group having 1 to 6 carbon .

R® "

Y represents a hydrogen atom, a phenyl group, an
5cetoxymethyl group, a pivaloyloxymethyl group, an
ethoxycarbonyl group, a choline group, a dimethylaminoethyl
group, a 5-indanyl group, a phthalidinyl group, a S5-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 capbon atoms or a
phenylalkfl group composed of an alkylene group having 1 to 6
carbon atoms and phenyl group]}. '

The present invention also relates to:

the aforementioned compound, its salt or hydrates
thereof in which a partial structure resulting from the
exclusion of Q from the formula (I) is a stereochemically
pure compound;

the aforementioned compound, its salt or hydrates
thereof in which Q in the fofmula (I) is a compound having a

structure represented by the.follewing formula:




atons, an al kenyl group having 2 to 6 carbon atons, a hal ogenoal kyl group
having 1 to 6 carbon atons, a cyclic alkyl group having 3 to 6 carbon
atons which nay have a substituent, an aryl group which may have a
substituent, a heteroaryl group which may have a substituent, an al koxyl
group having 1 to 6 carbon atons or an al kylam no group having 1 to 6
carbon atons, R6 represents a hydrogen atomor an al kylthio group having 1
to 6 carbon atons, wherein R6 ‘and the aforenenti oned RS may
together fggma cyclic structgre jncluding a part of the nother nucleus,
and the thus formed ring may n a sulfur atom as a ring consituting
atom and the ring may roup having 1 to 6 carbon atoms
as a substituent, Rer ydrogen atom an am no group, a
hydroxyl group, a thiol ogenonet hyl group, an al kyl group
having 1 to 6 carbon ato gﬁoup having 2 to 6 carbon atons,

on &

5

M4

an al kynyl group havi ng to 8 car ons ar an al koxyl group having 1

to 6 carbon atons, R -7-

wherein the am no group nay have one or nore substituent selected fromthe
group consisting of a fornyl group, an alkyl group having 1 to 6 carbon
atons and an acyl group having 2 to 5 carbon atons, X[err] represents a

hal ogen 21 o7 oL 2, VB GSeL Aol Tl SRLSSSIS A0 rogep alamer @
atoms, an alkenyl group having 2 to 6 carbon atoms, a
halogenoalkyl group ha%ing 1 to 6 cafbon atoms, a cyclic
alkyl group having 3 to 6 carbon atoms which may have a
substituent, an aryl group which may have a substituent, a
heteroaryl group which may have a substituent, an 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,

wherein R® and the aforementioned R’ may together

form a cyclic structure including a part of the mother
nucleus, aﬁd the thus formed ring may contain a sulfur atom
as a ring consituting atom, and the ring may also have an
alkyl group having 1 to 6 carbon atoms as a substitueht,
R’ represents a hydrogen atom, an amino group, a hydroxyl
group, a thiﬁl group, a halogenomethyl group, an alkyl group
having 1 to 6 carbon atoms, an élkenyl 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,



(rn) (wherein X2 represents a hydrogen atom an amno group, a hal ogen
atom a cyano group, a hal ogenonethyl group, a hal ogenonmet hoxyl 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, wherein the am no group may have
one or nore substituent selected fromthe group consisting of a fornyl
group, an al kyl group having 1 to 6 carbon atonms and an acyl group having

2 to 5 carbon at Onghe@8€n the amind2g@Bipt hayahavenenl eredhdReLrrl may
together forma cyclic structure including a part of the nother nucleus,

and the tBupstatiedt’ sefef@ydCEitbai Rhan gPewgedcisd@t ihgidf QUEbrnfIom or a
sul fur atomas a ring constituting atom and the ring may al so have an

al kyl grouprbapi,ngnlallky® gaphpnhavdmg 1 to 6 carbon atoms and an acyB-

as a substituent), and Y represents a hydrogen atom a phenyl group, an
acet oxynet gybupr baping Bi tal Sytexbomt Axbmgr,oup, an et hoxycarbonyl group, a
chol i ne group, a dinethylam noethyl group, a 5-indanyl group, a

pht hal i di n¥f xeRYgsents-alhglogen aixem 108-ali kxdtogey| akony| group, a
3-acet oxy- 2- oxobutyl group, an alkyl group having 1 to 6 carbon atons, an
al koxymet hi' XRRXRSeRES Ry RitrxPgeR AR oF odsPaytial structure

represented by the following formula (II):

X?

(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 aﬁ alkdxyl group
having i to 6 carbon atoms,

wherein the amino group may have one or more
substituent 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 the aforementioned R’ may together form a
cyclic structure ihcluding a part of the mother nucléus, and
the thus formed ring may contain an oxygen atom, a nitrogen
atom or a sulfur atom as a ring constituting atom, and the

ring may also have an alkyl group having 1 to 6 carbon atoms



phenyl al kyl group conposed. of an al kyl ene group having 1.to 6 carbon atons

and a phenyl group}; - the aforenentioned conpound, its salt or
hydrates thereof in which Qin-the formula (1) is a conpound having a
structure represented by the follow ng formnul a: [err] {wherein

Rlerr] represents an al kyl group having 1 to 6 carbon atons, an al kenyl
group having 2 to 6 carbon atons, a hal ogenoal kyl group having 1 to 6
carbon atons, a cyclic alkyl group having 3 to 6 carbon atons which nmay
have a subsisi auelibstdrtueny!) ,gamdp whi ch may have a substituent, a

het eroaryl group which may have a substituent, an al koxyl group having 1

to 6 carbonvatrepresents al hyldrogen @tomy a phenyl group, an -9-
having 1 to 6 carbon atons, R6 represents a hydrogen atomor an al kylthio

group havi ngcktoxymethalbgroapene, pivaloylosysedinylR[gsrondp aeh t he

af orenentioned Rerr] may together forma cyclic structure including a
part of the ethorycanbealydugroard eheholdgnef gmowe r igh glimethwdembiineethyd f ur
atom as a ring constituting atom and the ring may also have an _ al kyl
group havi ngreupe @ SaibeandiloddOxP a as phdthalidinyl 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 alkylene group having 1 to 6
carbonlatoms and a phenyl group};

the aforementioned compound, its salt or hydrates
thereof in which Q in the formula (I) is a compound having a

structure represented by the following formula:

{wherein R’ represents an alkyl group having 1 to 6 carbon
atoms, an alkenyl group having 2 to 6 carbon atoms, a
halogenocalkyl group having 1 to 6 carbon atoms, a cyclic
alkyl group having 3 to 6 carbon atoms which méy have a
substituent, an aryl group which may have a substituent, a
heteroaryl group which may have a substituent, an alkoxyl

group having 1 to 6 carbon atoms or an alkylamino group



Rlerr] represents a hydrogen atom an am no group, a hydroxyl group, a

t hi ol group, a hal ogenonet hyl group, an alkyl 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,
wherein the am no group may have one or nore substituent selected fromthe
group consisting of a formyl group, an alkyl group having 1 to 6 carbon
atons and an acyl group having 2 to 5 carbon atons, X[ err] represents a

hal ogen at o af; @y W AP AUR atiie@d ] represents a nitrogen atomor a

partial structure represented by the ?ollomﬁng'fornula (rn): [err]

(wherein x[ ggr epepkenest & ayhrdgeacatahobr ah ATKYA tHitHRrcup HhAGRN 1
atom a cyano group, a hal ogenonet hyl group, a

- 10 - to 6 carbdOGRI¥Et hoxyl group, an alkyl group having 1 to 6
carbon atons, an al kenyl group having 2 to 6 carbon atons, an al kynyl

group having 2 to 6wrdedn Roandothenadbkenghtdoaed RAamapgtdgédhércarbon
at ons, wherein the am no group nay have one or nore substituent

sel ected fr ciodnhan @yl Gtshaitng: dncalddimyla ppotpof avheal hkythgt oup
having 1 to 6 carbon atons and an acyl group having 2 to 5 carbon atons,
and nucleus, and the thus formed ring may contain a sulfur atom
as a ring constituting atom, and the ring may also have an
alkyl group having 1 to 6 carbon atoms as a substituent,
R’ 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 & carbon atoms or
an alkoxyl group having 1 to 6 carbon atoms,
wherein the amino group may have one or more
substituent 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,
X! represents a halogen atom or a hydrogen atom,

Al! represents a nitrogen atom or a partial structure

represented by the following formula (II):

Y

x?

(whérein X? represents a hydrogen atom, an amino group, a

halogen atom, a cyano group, a halogenbmethyl group, a

- 10 -



X2 and the aforenmentioned Rl err] may together forma eyclic structure

i ncluding a part of the nother nucleus, and the thus forned ring may
contain an oxygen atom a nitrogen atomor a sulfur atomas a ring
constituting atom and the ring may al so have an al kyl group having 1 to 6
carbon atons as a substituent), and Y represents a hydrogen atom a
phenyl group, an acetoxynethyl group, a pival oyl oxynethyl group, an

et hoxycar bonyl group, a choline-group, a dinethylam noethyl group, a

5-i ndany| hglogenomethiokxyli droylp ,ganuplkylS-gddayd Hixving 1 to 6 carbon
0x0-1, 3-di oxol -4-yl net hyl group, a 3-acetoxy-2-oxobutyl group, an alkyl
group haviekgms ,t @n6 adkepyd growp, hawving Roxbpnt lndrbprowgtdwes, p 2 to 7
carbon atons or a phenylal kyl group conposed of an al kyl ene group having 1
Lo 6 car BOkyAYSmETaN® Hagiasy? GeolpFatbon atoms R @ aiE Y orEPuD
compound, its salt or hydrates thereof -in which Qin the formula (1) is a
6-carboxyh9Y1nBIGOFG-Q,SﬁﬁpﬁFdﬁﬁpgﬁﬁs):nethyl-7-oxo-7kprrido[1,2,3-
del[1,4]benzoxaziahégé k 252" Bmino grL%%rhay have one or more

substituent 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 ca;boﬁ atoms, and

X? and the aforementioned R’ may together form a

cyclic structure including a part of the mother nucleus, and

the thus formed rihg may contain an oxygen atom, a nitrogen

atom or a sulfur atom as a ring constituting atom, and the

ring may also have an alkyl'group ha&ing 1 to 6 carbon atoms

as a substituent), 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, ah

alkoxymethyl group having 2 to 7 carbon atoms or a

phenylalkyl group composed of an alkylene group having 1 to 6

carbon atoms and a phenyl group};

the aforementioned compound, its salt or hydrates

thereof in which Q in the formula (I) is a 6-carboxy-9-

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

- 11 -




t he af orenmentioned conpound, its salt or hydrates thereof in which Qin
the fornula (1) is a 3-carboxy-6-

fluoro-1-[2-(S)-fluoro-I-(R)-cycl opropyl]-1, 4-di hydro- 8- S
met hoxy- 4- oxoqui nol i n-7-yl group [err] - 12 -
t he aforenentioned conpound, its salt or hydrates thereof in which Qin
the formula (1) is a 5-am no-3-carboxy-
6,8-difluoro-1-[2-(S)-fluoro-1-(R) -cycl opropyl]-1, 4-di hydr o-
4-oxoquinoIkﬁﬂﬁjxu]@@yabﬂgyﬂ'_lg_yl group t he af orenenti oned
conpound, its ‘salt “or hydrates ' '

C O

N
O\_/-k CH,

the aforementioned compound, its salt or hydrates
thereof in which Q in the formula (I) is a 5-amino-3-carboxy-
6-fluoro-1-[2~(8)-fluoro-1-(R)-cyclopropyl]}-1,4-dihydro-8-

methyl-4-oxoquinolin-7-yl group

NH, O ©

N
CH, 25 F

the aforementioned compound, its salt or hydrates
thereof in which Q in the formula (I) is a 3-carboxy-6-
fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]~1,4~dihydro-8-
methoxy-4-oxoquinolin-7-yl group
O O
OH
| ;
N

H,CO % F

- 12 -



thereof in which R err] i-s a hal ogenocycl opropyl group; .. t he

af orenenti oned conpound, its salt or hydrates thereof in which the

hal ogenocycl opropyl group is a 1, 2-cis- hal ogenocycl opropyl group;

the af orenentioned conpound, its salt or hydrates thereof in which the
hal ogenocycl opropyl group is a stereochemcally pure substituent;

t he af orenentioned conpound, its salt or hydrates thereof in which the
hal ogenocycl opropyl group is a (1R 2S)- 2-hal ogenocycl opropyl group;

the af orenentioned ceweoafsirendst Sehéd Ofomyenad $Sitshgaeel okNhyhirglekhe
hal ogen atom of the hal ogenocycl opropyl group 1s a fluorine atom

t he af or ementherecf cimpehiich Qtsnsthé Pormyaa(es ishar 60hmifAowBi-ehrbosy-
conmpound of forrmula (I) is a stereochem cally pure conpound,

- 13 - 6 ,8-difluoro-1-p2a($ pef TudBe{ B- AR) Aoydlbbropgtyellohuvtidhydro-
yl)pyrrolidin-1-yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)- _

cycl opr opyl 14-8exegwimodig=- W, dgroup oxoqui nol i ne- 3-carboxylic acid, its
salt or hydrates thereof; ' '
7-[3-(3-am no-1-fluorocycl opfan¢cy
yl]-6-fluoro-1-[2-(S)-fluorg-12(R

1, 4- di hydr o- 4- oxoqui no -5 a 8 (Sﬂ d, its salt or hydrates
i i NO- |_uor ocycl obut an- 3-
o-1-12-(S)-flfuoro-1-(R)-

t her eof ; 5-am no
“yl)pyrrolidin-1-yl]-6, 8-

-§Xoqupiol i ne- 3- carboxylic acid,

F _' F

cycl opropyl ] -1, 4-di hydr o-

the aforementioned compound, its salt or hydrates
'thereof.in which R’ is a halogenocyclopropyl group;

the aforementioned compound, its salt or hydrates
thereof in which the halogenocyclopropyl group is a 1,2-cis-
halogenocyclopropyl group; .

the aforementioned compound, its salt oxr hydfates
thereof in which the halogenocyclopropyl group is a
stereochemically pure substituent;

the aforementioned compound, its salt or hydrates
thereof in which the_halogenocyclopropyl group is a (1R,2S)-
2-halogenocyclopropyl group; | |

the aforementioned compound, its salt or hydrates
thereof in which the halogen atom of the halogenocycloprbpyl
group is a fluorine atom;

the aforementioned compound, its salt or hydrates
thereof in which the compound of formula (I) is a

stereochemically pure compound;
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Its salt or hydrates thereof;

7-[3-(3-am no-1, 1-di fl uorocycl obut an- 3-yl ) pyrrolidin-

1-yl 3-6-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl ] - 8- net hoxy-

1, 4- di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid, its salt or hydrates

t her eof ; 5-am no-7-[ 3- (3-am no-1, 1-di fl uor ocycl obut an- 3-
yl)pyrrolidin-1-yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-

cycl opropyl ] -8-met hyl -1, 4-di hydr o- 4- oxoqui nol i ne-3-carboxylic acid, its
salt or hydrates Bhemdei-7-[3-(3-amdnphad-Hariddsallesmpasi34 on which
conprises the aforenmentioned conpound, its salt or hydrates thereof as an
active i ngrlggiyertal iatich-1-y1]-6-fAmeoamut- IdA-e jot £ lagerd~ Wh{ R conpri ses t he
af orenenti oned conpound, its salt or hydrates thereof as an active
ingredienmyclopropyl]—B—methyl—l,4-dihydroq4{pkoquinoline-3-carboxy1iﬁhe
ot her objects and advantages of the present invention will be made
appar ent @itche idEs &8l iodh hyshagieass $qereqfEVBODI MENTS FOR CARRYI NG OQUT THE

| NVENTI ON) Each of the substituent groups of the conmpound of the
present inventi on /rdgrdSemddonl flaorgcyale N33Ry pal idimt e
followi ng. __ The suybstjtuents Rl err] and erer],_each is

i ndependedtily 0x E1RPFCsdert Zat(Sh- qﬂﬁﬁﬂ&@ﬂ )G OBF IR bledr R R x ¥
carbary| o 8- HyoBb AL LSO JRYI0 L oS corbon sLare s A ooy
hydrates thereof; '
5-amino-7-[3-(3-amino-1l-fluorocyclobutan-3-
yl)pyrrolidin-1-yl]-6,8-difluoro-1-[2-(S)-fluoxro-1-(R)~
cyclopropyl]-l,4-dihydro-4-éxoquinoline-3—carboxylic acid,
its salt or hydrates thereof; |
7-[3-(3-amino-1,1-difluorocyclobutan-3-yl)pyrrolidin-
1-y1]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl ]-8-methoxy-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid, its:salt or
hydrates thereof;
5-amino—7—[3-(3—amin6-1,l-difluorocyclobutan-B—
vl)pyrrolidin-1-yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-
cyclopropyl]—B—methyl—l,4—dihydro~4—oxoquinoline—3—carboxylic
acid, its salt or hydrates thereof;

a pharmaceutical composition which comprises the
aforementioned compound, its salt or hydrates thereof as an
active ingredient; and |

an antibacterial agent which comprises the
aforementioned compound, its salt or hydrates thereof as an

active ingredient.
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1 to.6 carbon atons (excluding a case in which Rlerr] and Rerr] are both
hydr ogen atons), wherein the al kyl group may have one or nore substituent
selected fromthe group consisting of a hydroxyl group, a hal ogen atom and

an al koxyl group having 1 to 6 carbon atons. . As the hal ogen at om
fluorine or chlorine atomis preferable, and fluorine atomis particularly
preferable. . The al kyl group may be either straight or branched

group having 1 to 6 carbon atons, and its preferred exanples include

met hyl group, ethylTig cbhenosiiPécds Opyd LavaRtagds bEOoPheppregeaup.
The al koxyl group may be either straight or branched group having 1 to 6

car bon at onsnventlioh swplkfire readexappaeenti as| the desboiptignoup and

et hoxyl group. _ The al kylthio group may be either straight or

- 15 - progress®sanched group having 1 to 6 carbon atons, and its
preferred exanples include nethylthio group and ethylthio group.

When an al KEMEQDIMENTSY FOR CARRYENEGa OBEh TRE. RVEMTION)hydr oxyl group as a
substituent, the alkyl group may be either straight or branched form and
the substituting FAThiSh ¥ie Substdtuenbugreaens ppEf BhapFompeupd Phiethe
termnal carbon atomof the al kyl group. Preferred exanples of the  alkyl
group havi ngFaseRt LR RHHPR FRRITAREFE WPRJEIRt FoEmuhddf by LSgP8FFTiRe Aude

hydr oxynet hyl. grou - hydroxyet hyl group and 3- hydroxypropyl group.
Wen an al g?%ugé%évV 1 to 6 carbon atons has a |

The substituents R! and R?, each is independently a
hydrogen'atom; 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 (excluding a case in which R! and R? are
both hydrogen atoms), wherein the alkyl group may have one or
more substituent selected from the group consisting of a
hydroxyl group, a hélogen atom and an alkdxyl group having 1
to 6 carbon atoms.

As the halogen atom, fluorine or chlorine étom is
preferable, and fluorine atom is particularly preferéble.

The alkyl group may be either straight or branched
group having 1 to 6 carbon atoms, and its preferred_examples
include méthyl group, ethyl group, normal propyl group and
isopropyl group.

The alkoxyl'group may be either straight ox branched

© group having 1 to 6 carbon atoms, and its preferred examples
include methoxyl group and ethoxyl group.

The alkylthio group may be either sfraight oxr

- 15 -



hal ogen atom as a substituent, the alkyl group may be either straight or
branched form and fluorine atomis preferable as the 'halogen atom Wth
regard to the nunber of fluorine atons, it nay be any one of from
nono-substitution to perfluoro substitution. Its exanples include
nmonof | uoronet hyl, difluoronethyl, trifluoromethyl, 2,2,2- trifluoroethyl
and the |ike groups. When an al kyl group having 1 to 6 carbon atons
has an al koxyl group as a substituent, each of the alkyl noieties nay be

ei ther straigHcHdd R eddioignl Y @A ta EEiy) amd _aig?%y@féwfe@r oup

Is preferable. Its nore preferred exanples include methoxynethyl group,

et hoxymet hydx s antt ludeTiduhylaitig gt .and ethylhidagesigeristic
feature of the present invention is that one or two fluorine atons are

present on the cycludem yWn alkyl group having 1 to 6 carborlGtoms has a
ring of the formula (1). Particularly preferred exanples of the
conbi nat i orhyafro&fle rgrougn dsRze rsdbs tidiustet a s @lkyWgndupmeapfbe] err] and
Rlerr] is a hydrogen atomand the other one is a fluorine atomand a case
in whi ch baithsir Rtaadlghin®rRbaanched famwr iand ftherssubstitisingonnecti on
when the substituent group Rlerr] and the substituent group Rlerre] are

di fferent fRashtdsdh roxyd (CHrOh MEh Breferaihie Pt rthefeerpinral are
| i nked beconme asynmetric carbons to form isoners, and all of such isoners

are i ncl ud€@naen fEoR &fefthe iadjar ighrPup. Prefergpd gxampigremt gvlrips

rr n rr i
Rlerr] a d;?ﬁ;l]dréﬁgﬂhaéing 1 to 6 carbon atoms substituted with a

hydroxyl group include hydroxymethyl group, 2-hydroxyethyl
group and 3-hydroxypropyl group.

| When an alkyl group having 1 to 6 carbon atoms has a
halogen atom as a substituent, the alkyl group may be either
straight or branched form, and fluorine atom is preferable as
the halbgen atom. With regard to the numberx of_fluorine
atoms, it may be any one of from mono—substitutibn to
perfluoro substitution. Its examples include
monofluoromethyl, difluoromethyl, trifluoromethyl, 2,2,2-
trifluoroethyl and the like groups.

When an alkyl group having 1 to 6 carbon atoms has an
alkoxyl group as a substituent, each of the.alkyl mbieties
may be either straight or branched form,'and an alkoxymethyl
or alkoxyethyl group is preferable. Its more preferred
examples include methoxymethyl.group, ethoxymethyl group and
2-methoxyethyl group.

A characteristic feature of the present invention is

that one or two fluorine atoms are present on the cyclobutyl

- 16 -



i ndependently a hydrogen -atom or an al kyl group having 1.to 6 carbon
atons, wherein the alkyl group may have one or nore substituent selected
fromthe group consisting of a hydroxyl group, a hal ogen atom an

al kylthi 6 group having 1 to 6 carbon atons and an al koxyl group having 1
to 6 carbon atons. The al kyl group may be either straight or
branched group having 1 to 6 carbon atons, and its preferred exanpl es

i ncl ude methyl group, ethyl group, normal propyl group and i sopropyl

group. ring ¥R dgdlgr@up has a hydroxyl group-as a substituent,
the al kyl group may be either straight or branched group having 1 to 6
carbon atons, and tPadtidudetly greferred ExsEiglas o el cdnbniret ton tde
term nal carbon atom of the al kyl group. As the al kyl group having
hydroxyl gfdupndaRyriupludeyiangase hion whivris orfe upf tR' Zrids Rir ékerabl e,

17 - - ' and hydroxynet hyl group, 2-hydroxyethyl group and 3-

hydr oxypr opyiydpogsn atont lkad ithe sthemwmnerisf &f dbluerine atom it arcaskyl
group has a hal ogen atomas a_  substituent, the al kyl group nay be either
strai ght or immhichedoiionf Rivang B’ tares threoinetavems andla thi®rine
atomis preferable as the hal ogen atom Wth regardlto t he nunber of
fluori ne at Geansatign, pdheinthensuds titaaniorirour Jbsandythen sidsgditiiendr o
substitution. Its exanples include_nonofl uoronethyl, difluoronethyl,

trifl uoronetdAuP R'oaye differestosrayl eash PhBerikihgr 6asdon atoms b@nen

an al kyl group has,an alkylthio group as a substituent, the alkyl group
may be eit h&higdy & gandoR® are linked become asymmetric carbons to form

iéomers, and all of such isomers are included in the present
invention.

The substituent groups R® and R%, each is
independently a hydrogen atom or an alkyl group having 1 to 6
carbon atoms, wherein the alkyl group may have one or more
substituent selected from the group consisting of a hydroxyl
group, a halogen atom, an alkylthio group having 1 to 6
carbon atoms and an alkoxyl group having 1 to 6 carbon atoms.

The alkyl group may.be either straight or branched
group having 1 to 6 carbon atoms, and its preferred examples
include methyl group, ethyl group, normal propyl gréup and
isopropyl group.

When an alkyl group has a hydroxyl group as a
substituent, the alkyl group may be either straight or
branched group having 1 to 6 carbon atoms; and the hydroxyl
group may preferably be positioned on the terminal carbon
atom of the alkyl group. As the alkyl group having hydroxyl

group, a group having carbon atoms of up to 3 is preferable,
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branched formhaving 1 to 6 carbon atons and the alkylthio group may al so
be either straight or branched formhaving 1 to 6 carbon atons. As the

al kyl group having an al kylthio group, an al kylthionethyl group, an

al kyl t hi oet hyl group or an alkylthiopropyl group is preferable, and the
alkylthio group may preferably has 1 to 3 carbon atons. Its nore

preferred exanples include nethylthionethyl group, ethylthionethyl group
and net hyl t hi oet hyl group. When an al kyl group has an al koxyl group

as a substandieridroxdymethi! gaioRg) PR hviRR-cdyidiarylstgriuihtari 3-branched form
having 1 to 6 carbon atons and the al koxyl group may al so be either

strai ght omhyarexsipedplydr oty agdl theo 16 kea dyen i preffertdislel kyl group
havi ng an al koxyl group, an al koxynet hyl group, an al koxyet hyl group and
an When an alkyl groh® has a halogen atomx\g® @pyl group are
preferable, and the al koxyl group may preferably has carbon atons of up to

3. Its nostsubsdfidueadt, chempllékyl griouge mayt fhex widther sfmmightetdoxynet hyl
group and methoxyethyl group. The synbol n is an integer of 1 or 2.
Qis a par#ﬁamcéﬁﬁu@F@ﬁ@ hayiagedt &¢ 6y capdoolatemsng arfbranfilaiorine [err]

atom is preferable as the halogen atom. With regard to the
number of fluorine atoms, it may be any one of from mono-
substitution to perfluoro substitution. Its examples include
monofluoromethyl, difluoromethyl, triflﬁoromethyl, 2,2,2-
trifluoroethyl and the like groups.

When an alkyl group has an alkylthio group as a
éubstituent, the alkyl group may be either straight or
branched form having 1 to 6 carbon atoms and the alkylthio
group may also be either straight or branched form having 1
to 6 carbon atoms. As the alkyl group having an alkylthio
group, an alkylthiomethyl group, an alkylthioethyl group or
an alkylthiopropyl group is preferable, and the alkylthio
group may preferably has 1 to 3 carbon atoms. Its more
preferred examples include methylthiomethyl group,
ethylthiomethyl group and methylthioethyl grpup.'

When an alkyl group has an alkoxyl group és a
substituent; the alkyl group may be either straight or
branched form having 1 to 6 carbon atéms and the alkoxyl
group may also be either straight or branched form having 1
to 6 carbon atoms. As the alkyl group having an alkoxyl

group, an alkoxymethyl group, an alkoxyethyl group and an
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In the above fornmula, Alerr] and Alerr], each represents a nitrogen atom
or a carbon atom wherein Alerre] and Alerr] together wth carbon atons to

which they are linked forma partial structure: [err] or a
' 19

partial structure: N _
A condensed heterocyclic partial structure represented by the follow ng

fornul a: [err]
alkoxypropyl group are preferable, and thé alkoxyl group may
preferably has carbon atoms of up to 3. Its most preferred
examples include methoxymethyl group, ethoxymethyl group and
methoxyethyl group. |
The symbol n is an integer of 1 or 2.

Q is a partial structure represented by the following

formula.

In the above formula, A? and A?, each represents a
nitrogen atom or a carbon atom, wherein A? and A® together
with carbon atoms to which they are linked form a partial
structure:

\\ﬁ//
A /C
L

or a partial structure:

\\T//
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is preferred as the structure of Q The substituent R5 is an al kyl
group having 1 to 6 carbon atons, an al kenyl group having 2 to 6 carbon
atons, a hal ogenoal kyl group having 1 to 6 carbon atons, a cyclic alkyl
group having 3 to 6 carbon atons which may have a substituent, an aryl
group which may have a substituent, a heteroaryl group which nmay have a
substituent, an al koxyl group having 1 to 6 carbon atons or an al kyl am no
group having 1 to 6 carbon atons. In this case, ethyl group is

preferabl e as the ajkybnadfed HavbAScyclocbpsatban stedsruasd vinyl group
or 1- isopropenyl group is preferable as the al kenyl group having 2

- 20 - represent&d bbgathenf8l Dowing- Foumadethyl group is preferable as
t he hal ogenoal kyl group having 1 to 6 carbon atons. Cycl opr opyl
group is particularly preferable as the cyclic alkyl group, and a hal ogen
atom particularly fluorine gfomg s preferable as its substituent.
Exanpl es of the aryl group whifch y have a substituent include phenyl or
the |ike group which maxiqav 3 s@B@Ytuents selected fromthe group
consisting for exanple of hl ori ne, brom ne or the |ike hal ogen
atom hydroxyl group, amn , hilfro group, an alkyl group having 1 to
6 carbon atons and an al A R av¥8g 1 to 6 carbon atons, and its
preferred illustrative exanples iifclude phenyl group, 2-fluorophenyl
group, 4-fluorophenyl group, 2,4-Eff|uoropheny| group,
2-f|uoro-4-g¥droxyphenyl -

R 0
h
XN N cooyY
\]f _ B°
RS

is preferred as the structure of Q.

The substituent R’ is an alkyl group having 1 to 6
carbon atoms, an alkenyl group having 2 to'6 carbon atoms, a
halogenoalkyl group having 1 to 6 carbon atoms, a cyclic
alkyl.group having 3 to 6 carbon atoms which may have a
substituent, an aryl group which may have a substituent, a
heteroaryl group which may have a substituent, an alkoxyl
grouplhaving 1 to 6 carbon atoms or an alkylamino group

having 1 to 6 carbon atoms.

In this case, ethyl group is preferable as the alkyl
group having 1 to 6 carbon atoms, and vinyl group or 1-

isopropenyl group is preferable as the alkenyl group having 2

- 20 -



group, 3-am no-4, 6-difluorophenyl group and 4, 6-difluoro-3-

nmet hyl am nophenyl group. The heteroaryl group is a substituent
derived froma five-nmenbered or- si x-nenbered aromatic heterocyclic
compound which contains one or nore hetero-atons selected from nitrogen
atom oxygen atom and sul fur atom Its exanples include pyridyl, pyrimdyl
and the |like groups. As a substituent on these rings, a al kyl group, a

hal ogen atomor the like is preferable. Met hoxyl group is

preferabl e agotéhecatkonyat@hodUp 2 @MdEodthPl bgeenpoisapeaterblibyhanthe
group is preferable as the alkylam no group having 1 to 6 carbon atons.

- 21 - halogenocalkyl grXsup litasithgtlttens &heboh, adomgclic al kyl group
whi ch may have a substituent is preferable, and cycl opropyl group or a

2- hal ogenocycl opr opydyciammpyl pardue uisarparpieibanby epreferable gaethe

hal ogenocycl opropyl group cited as a preferred exanple of the_substituent
Rlerr] is desyelierlvlegzoyp, and a halegemeatomst Pautiaglaalygéhvarane
fluorine atomand _chlorine atomcan be -exenplified, and fluorine atomis
parti cul ar| yatemes eigpeeferable as Aktg hepubser®@@REm cal environment at this
noiety, .it is particularly preferable that the hal ogen atom and the

pyri donecar boxyl i c FoFRRtqt e i3t sglmi‘ﬁbﬁ'%?i‘%yi N2VPedpect of the
CYel 0P Opanc. Sk Pk aers o SHLERL L BB BB R ORI
to 3 substituents selected from the group consisting for
example of fluorine, chlorine, brémine or the like halogen
atom, hydroxyl group, amino group, nitro group, an alkyl
group having 1 to 6 carbon atoms and an alkoxyl group having
1 to 6 caxrbon atoms, and its preferred illustrative examples
include phenyl group, 2-fluorophenyl group, 4-flgorophenyl
group, 2,4-difluorophenyl group, 2—fluoro—4-hydro£yphenyl
group, 3—amino-4,S—difluoiophényl group and 4,6-difluoro-3-
methylaminophenyl group.

The heteroaryl group is a substituent derived from a
five-membered or six-membered aromatic. heterocyclic compound
which contains one or more hetero-atoms selected frbm
nitrogen atom, oxygen atom and sulfur atom. Its examples
include pyridyl, pyrimidyl and the like groups. As a'
substituent on these rings, a alkyl group, a halogen atom or
the like is preferable.

Methoxyl group is preferable as the alkoxyl group

having 1 to 6 carbon atoms. Methylamino group is preferable

as the alkylamino group having 1 to 6 carbon atoms.
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activity and high safety have been observed in all of these isoners.

The substituent R err] is a hydrogen atomor an alkylthio group having 1
to 6 carbon atons, or Rerr] and Rl err] may together form a hydrocarbon
cyclic structure including a part of the nother nucleus (nanely by
including Alerr] to which Rlerr] is linked and the carbon atomto which
Rlerr] is linked). The thus fornmed ring may contain a sulfur atomas a
ring constituting atom and the ring may al so have an al kyl group having 1

to 6 carbon atonspaas theSdRdlitliteRht RI¢ &1 8gci9cbg1k9iMadolipr GhRchMmayhave
a size of fromfour-nmenbered ring to si x- menber ed ring, "and"the ring may

be sat ur at 8veP ¥ ISuddri toint dlsePr@ferable, and cyclopro vl group orZ2 -

unsaturated. Its exanples are shown bel ow. [e (I'n'the above
f or mul ae, Epmmabgaﬁmaydidpmﬁpymmgnﬁuynxy'parﬁﬂdqmarlycpﬁéféﬁﬁb%&err], Y,
X[err] and Rerr] are as defined in the fornula (I).) The

substituent R7 is &heytadggenacyelopropyln@rogpowdtesl msdraopdefmmery a

t hi ol group, a hal ogenonet hyl group, an al kyl group having 1 to 6 carbon

atonms, an &@Reple ofr e Isabsidtrent & casbdasarshed an alelty\nw gr oup

having 2 As the substituting halogen atom, fluorine atom and
chlorine atom can be exemplified, and fluorine atom is
particularly preferable.

As the stereochemical environment at this moiety, it
is particularly preferable that the halogen atom and the
ﬁyridonecgrboxYlic acid moiety are in cis-configuration in
‘respect of the cyclopropane ring.

- So-called antipodé isomers exist solely by the cis-2-
halogenocyciopropyl moiety of R’, and strong antibacterial
activity and high safety have been observed in all of these
isomers.

The substituent_Rﬁ is a hydrogen atom or an alkylthio
group having 1 to 6 carbon atoms, or R’ and R® may together
form a hydrocarbon cyclic structure including a part of the
mother nucleus (namely by including A? to which R’ is linked
and the carbon atom to which R® is linked). The thus formed
ring may coﬁtain a sulfur atom as a ring constituting atom,
and the ring may also have an alkjl group having 1 to 6
carbon atoms as a substituent. The ring to be formed herein

may have a size of from four-membered ring to six-membered

ring, and the ring may be saturated, partially saturated or
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to 6 carbon atons or an al koxyl group having 1 to 6 carbon atons, wherein
the am no group may have one or two substituents selected fromthe group
consisting of a fornyl group, an alkyl group having 1 to 6 carbon atons
and an acyl group having 2 to 6 carbon atons. The al kyl group may
be either straight or branched group having 1 to 6 cafbon atons and its
preferred exanples include nethyl group, ethyl group, normal propyl group
and isopropyl group. The al kenyl group nay be either straight or branched
group havi ngnd @G te Dot WitanPlésd e irrdablpelownyl group. The

al kynyl group may be either straight or branched gr oup haV|ng 2to6
carbon atons and is preferably - 23 -

et hynyl group. Fluogfi negatomis particul arlgy pmgferable as -the hal ogen of
t he hal ogenonet ljyl and its nunbgy fre %éto 3. The al koxyl
group may have ons and~N §b t hoxyl group.

The substituent is preferably hydr ogern} at ”"4 al kyl group or am no

group, of which ﬂ -or unsubs no group i s nore
preferred. PMhen t heesubstituent R €rr] is_.8m no group, hydroxyl
group or thiol group, t groups may be protegted wth wusually used

protective groups. Exanpl es of such pralkgcti ve groups i nclude
tert- butoxycarbonyl, H2 2,2-trjchloroethoxycarbonyl and the |ike
al koxycar bonyl "groups, benzyloxycarbonyl para- net hoxybenzyl oxycarbonyl ,

par a-ni tr obenz g@gc%ogpenyéomu ateh,e R5js Imea { aa'x kﬂy&%é/&gﬁ b&@éﬁn Q£Ogﬂsalkyl

acetyl, net

group, and A', ¥, X! and R’ are as defined in the formula
(1))

The substituent R’ is 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, wherein the amino group may have one or two
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 6 carbon atoms.

The alkyl group may be either straight oxr branched
group having 1 to 6 cerbon atoms and its preferred examples
include methyl group, ethyl group, normal propyl grou? and
isopropyl group. The alkenyl group may be either straight or
branched group having 2 to 6 carbon atoms and is preferably
vinyl group. The alkynyl group may be either straight or

branched group having 2 to 6 carbon atoms and is preferably
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trifluoroacetyl, chloroacetyl, pivaloyl, fornyl, benzoyl and the |ike acyl
groups, tert-butyl, benzyl, para-nitrobenzyl, para-nethoéxybenzyl,
triphenyl methyl and the |ike al kyl or aral kyl groups, nethoxynethyl,
tert-butoxynethyl, tetrahydropyranyl, 2,2,2-trichloroethoxynmethyl and the
like ethers and trinethylsilyl, isopropyldinethylsilyl, tert-

butyl dinmethylsilyl, tribenzylsilyl, tert-butyldiphenylsilyl and the Iike
silyl groups. Conpounds whose substituents are protected with these

protecti veefhphPs gF6upar lFTHbAIhY atéRf U5 parpiediskignpiaferabdeataes.
The substituent” X[err] is a hal ogen atom or hydrogen

- 24 - the halog&hOST thé halogéfieméthyli groupf eanll &tas nuhbelraimagen
~atom Anong these atons, fluorine or hydrogen is preferable as the
substituenbe from 1 tohEn Afkerqlkexpl pgroupl mayr hever @ tepbesamben by t he
following formula (I1), _ (rr)

[err] X[ etohsi and hydpogéerabby) mebhaxihoggeunp, a hal ogen atom a cyano
group, a hal ogenonethyl group, a hangenonethoxyI group, an al kyl group
having 1 to 6 carbBee sswhstiteent Bnyils pryedfigraley fydrage® akehorat ons,
an al kynyl group having 2 to 6 carbon atoms or an al koxyl group having 1
to 6 car bodlkal oGEOURhRF cRRLRPIEPTRe OF oWpiahyMAEIELoHECEP PRO

unsubstituted amino group is more preferred.

When the substituent R’ is amino group, hydroxyl
group or thiol group, theée groups may be protected with
usually used protective groups.

Examples of such protective groups include tert-
butoxycaibonyl, 2,2,2-trichloroethoxycarbonyl and the like
.alkoxycarbonyl groups, benzyldxycarbonyl, para-
methoxybenzyloxycarbonyl, para-nitrobenzyloxycarbonyl and the
like aralkyloxycarbonyl groups, acetyl, methoxyacetyl,
trifluorcacetyl, chloroacetyl, pivaloyl, formyl, benzoyl and
the like acyl groups, tert-butyl, benzyl, para-nitrobenzyl,
parafmethoijenzyl, triphenylmethyl and the like alkyl oxr
aralkyl groups, methoxymethyl, tert-butoxymethyl,
tetrahydropyranyl, 2,2,2-trichloroethoxymethyl and the like
ethers and trimethylsilyl, isopropyldimethylsilyl, tert-
butyldimethylsilyl, tribenzylsilyl, tert-butyldiphenylsilyl
and the like silyl groups. Compounds whose substituents are
protected with these protective groups are particularly
useful as production intermediates.

The substituent X' is a halogen atom or hydrogen
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substituents selected fremthe group consisting of fornyl. group, an alkyl
group having 1 to 6 carbon atons and an acyl group having 2 to 5 carbon

at ons. The al kyl group rmay be either straight or branched group
having 1 to 6 carbon atons and its preferred exanples include nethyl

group, ethyl group, normal propyl group and isopropyl group. The al kenyl
group. may be-either straight or branched group having 2 to 6 carbon atons
and is preferably vinyl group. The al kynyl group may be either straight or
branched gr catporhpavang Plicrtneadtsm bé opefertabbe paef €Eh@bhilogéhyaybmgr oup.
Fluorine atomis particularly preferable as -
25 - Among ttieedwal avigpams of £ Inver ived oope Noydtdbygén gi suprefiedable asnbhe
may be from1l to 3. The al koxyl group may have 1 to 6 carbon atons and is
pref erably reubssdtueptoup. Fluorine atomis particularly preferable as the
hal ogen of the halggﬁgonqthoxyl group, and its nunber may be from1l to 3.
Among these substit s A'jigaRopartamdmstamciiyeg repragenhiedbyaltisy|
group is preferable, and fluorine atom nethyl group or nethoxyl group is
nmore pref er afplowing formypladdft) on, X[ err] and the aforenentioned R err]
may together forma hydrocarbon cyclic structure (size of the ring may be
fromfour-nmenbered ring to seven-nenbered ring, and the ring nay be

saturated, partially saturat or unsaturated) including a part of the
not her nucl eus (nanely includifg the carbon atomto which x[err] is |inked

and Alerr] to which R5 is Iin%xg), and the thus for&Hd ring may contain

X? is 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 étoms or an alkoxyl grouP having 1 to 6 carbon
atoms, wherein the amino group may have one or two
substituents selected from the group consisting of formyl
group, an alkyl group having 1 to 6 carbon atoms and an acyl
group having 2 to 5 carbon atoms.

The alkyl group may be either straight or branched
group having 1 to 6 carbon atoms and its preferred examples
include methyl group, ethyl gréup, normal propyl group and
isopropyl group. The aikenyl group may be either straight oxr
branched group having 2 to 6 carbon atoms and is preferably
vinyl group. The alkynyl group may be either straight ox
branched group having 2 to 6 carbon atoms and is preferébly

ethynyl group. Fluorine atom is particularly preferable as
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oxygen atom nitrogen atomor sulfur atomas a ring constituting atom and
the'ring my al so have an alkyl group .having 1 to 6 carbon atons as a
substituent. Its exanples are shown bel ow. [err] (I'n the above
formul ae, Gis an oxygen atom a sul fur atom or

- 26 - C=0 and Y, Xerr], Rerr] and Rerr] are as defined in
the formula (1).) A structure of the followi ng fornula:, [err]
is-preferable as Q When Qis the just described partial structure
and Alerr] theahRabheal oft tHet Hadogenbhetholmgraup!,! Andd ipjse iRt may

conbi nation of R7 and X[err] is a case in which R7 is an amno group, a
hydr ogen at obe #rbgdooxyl 39r otheoalkoxgllkgirogpompy hawend to & @axdrdion
atons and X[err] is a halogen atom an alkyl group having 1 to 6 carbon
atons, an al kteps gndupshpyefigrablyométbexiydngxpups, I lvardgenatomhdsy|
group or a hydrogen atom A nore preferred conbination is a case
in which R[eppytﬁgularly preferable as'?he alogen of the
halogenomethoxyl group, and its number may be from 1 to 3.

Among these substituents, a halogen atom, an alkyl
group or an alkoxyl group is preferable, and fluorine atom,
methyl group or methoxyl group is more preferable.

In addition, X? and the aforementioned R’ may
together form a hydrocarbon cyclic structure (size of the
ring may be from four-membered ring to seven-membered ring,
and the ring may be saturated, partially saturated or
unsaturated) including a part of the mother nucleus (namely
including the carbon étom to which X? is linked and A? to
which R’ is linked), and the thus formed ring may contain
oxygen atom, nitrogen atom or sulfur atom as a ring
constituting atom, and the ring may also have an alkyl group

having 1 to 6 carbon atoms as a substituent. Its examples

are shown below.

R O
COooY
N
O. _N
7 Nalkyl

(In the above formulae, G is an oXygen atom, a sulfur atom or
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an am no group, a hydrogen atom a hydroxyl group or a methyl group and
X[err] is a fluorine atom a nethyl group, a nethoxyl group, a

di f | uoronet hoxyl group or a hydrogen atom A nost preferred
conbination is a case in which Rerr] is an am no group, a hydrogen atom
a hydroxyl group or a nethyl group and X err] is af luorine atom a

met hyl group or a nethoxyl group. For these R err] and X err]
groups, fluorine atomis preferable as Xerr]. When t he
substituent sp2ferglqand i emel agierNadA9ess ad@ftned| eirthe formula (I).)
-27- I's particularly preferably fluorine atomand X err] iIs
preferably fluorine adorm@fusd &F i fite 346 owing formdlen. Q is a structure
represented by the follow ng formnula: [err] and
Alerr] is a partial structure of t la (11), a preferred conbination
of Rerr] and Xerr] is a ca I n er&%Pbﬁ,an am no group, a

hydr ogen atom a hydroxyl gr )~ p having 1 to 6 carbon

atons and X[ err] is a hal ogen atpm q
atonms, an al koxyl group having N
group or hydrogen atom A nor®Npre
which R7 is 1!15

| group having 1 to 6 carbon
n atons, a hal ogenonet hoxyl
rred conbination is a case in

is preferable as Q.

When Q is the just described partial structure and A!
is a partial structure of the formula (II), a preferred
combination of R’ and X? is a case in which R’ is an amino
group, a hydrogen atom, a hydroxyl group or an alkyl group'
having 1 to 6 carbon atoms and X? is a halogen atom, an alkyl
group having 1 to 6 carbon atoms, an alkoxyl group having 1
to 6 carbon atoms, a halogenomethoxyl group or a hydrogen
atom.

A more preferred combination is a case in which R’ is
an amino group, a hydrogen atom, a hydioxyl group or a methyl
group and X? is a fluorine atom, a methyl group, a methoxyl
group, a difluoromethoxyl group or a hyd;ogen atom.

A most preferred combination is a case in which R’ is
an amino group, a hydrogen atom, a hydroxyl group or a methyl
group and X* is a fluorine atom, a methyl group or a methoxyl
group.

For these R’ and X? groups, fluorine atom is
preferable as X!.

When the substituents X! and X? are halogen atoms, X!
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an anmino group, a hydragen atom a hydroxyl group or a.ethyl group and X2
is a fluorine atom a nethyl group, a nethoxyl group,” a di f1 uor omet hoxyl
group or a hydrogen atom .. A nost preferred conbination is a case
in which Rerr] is an amno group, a hydrogen atom a hydroxyl group or a
met hyl group and X[err] is a fluorine atom a nethyl group or a nethoxyl
group. When the substituents X/ err] .and X[ err] are hal ogen atons,
X1 is particularly preferably a fluorine atomand X err] is preferably a
fluorine atpgn gdreicilHFiyepLéPerably fluorine atom and X? is preferébly
When di astereonmers are present in a conmpound of fornula (1) of the present
i nvention, shtbihes Steh & chlveive v&temopound i s adm nistered to human
and animals, it 1is preferable to adm nister a conpound which conprises a
si'ngl e di ast er eonerWwheihe) tis m "stngtairefrépoepensed by thesfojlewing

di astereoner” as used herein neans not only a casein which it is

conpl etely foomulaomt he other dhaste eoner but also a case in whichit is
in a chemcally pure degree. othe words, it is interpretable that the
ot her di astereonmer may be i uchCO@¥gree that it does not exert
i nfl uences upon physical cons ysi ol ogical activities of the
conpound. Al'so, the tefm "steregchenically pure™ as used herein
nmeans that, when a conpound ts in a plurality of isomer
forms due to the presence of asy trifc cafbon atons, the conpound is
conprised of only one of them The tpfn1"pure" in thls case can al so be
considered in the sanme

and A! is a partial structure of the formula (II),

preferred combination of R’ and X? is-a case in which R’ is an
amino group, a hydrogen atom, a hydroxyl group or an alkyl
group having 1 to 6 carbon atoms and X? is a halogen atom, an
-alkyl group having 1 to 6 carbon atoms, an alkoxyl group
having 1 to 6 carbon atoms, a halogenomethoxyl group or
hydrogen atom. |

A more preferred combination is a case in which R’ is
an amino group, a hydrogen atom, a hydroxyl.group or a methyl
group and X? is a fluorine atom; a methyl group, a methoxyl
group, a difluoromethoxyl group or a hydrogen atom.

A most preferred combination is a case in which R’ is
an amino group, a hydrogen atom, a hydroxyl group or a methyl
group and X? is a fluorine atom, a methyl group or a.methoxyl
group.

When the substituents X' and x? are halogen atoms, X!
is particularly preferably a fluorine atom and X? is

preferably a fluorine atom or a chlorine atom.
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manner as the term "single" described above. The -pyri donecar boxylic
acid derivative of the present invention may be used either inits free
formor as an acid addition salt or a salt of its carboxyl group. Exanples
of the acid addition salt include hydrochloride, sulfate, nitrate,
hydr obr om de, hydroi odi de, phosphate and the like inorganic acid salts, or
acet ate, nethanesul fonate, benzenesul fonate, toluenesul fonate, citrate,

mal eate, fumarate, |actate and the |like organic acid salts.

- 29 - When diaBterEahnieref aa® hpedert QP drtdomisodid hef
inorganic or organic salt, and its illustrative exanples include [ithium
salt, sodi ulcrahila Q@)ass Whes Prdeswirt titerdntdeomn] kaid whsdnl suclal 413,
magnesium salt, calciumsalt and the like alkaline earth nmetal salts,
ammoni um salimveortitve etdmpoamndd ss @dmindstermsdyiaglhoeem rendadntimals, it
tris-(hydroxyl met hyl)am nonet hane salt and the |ike. ~ Also, these
free form da predginabde dal tesimimdsdEin @ armpoutish hich cctgrpfises a
pyridonecarboxylic acid derivative may be present as_ hydrates. On
the other h&iMmgle giasHeseenas i vahe &£absEinghdo8f | CapEisRl @F 2s an
ester is useful as a thesis internediate or a prodrug. For exanple,

al kyl esteré%ﬂ%r?zﬂlas nr@toérferd'l I?&(Q‘gﬂqulheé%qlé} @e%ﬁiﬁ%lwye%t% kil

ot or 1o be WSAT B 35 AOHEYE BT FrsR Ao e, Tihan o ERRRE (1Y he

living body atl%ogiav%afsree%.nf ¥nich it is in a chemically pure degree. In
other wérds, it is interpretable that the ofher diastereomer
may be present in such a degree that it does not exert
influences upon physical constants and physiological
activities of the compound.

Also, the term "stereochemically pure" as used herein
means that, when a compound or the like exists in a plurality
of isomer forms due to the preéence of asymmetric carbon
atoms, the compound is comprised of only one of them. The
term "pure" in this case can also be considered in the same
manner as the term "single" described above.

The pyridonecarboxylic acid derivative of the present
invention may be used either in its free form or as an acid
addition salt or a salt of its carboxyl group. Examples of
the acid addition salt include hydrdchloride, sulfate,
nitrate, hydrobromide, hydroiodide, phosphate and the like
inorganic acid salts, or acetate, methanesulfonate,

benzenesulfonate, toluenesulfonate, citrate, maleate,

fumarate, lactate and the like organic acid salts.
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of carboxylic acid, and its illustrative exanples include acetoxynethyl
ester, pival oyl oxynethyl ester, ethoxycarbonyl ester, choline ester,

di met hyl am noet hyl ester, 5-indanyl ester, phthalidinyl ester, and

5-al kyl - 2- oxo- 1, 3-di oxol -4- ylmethyl ester, 3-acetoxy-2-oxobutyl eater or
the |i ke oxoal kyl ester. The conpound of the present invention
represented by the fornmula (1) can be produced by various nethod, and, in
an preferred exanple of these nmethods, it can be produced for

- 30 - el & s %Aﬁy&fgglr FOUIP R $EPE LEROE CPnbyghAfe or

fol |l ow ng fornula'(lll): r [Wher'ein X[err] is a Substituent

whi ch servesrgégn e | M NGard Olips i BUedt st f¥el0skAfpPéOMin€hAE T DELAL AR
brom ne atom™ substituted or unsubstituted phenyl sul fonyl group or a

substi t ut eds Tt Ynsothinin tsd e, apdydset dmrnydlgrang tiei hgké &dkaBicmeban
atonms, Y[err] is the Y defined in the formula (I) or a boron-containing
substi t uentsakys e seagress ym tdeelf ol daleign feabul and | the likeralkahénei n each
of Y[err] and y[err] is a fluorine atomor an al kyl carbonyl oxy group
havi ng 2 t cardamarahtsakls, amronium salt, or triethylamine salt, N~
methylglucamine salt, tris-(hydroxylmethyl)aminomethane salt
and the like.

Also, these free form, acid addition salts and salts
of carboxyl grou? of the pyridonecarboxylic acid derivative
may be present as hydrates.

On the other hand, a gquinolone derivative whose
carboxylic acid moiety is an ester is useful as a synthesis
intermediate or a prodrug. For example, alkyl esters, benzyl
esters, alkoxyalkyl esters, phenylalkyl esters and phenyl
estefs are useful as synthesis intermediates.

Also, the ester to be used as a prodrug is an ester
which is easily cleaved in the living body to give free form
of carboxylic acid, and its illustrative examples include
acetoxymethyl ester, pivaloyloxymethyl ester, ethoxycarbonyl
ester, choline ester, dimethylaminoethyl.ester, 5-~-indanyl
ester, phthalidinyl ester, and 5-alkyl-2-oxo-1,3-dioxol-4-
vlmethyl ester, 3-acetoxy-2-oxobutyl eater or the like
oxoalkyl ester. |

The compound of the present invention represented by

the formula (I) can be produced by various method, and, in an

preferred example of these methods, it can be produced for
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Rlerr], Rerr], Rerr], Alerr] and Xerr] are as defined .n the formula
(I)], or a conmpound represented by the following formula (V):

R7 0 . [err] : -31- [ wherein
Rlerr], Rerr], Rerr], Alerr] and X err], X err] and Y[err] are as defined
inthe forrmula (111)] to react wwth a conmpound represented by the
followng fornmula (VI [err] [wherein Rlerr] is identical to
the Rlerr] defined in the formula (I) or a protective group of am no
group, and Wﬁ&édpléqﬁyrdlléﬁiﬂq]aaﬂﬁﬁ?ﬁﬂﬁirépmékéﬁﬂ@d b the tellvkangl) ]
or an addition salt thereof. The just described conmpound (VI) can
be obtai ned hforniieXs ofEXX)jng the foll owi ng conpound in which the cyclic
nitrogen atomis protected by a protective group.

~— e -

(11

[whérein X3 is a substituent which serves as a leaving group,
such as fluorine atom, chlorine atom, bromine atoﬁ,
substituted or unsubstituted phenylsulfonyl group or a
substituted or unsubstituted alkylsulfonyl group having 1 to
3 carbon atoms,
Y! is the Y defined in the formula (I) or a boron-containing
substituent represented by the foiiowing formula (IV):

B (i) ¥ (IIV')'W :
(wherein each of Y! and ¥!? is a fluorine atom or an
alkylcarbonyloxy group having 2 to 4 carbon atoms); and
R’, R%, R’, A! and X! are as defined in the formula (I)],

or a compound represented by the following formula (V):

0
1 1
XN~ COOY
"\ : V
X2 AT R® V)
RS
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[err] [In the above formula, Q is a protective group of-amno group, and
Rlerr], Rerr], Rerr], Rerr] and n are as defined in the formula (I).]
The reaction can be carried out-with or without using a solvent. The
solvent to be used in the reaction may be any solvent which is inert under
the reaction conditions, and its - 32 -
illustrative exanples include dinmethyl sulfoxide, pyridine, acetonitrile,
et hanol , chl orof orm di nethyl formam de, dinethyl acetam de,

N- et hyl pyr rehiegeds, Rf etRGhWIL oAbirard xMaérand- vetadwx yduitdefineddin hehe i ke
or a mxture thereof. Preferably, the reaction may be carried out
in the prefesmelalf (a0I349i,d receptor such as an inorganic base or an
organi ¢ base, which includes an alkali nmetal or alkaline earth netal

car bonat e otobireacitowatd er colmpouinke repregenited kxysithec dirpdmdnprformula
triethylamne, pyridine, 1,8- -diazabicycloundecene or the |ike organic
basi ¢ conpodNd) : The reaction can be carried out at a tenperature
of fromroomtenperature to 200[ ergl] Cg2preferably from25 to 150[err]C
The reaction is carried out for a peNsod of from30 mnutes to 48 hours
and conpl etes generally after about mnutes to 2 hours.

Exanpl es of the protecting groups o ¥ no group include those which are
general ly used in this field, & a®tert-butoxycarbonyl, .
2,2,2-trichl oroet hoxycarbonyl and fhe kp)ml koxycar bonyl gggﬁbs,

benzyl oxycar bonyl, para- nethoxybdnzyl _Hbonyl, :

par a- ni t robenzyl oxycar bonyl and th&*

[whe'::ein-R"‘1 is identical to the R?® defined in the formula (I)
or a protective group of amino group, and R!, R?, R* and n are
as defined in the formula (I)] or an addition salt thereof.
The just described compound (VI) can be obtained by
deprotecting the following compound in which the cyclic nitrogen

atom is protected by a protectivé group.

R\ R

AN
N ),
R N‘Q’

[(In the above formula, Q‘ is a protective group of amino
group, and R, R!, R?, R* and n are as defined in the formula
(1).]

The reaction can be carried out with or without using
a solvent. The solvent to be used in the reaction.may be any

solvent which is inert under the reaction conditions, and its
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| i ke aral kyl oxycar bonyl groups, acetyl, nethoxyacetyl, trifluoroacetyl,
chl oroacetyl, pivaloyl, fornyl, benzoyl and the |ike acyl "groups,
tert-butyl, benzyl, para-nitrobenzyl, para-nethoxybenzyl, triphenyl nethyl
and the like alkyl or aralkyl groups, nethoxynethyl, tert-butoxymnethyl,
tetrahydropyranyl,.2,2,2-trichl oroet hoxynethyl and the |ike

- 33 - ethers and trinethylsilyl, isopropyldinethylsilyl, tert-
butyl.dinethylsilyl, tribenzylsilyl, tert-butyldiphenylsilyl and the |ike

silyl grOUpsillustrativ\éh@&a}ﬁan@ Yhenhlie @t F1K a 1FBURRAA ygﬁcgiﬁé), 6

carbon atons, an al koxynethyl group having 2 to~7 carbon ato r

phenyl al kyl geetpnGeraassdethandlyl kH1ere foralp dixndth 1 drmdhidedy bon at ons
and phenyl group, the conpound of interest can be converted into its

corr espondi ndimethg3ykiet amdide ,bN-nietdatlipygriol ideder, artatigidrofulkas) C
condition which is generally enployed for the hydrol ysis of carboxylic
acid esterswater, 3-meWhexyb¥utanpli end $heudtideee cof a melxftormalltthededf. its
conversion into correspondi ng carboxylic acid can be effected by allow ng
the compound (V1) toPrederalmlyh the reppsirs mayl bPp earpiedacat: Hen the
treating it under an acidic or basic condition. . I n addition, when
depr ot ect i onPFESEBERI Pédant RELd: ERESEHGToFUCH: SFc s ASYrandiCedase Ok an
formula (1) can be obtain&%,b rrengvi.ng the protective _group under

appropri ate OFP8R&GuPESRmoWRiFR ELRELUARE 40cokaddom@itad ©F @i&kadddiective

-earth metal carbonate or bicarbonate or the like inorganic
basic compound, or triethylamine, pyridine, 1,8-
diazabicycloundecene or the like organic basic compound.

The reaction can be carried out at a temperature of
from room temperature to 200°C,_pfeferably from 25 to 150°C.
The reaction is carried out for a period of from 30 minutes
to 48 hours and completes generally after about 30 minutes fo
2 hours. ‘

Examples of the protecting groups of maino group
include those which are generally ﬁsed in this field, such as
tert-butoxycarbonyl, 2,2,2—trichloroethoxycarbonyl and the
like alkoxycarbonyl groups, benzyloxycarbonyl, para-
methoxybenzyloxycarbonyl, para-nitrobenzyloxycarbonyl and the
like aralkyloxycarbonyl groups, acetyl, methoxyacetyl,
trifluorcacetyl, chloroacetyl, pivaloyl, formyl, benzoyl and
‘the like acyl groups, tert-butyl, benzyl, para-nitrobenzyl,
para-methoxybenzyl, triphenylmethyl and the like alkyl or
aralkyl groups, methoxymethyl, tert-butoxymethyl, |

tetrahydropyranyl,. 2,2,2-trichloroethoxymethyl and the like
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groups. The conpound of formula (M) can be proeduced by various
nmet hods, and, though not particularly limted, it can be synthesized by a

met hod shown in the reference exanples as a preferred exanpl e. ' The
ci s-2-fluorocycl opropyl am ne conprised of a _ -
34 - single isoner, which is preferable for the synthesis of

the conpound of formula (1) conprised of a single isoner, can be
synt hesi zed for exanple by the nmethod described in JP-A-2- 231475 (the

t er m " JP- Aetierss edchérdimetinydisd 13 , Udeopriopsd d ipédHyaleid Wiapanese- pat ent
application"). Synthesis of the conpound of forrmula (I) conprised of a
singl e i sobetyddimeshydsidydd totibesizyg stilylopttesai-butaclid iptherivel <21y
fl uorocycl opropyl anine derivative obtained in this-manner as the material,
i'n accor daf®d kehlike sddiddodevesi-bed for exanple in JP-A-2- 231475.
Since the conpound gf the present invention has strong antibacteri al
actions, it can be"#€BdYa@nfed AFR AR alkyl (QEORR hawingbbddtest earbahs
rvatives_of agricultural chem cals and food.

and fishes or as re
Wen the c8i Bﬁmdagfai%8xﬁmé§éﬁﬂ_Bﬁ?éﬁth@ﬁipg #sé&@ ds carhadiademsntor e
o "orer or sty AR S0P LbBotnt Sgk AN FartRgrous Heving & i &
Cosnae, 52 Blkh, bbnBrLEB BpLALISBEHRS 0 Bhoollih BY B9RSEL
be converted into its corresponding'carboxylic acid by
treating it undgr an acidic or basic condition which is
generally employed for the hydrolysis of carboxylic acid
esters. |

When Y! is a structure of the formula {IV), its
conversion into corresponding carboxylic acid can be effected
by allowing the compound (VI) to react with the compound
(III) or (V) and then treating it under an acidic or-basic
condition.

In addition, when deprotection is requiréd, the
compound of interest.represented by the formula (I) can be
obtained by removing the protective group under appropriate
procedure known in this field corresponding to the protective
groups. |

The compound of formula (VI) can be produced by
various methods, and, though no£ particularly limited, it can
be synthesized by a method shown in the reference examples as

a preferred example.

The cis-2-fluorocyclopropylamine comprised of a
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kind and size of each animal to be treated and kind and .degree of each
I nfected pat hogeni c bacterium but the dosage may be within the range of
generally from1 ng to 200 ngy, -preferably from5 ng to 100 ny, per 1 kg

body wei ght per day. o The daily dose may be used once a day or by
dividing. it into 2 to 4 doses per day. As occasion demands, the daily
35 - dose may exceed the aforenentioned range. Si nce

t he conpound of the present invention has activity against a broad range

of m croor gaglirsFe WEdRe£AUSE cly a'd Qoise i O61é OfSr i BEasPAtheééisanft £Rat
prevent or alleviate diseases induced by these pathogens.

Il ustrativecupgomeobifdoaaik i @ prebimeissd o fl a ng Dnigbe ghsdmes, otanhbeh
t he conpound of the present invention is effective include those which

bel ong to t heymaress zest afdyy |exaogeles , bibt thes trestdooad sdeyagtibed  fwenDPyA+2-
strept ococcus, enterococcus, pneunococcus, thqose which belong to the genus
Pept ost r ept cthckibs, (e stmi o JR1Rt ramemmed Hsodibn inedhns cani ‘unénswinkdch
belong to the genus Citrobacter, those which belong to the genus Shigella,
Kl ebsi el | a puishek JapanrseRateel aprl iertien YhnusSyEries bpaef ethet hose

whi ch belong to the genus Serratia,. those which be[qggetp t he genus
Proteus, PscéifiRRimd ek rirpmivd, (I Haamrprised ohf2 (eingke QBT WRRRhbe

bel ong L0 4 Ao phcluclobagior, ioss v ch belong go the genus

exanpl es of fﬂ&§¥§¥§%fggf§byré%iﬂ%“éé%&vative 6btained in this. manner as
the material, in acéordance with the method described for
example in JP-A-2-231475.

Since the compound of the present invention has
strong antibacterial actions, it can be used as medicaments
for use in human bodies, animals and fishes oxr as
preservatives of agricultural chemicals and food.

When the compound of the present invention is used as
a medicament for human bodies, its dosage is within the range
of generally from 50 mg to 1 g, preferably from 100 mg to 300
mg, per day per adult. |

Its dosage as a drug for animals varies depending on
the purpose of its administration (healing or prevention),
kind and size of each animal to be treated and kind and
degree of each infected pathogenic bacterium, but the dosage
may be.within the range of geﬂerally from 1 mg to 200 mg,
preferably from 5 mg to 100 mg, per 1 kg body weight per day.

The daily dose may be used once a day or by dividing

it into 2 to 4 doses per -day. As occasion demands, the daily
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by these pathogens include folliculitis, furuncle, carbuncle, erysipelas,
phl egnon, |ynphangitis, felon, subcutaneous abscess, hidradenitis, acne
“congl obata, infectious atheroma, perirectal abscess, mastitis, superficial
secondary infections after injury, burn injury, operative wound and the

| i ke, pharyngitis, acute bronchitis, tonsilitis, chronic

- 36 - bronchitis, bronchiectasis, diffuse bronchiolitis,
secondary infection of chronic respiratory di sease, pneunoni a,

pyel onephri tddse @St iddceed s alfiddemerffiichety tdrige. gonococcal _
urethritis, nonspecific urethritis, cholecystitis, cholangitis, bacillary
dysentery, enteriti $inaeerthee comoexid icf thet padsmmthenvdmeciomrhas
bartholinitis, blepharitis, hordeolum dacryocystitis, tarsadenitis,
corneal ul emtivddly tacaimsdi & bsicagsinange peff imidarnoxganisme rvivicloncause
jaw infection, peritonitis, endocarditis, sepsis, neningitis, skin

i nfecti on amanilpug jiinfectious disgasesnydh ican dergiundreventsoef fecti ve
agai nst vari_ous m croorgani sms whi ch cause infectious diseases in

ani mal s, sudHleyigie digaadeshdrsigad bhdhparemathadens i chi a, Sal nonel | a,
Past eurel | a, Haenophi,l us Baordetella, Sta opl asnma and the

, | us,
like. 1 ust ST Y ESRETRILSs ¢ ){3&1%%%9&5 aﬂ}% erioid
o ectt ous. SEEART SRR Go SRRt EIR) COBERATE G FESRE (T TRECR &

the case of i Ld%ecaalbAGlclu g0l Snost WIS 101dhg 05 S Shei0d

Staphylococcus, Streptococcus pyogens, hemolytic

streptococcus, enterococcus, pneumococcus, those which belong
to the genus Peptostreptococcus, Neisseria gonorrhoeae,
Escherichia coli, those which belong to the genus
Citrobacter, those which belong to the genus Shigella,
Klebsiella pneumoniae, those which belong to the genus.
Enterobacter, those which belong to the genus.Serratiar.those
which belong to the genus Proteus, Pseudomonas aeruginosa,
Haemophilus influenzae, those which belong to the genus |
Acinetobacter, those which belong to the genus Campylobacter,
Chlamydia trachomatis and the like.

Illustrative examples of diseases which are induced
by these pathogens include folliculitis, furuncle, carbuncle,
erysipelas, phlégmon, lymphangitis, felon, subcutaneous
abscess, hidradenitis, acne conglobat§, infectious atheroma,
perirectal abscess, mastitis, superficial secondary
infections after injury, burn injury, operative wound and the

like, pharyngitis, acute bronchitis, tonsilitis, chronic
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~atrophic rhinitis, exudative epiderms, nycoplasma infection and the |ike
in the case of pigs; colibacillosis, salnonellosis, hénorrhagi c sepsis,
nycopl asma i nfection, bovine pleuropneunonia, bovine nmastitis and the |ike
in the case of cattle; colisepsis, salnonella infection, henorrhagic
sepsis, uterine enpyema, cystitis and the like in the case of .

- 37 - dogs; and exudative pleurisy, cystitis, chronic
rhinitis, haenophilus infection, kitten diarrhea, nycoplasma infection

and the |i kgonehtikes;apeonthiattasis, difquth%HﬂdﬁiHBﬂﬂfﬁ,F§éﬂ&ﬂ&ﬂ%¥m
whi ch conprises the conmpound of the present invention can.be prepared by

sel ecti ng dpfeopioat efprhapandti aespdpandiryy diseaaed) pidumdrsid,ati on met hod
and enpl oying generally used various preparation nmethod. Wth regard to

t he dosagepieippephriifiés,anystbdtieri aroptepartdssi, oepihiictymitas t he conpound
of the present invention as its principal agent, tablets, powders,
granul es, gapegresalsyrethsisisgynopspesiificr vregihnitds, afhwderystitis,
suspensions_and the |ike can_be exenplified as oral preparations.
W th regar 8hPdanaiéésioRecidlarynAysenrkgrage ARt exd tignt demine agent, a
20l 12 Mo Bget g e LK IR e cpused LD e arsparaton, and 2
contal et BadenBUE LI Roa8%1 b8, PRERRL AR B SzmE g o Lhe ke
contai ned hfcgr§i88£§tignﬁghggc Enggkgkgtepggigaentitis,

pericoronitis, jaw infection, peritonitis, endocarditis,

sepsis, meningitis, skin infection and the like.

The inventive compound is also effective against
various microorganisms which cause infectious diseases in
animals, such as those which belong to thé genera
Escherichia, Salmonella, Pasteurella, Haemophilus,

Bordetella, Staphylococcus, Mycoplasma and the like.

Illustrative examples of such diseases include
colibacillosis, pullorum disease, avian paratyphoid, avian
cholera,.infectious coryza, staphylococcosis, mycoplasma
infection and the like in the case of birds; éolibacillosis,
salmonellosis, pasfeurellosis, haemophilus infection,
atrophic rhinitis, exudative epidermis, mycoplasma infection
and the like in the case of pigs; colibacillosis,
salmonellosis, hemorrhagic sepsis, mycoplasma infection,
bovine pleuropneumonia, bovine mastitis and the like in the

case of cattle; colisepsis, salmonella infection, hemorrhagic.

sepsis, uterine empyema, cystitis and the like in the case of
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may be contained in the-sane contai ner. Al so, solutions,
suspensi ons, enul sions, ointnents, gels, creans, |otions, sprays and the

| i ke can be exenplified as preparations for external use. . Solid
preparations may contain pharnmaceutically acceptable additives together
with the active conpound and - 38 -

can be prepared for exanple by m xing the conpound with additives
optionally selected fromfillers, extenders, binders, disintegrators,

sol ubi | i zaBbgs; eahﬂnékﬂdaﬁgeétﬁleuﬁDS?f, ea'yagmger;t s hronik e¢dfimig iagent s and
the like. As liquid preparations, utions, suspensions, emnulsions and

t he |i ke chaehephitupl ihfedtivhj chitagncdhtarhea,snypeopliasma dadfeictimmn

enul sifying agent and the |like as additives. Exanpl es of the

met hod foraadnthéslékéngnthhecoapeuqﬂ catsthe present invention to ani mals
include a method in which it is orally adm nistered directly or by m xing
it with feed, a nEh@oantibagtenial prepagetianowhishl gomprises then oral |y
adm nistered directly or by mixing_ it with drinking water or feed and a
met hod i n GRAREAURE Pé Bhﬁ1HF%?%FEdlﬁyeFﬁfﬁﬁtFéﬁ bewPFﬁpﬁéﬁﬁkaﬁﬁo t he
pharnaceutiéﬂ%cgr saratlons for use in 8dn1n|strat|on of the -compound

~of the pre§ nBPBROPH1aLH| REFRATR leﬁn SBEHQ&@goBPlﬁﬁg y into

povae . {alfsndHRLbLAES nREhE SoBPYIELSus i UBRpSRhll 900 Benlhgetl e

For mul'at i op, exaipl £, Ofe RS PGB CULESRY BT £RAT BLLARE FhEnSnBUN LhE! ow

antibacterial preparation which uses the compound of the
present invention as its principal agent, tablets, powders,
granules, capsﬁleé, solutions, syrups, elixirs, oily or
agueous suspensions and the like can be exemplified as oral
preparations.

With reéard to injections, a stabilizing agent, an
antiseptic agent, a solubilizing agent and the like may be
used in the preparation, and a solution which may contain
these auxiliary agents may be contained in a container and
made into a solid preparation by freeze-drying or the like
means to be re-dissolved when used. In addition, a single
dose may be contained in a single container or multiple doses
may be contained in the same container.

Also, solutions, suspensions, emulsions, ointments,
géls, creams, lotions, sprays and the like can be exemplified
as preparations for external use.

Solid preparations may contain pharmaceutically '

acceptable additives together with the active compound and
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Forrmul ati on Exanple 1 (Capsul es): Compound of Inventive Exanple 2

100.0 ny Corn starch ]23.0 ny

CMC cal ci um : 22.5 ny :

- 39 - Hydr oxynet hyl cel | ul ose 3.0 ng
Magnesi um st ear ate 1.5 ny Tot al
150. 0 ny Formul ati on Exanple 2 (Sol utions): . Compound of

| nventive Exanple 2 ' 1-10g¢g . Acetic acid or sodium
hydroxi de can be pEepared gor exampleEbRymisdmay HHE GomMpiaEREtE th

0.1 g Purified water ' 87.9 - 98.4 a

Tot al additives optionally selecied drom Fdllelrat, extemigdss, 3 (Powders
for mxing with feed): Compound of- I nventive Exanple 2 1
- 10 g ‘binderggr disdategrators, solubilization emdfnring%dernts,

Li ght anhydrous silicic acid . ) 0.5 a ' Tot a

100 g  BRSTSERBEPOVESPSLFORIEARRYRRCNQURIEHES| RUENEREN1ike. As Exanpl es
of the pregent .invention are given bel ow by way of illustration and not by
way of IiniﬂgPFGnPreREFéFéﬂE§'E§8%BFé°¥§l suspensions, emulsions and

the like can be exemplified, which may contain a suspending
agent, an emulsifying agent and the like as additives.
Examples of the method for administering the compound
of the present invention to animals include a method in which
it is orally administered directly or by mixing it with feed,
a method in which it is made into a solution and then orally
administered directly or by mixing it with drinking water or
feed and a method in which it is administered by injection.
With regard to the pharmaceutical preparations for use in the
administration of the compound of the present invention to
animals, it can be made optionally into powders, fine
subtilaes, soluble powders, syrups, solutions or injections
making use of the techniques generally used in this field.
Formulation examples of the pharméceutical

preparations are shown below.

Formulation Example 1 (Capsules):

Compound of Inventive Example 2 100.0 mg
Corn starch 23.0 mg
CMC calcium 22.5 mg
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1- Benzyl oxy- 3- (tert-butexycar bonyl am no) - 3- |soanyloxycarbonylcyclobutane
A 46.70 g (145.8 mmol ) portion of 1-benzyl oxy- 3-

i soamyl oxycar bonyl cycl obut ane-3-carboxylic acid was dissolved ‘in 750 m of
tertiary butanol to which, while cooling in an

- 40 - ice bath with stirring, were subsequently added 34.55 m
(160. 3 nmol ) of di phenyl phosphory azide and 44.70 m (320.7 mol) of
triethylanmine in that order. After 10 minutes of stirring at the sane
tenperature, the imBeidwivnetdsrldeisldhitibseand the reaction m 3toragwas
stirred at room tenperature for 2 hours. After 8 hours of heating under
reflux, the sol veMe G uny 3 ) : ] 3 iced : Thereafter,

t he resultlng resi due was purlfled by a silica gel col um chronatography
to give 45.28 g (79.4% offotied title conpound. [err]H NMRSQCDCREerr])
[err]: 0.91 (3 H d, J =6.8Hz), 0.92 (3 H d, J =6.8 Hz), 1.43 (9 H
s), 1.48 - 1.57 (2 H m, 1.63 - 1.71 (1 H m, 2.23 - 2.38 (1 H m, 2.39
- 252 (1 H mM, 255 - 269 (1 H.m, 2.82 - 2.93 (1 H mM, 4.09 - 4.28
(3 H, m, Eormylation Exampley? ($Hy¥ions): 5 12 (0.5 H brs), 7.28 -
7.36 (5 H m.

1- Benzyl oxy- 3- (teﬁoerence Eﬁ%ﬁ"&rﬁvﬁwpolﬁjt%ne 3- catboxyPi g acid
A 45, 28 115.7 L. f 1:.b
(tert-bu?o§<ycarbo%N/':rﬁn‘:’e;:??'lcpOr ??85 en@éé%%%ﬁ%%@lobutang SwasZdPssol ved

in 300 m of methaagl st QM ¢Ra MU re LA dd9 0.1 g
' Purified water - 87.9 - 98.4 q -
Total 100 g

Formulation Example 3 (Powders for mixing with feed):

Compound of Inventive Example 2 1-10g
Corn starch 98.5 - 89.5 g
Light anhydrous silicic acid 0.5 g

Total : ' 100 g

BEST EMBODIMENTS FOR CARRYING OUT THE INVENTION

Examples of the present invention are given below by
way of illustration and not by way of limitation.
Reference Example 1:

1-Benzyloxy-3- (tert-butoxycarbonylamino)-3-

isoamyloxyvcarbonvlcvclobutane

A 46.70 g (145.8 mmol) portion of l-benzyloxy-3-
isoamyloxycarbonylcyclobutane-3-carboxylic acid was dissolved

in 750 ml of tertiary butanol to which, while cooling in an

- 40 -



in an ice bath with stirring, was subsequently added dropw se 127 mi
(127.2 nmmol) of 1 N sodium hydroxide in 10 minutes. After 10 minutes of
stirring, the ice bath was detached and the reaction m xture was stirred
at roomtenperature for 5 hours. This was m xed with 200 mM of water, and
met hanol was - 41 - evapor at ed

under a reduced pressure. The thus obtained residue was m xed with ether
to effect separation of layers, the resulting aqueous |ayer was extracted
wi t h di et hiteebhth, withdstherénger weagesubassqaetitdiyt eddeid 34vdeml The
aqueous |layers were conbined, acidified with 10%citric acid while
cool i ng i n(3A0i dempalh @ftHiphenyilnghasphohyn agiided amidt 44 .§0hwll {S2MmtE to
effect separation of |ayers. The resulting organic |ayer was washed wth
sat ur at ed BRPA, cinBrigehyiauéngsinafhatuwasdenrt hdftext A médmtiesh ot hyl
acetate. The, otganic | ayers were conbi ned, dried over anhydrous sodi um
sul fate an8tthEAlf| fteFBE, SaME tRBPEBRVERE r whkBeed§F0PaLtE] Wagh detaghestuced
pressure tQ gigg 37.24 g quan##tative) of. taf title conpound. This
compound wAB9UEBE FRECHECPOTEBWIRG wWREaSELGReW flodPOoPutPmPEXatyxe for
Ref er ence 3: y .
3-[1-benzyF§§§ﬁ%g(te%FE%%t xYRAFBoRE| BRRRHETE, BREEH: XRT1ux, the solvent
3-vl]-3-0 oRj 3 ( ) partiqn of
1-benzy|oi@gé-Qb%?g%gF%ﬁt%Q?%ﬁf%o%?ﬁéﬁgﬁo§%§%%gg§?ang£§;83%68%yIF@ehcid was
di ssol ved {8s39PifY PEsighsahydr opyhich, 1 vhLl caghi in an ice
bath with stTe'rri;erié,ﬂ,J Pesiaht 20?%%%53‘3& bPachi1tlh! Ge1°281LAR

chromatography to give 45.28 g .(79.4%) of the title compound.

'H-NMR (CDCl;) &: 0.91 (3 H, d, J = 6.8 Hz), 0.92 (3 H, d, J

= 6.8 Hz), 1.43 (9 H, s), 1.48 - 1.57 (2 H, m), 1.63 - 1.71

(1 H, m), 2.23 - 2.38 (1 H, m), 2.39 - 2.52 (1 H, m), 2.55 -

2.69 (1 H, m), 2.82 - 2.93 (1 H, m), 4.09 - 4.28 (3 H, m),

4.44 (2 H, s), 4.92 (0.5 H, brs), 5.12 (0.5 H, brs), 7.28 -

7.36 (5 H, m).

Reference Example 2:

l—Benzyloxy—3-(tert—butoxycarbonzlamino)cxclobutane—3—
carboxylic acid '
A 45.28 g (115.7 mmol) portion of 1—benzyloxy-3—'

(tertfbutoxycarbonylamino)—3-isoamyloxycarbonylcyclobutane
was dissolved in 300 ml of methanol to which, while cooling
in an ice bath with stirring, was subsequently added dropwise
127 ml (127.2 mmol) of 1 N sodium hydroxide in 10 minutes.
After 10 minutes of stirring, the ice bath was detached and
the reaction mixture was stirred at room temperature for S

hours. This was mixed with 200 ml of water, and methanol was
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(127.2 mol ) of N, N-carbonyl diim dazole. After 10 mnutes of stirring, the
ice bath was detached and the reaction mxture was stirred at room
tenperature for 3 hours. To the reaction solution which was cooled in an
ice bath with stirring was added dropwi se 200 m "of tetrahydrofuran

sol ution cont ai ni ng - 42 - 36. 45
g (127.2 mol ) of magnesi um et hyl mal onate. After 1 hour of stirring, the

i ce bath was detached, and the reaction mxture was stirred at room

t enper at ur evapordtdiburmieWd Ireduwsal iprpssure. | CEhdatiusv oibtasinedi ng, the
reaction mxture was mxed with 10%citric acid aqueous solution and then
with ethylrexishs evas dfxfest twisdpathentofefigat ssepahtien ofslayeny,
organi c | ayer was washed with saturated sodi um bicarbonate aqueous :
sol ution. THe crepulittingagqueges flaverwasyerarahed Chthrdiethy!iatheniter
extraction of the aqueous |ayer wth ethyl acetate, the organic |ayers
were conbi R R eFhesy 1AHET a6 AR TR U B Iaker - ATTRP 29YPePREi on,

Lhe solvert, vas.euaho s od under & Ledicer BISSHe andife, [esdiing
(95,00 Of 439 LA Ly Somaur e P S, B o en Bl Wlxea wien
ISR SN S o A Sl T ETERL) U101 £h0)
0x0pr o8| Ntk spl VAL VAR ol I fila M Shena ke <00l 1o
aqueous layer was further extracted with ethyl acetate. The
organic layers were combined, dried over anhydrous sodium' |
sulfate and then filtered, and the solvent was evaporated
under a réduced pressure to give 37.24 g (gquantitative) of
the title compound. This compound was used in the following

reaction without purification.

Reference Example 3:

Ethyl 3-[l-benzyloxy-3-(tert-butoxycarbonylamino)cyclobutan-
3-yl]-3-oxopropionate

A 37.24 g (115.7 mmol) portion of l—beﬂzyloxy—B—
(tertébutoxycarbonylamino)cyclobutané—B—carboxylic acid was
dissolved in 300 ml of tetrahydrofuran to which, while
cooling in an ice bath with stirring, was added 20.63 g
(127.2 mmol) of N,N-carbonyidiimidazole. After 10 minutes of
stirring, the ice bath was detached and the reaction mixture
was stirred at room temperature for 3 hours. To the reaction
solution which was cooled in an ice bath with stirring was

added dropwise 200 ml of tetrahydrofuran solution containing
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added 1.617 g (42.75 mol) of sodiumtetrahydroborate in five portions.
After 10 minutes of stirring at the sanme tenperature, to this was
gradual | y added saturated anmoni um chl ori de aqueous sol ution. After
evaporation of nmethanol wunder a reduced pressure, ethyl acetate was added
to the thus ' - 43 - _ obt ai ned
residue to effect separation of |layers. The resulting organic |ayer was
washed with saturated brine, and the aqueous |ayer was extracted with

et hyl acet§$e4sTae§19799nmﬁoi Y8f Sm¥Bhés LanbeRg1ARdokied OXeEeanhydrous
.sodium sulfate. Arter filtration, the solvent was evaporated under a
reduced prresHrefagtithengpsthéi NgerBatHURava8epHEheligdald theSirbhcd i)
col um chromat ography to give 35.61 g (91.2% of the title compound.
Ref er ence iketite was &tbhyred B3t 3rodn- bempgrakyrad- foer 10 hours. While

but oxycar bonyl am no) cycl obut an- 3-yl ] acryl ate A 35.61 g (90.50 nmol)
portion ofcethimg3ifilan ice bath with stirring, the reaction mixture
benzyl oxy-3-(tert-butoxycar bonyl am no)cycl obut an-3-yl]-3-

hydr oxypr ope®raiseda¥ith si0% vedtric 280id] agreagnehfolshidoRapad themphwiith
while cooling in an ice bath with stirring, were_. subsequently added 9. 050
nm (116.9 #&pY) arehatpaheseffany| separatien aﬁdleyeya,nﬁn@23¥92 mmol ) of
triethylamne jn that order, After 2 hours of stirring, tq this was added
30.60 M ¥oRRlBiNgoPTIRRiG Lo¥BT YR otRTRee withs paFutakst, SBAIGY j [ ng,

the ice bath s def ached and thﬁ {eactiqghnixture. m?s stirredfatt oom
t enper at ur 2TFIFPIALT BAVGHRF SS20BFTAY-  Fhe organic layer was iurther

washed with saturated brine. After extraction of the aqueous
layer with ethyl acetate, the organic layers were combined
and dried.over anhydrous sodium sulfate. After filtration,
the solvent was evaporated under a redﬁced pressure and the
resulting residue was purified by a silica gel column
chromatography to give 38.84 g (85.8B%) of the title compound.

Reference Example 4:

Ethyl 3-r1—benzvloxv—31jtert—butoxvcafbonvlamino1cvclobutan—
3-yl]1-3-hvdroxypropionate

A 38.84 g (99.22 mmol) portion of ethyl 3-[1-
benzyloxy—3;(tert—butokycérbonylamino)Cyclobutan—3-yl]—3-
oxopropionate was dissolved in 300 ml of methanol to which,
while cooling in an ice bath with stirring, was subsequently
added 1.617 g (42.75 mmol) of sodium tetrahydroborate in five
portions. After 10 minutes of stirring af the same
temperature,. to this was gradually added saturated ammonium
chloride aqueous solution. After evaporation of methanol

under a reduced pressure, ethyl acetate was added to the thus
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in an ice bath with stirring, this was mxed with saturated ammonium

chl ori de aqueous soluti'on and then with ethyl acetate to effect separation
of layers. The resulting organic |ayer was washed with 10%citric acid
aqueous solution and then with saturated brine. After extraction of

- 44 - t he aqueous layer with ethyl acetate, the organic |ayer
was dried over anhydrous sodiumsulfate. After filtration, the solvent
was evaporated under a reduced pressure and the resulting residue was
purified bpb&ainkdcaegdébdueoktoneffebtosepagadrlon of diayerl. 0The (91. 4% of
the title conmpound. [err]HNWR (CDC[err]) [err]: 1.25 - 1.30 (3 H m,
1.42 (4.5 Hesulting4®rganis Rayey, was2fashedlwith Hatmratadbring,7Ard® H,
m, 4.01 - 4.05 (0.5 H m, 4.07. - 4.27 (2.5 H m, 4.48. (2 H s), 4.81
(0.5 H, s)the equeous maysrsyaSSexgrectsdeiah Sthyls agetigte. 5188 (0.5 H
d J =155 Hz), 6.98 (0.5 H d, J =155 Hz), 7.02 (0.5 H d, J =15.5
Hz), 7.27 ©OrgaBéc(3apers) werrefembaBedrragpixied omexyanhydrous sodium
3-[1- benzvlox%GS (tert-butaoxycarbonyl am no) cycl obut an-

3-vyl

] - 4- ni BRABAESnoafEter filtragisgh,okhg 6§ V?9tnﬁﬁﬁ)%&iﬂﬂﬁi#%§ WQQﬂH
E)-3-11- b tert-but b I but 3- | at
&aé dlssoleeggéﬁcgéopﬁﬁ $£ﬁ|F%Sﬁé%%g%&gggt%ﬁbgﬁég gﬁgﬁégéﬂ ﬁdxf%? |2ee
bath with st : ) tl dd d I
of i azabi By BitRAe T O LA F RTOAF RAFEE™S: T8 Breng > e d dS IDAT s
det ached apglg %legegghbggnglxture was stlrred at roomtenperature for 1

Reference Example 5:
Ethyl (E)-3-[l-benzyloxy-3-(tert-

butoxycarbonylamino)cyclobutan-3~yljacrylate
A 35.61 g (90.50 mmol) portion of ethyl 3-[1-

beﬁzyloxy-3-(tert-butoxycarbonylamino)cyclobutan-3—yl]-3—
hydroxypropionate was dissolved in 200 ml of dichloromethane_
to which, while cooling in an ice bath with sfirring, were
subsequently added 9.050 ml (116.9 mmol) of methanesulfonyl
chloride and 37.24 ml (267.2 mmol) of triethylamine in that
order. After 2 hours of stirring, to this was added 30.60 ml
(204.6 mmol) of diazabicycloundecene. After 1 hour of
stirring, the ice bath was detached and the reaction nmixture
was stirred at room temperature for 2 hours. While cooling |
in an ice bath with stirring, this was mixed with saturated
ammonium chlofide aqueous solution and then with ethyl
acetate to effect separation of layers. The resulting
organic layer was washed with 10% citric acid aqueous

solution and then with saturated brine. After extraction of

- 44_



hour. Wile cooling in.an ice bath with stirring, the -reaction solution
was acidified by gradually adding 10% .citric acid aqueous solution and
then mi xed with ethyl acetate-to effect separation of |ayers. The
resulting organic |layer was washed with saturated sodi um bi carbonate

- 45 aqueous solution and then with saturated brine. The
aqueous Iayer was extracted wth ethyl acetate, and the organic |ayer was
dri ed over anhydrous sodiumsulfate. After filtration, the solvent was
evapor at ed. ¢islefquie sl UGS PRESITEL il Glodtatd, 12hd 69§aﬁ% Déyéhewhit! e
conpound. This conpound was used in the follomnng reaction mnt%out

puri ficat i driedRedwse ahydeons esodium sulfate. After filtration, the ™ .
4-11-Benzyl oxy- 3-(tert-but oxycarbonyl am no) cycl obutan-3-yl]- 2- pyrrolldone
A 35.12 g (sdlvEntmwdsg @apoxated widext @B-Feéduced pressure and the

benzyl oxy-3-(tert-but oxycarbonyl am no) cycl obut an- 3-yl ] -4- nltrobutanpape _

was di ssol uebuktizoy resighuetwism@unididd dy a unilkicangal noeltmne of
nitrogen, was subsequently added 50 mi of Raney nickel. After replacing
the at mspm@mﬁwrw Seergivanisl Wik @t (3} A hto50tke it lorcompound. |
After coollng in an ice bath, the reaction solution was filtered through
celite and ‘HrBMR; KEDEAs )\ et %ﬁ%5evabo3%té% %nd@)ral £2d(fed Bre83urd.-4

Thereafter, the resulting residue was purified by a S|I|cah&el col um

chi omat ogr affhy® tHy dive 20253 4 370 BH ) At h% A7 tt 2 cbtpbtnd; mRef &rBlice
Bxample 8: _ 4 05 (0.5 H, m), 4.07 - 4.27 (2.5 H, m), 4.48 (2 H, s),

4.81 (0.5 H, s), 4.94 (0.5 H, brs), 5.79 (0.5 H, d, J = 15.5.

.Hz), 5.86 (0.5 H, d, J = 15.5 Hz), 6.98 (0.5 H, d, J = 15.5
Hz), 7.02 (0.5 H, d, J = 15.5 Hz), 7.27 - 7.36 (5 H, m).
Reference Example 6:

. Ethyl 3—[l—benzzloxy—3f(tert—butoxycarbonz}amino)czc;obutan-
3-yil)]-4-nitrobutanoate
A 31.07 g (82.75 mmol) portion of ethyl (E)-3-[1-"

benzyloxy-3-(tert-butoxycarbonylamino)cyclobutan-3-
'yl]acryiate was dissolved in 300 mi of nitromethane to which,
while cooling in an ice bath with stirring, was subsequently-
added dropwise 13.37 ml (82.75 mmol) of diazabicycloundecene.
After 10 minutes of stirring, the ice bath was detached and
the reaction mixture.was stirred at room temperature for i
hour. While cooling in an ice bath with stirring, the
reaction solution was acidified by gradually adding 10%

citric acid aqueous solution and then ﬁixed with ethyl

acetate to effect separation of layers.  The resulting

organic layer was washed with saturated sodium bicarbonate
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| - Benzyl - 4- [ 1-benzyl oxy-3-(tert- . ' .

but oxycar bonyl am no) cycl obut an- 3-yl ] - 2- pyrrol i done A 20.53 g (56.96
mol ) portion of 4-[1-benzyl oxy-3-
(tert-butoxycarbonyl am no) cycl obut an-3-yl]-2-pyrrolidone was dissolved in
a m xed solvent consisting of 200 m of _ - 46
- di net hyl formam de and 60 ml of tetrahydrofuran, and to the
resulting solution which was cooled in an ice bath and stirred was
subsequentdgneatdedad ilion (@l thamwhkiitdf sEX%reasost brirnelr i drheyragusdhy .
After 10 minutes of stirring, the ice bath was detached and the reaction
m xt ure wdeysn wesd etracd@d twarbie redihyrle dastateholand Whe eomgamiaglayenan
ice bath wth stirring, 7.21 m (62.7 nmmol) of benzyl chloride was added
dr opwi se wasr erd.eda ey erh @nhysiyiotisn goddamn isord katies | Aftesmststtraeibnor 1
hour at the sanme tenperature and then for 12 hours at roomtenperature.
Water was tAgdé@lventhaass eyeposrtes wnder whiraduged arsssnye ¥ g bat h
and stirred, and then separation of |ayers was effected by adding ethyl
acetate. Be h& (Sdpdtat &F FhGatiiclenFOmMRRINdn s TS FIMPRL S bri ne,
and the aqueous Iaﬁer#%ﬁé.extracted ,mnth.ﬁ%? H:acet, e. The organic | ayer

was dri ed iny OXF R METt Qe W AYEF RGO he sol vent  was
evapor at e der a reduced pressure and the resulting residue was purified
y a sili omdt ography to give 18.00 g (70.1% of the title
by o s || REFRIENCE) ERRENR L ogr aphy 1o o Fhe it
compound gs 13 _Lcd dhaskerneqy Yifea cHRGKAASIS ) N dilieS, 004 8 ned
title co 0 a srirca ger cotanm chironatography

to 2-pyrrolidone

A 35.12 g (80.46 mmol) portion of ethyl 3-[1-
-benzyloxy—3—(£ert-butoxycarbonylaminojcyclobutan-3-fl]—4;
nitrobutanoate was dissolved.in 700 ml of ethanol to whiéh,
_under an atmosphere of nitrogen, was subsequently added 50 ml
of Raney nickel. After replacing the atmosphere with
hydrogen, this was stirred at 50°C for 5 hours. After
cooling in an ice bath, the reaction solution was filtered
through'celite and then the solvent was -evaporated under a
reduced pressure. Thereafter, the resulting residue was
purified by'a silica gel column chromatography to give 20.53
g (70.8%) of the fitle compound. |
Reference Example 8:
1-Benzyl-4-[1-benzyvloxy-3-(tert—

butoxycarbonylamino)cyclobutan-3-yl 1-2-pyvrrolidone
A 20.53 g (56.96 mmol) portion of 4—[1-benzyloxy—3—

(tert-butoxycarbonylamino)cyclobutan-3-yl}-2-pyxrrolidone was

dissolved in a mixed solvent consisting of 200 ml of
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Separate it into diastereoisoners A and B, and the follow ng reaction was

carried out using the Isoner B. Isonmer A [err]H-NWR (CDCl [err]) [err]:
1.41 (9 H s), 1.93 - 2.04 (2 H m, 2.30- 2.52 (4H m, 2.92 - 3.08 (1
H m, 3.10 - 3.18 (1 H m, - - 47 -

3.18 - 3.27 (1H, m, 4.10 - 4.08 (1H, m, 4.34 (1H d, J = 14.6 Hz), 4.36
(2 H s), 452 (1H d, J=14.6 Hz), 4.63 (1 H, s), 7.21 - 7.36 (10 H,
m. Isomer B [err]HNWR (CDC[err]) [err]: 1.40 (9 H, s), 2.10 - 2.17 (1

H m, 2.213ime#hpTfo2ndhnidd, ard460-m2. 6 tétHah$liroZufln, dn80tblthHe M,
3.08 - 3.20 (1 H" M, 3.20 - 3.28 (1H m, 3.74 - 3.83 (1H m, 4.33 (1H,
d, J = 14. 6réBnlting /sé¢Putios)whiich2wéd tboled dn=ahdibeHbathd4ard (1 H, s),
7.21 - 7.35 (10 HL m. Reference Exanple 9:

1- Benzyl - 4-$Biftted twhsit sulyseqbenyl pnadded 12 h§lir gxy62clolbmban- of 60%
3-yl]-2-pyrrolidone (lsonmer B) A 4.86 g (10.8 nmmol ) portion of

1- benzyl - 4- $ddiuhemydt iy - grddeallyut okfterbdfyhnannhescoél sbaranng- yithe?-
pyrrolidone (Isoner B) was dissolved in 140 ml of ethanol, and the

sol uti on wakceiRath\was detpehedanddiien readebiPicmbrtursr yas shizrest aknd
subjected to 1 hour of catalytic_ reduction under a_hydrogen pressure of 3
at nospher es<@PM teRRFatRFRRX | brhewr i giihiles eeplivgodnl apf iFRePakbal yst
by filtration, the sol vent s evaporated and the res Ith .resi due was

purified by"ht i?F%%Fﬁ%?cht%ﬁﬁm%hf Ydﬁ?ﬁihy0 oPeHFEY E.é%rgde was

(quantltatlgggegfdégg%iéélghg§g qugﬁd the resulting reaction solution

was stirred ior 1 hour at the same temperature and then for
12 hours at room temperature. Water was added to the
reaction solution which was cooled in an ice bath and
stirred, and then separation of layers was effected by adding
ethyl acetate. The thus-separated organic layer ﬁas washed
with saturated brine, and the aqueous layer was extracted
with éthyl acetate. The organic layer was dried over
anhydrous sodium sulfate. After filtration, the soivent was
evaporated under a reduced pressure and the resulting residue
was purified by a silica gel column chromatograpﬁy to give
.18.00 g (70.1%) of the title compound as a 1l:1 diastereomer
mixture. Thereafter, the thus.obtained title compound was
again subjected to a silica gel column chromatography to
separate it into diastereoisomers A and'B, and the following
reaction was carried out using the Isomei B.

Isomexr A

'H-NMR (CDC1l,) &: 1.41 (9 H, s), 1.93 - 2.04 (2 H, m), 2.30 -

2.52 (4 H, m), 2.92 - 3.08 (1 H, m), 3.10 - 3.18 (1 H, m),
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Thereafter, optical resolution of Isoners Bl and B2 as enantioners
originated fromthe pyrrolidine 4 position asymmetric carbon atom of the
t hus obtai ned conmpound was carried out by HPLC under the foll ow ng

condi ti ons. - 48 - HPLC
condi tions Columm: DAICEL CH RALPACK AD 20 x 250 mm Mbbil e phase:
hexane: ethanol = 1:1 Flowrate: 15 m/mn Tenperature: roomtenperature

Detection: W (254 nm [err]HNWR (CDCl[err]) [err]: 1.42 (9 H, s), 2.23 -

2.42 (3 H m,18.453:2745%( 4} 40103-03.083(ﬂ6H(1m?:‘é m43§23n; 4,33 €1
H m, 3.97 - 4.07 (1 H nm, 438 (1 H d J =147 H), 449 (1 H d, J

14.7 Hz), 4.78.4 1Y, s4.36.04 H, sBp 455H (1H, ®efegrence.Exagpleqald3 (1
1- Benzyl -4- [3-(tert-butoxycarbonyl am no)-1-fl uorocycl obut an-
3-yl]-2-pyrrw) islpne? (2Bone? . ) (10 H, m).A 1.79 g (4.96 nmmol) portion of

| - benzyl -4-[3-(tert-

but oxycar bonisememd - 1- hydr oxycycl obut an- 3-yl]-2-pyrrolidone (Isonmer Bl)
was di ssolved in a m xed solvent consisting of 50 m of toluene and 20 ni
of di chl or on&-A&Re (CHCA) ch: WhEPe(9cBol $hg Znlln-i éelBafA Wit M)st 2rRilng,
was then added 1.31 ml  (9.92 mmol ) of diethylam nosul fur trifluoride,
subsequent | y2- TartFithg Bt A22hours-F 63 iHrimhr o - T0om 2eBPefdtHrem) Wi | e

cooling in an ice bath with stirrin the_reaction solution was alkalified

by slowy adtli% sal ¥ttt Bodtlmdbi<hrbohet® (1 H, m), 3.74 - 3.83 (1 H,
m), 4.33 (1 H, d, J = 14.6 Hz), 4.37 (2 H, s), 4.52 (1 H, d,

J = 14.6 Hz), 4.78 (1 H, s), 7.21 - 7.35 (10 H, m).

Reference Example 9: .
1—Benzyl—4—[3—(tert-butoxycarbony;amino)-l~hzdroxg¢yclobutan—
3-yvl]l-2-pvrrolidone (Isomer B)

A 4.86 g (10.8 mmol) portion of l-benzyl-4-[1-
benzyloxy-3-(tert-butoxycarbonylamino)cyclobutan-3-yl]-2-
pyrrolidone (Isomer B) was diséolveq in 140 ml of ethanol,
and the solution was mixed with 1 g of palladium hydroxide on
carbon catalyst and subjected to 1 hour of catalytic
reduction under a hydrogen pressure of 3 atmospheres and
under irradiation of light. After removal of the catalyst by
filtration, the solvent was evaporated and the resulting
residue was purified by a silica gel column chromatography to
give 4.01 g (gquantitative) of the title compound.

Thereafter, optical resolution of Isomers Bl and B2 as
enantiomers originated from the pyrrolidine 4 positioﬁ
asymmetric carbon atom of the thus obtained compound was

carried out by HPLC under the following conditions.
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~aqueous solution and then mxed with chloroformto carry out separation of
| ayers, and the resulting organic |layer was washed w th:saturated brine.
The aqueous | ayer was again extracted with chloroformand the organic

| ayers were - 49 - conbi ned and
dried over anhydrous sodiumsulfate. After filtration, the solvent was
evapor at ed under a reduced pressure and the resulting residue was purified
by a silica gel colum chronmatography to give 541 ng (30.0% of the title

conpound HPEC M ¢bhdiMR bS] [err]) [err]: 1.41 (9 H m, 2.12 - 2.24 (2 H,
m, 2.30 - 2.37 (1 H m, 2.48 - 2.72 (3 H. m, 2.93 - 3.05 (1 H m,

3. 16 - 3. 16oldmit DAICEL 2CHIRBLBACK 1abl 20)x 23584mkl H d, J= 14.7 Hz),
4.53 (1 H d, J =14.7 H), 4.73 (1 H s), 504 - 5. 11 (0.5 H m, 5.18 -
5.25 (0.5 Mbbhle ph&fe: hHeddndbethanw).= Relerence Exanple 11: 1-Benzyl -
[ 3-(tert-butoxycarbonyl am no)-1-fluorocycl obutan- 3-yl]-2-pyrrolidone

(I somer BZylow rate: 15 mYOmyn(4.96 mmol) portion of 1-benzyl-4-[3-(tert-
but oxycar bonyl am no) - 1- hydr oxycycl obut an-3-yl]-2-pyrrolidone (Ilsoner B2)
was di ssol TemPeRRBURe X cEOem| vYempexabereting of 50 nm of toluene and 20 n

- of dichloronethane to which, while cooling in an ice bath with stirring,
was then deReechian: jv (%5§ZHMhDI) of diethylanmi nosul fur trifluoride,

subsequent carr g.o 2 ou s_of stirring at 5Q0[err]C. Vhll oollng
in an ice#% ﬁ@ig i Feaﬁﬂro%‘ Slut?oﬁzmég h "3

4.68 (4 H, m), 3.03 - 3.06 (1 H, m), 3.23 - 3.33 (1 H, m),
3.97 - 4.07 (1 H, m), 4.38 (1 H, d, J = 14.7 Hz), 4.49 (1 H,
d, J'= 14.7 Hz), 4.72 (L H, s), 7.21 - 7.36 (5 H, m).
Reference Example 10:
1-Benzyl-4-[3-(tert-butoxycarbonylamino)-1-fluorocyclobutan-

3-yll-2-pyrrolidone (Isomer B1l)
A1.79 g (4.96 mmol) portion of l-benzyl-4-[3-(tert-

butoxycarbonylamino)-l—hydroxycyclobutan—3—yl]—2;pyrrolidone
(Isomer Bl) was dissolved in a mixed solvent consisting-of 50
m)l of toluene and 20 ml of dichloromethane to which, while
cooling in an ice bath with'étirring, was then added 1.31 ml
(9.92 mmol) of diethylaminosulfur trifluoride, subsequently
‘carrying out 12 hours of stirring ét room temperature. While
cooling in an ice bath with stirring, the reaction solution
was alkalified by slowly adding saturated sodiﬁm bicarbonate
aqueous solution and then mixed with chloroform to carry out
separation of layers, and the resulting organic layer was
washed with saturated brine. The agueous layer was again

extracted with chloroform; and the organic layers were
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al kalified by slowy addi ng saturated sodi um bi carbonate aqueous sol ution
and then m xed with chloroformto carry out separation of |ayers, and the
resulting organic |layer was washed with saturated brine. The aqueous | ayer
was again 50 - extracted with
chloroform and the organic |layers were conbined and dried over anhydrous
sodiumsul fate. After filtration, the solvent was evaporated under a
reduced pressure and the resulting residue was purified by a silica gel

col um chr aratidgreap ynd cdrgied Bt mnEkddd sddidie sulf£te conmpptesd.
Terr]H NVR data of the thus obtai ned conpound coincided with the

af or enent | dnddrdatizongf thes ssiaentonmas dvapraratidid urikbdher needicedpl e 12:

1- Benzyl - 4- 3-(tert-butoxycarbonyl am no)-1-fl uorocycl obut an-

3-yl ] - 2- py musisisginee @mido fde Iresvdit i) residue was Thirimidd .8 ansi)ipartion
of 1-benzyl-4-[3-(tert-

but oxycar b@®H SAlNEN. [ChOomstQIFERHUten-BwE |34 mg (30 dbhke of ItheetiBle
was dissolved in 20 mM of toluene, and the solution was m xed with 635 ngy
(1.57 mol FOPMRkesson' s reagent and stirred at 50[err]C for 3 hours.

After evapqy the. sol vent under a reduced pressure the resultl ng
resi due wasH ngﬁ‘éﬁéw £ 5itith ‘gggl ic 3t oM o 4ab?1yﬂtom gl%e 85 ny

(o Wt i o vE
- 307 (25 90 3983 3 F,20)( 1 BP0 1 F,53%(2 Ha 1 4% (L1

s),
14'7 HZ), 4-53 (1H, d’ J = 1407 HZ), 4073 (l H, S), 5004 -

5.11 (0.5 #, m), 5.18 - 5.25 (0.5 H, m), 7.22 - 7.36 (5 H,
m). |
. Reference Example 11:
1-Benzyl~4-|3-(tert-butozzcérbonzlamino)-1-fluoroczclobutan—
3-yl]l-2-pyrrolidone (Isomer B2)

A 1.79 g (4.96 mmol) portion of l-benzyl-4-[3-(tert-
butoxycarbonylamino)-1-hydr6xycyélobutan—3—yl]—2—pyrrolidone
(Isomexr B2) was dissolved in a mixed solvent consisting of 50
ml of toluene and 20 ml of dichloromethane to which,.while
cooling in an ice bath with stirring, was then added 1.31 ml
(9.92 mmol) .of diethylaminosulfur trifluoride, subsequently
carrying out 12 hours of stirring at 50°C. While cooling in
an ice bath with stirring, the reaction solution was
alkalified by slowly adding saturated sodium bicarbonate
aqueous solution and then mixed with chloroform to carry out

- separation of layers, and the resulting organic layer was

washed with saturated brine. The aqueous layer was again
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4.76 (1 H d, J =14.2 Hz), 5.02 - 5.11 (0.5 H n, 511 - 5.23 (1.5 H,
m, 7.27 - 7.38 (5 H m. Reference Exanple 13: Co

1- Benzyl - 4-[ 3-(tert-but oxycar bonyl am no) - 1- f | uor ocycl obut an-

- 51 - 3-yl]-2-pyrrolidinethion (lsoner B2) A 896 ny
(2.47 mmol ) portion of 1-benzyl-4-[3-(tert-

but oxycar bonyl am no) - 1- f | uor ocycl obut an- 3-yl ] -2-pyrrolidone (Isoner B2)’
was dissolved in 20 mM of toluene, and the solution was mxed with 1.10 g

(2.72 ol ) o 0 AEVEISRILR chBSBSPOrRNlasd! £h8UoRbar P €1 ExEOedahoUrS.
After evaporation of the solvent under a reduced pressure, the resulting

resi due Waschmbhihd@dai @rpbdi 6veBCinkpirots CH6QMEM08G2EAYel 0 AGtEe 833 Ny
(89.1% of the title conmpound. 1H NVR data of the thus obtained conmpound

coi nci ded wEihrideichpren@néovedt wassevhpbratedanhdesea reaneedBl.

Ref erence Exanpl e 14:

1- Benzyl - 3-pPegswrs - imd oklye ardbonl/t ing nogs idaeéuwascpurdbiednby a silica
3-yl]pyrrolidine (Isoner Bl) A 485 ng (1.28 mol) portion of

1- benzyl - 4-¢&l (¢elumn Ghrorycegbaply abd ngivef PodrogcybBeobli) anf3the] title
pyrrolidinethione | sorer Bl) was dissolved in 20 mM of ethanol and,  under
an at nosphe¢@upeurd r odeMP datid off e dhusialkaingd eeRRIND t he t hus

prepared sol ution which was stirred and cooled in an ice bath., After 10
m nutes of ceingided withheheforempetioned daka PEecibat ANARtigEeRChed,

and the reaction m xture was stirred at roomtenperature for
Isomer Bl.

Reference Example 12:

1-Benzyl-4-[3-(tert-butoxycarbonylamino)-~1-fluorocyclobutan-

3—11]-2—errolidinethione (Isomer B1l)
A 517 mg (1.43 mmol) portion of l-benzyl-4-[3-(tert-

butoxycarbonylamino)-1l~fluorocyclobutan-3-yl]-2-pyrrolidone
(Isoﬁer Bl) was dissolved in 20 ml of toluene, and the
solution was mixed with 635 mg (1.57 mmol) of Lawesson’s
reagent and stirred at 50°C for 3 hours. After evaporation
of the solvent under a reduced pressure, the resulting
residue was purified by a silica gel éolumn chromatography to
give 485 mg (89.5%) of the title compound.

!H-NMR (CDC1l;) &: 1.41 (9 H, s), 2.04 - 2.22 (2 H, m), 2.44 -
2.60 (1H, m), 2.60 -~ 2.73 (1 H, m), 2.80 - 3.07 (2 H, m),
3.13 - 3.20 (1 H, m), 3.56 - 3.63 (2 H, m), 4.59 (1 H, s),
4.76 (1 H, d, J = 14.2 Hz), 5.02 - 5.11 (0.5 H, m), 5.11 -
5.23 (1.5 H, m), 7.27 - 7.38 (5 H, m).

Reference Example 13:

1-Benzyl-4-[3-(texrt-butoxycarbonylamino)-1~fluorocyclobutan-
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2 hours. The reaction sol.ution was filtered through celite, the solvent
was evapor ated under a reduced pressure and then the resulting residue was
purified by a silica gel columm - chromat ography to give 310 ng (69.5% of
the title conmpound. ' - 52 -

[err]HHNWR (CDCl [err]) [err]: 1.49 (9 H s), 1.57 - 1.70 (2 H m, 1.94 -
2.28 (6 H m, 2.58 - 2.63 (1 H mM, 2.70 - 2.82 (1 H m, 2.93 - 3.21 (3
H m, 3.59 (2 H s), 5.19 - 5.22 (0.5 H m, 532 - 541 (0.5H m, 7.25

- 7.33 (5|%-¥%*—2{E¥f¥éiﬁéﬁﬁé%ﬂﬁﬁﬁ*@iéomer B2) _

1- Benzyl - 3-T3-(tert-butoxycarbonyl am no) - 1- 1| uor ocycl obut an-
3-yl]lpyrrolidine (Ips@ss op)(2.47 mmol A f: ian (G 20-bewtylpo+ | 3optett-
1- benzyl -4-[3-(tert- butoxycarbonyl anm no)-1-fl uorocycl obut an-3-yl]-2-

pyrrol i di nésut e {tisaekaniid)o wek- £l waadarsell ol Sdn +3 ~pi ] -2+ ppod 1 dddneunder
an atnosphere of nitrogen, 1.5 ml of Raney nickel was added to the thus
prepar ed soflgomer B2 clvamgdisaolved imd2 ool «ff i toplwenee amdhtheAfter 10
mnutes of stirring at the sane tenperature, the ice bath was detached,
and the re@¥wnion Wag sniged fith ek W g obdn T2 /pee k) RE kawesSonbErs. The
reaction solution was_filtered throqﬁg celite, the solvent was evaporated

under a rediRRILTHr andsEiaRed dh SAHe $U5 U thORES esi e RVRRPTRF AN Y a

silica gel colum chronatography to. give 677 (88.29% of the title _
conpound. QerthS+aakY <Rt d-“}ﬂe‘tpt% lfq'ﬂ}ﬁc%‘gt%’? TONPRA LT hEIR@d with the

ST SRt e, 8 P o SR ofl e "L SRESG R €020
: -give 833 mg (89.1%) of the title compound. 'H-NMR data of
the thﬁs obtained compound coinéided with the aforementioned
data of its enantiomer Isomer Bl.
Reference Example 14:

l1-Benzvl-3-[3-~(texrt-butoxycarbon ino)-1-fluorocvclobutan—~

3-yl]pyvrrolidine (Isomer B1l)
A 485 mg (1.28 mmol) portion of l-benzyl-4-[3-(tert-

butoxycarbonylamino-1-fluoro)cyclobutan-3-yl]}-2~
pyrrolidinethione (Isomer Bl) was dissolved in 20 ml of
ethanol and, under an atmospheré of nitrogen, 2.0 ml ofiRéney
nickel was added to the thus prepared solution which was
stirred and cooled in an ice bath. After 10 minutes of
stirring at the same temperature, the ice bath was detached,
and the reaction mixture was stirred at room temperature for
2 hours. The reaction solution was filtered through celite,
the solvent was evaporated under é reduced pressure and then
the resulting residue was purified by a silica gel column

chromatography to give 310 mg (69.5%) of the title compound.
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yl ] pyrrolidine (lsoner. -Bl) A 310 ng (0. 89 rrrml.,) portion of
1-benzyl -3-[3-(tert-

but oxycar bonyl am no) - 1- f | uor ocycl obut an- 3- yI]pyrrolldlne

- 53 - (I'somer Bl) was dissolved in 20 m of ethanol to which
was subsequently added 310 ng of 10% pal | adi um on carbon catalyst. The
thus prepared m xture was stirred.for 2 hours under irradiation of |ight
and under a hydrogen pressure of 4 atnospheres. After renoval of the
catal yst by-fimkt(@bCDy) &:t he 4olem, was, evgoratedungeria mpdutedd -
pressure to give 233 ny (quantitative) of the title conpound. The thus
obt ai ned gqmgoylsdHyasm)ysads5ign -t [2e 68ol(I10W ,nen)r.e@ct7ifon @ .18DOUL Houm ), cati on.
Ref erence Exanple 17: 3-

[ 3- (t ert - BuBaxycar.RanyBaHi,nw)-,| 3f.1590r(@c ¥;l shut In-13 - ya J32/r(!S A man)d soner
B2) A 677 mg (1.92 mmol ) portion of 1-benzyl-3-[3-(tert-

but oxycar BeRPl anSnél- 10fBudiosyol dh@bam I-A3 dyr ol Mi-ne (I somer B2) was
di ssolved in 20 m of ethanol to which was "subsequently added 670 ny of
10% pal | aBed@renceaEromPdgt d5yst. The thus prepared mixture was stirred
for 2 hours under |rrad|at|on of I gh ] ssur e of 4
at mospher dsB 3 : was

. evapor ated under a redyced ressure to give 517 ng (quantltatlve) of the
title congeﬂdﬂyﬂ@-l%aé@——éiﬁgﬁ%d—%mound was used in the follow ng

reaction w thout Apggbflca 5930 mmol) portion of l-benzyl-4-[3-(tert-

butoxycarbonylamino)-1-fluorocyclobutan;3—yl]-2-
pyrrolidinethione (Isomer B2) was dissolved in 30 ml of
ethanol and, under an atmosphere of nitrogen, 1.5 ml of Raney
nickel was added to the thus prepared soiution which was
stirred and cooled in an ice bath. After 10'minutes_of
stirring at the same temperature, the ice bath was detached,
and the reaction mixture was stirred at room temperature for
2 hours. The reaction solution was filtered through celite,
the solvent was evaporated under a reduced pressure and then
the resulting residue was purified by a silica gel column
chromatography to give 677 mg (88.2%) of the title compound.
'H-NMR data of the.thus obtained compound coincided with the
aforementioned data of its enantiomer Isomer Bl.
Reference Example 16:
3-[3-(tert-Butoxycarbonylamino)-1-fluorocyclobutan-3-
yl]lpyrrolidine (Isomer Bl)

A 310 mg (0.89 mmol) portion of 1l-benzyl-3-[3-(tert-

butoxycarbonylamino)-1l-fluorocyclobutan~3~yl]pyrrolidine
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| nventive Exanple 1: . . -

5- Ami no- 7-[ 3- (3-ami no-1-f | uor ocycl obut an- 3-yl ) pyrrolidin-1-
yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-8-nethyl-1, 4-

-54- di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid (lsoner Bl)

A 281 ng (0.90 nmol) portion of 5-am no-6,7-difluoro-
1-[2-(S)-fluoro-1-(R)-cycl opropyl ] -8-net hyl -1, 4-di hydr o- 4-

oxoqui nol i ne- 3-carboxylic acid and 233 ng (0.89 mml) of 3-

[ 3- (tert - huidmuearignyWAMdIYsolvidd! G ME b W sthand) 4y Wied dlivees (| somer

Bl) were suspended i'n 3 nl of dinethyl sulfoxide, and the suspension was
m xed wi t ubsdquehtlly iidad 3Tna@rdE 10y pad 1aldibid oty chebodl ciZzalgiers

under an atnosphere of nitrogen. After evaporation of the solvent wunder a
reduced pregesithtis paepatadiddktydy aas etirme] dom? nslded dddie t hus
obt ai ned residue which was stirred in an ice bath. After 10 m nutes of
stirring, itdriadiwdsom xodd Might amt emdeanc thyelnogmrl tpregsamenl 4 ayer was
washed with chloroform After extraction of .the chloroformlayer with 1 N
hydr ochl oritmosphereshe aditesusamopals oferthe gradiadatbtarky fadirationsring in
an ice bath, adjusted to pH 12 with saturated sodi um hydroxi de aqueous
sol uti on. the solyenthaes gyapsratad ynder £ HadasdiRIFVIT i I ¥Rd

extracted with chloroform, 6 and the resulting organic |ayer was dried over
anhydr ous 238dmMgn (Spardidatimed, of itheytiidnie GamRRkbnt ﬂ/}% thitgipor at ed

under a reduced essure. Thereafter,. th r lting residue was, purified

e or SRRy BemHoTRg s sl dat the, M i mRAdran Tout

recrystallj zatfi.on .
purification.

Reference Example 17:

3-[3-(tert-Butoxycarbonylamino)-1-fluorocyclobutan-3-
yllpyrrolidine (Isomer B2)

A 677 mg (1.92 mmol) portion of 1l-benzyl-3-[3-(tert-
butoxycarbonylamino)-l-fluorocyclobutan—B—yl]pyr:olidine
(Isomer B2) Was‘dissolVed in 20 ml of ethanol to which was
subsequently added 676 mg of 10% palladium on carbon catalyst.
The thus prepared mixture was stirred for 2 hours under
irradiation of light and under a hydrogen pressure of ¢
atmospheres. After removal of the catalyst by filtration,
the solvent was evaporated under a reduced pressure to give
517 mg (quantitative) of the title compound. The thus
obtained compound was used in the following reaction without
purification.

Inventive Example 1:

5-Amino-7-[3-(3-amino-1-fluorocyclobutan-3-yl)pyrrolidin-1-

yl]-6-fluoro-1-{2-(S)~-fluoro-1-(R)-cyclopropyl]-8-methyl-1,4-
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purification by 2-propanol, thereby giving 142 ng (36.0% of the title
conpound. 'H-NMR (0.1 N NaOD) [err]: 1.01 - 1.08 (0.5 H m, 1.08 - 1.17
- 55 - (0.5 H m, 1.42 - 1.54 (1 H m, 1.58 - 1.74 (1 H m,
1.93 - 2.05 (1 H mM, 2.19. - 2.38 (4 H mM, 2.25 (3 H s), 2.38 - 2.52
(1 H mM, 3.19 - 3.34 (2 H m, 3.42 - 3.49 (1 H m, 3.64 - 3.77 (1 H,
m, 3.83 - 3.92 (1 H mM, 4.70 - 4.90 (0.5 H nm, 4.98 - 5.03 (0.5 H m,
5.20 - 5.27 (0.5 H, rT) 5.36 - 5.41 (0.5 H m, 826 (1 H d, J =19 Hz).
El ement al a N £

Cal cd.: C

10.69. Inventive 52“2"81' e (0 90 mmol) portion of 5- am1no-6 7-difluoro-
5- Ami no- 7-[ 3- ( 3-am no- 1-f l uorocycl obutan- 3-yl ) pyrrolidin-1-

yl]-6-f1 uoro-[24 & Y-Prddrm+b- (R -R)yehapmpyb)y § -metiey hyl ; 4-dihydro-4~

di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid (Isonmer B2) A 281 ngy
(0.90 Mol oxwantimol iofe-B-ardartwIiadiddidrand 233 mg (0.89 mmol) of 3-
1-[2-(S)-fluoro-1-(R)-cycl opropyl]-8-nethyl -1, 4-di hydr o- 4-

oxoqui nol i r[e?—:{m@qﬂmwm rarﬂcamm)rml-(fllmronmmlmit@—%

[3-(tert-but oxycarb | am no) - 1-fl uorocycl obutan-3- yl]pyrrolidine (Isomer
Bl) were sosiawewlidine isamer Bhetwimre SHIRsadrd Jthdf ik et sppet byl was
mxed with 5 nl of trlethylan1ne and, stirred at 110[err$(:for 72 hours
under an asc‘%\]tfé-ﬁﬁé?}% %lﬁ%@ﬁp%ﬁlé?né@pdﬂ‘%q%ﬁ%# the®s®hent under a

reduced pressur concentr chl o C added to the thus
obt ai ned r &3 C& 1}.1',%13943 nﬂoc%? for% hours under an

atmosphere of nitrogen. After evaporation of the solvent

under a reduced pressure, concentrated hydrochleric acid was
added to the thus obtained residue which was stirred in an
ice bath. After.lO minutes of stirring,.this was mixed with
water, and the resulting aqueous layer was washed with
chlorofprm. After extraction of the chloroform layer with 1
N hydrochloric acid, the aqueous layers were combined and,
while stirring in an ice bath, adjusted to pH 12 with
saturated sodium hydroxide aqueous solution. This was then
adjusted to pH 7.4 with hydrochloric acid and extracted with
.chloroform, and the resulting organic layer was dried over
anhydrous sodium sulfate. After filtration, the solvent was
evaporated under a reduced pressure. Thereafter, the
resulting residue was purified by a preparative thin layer
chromatography and then subjected to recrystallization_
purification by 2-propanol, thereby giving 142 mg (36.0%) of
" the title compound. '

'H-NMR (0.1 N NaOD) &: 1.01 - 1.08 (0.5 H, m), 1.08 - 1.17
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ice bath. After 10 m nut.es of stirring, this was mxed with water, and the
resul ti ng agueous | ayer was washed with chloroform After extraction of
the chloroformlayer with 1 - - 56 -

N hydrochloric acid, the aqueous |ayers were conbined and, while stirring
in an ice bath, adjusted to pH 12 with .saturated sodlun1hydrOX|de aqueous
solution. This was then adjusted to pH 7.4 with hydrochloric acid and
extracted with chloroform and the resulting organic layer was dried over
anhydr ous Sgd5ugl sh\I)f ayeq2ALt @ shi lchr ati gy, thegsal vents vas 1, ewanorater
under a reduced preSsure. Thereafter, t he resultlng resi due was purified
by a preparapies {hig,|ayer2. abr onat. agr qghy,arq ,t 2e2ssyly ented t @.38 -
recrystallization purlflcatlon by 2-propanol, thereby gi vi ng 194 ngy
(22.2% of 2.5be(li Hl,em§onpoand- 3[.8dr (& HIVRm()Q B .M2Na0ODB). 48 (L H) m)l. 22 (1
H m, 1.44 - 1.55 (1 H m, 1.67 - 1.78 (1 H, n), 1.96 - 2.04 (1 H m,
2.20 - 2.37644-H3.@y, (2. 8} ©n3,H3.8B, ~23492- (2. 56 @) ,H4.MO, -34L30 (B.522 (1
H m, 3.33 - 3.41(1H m, 3.44 - 3.57 (2 H m, 3.89 - 3.94 (1 H m,
4.75 - 4.88,(®)% #,. 9&) 5 95 (05506' m0,55H20nr 552118(D 5. M @0,55H36wr

5.31 - 5.38 &0 5 H, Elenental analy5|s
data for CPe i]&Pe?rFF[@bw]N[@ rKé{EanrOJSﬁ[éPP] : Calcd.: G
57.51; H, 5.70; N, _12.19. Found : C, 57. 30 H 5.67; N, 12 14.

Ref er ence E}gﬁspgaiganaly51s data for CgoH;5F3N, 03¢ 2H,0
1 Benzyl - 4-[ 3- (tert butoxycarbgnggan1nog oxocyibogutan 3-

I
Found : C, 50.15; H, 5.30; N, 10.69.

Inventive Example 2:

dihydro-4-~-oxoguinoline-3-carboxylic acid (Isomer B2)

A 281 mg (0.90 mmol) portion of 5-amino-6,7-difluoro-

1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-methyl-1,4-dihydro-4-
oxoquinoline-3-carboxylic acid and 517 mg (1.94 mmol) of 3-
[3¥(tert—butoxycarbonylamino)-1-flubrocyclobutan-3-
yllpyrrolidine (Isomer Bl) were suspended in 3.5 ml of
dimethyl sulfdxide, and the suspension was mixed with 5 ml of
triethylamine and stirred at 110°C for 72 hours under an
atmosphere of nitrogen. After evaporation of the solvent
under a reduced pressure, concentrated hydrochloric acid was
added to the thus obtained residue which was stirred in an
ice bath. After 10 minutes of stirring, this was mixed with
water, and the resulting aqueous layer was washed with

chloroform. After extraction of the chloroform layer with 1
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yl]-2-pyr
1- benzyl
but.oxycar
- 57 -
while co
nol ) of
conpl ex i

sol ution

rol i done S A 4.89 g'(13.6 mol ) portion. of

-4-[3-(tert-

bonylanino)-l-hydroxycyclobutan-3-yl]-2-pyrrolidone

was dissolved in 100 m of dinmethyl sulfoxide to which,

oling in an ice bath with stirring, were then added 6.24
triethylamne and 6.47 g (10.7 mol) of sul fur trioxide-pyri

(44.8
di ne

n that order, subsequently carrying out 14 hours of stirring at
room t enpavy ipdrwchilvdic @0, rthe ndiedie DafdrsViwdretdonbigedt &rdy eacti on

was mxed with water and then with ethyl acetate to effect

separ at i orwhifld ateilrrindhe wrayanice |atdt, vedjwsisddotov pih 12 awviclat ed bri ne,
us |l ayer was extracted with ethyl acetate and then the organic

t he aqueo
| ayers we
filtratio

rsa tnoretieve s aahichnd hystroxtide  amigairs o botiieom sUThbs ewvag\f then
n, the solvent was evaporated and the resulting residue was

purified b‘yi:lalst@d iten Rie17 <olwidh dirdraalokprishyacid ard exboagtedewiih of

conmpound. Thereafter optical resolution of |Isonmers F[err] and

the title
Flerr] as
asymetri
HPLC unde

FiiasHitciRY IRFIFRAG oh:f%éﬂ%ﬁ pdsied ovver

C on ato of t hus aobt ai ned, conpound carried out
P”ﬁ&i@@&%ﬁ R édﬁoﬁtaﬁ%ns é Jéofrﬁr%p‘ﬂ%s ?fhil;

CHI RALPACK _AD 20 50 . h : :nmeth | = 2.1.1
BB, WA Y %é”ﬂf?&?ﬁ%%%%‘?& IECBE TR R v (254

FImNrate

resulting residue was purified by a preparative thin layer
chromatography and then subjected to recrystallization
purification by 2-propanol, thereby giving 194 mg (22.2%) of
the title compound.
'H-NMR (0.1 N NaOD) &: 1.10 - 1.22 (1 H, m), 1.44 - 1.55 (1
H, m), 1.67 - 1.78 (1 H, m), 1.96 - 2.04 (1 H, m), 2.20 -
2.37 (4 H, m), 2.31 (3 H, s), 2.44 - 2.56 (1 H, m), 3.15 -
3.22 (1 H, m), 3.33 - 3.41 (1 H, m), 3.44 - 3.57 (2 H, m),
3.89 - 3.94 (1 H, m), 4.75 — 4.85 (0.5 H, m), 4.95 - 5.00
(0.5 H, m), 5.18 - 5.22 (0.5 H, m), 5.31 - 5.38 (0.5 H, m),
8.29 (1 H, d, J = 1.6 Hz).
Elemental analysis data for C£2H25F3N403. 0.5H,0

Calcd.: C, 57.51; H, 5.70; N, 12.19.

Found : C, 57.30; H, 5.67; N, 12.14.
Reference Example 18:

1-Bénzzl—4-[3—(tert-butoxzcarbonylamino)-l-oxoczclobutan—3—

yvli-2-pyrrolidone

A 4.89 g (13.6 mmol) portion of l-benzyl-4-{3-(tert-

butoxycarbonylamino)-1-hydroxycyclobutan-3-yl]-2-pyrrolidone

- 57 -
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[err]HNWR (CDCl [err]) [err]: 1.43 (9 H s), 2.35 (1 H-.dd, J =17.1, 7.3
Hz), 2.62 (1 H dd, J =17.1, 9.3 Hz), 2.95 - 3.05 (3 H. m,

- 58 - 3.13 - 3.18 (1 H m, 3.22 - 3.39 (4 H mM, 4.36 (1 H
d J = 14.2 Hz), 4.53 (1 H d, J = 14.2 Hz), 4.98 (1 H, s), 7.22 - 7.37
(5H m. Reference Exanple 19:

1-Benzyl -4-[3-(tert- butoxycarbonylahino) 1,1-
di fl uorocycl obut an-3-yl ]-2-pyrrolidone (Isoner F1) A 2.30 g (6.42

nmol ) pOft'GEsoﬁlésBQGéM|1ﬁ LBo(iner bf dimethyl sulfoxide to which, while
but oxycar bonyl am no) -1 - oxocycl obut an- 3-yl ] -2-pyrrolidone (Isoner Fl) was
di ssol ved iBo8Qifif ©h ant iebyBathuwath 8td@rihg,(#eré nhen) added 6.24 ml

di et hyl am nosul fur trifluoride was added to the thus prepared sol ution

whi ch was s{#4t8dmaodl) cofl ediebhgihamine batdhf .4fdgt (a0 .7hemolyt ofe swdfur
stirred for 48 hours while heating at 60[err]C. Wile stirring and cooling
in an i ce barhexidaepyradinencempilekonnwebasl rzdefri, edubpeguedddyl y addi ng
sat urat ed sodi um bi carbonate aqueous solution. This was mxed with

chl or of or m careyingt ovtpdfahPursopt| apérsingnatt Keom Esmperaguseganihiley er
was washed with saturated _ brine. The _aqueous |ayer was agai n extracted
with chl or ofF8PHiBEJiRNED &FGaRAED| Wykh ﬁéérﬂﬁpgd &her TeRR P€U§Q%&£

Lt Dbt Rl SR SRR LAY G,
o S Sl Bek o B Shekc s O 1
saturated brine, the aqueous layer was extracted with ethyl
acetate and then the organic layers were combined and dried
ovér anhydrous sodium sulfate. After filtration, the solvent
was evaporated and the resulting residue was puiified by a
silica gel column chrématography to give 4.69 ¢ (96.3%) of
the title compound. Thereafter, optical resolution of
Isomers F1 and F2 as enantiomers originated from the
pyrrolidine 4 position asymmetric carbon atom of the thus
obtained compound was carried out by HPLC under the follbwing
conditions.
HPLC conditions
Column: DAICEL CHIRALPACK AD 20 x 250 mm
Mobile phase: hexéne:ethanol:methanol = 2:1:1
Flow rate: 15 ml/min |
Temperature: room temperature
Detection: UV (254 nm)
'H-NMR (CDC1l;) &: 1.43 (9 H, s), 2.35 (1 H, dd, J = 17.1, 7.3

Hz), 2.62 (1 H, dd, J = 17.1, 9.3 Hz), 2.95 - 3.05 (3 H, m),
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Hz), 2.53 - 2.64 (3 H m, 2.64 - 2.90 (2 H m, 2.92 -.3.03 (1 H m,
3.08 - 3.18 (1 H m, 3.27 - 3.35 (1 H m, 4.35 (1 oo

- 59 - H d, J = 15-7 Hz), 4.53 (1 H d, J =15.7 Hz), 4.73 (1
H s), 7.22 - 7.36 (5 H n). Reference Exanple 20:

| - Benzyl -4-[3-(tert- butoxycarbonylanino) 1,1--

di fl uorocycl obut an-3-yl]-2-pyrrolidone (Isoner F2) ' A 2. .16 g (6.01
nmol ) portion of 1-benzyl - 4 [3-(tert- '

but oxycar banylam o)rg -@xegy«lobu arp 3- >dJ3¢nger,olm;i,or@ 34| (sprm; &p)gvas

di ssolved in 30 m of tetrahy rofuran, 3.18 (24.1 mol)

di et hyl am nasy fug) trd.f[9uqai dag wis Bddedt 1D HAgE, 4198 mepﬂ@)d, spl2zien

whi ch was stirred and cooled in an ice bath, and then the m xture was
stirred for7.89 Gums wh)i.l e heating at 60[err]C. While stirring and cooling
in an ice bath, the reaction solution was alkalified by gradually adding
sat ur at ed Redienansec Fxeapdiee 18gueous solution. This was mxed with
chloroformto effect separatlon of Iayers and the resul ting organic |ayer
was washed inBe * 1 LU Lo C SO wak= agai n extracted

W th chloroforn1and the organi c Iayer was drled over anhydrous sodi um

sul fate. ARG UOLOGYCHOO ANV, RY LA IO00NS rhSOmehdeld 5 reduced

dth ; fied I
ohr omat ﬁg?Qphty ?Jéstie% g mf%i%%‘%q%tb% S ETE e v L
g?t ?t gf e%g tt(fsl)lr?l%lpob ai n@d conrgpé é‘ro?e‘%: CI de:(rj%} ggﬁﬂmz agl})rr]eorfnéér?ged dat a

(Isomer Fl) was dissolved in 30 ml of tetrahydrofuran,'3.40 ml

(25.7 mmol) of diethylaminosulfur.trifluoride was added to the
" thus prepared solution which.was.stirfed and cooled in an ice
bath, and then the mixture was stirred for 48 hours while
heating at 60°C. While stirring and coeling in an ice bath,
the reaction solution was alkalified by gradually adding
saturated sodium bicarbonate aqueous solution. This was
mixed with chloroform to effect separation of layers, and the
resulting.organic layer was washed with saturated brine. The
aqueous layer was again extracted with chloroform.and the
organic layer was dried over anhydrous sodium sulfate. After
filtration, the solvent was evaporated under a reduced
pressure and the resulting residue was purified by a silica
gel column chromatography to give 3927 mg (38.0%) of the title
compound. '
!H-NMR (CDC1l;) &: 1.42 (9 H, s), 2.32 (1 H, d, J=17.6, 7.3
Hz), 2.53 - 2.64 (3 H, m), 2.64 - 2.90 (2 H, m), 2.92 - 3.03

(1 H, m), 3.08 - 3.18 (1 H, m), 3.27 - 3.35 (1 H, m), 4.35 (1
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"1-Benzyl -3-[ 3-(tert-but oxycar bonyl am no) -1, 1-

- 60 - di f1 uorocycl obut an- 3-yl pyrrolrdrne {Isoner F1)

Under an atnosphere of nitrogen, 927 ng (2.44 nmol) of

1- benzyl -4-[ 3-(tert-butoxycarbonyl am no)-1, 1-

di fl uorocycl obutan-3-yl]-2-pyrrolidone (Isoner F1) was dissolved in 20 m

of tetrahydrofuran to which, while cooling in an ice bath with stirring,

was subsequently added-7.31 ml of 1 N borane-tetrahydrofuran conpl ex

tetrahydraf ur@n ot uts on.HAEN 4 BIULEH ) hef epfLers, ?hﬂzv%bﬂh(!\ﬁﬁ

detached and the reaction mxture was stirred at room tenperature for 18

hours. Aftsy, evagwrati @6 ofs the mpl vent under a reduced pressure, the thus

obt ai ned residue was mxed with 30 mM of 80% ethanol and 3 ml of

triethyl arReferantd datamplendd0: reflux for 2 hours. After evaporation of

t he sol vent under a reduced pressure the t hus obtai ned resi due was m xed
i i : i e =aueous solutron to

brine; : ] : e . e e e o
organic Iayers wer e ombi ned and drr ed over anh drous sodr um suI fate.

After filtration® tznewsél \X Owcév)arﬁﬂréTJ&i‘ ‘k?;{erlr@ﬂlr(ﬂe'ﬁ 3pteestr ehand
th I fied b chromat ogra
toeg{SZ”sé»P%{es' "vw :tri‘pb'm'%@ R S R e A IS R
' [er rl: ?9 me 156 igso in %0 rrql o]f %:etrahydq':of(urad IQ. 2'm(.)l.? )

' 730 1was i sadqyag)s

.17 (1 H
(24.1 mmol) of diethylamlnosulfur trifluoride was added to the

thus prepared solution which was stirfed and cooled in an ice
bath, and then the mixture was stirred for 48 hours while
heating at 60°C. While stifring and cooling in an ice bath,
the reaction solution was alkalified by gradually adding-
saturated sodium bicarbonate aqueous solution. This was

- mixed with chloroform to effect separation of layers, and the
resulting organic layer was washed with saturated brine. The
aqueous layer was again extracted with chloroform and the
organic layer was dried over anhydrous sodium sulfate. After
filtration, the solvent was evaporated under a reduced
pressure and the resulting residue was purified by a silica
gel column chromatography to give 825 mg (36.1%) of the title
compound. !H-NMR data of the thus obtained compound |
coincided with the aforementioned data of its enantiomer
Isomer F1l. |

Reference Example 21:

1-Benzyl-3-[3-(tert-butoxycarbonylamino)-1,61-
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2.24 - 2.36 (2 H m, 2.44 - 2.50 (1 H m, 2.75 - 2.79. (1 H

- 61 - m, 2.99 - 3.09 (1 H mM, 3.35- 3.60(4H m, 7.25 -
7.33 (5 H m. Reference Exanple 22:

1- Benzyl - 3-[ 3-(tert-but oxycar bonyl am no)-1. 1- _

di fl uorocycl obutan-3-yl ] pyrrolidine (lsonmer F2) : Under an

at nosphere of nitrogen, 825 ng (2. 17 nnDI) of

1- benzyl - 4-[ 3-(tert-butoxycar bonyl am no) -1, 1-

di fluor ocycappy&@iqo&cy% &b@tﬁlgg*lg%&iigﬂﬁé Eaomas EQ? ssolved in 20 m
of tetrahydrofuran to I C e cooling 1n an 1ce bath with stirring,
was subsequent|y adgiedb$.d&i dtme¥pHerdl HPrRNEro@én ANYRT Ofigr 2. £ONOX)
tetrahydrofuran solution. Ten mnutes thereafter, the ice bath was

det ached armifthdoemzap]:-t—bop.’i-n(uént-aau\mwctarbeﬂyhaminom11enrper ature for 18
hours. After evaporation of the solvent under a reduced pressure, the thus
obt ai ned redifiieoracyalsbdtan+R-g0] A2-pyrrélidenbafdsomed Bl wabs
triethylam ne and heated under reflux for 2 hours. After evaporation of

t he sol ventdisgeived irndfcnd of dahnahydrafunan tebvhighd whilerooddindrined
with ethyl acetate and saturated sodi um bi carbonate aqueous _ solution to
ef fect separBtied RAth Witk stiwringaias |saycz§eqqmst%§¢éﬁ%7t Bl #luch dd
brine, the aqueous |ayer was extracted with eth acetate and then the
organi c | ayRexanest wmwrappgalmtesﬁﬁ%w’aa@uswl S At e Ten
After filtration

the resul tiTHAYESS d%e%é%r‘é%‘}ﬂ‘{‘g% %/g éﬁf‘g%gn e a reduced . pressure and

reaction mixture was stirred at room temperature for 18
hours. Aftér evaporation of the solvent under a reduced
pressure, the thus.obtained residue was mixed with 30 ml of
80% ethanol and 3 ml of triethylamine and heated under reflux
for 2 hours. After evaporation of the solvent under a
reduced pressure, the thus'obtaihed residue was mixed with
ethyl acetate and saturated sodium bicarbonate aqueous
solution to effect separation of layers. The organic layer
was washed with saturated brine, the aqueous layer was
extracted with ethyl acetate and then the organic layers were
combined and dried over anhydrous sodium sulfate. After
filtration, the solvent was evaporated under a reduced
pressure and the resulting residue was purified by a silica
gel column chromatography to give 501 mg (56.1%) of.the title‘
compound.
'H-NMR (CDCl;) &: 1.50 (9 H, s), 1.60 - 1.73 (1 H, m),I 1.97 -
.2.07 (1 H, m), 2.07 - 2.17 (1 H, m), 2.17 - 2.24 (1 H, m),

2.24 - 2.36 (2 H, m), 2.44 - 2.50 (1 H, m), 2.75 - 2.79 (1 H,
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gel colum chromat ography. to give 494 ng (62.2% of the.title

- 62 - ~ conpound. [err]H NVR data of the thus obtained conpound
coincided with the aforenenti oned data of its enantioner |somer Fl.

Ref erence Exanpl e 23: '
3-[3-(tert-Butoxycarbonyl am no)-1, 1-di fl uor ocycl obut an- 3- yI]pyrrolldlne
(i sonmer F1) A 317 -nmg (O. 87 mml ) portion of 1-benzyl-3-[3-(tert-
but oxycar bonyl am no) - 1, 1-di f | uor ocycl obut an-3-yl ] pyrrolidine (Isoner Fl)
was di ssol vggl im, 86 mBQbBEtiﬂaﬂfﬂm?? shBsh-waseosyasequant, ! y .2dded 7333 gy
of 1096pa||ad|un1on carbon cata The thus prepared m xture was stirred
for 2 hours(gndgrm)irradiation of | i ght and under a hydrogen pressure of 4
atmospheres. After renoval of the catalyst by filtration, the solvent was
evapor at ed ReflerencecHxampler28sure to give 239 ny (quantltatlve) of the
title conpound The t hus obtalged conpound was used in the follow ng

3-[3-(tert- Bdfoxycarbonylan1no -I_l dlfluorocyc{obutan 3- yI]pyrrolldlne
(I somer F2)difl gatap : npolidéne; fhsemer-Bahzy| - 3-[3-(tert-
but oxycar bonyl am no 1 1-di f | uor ocycl obut an- 3 oéépyrrolldlne glsoner F2)

was di ssol ved in 200Bf€%HiaR HERFP %Fﬁh?éhn%5§ ﬁbs%&ﬁeﬁ9I§2 de®med3 ny

of 10% pal | adi on c on. cat al The t d n1xture was stirred
for 2 hgurs gnﬂg$enzyf;?-P3 ter -butoxycar onyE o -1

difluorocyc;obutan—B-yll-2-pyrrolidone (Isomer F2) was
dissolved in 20 ml of tetrahydrofuran to which, while cooling in
an ice bath with stirring, was subsequently added 6.51 ml of 1
N bofane-tetrahydrofuran complex tetrahydrofuran solution. Ten
minutes thereafter, the ice bath was detached and the
reaction mixture was stirred at room temperature for 18
hours. After evaporation of the solvent under a reduced
pressure, the fhus obtained residue was mixed with 30 ml of
80% ethanol and 3 ml of triethylamine and heated under reflux
for 2 hours. After evaporation of the solvent under a
reduced preésure, the thus obtained residue was mixed with
ethyl acetate and saturated sodium bicarbonate aqueous
solution to effect separation of layers. The organic layer
was washed with saturated brine, the aqueous layer was
extracted with ethyl acetate and then the organic layers were
combined and dried over anhydrous sodium sulfate. After
.filtration, the solvent was evaporated under a reduced
pressure and the resulting residue was purified by a silica

gel column chromatography to give 494 mg (62.2%) of the title
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irradiation of |ight and under. a hydrogen pressure of 4.

- 63 - at nospheres. After renoval of the catal yst by
filtration, the solvent was evaporated under a reduced pressure to give
153 ng (quantitative) of the title conpound. The thus obtained conpound
was used in the follow ng reaction without purification. Inventive
Exanple 3: 7-[3-(3-Am no-1, 1-difluorocycl obutan-3-yl)pyrrolidin-1-yl]-6-
fluoro-1-[2-(S)-fluoro-I-(R)-cycl opropyl]-8-nethoxy-1. 4-

di hydr o- 4- ! | e Fvada®ny lbfC thel dhiulss@Bainked compourAl 181 ng (0. 50
mol ) portion of 6,7-difluoro-1-[2-

(S)-fluorqdiddddsy G OB ofpe | a forahdwkiorded-datydod- its enantiomer

oxoqui nol i ne- 3-carboxylic acid BF2 chelate and 138 ng (0.50 mmol) of

3-[ 3- (t ertrduhiexyERr bonyl am no) -1, 1- difluorocycl obutan-3-yl] pyrrolidine
(Isomer F1) were suspended in 1.5 m of dinethyl sulfoxide, and the
suspensi orRefesrence Example 224 nl of triethylamne and stirred at 45/ err]C
for 48 hours under an atnosphere of nitrogen. After evaporation of the
sol vent urd el i bfluereogyclebutannssi ned

- 2

X ] =3 LARALE :‘__" NS = :
resi due which was stirred and cooled in an ice bath, the thus forned
crystal s vigkloyereLidine h(isemer ¥lhn and dissolved in 30 nl of 80%

et hanol and then the solution was nixed with 3 f triet m, ne_and
heat ed under refl & 3¥bm® HHB% MMPkL) SB‘P’?/EHPHV\%E %’8]3%’6?3 égxtgaégeﬁg'

duced ,_and trated h hloric acid d -
reduced  messue. and boneenl ¢S, hyfLockl oot o oruf veodis L oshe
of stirring; this Y5 J12egi SA41VER Eh 261 of ethanol to which was

subsequently added 350 mg of 10% palladium on carbon catalyst.

FEEARIC DR YooY B |

The thus preparéd mixture was stirred for 2 hours under
irradiation of light and under a hydrogen pressure of 4
atmospheres. After removal of the catalyst by filtration,
the solvent was evaporated under a reduced pressure to give
239 mg (quantitative) of the title compound. The thus
obtained compound was used in the following reaction without
purification.

Reference Example 24:

3—[3-(tert-Butoxxcarbonzlamino)-1,14difluoroczclobutan-3—

yllpyrrolidine (Isomér F2)
A 183 mg (0.50 mmol) portion of 1l-benzyl-3-[3-(tert-

butoxycarbonylamino)—l,l—difluorocyclobutan—3-yl]pyrrolidine
(Isomer F2) was dissolved in 20 ml of ethanol to which was
subsequently added 183'mg of 10% palladium on carbon catalyst.
The thus prepared mixture was stirred for 2 hours under

irradiation of light and under a hydrogen pressure of 4
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- 64 - the resulting aqueous | ayer was washed with chloroform
After extraction of the’ chloroforn1layer wth 1 N hydrochlorlc acid, the
aqueous | ayers were conbi ned and, "while stirring and cooling in an ice
bath, adjusted to pH 12 wth saturated sodi um hydroxi de aqueous sol uti on.
This was then adjusted to pH 7.4 with hydrochloric acid and extracted
with chloroform and the resulting organic |ayer was dried over anhydrous
sodium.sul fate. After filtration, the solvent was evaporated under a
reduced prestSohees eafﬁﬂertf@nowﬂ%fIﬂger@étalyyswasypﬂnfradlbﬁ a
preparative thin layer chromatography and then subjected to

recrystal | i¢ed | Sllventt iwas advaporyted Ninden ca , rédecedypgesstge 166 give
(70.4% of the title compound. "H NWR (0.1 N NaOD) 6: 1.32 - 1.46 (1 H,
m, 1.46 - 155H8nd 1(qidnimtatlivd) -ofl. Be (Hitle ngomPoddd. 2THE thusl m), 2.43
- 2.64 (3 H mM, 2273 - 2.84 (2 H mM, 3.43 - 3.53 (1 H nm, 3.53 - 3.65
(2 H m, IMBRaisedHcogpoddivas ngsd (iln H-hen) folBowbng YeadtionHyithoutt, 88
- 493 (0.5H m, 507 - 511 (05H m, 7.65 (1 H d J =142 Hz),
8.40 (1 H myrifigatidgnal anal ysis data for

Cerr]Herr [err]N[err]CIerr .0.25Herr] O Calcd.: C, 55.75; H,
5.00; N, 8.Jwentive Examplg : C, 55.62; H, 4.86; N, 8 70. . Inventive
Exanpl e 4: ' | 'd'

f1 uoro-1-[ 2L L

dihydro-4-qép

dihvdro-4-oxoguinoline~3-carboxyvlic acid

A 181 ' mg (0.50 mmol) portion of 6,7;difluor;-1—[2-
(S)-flubro-l—(R)-cyclopropyl]-8—methoxy-1;4—dihydro—4-
oxoquinoline-3-carboxylic acid BF, chelate and 133 mg (0.50
mmol) of 3-[3-(tert-butoxycarbonylamino)-1,1-
difluorocyclobutan—B—yl]pyrroiidiné(ISomer F1) were suspended .
in 1.5 ml of dimethyl sulfoxide, and the suspension was mixed-
with 0.21 ml of triethylamine and stirred a£;45°c for 48
hours under an atmosphere'of.nitrogen. After evaporation of
the solvent under a reduced pressure, water was added to the
thus obtained residue which was stirred and cooled in an ice
bath, the thus formed crystals were collected by filtration
and dissolved in 30 ml of 80% ethanoi and then the solution
was mixed with 3 ml of triethylamine and heated under reflux
for 2 hours. The solvent was evaporated under a reduced
pressure, and concentrated hydrochloric acid was added to the
thus obtained residue which was stirred in an ice bath.

After 10 minutes of stirring, this was mixed with water, and
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- 65 - -~ A 181 nmg (0.50 mmmol ) portion..of

6, 7-di fluoro-1-[2- (S)-fluoro-1-(R)-cycl opropyl]-8-nethoxy-1, 4-di hydro-4-
oxoqui nol i ne-3-carboxylic acid BF2 chelate and 138 ng (0.50 nmmol) of 3-

[ 3-(tert-butoxycarbonyl am no)-1, 1- difluorocycl obutan-3-yl]pyrrolidine
(Isomer F2) were suspended in 1.5 m of dinethyl sulfoxide, and the
suspension was mxed wth 0.21 ml of triethylamne and stirred at 45[err]C
for 48 hours under an atnosphere of nitrogen. After evaporation of the
sol vent undafe ardAHUCHEY HASSOUL, 1 AP L waBSwasihed ek heén1bdhysosht ai ned
resi due which was stirred and cooled in an ice bath, the thus forned
crystal s warfrgoldaatast in fof e | Sl oxdfboshh SE&yeedvith3p i of 80%

et hanol and then the solution was mxed with 3 ml of triethylamne and
heat ed unddéfydwidhborioraidputise ddiseecnd Veayeys swerea poonb tnednded, a
reduced pressure, and concentrated hydrochloric acid was added to the

t hus obt ai i Yee s§ttiuerishg cndvasoating eth i an aice deatiat hadjusted 46 pHnlRes
of stirring, this was mxed with water, and the resulting aqueous | ayer
was washed wiittth ssitwrasiest reodiam drydsexride i aquesus rolkwt benf or Bhiayeaswi t h
1 N hydrochloric_acid, the aqueous |ayers were conbi ned and, while

stirring arfdebAdinsted &0 iRk bt Withjhedeerhrrnie 13cidi and sextraetad

sodi um hydroxi de aqueous solutjon. This was then adjusted to pH. 7,4 with
hydrocm(NiW}EﬂﬂqpégﬁPég&W%uﬁﬁéi{hﬁtWﬁ§HﬁYﬁQﬁcﬁFﬁa%&éi}?¥9¥é§%$t¢ﬁ§eﬁrganic
| ayer was dried ver anhydrous sodj um sul fafe. fer filtratjon, the
sol>lvent vvé’sv%‘?/a?ﬂtfya&%ﬂl%y - ol ?pr&?ﬁ%%#ﬁa%ﬁi‘?’ér,{]?ﬁeSOPvent

was evaporated under a reduced pressure. Thereafter, the

resulting residue was purified by a preparative thin layer
chromatography and then subjected to recrystallization
purification by 2-propanol, thereby giving 165 mg (70.4%) of
the title compound.
'H-NMR (0.1 N NaOD) &: 1.32 - 1.46 (1 H, m), 1.46 - 1.58 (1
'H, m), 1.70 - 1.82 (1 H, m), 2.04 - 2.13 (1 H, m), 2.43 -
2.64 (3 H, m), 2.73 - 2.84 (2 H, m), 3.43 ~ 3.53 (1 H, m),
3.53 - 3.65 (2 H, m), 3.57 (3 H, s), 3.65 -~ 3.73 (1 H, m),
3.95 - 4.04 (1 H, m), 4.88 ~ 4.93 (0.5 H, m), 5.07 - 5.11
(0.5 H, m), 7.65 (1 H, d, J = 14.2 Hz), 8.40 (1 H, s).
Elemental analysié data for CpHpFiN;0,e0.25H,0

Caled.: C, 55.75; H, 5.00; N, 8.87.

Found : C, 55.62; H, 4.86; N, 8.70.

Inventive Example 4:

fluoro-1-{2-(S}-fluoro-1-{(R)-cyclopropyl ]-8-methoxy-1,4-

dihydro-4-oxoguinoline-3-carboxylic acid (Isomer F2)
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- 66 - resulting residue was purified by a preparative thin

| ayer chromat ography and then subjected to recrystallization purification
by 2-propanol, thereby giving 149 ng (63.2% of the title conpound.
[err]HFNMR (0.1 N NaOD) 6: 1.50 - 1.78 (3 H m, 2.02 - 2.12 (1 H m,
2.41 - 2.62 (3 H m, 2.73 - 2.86 (2 H m, 3.40 - 3.63 (3 H m, 3.57 (3
H s), 33.72 - 3.83 (1 H mM, 3.99- 4.08 (1 H m, 4.82- 4.90 (0.5 H m,
4.93 - 5.00 (0.5 H m, 7.65 (1 H d J=14.3 Hz), 8.47 (1 H s).

El emental analysi g dajad r( ocw ﬁanquf ﬁoE[tqrdﬂ I‘d[ferer,]ﬂcﬁirfﬂu&o?ﬂﬂ[pz-r] O
Calcd.: C, 55.75; H, 5.00; N, Found C, 55.55; 4.82; N,
8. 67. In\(g)t-lmmdi)oarml(e{)&cyclopropyl] 8-methoxy-1, 4-d1hydro-4-

5- Ami no- 7-[ 3- (3-am no- 1, 1-di fl uorocycl obut an- 3-yl) pyrrolldln-

1 yI] 6- f loxogeiho13neS)3—daniroceyll-icR)accy IBHyr opelpti@- aadhy38 mg (0.50

4- di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid (lsoner F1) A 312 ngy.
(1 00 mMmommoddr wiford-df3 -H-tanitrdudokmiathmyd-anino) -1, 1-
1-[2-(S)-fluoro-1-(R)-cycl opropyl]-8-nethyl-1, 4- dlhydro 4-
oxoqui nol da€lBerachcipbutancBdya)gdy23dliine §Isoner)F2J ware suspended
[ 3-(tert-butoxycarbonyl am no)-1, 1-di fl uorocycl obutan-3- yl]pyrrolidine
(1 somer Fﬁ-)l'MﬁeméusﬁeddmethNIZSuﬂfoﬁ:idErreahyll theu suspiehs i can dvatsh eni xed
suspensi on was mxed with 5 m of trlethylan1ne and stirred at 110[err]C
for 96 hoWidhulQded md oft fFdstdrd agring @y Stivgadateipdr St the

sol vent nder a reduced ressure, centrated hydrochloric acid was
added 1o PRETENIDIEE: 2 EITESENETE A OH WHROY| 1 AkFS, Sipporation of

the solvent under a reduced pressure, water was added to the
thus-obtained residue which was stirred and cooled in an ice
bath, the thus formed crystals were coilected by filtration
and dissolved in 30 ml of 80% ethanol and then the solution
was mixed with 3 ml of triethylamine and heated under reflux .
for 2 hours. The solvent was evaporated under a reduced
pressure, and concentrated hydrochloric acid was added to the
thus obtained residue which was stirred in an ice bath.

After 10 minutes of stirring, this was mixed with water, and
the resulting équeous layer was washed with chloroform.

After extraction of the chloroform layer with 1 N
hydrochloric acid, the aqueous layers were combined and,
while stirring and cooling in an ice bath, adjusted to pH 12
with saturated sodium'hyaroxide aqueous solution. This was
then adjusted to pH 7.4 with hydrochloric.acid and extracted
with chloroform, and the resulting organic layer was dried
over anhydrous sodium sulfate. After filtration, the solvent

was evaporated under a reduced pressure. Thereafter, the
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- 67 - ice bath. After 10 mnutes of stirring, this was m xed
with water, and the resulting agueous | ayer was washed with chloroform
After extraction of the chloroformlayer with 1- N hydrochloric acid, the
aqueous | ayers were conbined and, while stirring and cooling in an ice
bath, adjusted to pH 12 wth saturated sodi um hydroxi de aqueous sol uti on.
This was then adjusted to pH 7.4 wth hydrochloric acid and extracted
with chloroform and the resulting organic | ayer was dried over anhydrous

sodi um sul faigy g Trddidi@thad plbor P4 vB9ta YBSpRYEERGE! Efl1HNYRYCR

reduced pressure ereafter, the resulting residue was purified Dy a
prepar at i vecHibnat syedp h}eramm&m&aam édged hed B steUlifation
recrystallization purlflcatlon by 2- propanol t hereby giving 191 ny
(46.0% of pusdieficdt o ApaRHBiropansl ) H:l&&ﬁal(:ﬁ @%ﬂ@®49[mgr16312®$ ofl. 17
(1 H m, 1.43 - 1.54 (1" H m, 1.64 - 1.75 (1 H m, 2.00 - 2.12 (1 H,
m, 2.27 (Xh¢ tihle Zahipoudb63 (3 H m, 2.70 - 2.83 (2 H m, 3.28 - 3.36
(2H mM, 3.41 - 3.50 (1 H mM, 3.69 - 3.79 (1 H m, 3.89 - 3.95 (1 H,

M), 4.70 - H-SOR( @05 1HN MpOD). $8 1.5005 (10.78 H3 Hy m)a. 25 Q2 H2.2 (1
HamMalamﬂwnsdmafm qu]WeH]HeH]éfw] ar”ew;OSWeH]O

Calcd.: C, ®Bb.1mW; H4b. 282 6\2 03 y3.m), 2.73 udel (231, 58) 06; 16; N,
11.34. Inventive Exanp

7-[3- (3- Anihd3 - 6‘3J&rdn):yc3ofbbtb31 B \§), %)y?zoﬂ%n%uiuql,am), 3.99 -
flggr? 1- [2 (S {I%g[qn% (R) cycloprop 6]5 H:mﬁhoxx &3 Z 5.00 (0.5 H,

m), 7.65 (1 H, d, J = 14.3 Hz), 8.47 (1 H, s).

Elemental analysis data for C,,Hy;F N30, 0.25H,0
Cal¢d.: C, 55.75; H, 5.00; N, 8.87..
Found : C, 55.55; H, 4.82; N, 8.67.

Inventive Example 5:

1.,4-dihydro-4-oxoquinoline-3-carboxylic acjd | E

A 312 mg (1.00 mmol) portion of 5-amino-6,7-difluoro-
1-[2-~(S)~fluoro-1-(R)-cyclopropyl]-8-methyl~1,4~dihydro-4-
oxoquinoline-3—carbox§lic acid and 239 mg (0.87 mmoi) of 3-
[3-(tert-butoxycarbonylamino)-1,1-difluorocyclobutan-~3-
yl]pyrrélidine (Isomer Fl) were suspended in 2 ml of dimethyl_
sulfoxide, and the suspension was mixed with 5 ml of
triethylamine and stirred at 110°C for 96 hours under an
atmosphere of nitrogen. After evaporation of the solvent
under a feduced pressure, concentrated hydrochloric acid was

added to the thus obtained residue which was stirred in an
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di hydr o- 4- oxoqui nol i ne-3-carboxylic acid (lsoner Bl) .. A 361 ngy
(1.00 mmol) portion of- 6,7-difluoro-1-[2-
(S)-fluoro-I-(R)-cycl opropyl]-8-nmet hoxy-1, 4-di hydr o- 4-

oxoqui nol i ne-3-carboxylic acid BF[err] chelate and 274 ng (1.00 nmol) of
3-[3-(tert-butoxycarbonyl am no)-1-fl uorocycl obutan- 3-yl]pyrrolidine
(I'soner Bl) were suspended in 3 m of dinmethyl sulfoxide, and the
suspension was mxed with 0.42 m of triethylamne and stirred at 40[err]C

for 48 hource bt 26MRPONA ntihuted RE S MAMNGINAMH IR wasl URBEeRIREENT €,
water was added to the thus obtained residue which was stirred and cool ed
in an i cewadtdr, B tthes desulsdmy wiwdousvdrayerr atd eorashdy withirati on and

. dissolved in 50 mMl of 80% ethanol, and the solution was m xed with 10 n

of trietiohlarioferamd Rddtesd extdmctdal v ftdre Thilorafori t layexrwabidh at i on
of the solvent under a reduced pressure, concentrated hydrochloric acid
was added R &ividreoatderishesiithd thee daneeousildyers wane reembined and, bat h.
After 10 m nutes of stirring, this was mxed with water and chloroformto
ef fect sepdrd@ &tigring and cand i ddudn dAfe hatdh eadingted tipk Wth
chl orof orm, .and the chl orofqrml%)/ers \%e conbi%an_d extracted with 1 N

ad

hydr ochl QW‘&: : éiaa:.urﬂjf@d zf(ﬂ?éé'ﬂbh Arard edeliied Wn'\/\hiw@-%ﬁﬁﬁi ng
a0, <00l her! AR 18 b FIATHR, RIS SRR
SubseqUentl X rOX 1R ik, Mt e reBM1 ¥ 'Ihgali® RS Wik U SRR © aver
over anhydrous sodium sulfate. After filtration, the solvent
was evaporated under a reduced pressure. Thereafter, the
resulting residue was purified by a preparative thin layer
chromatography and then subjected to fécrystéllization
purification by 2-propanol, thereby giving 191 mg (46.0%) of
the title compound. | '
JH-NMR (0.1 N NaOD) §: 1.03 - 1.17 (1 H, m), 1.43 - 1.54 (1
H, m), 1.64 - 1.75 (1 H, m), 2.00 - 2.12 (1 H, m), 2.27 (3 H,
s), 2.41 - 2.63 (3 H,'m), 2.70 - 2.83 (2 H, m), 3.28 - 3.36
(2 H, m), 3.41 - 3.50 (1 H, m), 3.69 - 3.79-(1 H, m), 3.89 -
3.95 (1'H, m), 4.70 - 4.90 (0.5 H, m), 4.96 - 5.05 (0.5 H,
m), 8.25 (1 H, s). | '
Elemental analysis data for C,H,,F;N,03+0.5H,0
Calecd.: C, 55.34; H, 5.28; N, 11.73.
Found : C, 55.06; H, 5.16; N, 11.34.

Inventive Example 6:

7-[3-(3-Amino-1-fluoro-cyclobutan-3-yl)-pyrrolidin-1-yl]-6-—

fluoro-1-[2-(S)-fluoro-1-(R)-cvclopropyl ]-8-methoxv-1,4-
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anhydrous sodium sul fate-and filtered, and the solvent was then evaporated
under a reduced pressure.- Thereafter, the resulting residue was purified
by a preparative thin |l ayer chromatography (devel oped by the | ower |ayer
of- chl orof orm net hanol :water = 7:3:1) and the thus obtained crude
.crystals were recrystallized from 2-propanol, thereby giving 290 ng (0.635
nmml ) of the title conpound. [err]H NMR (0. 1 N NaOD) [err]: 1.30 - 1.45 (1
H m, 1.45- 1.61 (1 H mnm, 1.68 - 1.82 (1 H m, 2.00 - 2.09 (1 H m,
2.25 - 2. 43nbArt-40bxoduifiol iAe28 . m, 3.58 (3
H s), 3.6 . . 4.96 (0.5 H m,
5.05 - 5.11 (0. 5 Ha Btl ﬁg2?1 06. ﬁﬂol&?pBeroﬁ)of5637-d151ﬁarbﬂl5[ﬁf'ﬁ,
7.65 (1 H d, J=14.2 Hz), 8.40 (1 . Elenental analysis data for
C[err]H[er(Bﬁkﬁnﬁbhbenpkﬁbecyblﬁp%ﬁb&&nFBQmethoxy-l ,@3ddthydrG-457. 95; H,
5.42; N, 9. Found : C, 58.02;-H 5.40; N, 9.07. |Inventive
Exanple 7: oxqumnnaaﬂeEB ¢carboxydik- abudrBFeychebﬂtanaﬁdy27ﬁymgo(ldDﬂ 1-
yl]-6 8-difluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1.4-
di hvdr o- 4- omodli A6l Bné33{tarbekytoayaerioplydeminopi-jl - fluorocycAobmxarg-
(0.574 mmol) gortlon of 5-amno-1-[2-(S)-

¥

f1 uoro-| - (Rryéyevsprdpiineg Aecngr- Bli- werpdeyspegdeds in 8 ml of
trlfluoro ui nol i ne-3-carboxylic acid and 148 .ng (0.574 mmpl ),

3-[ 3- (t er t SpULERYLaFBLEPEAALHORDE- FPGOFHé?@P&BGPaWa§ ml?FFpVFﬁ& ﬁdﬁ@e“ﬂ
(Isoner Blgfmeégegﬁyggaggg ggdlgtgkreg at 40°C for 48 hours. After 70 -

evaporation of the solvent under a reduced pressure, water
was added to the thus obtained residue which was stirred and
cooled in an ice bath. The thus formed crystals were
collected by filtration and dissolved in 50 ml of 80%
ethanol, and the solution was mixed with 10 ml of
triethylamine and heated under reflux for 2 hours. After
evaporation of the solvent under a reduced pressure,
concentrated hydrochloric acid was added to the thus obtained
residue which wés stirred in an ice bath. After 10 minutes
of stirring, this was mixed with water and chloroform to
effect separation of layers. The aqueous layer was extracted
twice with chloroform, and the chloroform layers were
combined and extracted with 1 N hydrochloric acid. The
aqueous layers were combined and, while stirring and cooling
in an ice bath, adjusted to pH 12 with saturatea sodium
hydroxide.aqueous éolution and then to pH 7.4 with 1 N
hydrochloric acid, subsequently extracting twice with

chloroform. The resulting organic layer was dried over
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acetonitrile, and the suspension was mxed with 5 ml of ..triethylam ne and
heated under reflux for 48 hours. After evaporation of the solvent under a
reduced pressure, concentrated hydrochloric acid was added to the thus
obt ai ned residue which was stirred and cooled in an ice bath. After 10

m nutes of stirring, this was mxed with water and chloroformto effect
separation of |ayers. The aqueous |ayer was extracted twice with

chl oroform and the chloroform |ayers were conbined and extracted with 1 N

hydrochl origy rfb&n 1S dhs HERLAG GQLSEd Y Sirii We B SUD] Nesly aple ¥ ¥éneldagi NG

and cooling I ce bath, adjusted to pH 12 wWith saturated sodium

hydr oxi de P ey aprdted) it e rddudidd preddire ]l Nehévdd pedtprtReaci d,

subsequently extracting twice with chlorofornl The resulting organic Iayer

was dried @érsultainy dfedishrodidsNmist ified and 4 iptepecat bel then sDayent was
t hen evaporated under a reduced pressure. Thereafter, the resulting

resi due wasimondtmyrdphya (@espsrapied oyt ihe | byvesr dyemadDHgr aphy (devel oped
by the | ower | ayer of chloroformnethanol:water = 7:3:1) and the thus

obt ai ned mmm@qmmad:hﬂarcelme}st%lh&dd) fandn therdpmas odbtaingde 121
nyg (0.266 mmol) of the title conpound. err]H-NVR (0.1 N NaQOD) [err 1.42
- 1.67 (3 lgruge crygtal szwsaze( Feque(ﬁallg flzom (@repangl, 3thereby. 60
(3 H m, 3.65 - 3.76 ig - 5.02 m, 5.18 - 5.25 (0.5 H,
n, 5.30 9iying (Z(?QSI‘FJ (@ 6 I'S“C(lj) 19f ghe tE'%rﬁ epe#adysi s data for

QerrlHernl AR I ¢ & 8L8EY 53705612 1.45 (1, m), 1.45 - 1.61 (2~ "*
H, m), 1.68 - 1.82 (1 H, m), 2.00 - 2.09 (1 H, m), 2.25 -
2.43 (4 H, m), 2.44 - 2.56 (1 H, m), 3.45 - 3.63 (3 H, m),
3.58 (3 H, s), 3.63 - 3.74 (1 H, m), 3.92 - 4.03 (1 H, m),
4.90 - 4.96 (0.5 H, m), 5.05 - 5.11 (0.5 H, m), 5.22 - 5.30
(0.5 H, m), 5.37 - 5.43 (0.5 H, m), 7.65 (1 H, d, J = 14.2
Hz), 8.40 (1 H, m).
Elemental analysis data for C,;,H,;,F3;N;0, 0.25H,0

Caled.: C, 57.95; H, 5.42; N, 9.22.

Found : .C, 58.02; H, 5.40; N, 9.07.

Inventive Example 7:

dihydro-4-oxoguinoline-3-carboxylic acid (Isomer Bl)
A 183 mg (0.574 mmol) portion of 5-amino-1-[2-(S)-

fluoro—le(R)—cyclbpropyl]-S-methyl—l,4—dihydro-4-oxo—6,7,8—
trifluoro-quinoline-3-carboxylic acid and 148 mg (0.574.mmol)
of 3-[3-(tert-butoxycarbonylamino)-1l-fluorocyclobutan-3-

vljlpyrrolidine (Isomer Bl) were suspended in 10 ml of
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Calcd.: C, 54.43; H, 5.00; N, 12.009. Found : €, 54.54; H 5.00; N
11.79. Reference Exanple 25: Ethyl -

3-[1- benzyl oxy- 3- (i soanyl oxycar-bonyl ) cycl obut an-3-yl ]- 3-oxopropi onat e

A 21.49 g (67.08 nmmol) portion of 1-benzyl oxy-3-

(i soanyl oxycar bonyl ) cycl obut ane- 3- carboxylic acid was dissolved in 200 n
of tetrahydrofuran to whi.ch, while cooling in an ice bath with stirring,
was added 13.05 g (80.49 nmol) of N, N-carbonyl diimdazole. After 10

m nutes of zcstbhiiPfle} Nend CEndatispens 6h anhednarddt WetheBchiloofn Xt ure
was stirred at roomtenperature for 3 hours. To the reaction solution

whi ch was £ppéellyldmaie | £8d bésteddunderrrdfias fadded Houpewiserfoerni of
t et rahydrof uran sol ution containing 23.06 g (80.49 nmol) of nagnesium

et hyl mal one¥&porétton lof hohe sdlventrundertdereduchdt breagsudeyached, and
the reaction mxture was stirred at roomtenperature for 10 hours. \Wile
cool i ng i ncencentrated bydrechlorhg, achd vagcatdadniet the hhys pbkadn@c: h
10%citric acid aqueous solution and then with ethyl acetate to_effect
separ at i onre$idhagevhichndas hetireed| andgcerdadi énl afelcRaballshedth
saturated sodi um bi carbonate, aqueous solution gnd.saturated_brine. The.
organi c | ay@rmiputesied SLEFriRgydtRes gﬁﬁiﬂﬁ?@&lVé WAGSTt PPHered, the

Tesi due vaShRUFPRPER B9 SLEPTT CRSRBFAELBR.An LAYSRAC ool BBy IRRCREARE S ny

acetate = %é%)eégxgéggd twice with chloroform, and the Zﬁlbroform
laYers were éombined and extracted with 1 N hydrochloric
acid. The aqueous layers were combined and, while stirring
and cooling in an iﬁe bath, adjusted to pH 12 with saturated
sodium hydroxide aqueous solution and then to pH 7.4 with 1 N
hydrochloric acid, subsequently exfracting twice with
chloroform. The resulting organic layer was dried over
anhydrous sodium sulfate and filtered, ahd the solvent was
then evaporated under a reduced ﬁressure. Thereafter, the

‘ resulting residue was purified by a preparative thin layer
chromatography (developed by the lower layer of
chloroform:methanol:water = 7:3:1) and the thus obtained
crude crystals were recrystallized from 2-propanol to give
121 mg (0.266 mmol) of-the title compound. |
IH-NMR (0.1 N NaOD) &: 1.42 - 1.67 (3 H, m), 1.93 - 2.02 (1
H, m), 2.17 - 2.43 (5 H, m), 3.40 - 3.60 (3 H, m), 3.65 -
3.76 (2 H, m), 4.80 - 5.02 (1 H, m), 5.18 - 5.25 (0.5 H, m),
5.30 - 5.40 (0.5 H, m), 8.15 (1 H, s).

Elemental analysis data for C;H,,F;N;03¢0.5H,0
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11.37 g (29.12 mmol ) of-the title conmpound. J[err]H NVR (CDCl[err]) [err]:
0.86 - 0.95 (6 H m, 1.21 - 1.36 (4 H mM, 1.48 - 1.56 (2 H m, 1.61 -
1.70 (1 H m, 2.48 - 2.56 (2 H m, 2.70 - 2.86 (2 H m, 3.49 - 3.53 (1
H m, 4.12 - 4.29 (5 H nm), 4.41 (2 H s), 7.26 - 7.36 (5 H n).

Ref erence Exanple 26: Ethyl '

3-[ 1- benzyl oxy- 3- (i soanyl oxycar bonyl ) cycl obut an-3-yl ]- 3-hydr oxypropi onat e
A 11.37 g (29.12 mmol) portion of ethyl 3-[1-

benzyl oxy- 3- (i soamgdl@ty.card,orsd )ad/;C b8 0 B3-y) |1 B-09 oXopr opi onat e was

di ssolved in 100 m of nmethanol to which, while cooling in an ice bath and
stirring, was sub¥emneht: \C, &didesd 441, iy q01.65 Tao19. of sodi um
tetrahydroborate. After 10 minutes of stirring at the sane tenperature, to
this was Refenende EBrilples 234 at ed ammoni um chl ori de aqueous sol ution.
After evaporation of net hanol under a reduced pressure, et hyI acetate was
added to tHa¥ GHRENZS QICarhons « aye3<yl
resul ti ng organic |ayer was mashed mnth sat ur at ed brlne and t hen drled
over anhyé&@g@m%lfate After filtration, the solvent was
evapor at ed under ure tQ give 11.41 ((29. 07 mmol) of the
title corrpound ’Phé’lt %&s 905 og:ﬁ:t}' gl henzwloXystIvwi ng

(55 [1- Derstbpceied mﬁﬁfﬁamefere”%e-ﬁ%mﬁi S a9 at o
- 73 -

dissolved in 200 ml of tetrahydrofuran to which, while

cooling in an ice bath with stirring,_was_added 13.05 g
(80.49 mmol) of N,N-carbonyldiimidazole. After 10 minutes of
stirring, the.ice bath was detached and the reaction mixture
was stirred at room temperature'for 3 hours. . To the reaction
solution which was cooled in an ice bath and stirred was
added dropwise 100 ml of tetrahydrofuran solution containing
23.06 g (80.49 mmol) of magnesium ethylmalonate. After 1

- hour of stirring, the ice bath was detached, and the reaction
mixture was stirred at room temperature for 10 hours. While
cooling in-an ice bath and stirring, the reaction mixture was
mixed with 10% citric acid aqueous solution and then with
ethyi acetate to effect separation of layers, and the
resulting organic layer was washed with saturated sodium
bicarbonate aqueous solution and saturated brine. The
organic layer was dried over anhyd;ous sodium sulfate and
filtered{ the solvent was evaporated under a reduced pressure
and then the resultihg residue was purified by a silica gel

column chromatography (n-hexane:ethyl acetate = 2:1) to give
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A 11.41 g (29.07 mmol) portion of crude ethyl 3-[1- -

benzyl oxy- 3- (i soanyl oxycar bonyl ) cycl obut an-3-yl ] - 3- hydr oxypr opi onate was

di ssolved in 100 m of dichloronethane to which, while cooling in an ice

bath and stirring, were subsequently added 2.70 ml (34.9 nmol) of

met hanesul fonyl chloride and 10.13 m (72.68 mmol) of triethylanmine in

that order. After 2 hours of stirring, to this was added 9.56 ml  (72.7

mmol ) of diazabicycl oundecene. After 1 hour of stirring, the reaction

m xture wagifgrteg29t iprfrlod bEOfhet eipeeatvmpolaid.2 hours. \Wile cooling

in an ice bath and stirring, this was m xed with saturated amoni um

chloride HpNMRIS(CEELY)i 6r An@6t Re® .85t H{ Gethym)acet.le + A 56 @ H, m),

separation of |ayers. The resulting organic |ayer was washed wth 10%

citric aci d.48ueolis560l(@t Henmapdlt hén~-wilt. A0sdflutiat @g , 2r.idle - Bhédbor(Fai c

| ayer was dried over anhydrous sodium sulfate and filtered, the sol vent

was evapor®jed2uifler 2.8beddcHd B)esSuh8 and-SBer 1t He m@suﬂtﬂﬂg~ré&ﬂ@he was

purified by a silica gel colum chronatogra n- hexane: ethyl acetate =

2:1) to glﬁ 5,48)g #281262nHel F)of 7+RE ti Tl GCé%pHun@) [err] H NVR

(CDCI[err é % 0.89 - 0.92 (6. H m, 1.24 - 1.36 (4 H mM, 1.48 - 1.56 (2
e{e?ée(EXFF“PFrF 26319 - 2.25 (1 H m, 2.23 - 2.38 (1 H m,

2 48 - . . - .2. H A2 -

4. 29 (5 H

7 %2 ) 7. g-hgérox n}o 15%2 [ence Exanple 28:

A 11.37 g (29.12 mmol) portion of ethyl 3-[1-

benzyloxy-3- (isoamyloxycarbonyl)cyclobutan-3-yl]-3-
oxopropionate was dissolved in 100 ml of methanol to which,
whiie cooling in an ice bath and stirring, was subsequently
added 441 mg (11.65 mmol) of sodium tetrahydroborate. After
10 minutes of stirring at the same temperature, to this was
gradually added saturated ammonium chloride aqueous solution.
After evaporation of methanol under a reduced pressure, ethyl
acetate was added to the thus obtained residue to effect
separation of layers. The resulting ofganic léyer was washed
with saturated brine and then dried over anhydrous sodium
sulfate. After filtration, the solvent was evaporated under
a reduced pressure to give 11.41 g (29.07 mmol) of the title
compound. The thus obtained compound was used in the
following reaction without purification.

Reference'EXample 27:

Ethyl (E)-3-[l-benzyloxy-3-(iscamyloxycarbonyl )cyclobutan-3-
yllacrylate |
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Et hyl 3-[1-benzvl oxy-3-(i soanyl oxycar bonyl)cycl obut an-3-yl] - :

4-ni trobut anoat e A 9.46 g (25.3 mmol) portion of ethyl (E)-3-[I-
benzyl oxy- 3- (i soanyl oxycar bonyl-) cycl obut an-3-yl]acrylate was dissolved in
50 m of nitromethane to which, while cooling in an ice bath and stirring,

was -subsequently added dropwise 3.78 ml (25.3 mmol) of
di azabi cycl oundecene. After 10 mnutes of stirring, the reaction mxture
was further stirred at roomtenperature for 1 hour. While cooling in an

ice bath and stiminga4iltge (28307 @imolgl PordiomoPGMdidd ety pdual Iy
adding 10%citric acid aqueous solution and then mxed with ethyl acetate

to effect heazylatiyes3-qfi soayyloxyHerbamal) dydipangan T-yaye3- was washed
wi th saturated sodium bicarbonate aqueous sol ution and saturated brine and
then dri dydrosypaopidnatre s whssllvaide inAfX0 nfli |df atiiail ordmeetisame ent
was evaporated under a reduced pressure to give 11.45 g (25.26 nmol) of
the titl e toWdehd. vhide FeeldmGiime@n deepdatd vl weding hevdms | owi ng
reaction wi thout purificatiaon. Reference Exanple 29:
4- [ | - Benz PPEReaentdya Afasey darlfomll (34 mmli)amfs mathanesyhfany} done
A 11.45 g % 5.2 nnnb; ort.ion of .cruyde ethyl 3-[1- . . :
enzyl oxy-"3- 0 (o4 -13- =4 | S
benzyl oxy <3 Ord6& BB |55L§bm“515r)3 Aethylamifa dibdihatha
di ssolved | §e200 Hee@l 8! B3NE L3 W'i%%ing, to this was added 9.56 m1~ ' °
(72.7 mmol) of diazabicycloundecene. After 1 hour of
stirring, the reaction mixture was further stirred at room
temperature for 2 hours. While cooling in an ice bath and
stirring, this was mixed with saturated ammonium chloride
aqueous solution and then with ethyl acetate to effect
separation of layers. The resulting organic layer was washed
with 10% citric acid aqueous solution and then with saturated
brine. The organic layer was dried over anhydrous sodium
sulfate and filtered, the solvent was evaporated under a
reduced pressure and then the resulting residue was purified
by a silica gel column chromatography (n-hexane:ethyl acetate
= 2:1) to give 9.46 g (25.26 mmol)lof the title compound.
'H-NMR (CDCl;) &: 0.89 - 0.92 (6 H, m), 1.24 - 1.36 (4 H, m),
1.48 - 1.56 (2 H, m), 1.61 - 1.70 (1 H, m), 2.19 - 2.25 (1 H,
m), 2.23 - 2.38 (1 H, m), 2.48 - 2.54 (1 H, m), 2.58 - 2.63
(L H, m), 2.78 - 2.86 (1 H, m), 4.12 - 4.29 (5 H, m), 4.41 (2
H, s), 5.83 - 5.93 (1 H, m), 7.11 - 7.18 (1 H, m), 7.26 -
7.39 (5 H, m). "

Reference Example 28:
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was subsequently added 10 M of Raney ni ckel under an atnosphere of
nitrogen. After replacing nitrogen with. hydrogen, this was stirred at
50[err]C for 5 hours under an ‘atnosphere of hydrogen. After cooling in an
ice bath, the reaction solution was filtered through celite and then the
sol vent was evaporated under a reduced pressure to give 6.51 g (19.5 mmol)
of the title conpound. The thus obtained conpound was used in'the

foll owi ng reaction without purification. Reference Exanple 30:

1-Benzyl - 4- 1-benzyl oxy- 3- (ethoxycarbonyl)cyclobutan 3-yl]-2- pyrrolldone

A 6.51 g @S, ™

3- (i soanyl ' y ‘ a
m xed sol V@leﬁﬂd&%f 45 m of d| met hyl forrram de and 45 m of
tetrahydrofuran, an e resulting solution which was cooled in an ice

bath and stirred aas, 48105 qQULY It §5b B3R A £ ?étﬂymﬁe )-9L L‘ﬁ.Q% oily

sodi um hydride gradually.” After 10 m'nutes of stirri action
nlxture\Mﬁbﬁzyldxy;Eﬁoiddﬁhfﬂoﬁjﬁ&ﬁﬁdﬂﬁ&#é&dldbﬁﬁ&n—3~ﬁD?écﬁ§ﬂa€Qeﬁas“h'|e

cooling in an ice bath with stirring, 2.80 m (23.4 nmol) of” benzyl
chlori de whssaddest] diro@0 s€l diheritromeAfiane ltdodiich, sthiléNgooliRg in
resulting reaction solution was subjected to separation of layers at room
t enper at uree icEhdatiuarmskmEriateichgy gas cuilksmyuars] yweadded vditbpebsar at ed
brine 3.78 ml (25.3 mmol) of dlazab;g;cloundecene. After 10
minutes of sfirring, the reaction mixture wés further stirred
at room temperature for 1 hour. While cooling in an ice bath
and stirring, the reaction solution was acidified by
gradually adding 10% citric acid aqueous Solution and then
mixed with ethyl acetate to effect separation of layers. The
resulting organic layer was washed &ith saturated sodium
bicarbonate aqueous solution and saturated brine and then.
dried over anhydrous sodium sulfate. After filtration, the
solvent was evaporated under a reduced pressure to give 11.45
g (25.26 mmol) of the title Compoﬁnd. The thus obtained
compound was used in the following reaction without
purification.

Reference Example 29:

4-[1-Benzyloxy-3-(isoamyloxycarbonyl)cyclobutan-3-ylj-2-

pyrrolidone
A 11.45 g (25.26 mmol) portion of crude ethyl 3-[1-

benzyloxy-3-(isoamyloxycarbonyl)cyclobutan-3-yl}-4-

nitrobutanoate was dissolved in 200 ml of ethanol to which
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and then dried over anhydrous sodiumsulfate. After filtration, the

sol vent was evaporated under a reduced pressure to give an oily material.
The oily material was dissolved-in 100 M of ethanol, 20 ml of 10 N sodi um
hydr oxi de aqueous solution was added dropwi.se to the resulting solution

whi ch was cooled and stirred in an ice bath, and then 14 hours of stirring
was carried out .at roomtenperature. After evaporation of ethanol under a
reduced pressure, the thus obtained residue was mxed with 20 m of water
and then, while cooling in an ice bath, acidified with concentrated

hydr ochl 0”v§a§“§1§bsedﬁéﬁl§ iddded | AN m1 b8 mafxzaiéﬁéﬁduﬂuéﬁ dhethyl ether
(100 mM x 3) and then dried over anhydrous sodium sulfate. After

obt ai ned 1 RPHAPIES LGRS, | RFe? LD A EhGen Mg I ng

sol uti on o "ﬁhfﬂéﬁ% dﬁfeé 195§2§ £ofmBl hofksPuhabyeagsul foni c

aci d nonohydrat e and heat r ef or 3 hours. The reaction-

sol ution VasemdHat I afld B Wi frSat ebel Bhlg SoAi 4 Pbeaphenat ghaqueous
solution and thén extractéd with chloroform and the resul ting organic '

layer was dfdaftifers A Usas Ofi Iersdl ftGughf ée1itel &hat tren the
sol vent was evaporated under a reduced pressure and the resulting residue

was purifi esblenta wedd iedmametatosd undehrobédyred yrésstiesate: gitgl 6aset ate
= 2:1) to give 2.20 g of the title conmpound as a di astereonmer m xture.
Ther eaf t er ,g t{1® tShusnadlt snfharhe ititele oympoundas The thus obtained
- 77 -
' compound was used in the following reaction without
purification.

Reference Example 30:

l-Benzyl-4-[l-benzyloxy-3~(ethoxycarbonyl)cyclobutan-3-y1]-2-

pyrrolidone
A 6.51 g (19.5 mmol) portion of crude 4-{1l-benzyloxy-

3—(isoamyloxycarbonyl)cyclobutan—B—ylj—pryrrolidone was
dissolved in a mixed solvent consisting of 45 ml of
dimethylformamide and 45 ml of tetrahydrofuran, and to the
resulting solution which was cooled in an ice bath and
.stirred was subsequently added 935 mg (23.4 mmol) of 60% oily
sodium hydride gradually. After lQ minutes of stirring, the
reaction mixture was further stirred at room temperature for
1 ﬁour and then, while cooling in an ice bath with stirring,
2.80 ml (23.4 mmol) of benzyl chloride was addéd dropwise
thereto. After 1 hour of stirring, the resulting reaction
solution was subjected to separation of layers at room temperature.

The thus separated organic layer was washed with saturated brine
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again subjected to a silica gel colum -chromatography (n- hexane: et hyl
acetate = 4:1) to separate the diastereoisoners into 0.76 g of Isoner A
and 1.44 g of Isonmer B, and the- follow ng reaction was carried out using
the Isomer A. Isomer A  1H NWR (400 MHz, CDC13) 6: 1.21 (3 H d, J =7.13
Hz), 1.97 - 2.13 (2 H m, 2.16 (1 H dd, J = 10.75, 16.12 Hz), 2.40 - |
2.67 (4 H mM, 2.85-(1 H dd, J =5.86, 9.76 Hz), 3.39 (1 H dd, J = 7.33,
10.25 Hz), 4.09 (1 H g, J =3.13 Hz), 4.39- 4.49 (5H m, 7.19 - 7.52
(10 H m. Isomer B [err]HNWVR (400 MHz, CDCl[err]) [err]: 1.21 (3 H, d,
J = 7.33 Hahd &hdd dried dbetrthydious stiiun?st2fatell, Aftel Sl trhtiond, J
=513, 9.77 Hz),.3.35 (1 H dd, J =6.84, 9.77 Hz), 4.00 - 4.11 (3 H,

M, 4.38- ¢nhd%bivéht Was Teddpordt88 (RA8el anreduBeticpesesubsanpl give:

1- Benzyl - 4-[ 3- (et hoxycar bonyl ) - 1- hydr oxycycl obut an-3-yl]-2- pyrrolidone
(Isomer A)an oily mateb24lny The28ibyvhateeiklowasf disbedzrgld- 4n[ 100 ml
benzyl oxy- 3- (et hoxycar bonyl ) cycl obut an-3-yl ]-2-pyrrolidone (Isoner A was
di ssol ved ofi @hahobf 20 hmhobf a0dNt sedisml bydooxide arxedus sblil3Gomy of
pal | adi um hydr oxi de on carbon catalyst and subjected to 1.5 hours of

cat al yti c vasluzdded doepeisa hgdtbgenepunitingesofusiannwbinbr wasasgodeder
irradiation of light. After renoval of the catalyst by filtration, the

sol vent waan@dvapbrreedianant heerkathei agd then 14 hours of stirring was. 73

carried out at room temperature. After evaporation of
ethanol under a reduced pressure, the thus obtained residue
was mixed with 20 ml of water and then, while cooling in aﬁ'
ice bath, acidified with concentrated hydrochloric acid. |
After filtration, this was extracted with diethyl ether (100
ml x 3) and then dried over anhydrous sodium sulfaﬁe. After
filtration, this was concentrated under a reduced pressure,
the thus obtained residue was ﬁigsolved in 180 ml of ethanol,
and the resulting solution was gradually mixed with 4.55 g
(23.9 mmol) of p-toluenesulfonic acid monohydrate and heated
under reflux for 3 hours. The reaction solution was
concentrated, mixed with séturated sodium bicarbonate aqueous
solution and then extracted with chloroform, agd the
resulting organic layer was dried over anhydfous sodium
sulfate. After filtration, the solvent was evaporated under
a reduced pressure and the resulting residue was purified by
a silica gel column chromatography (n-hexane:ethyl acetate =
2:1) to give 2.20 g of the title compound as a diastéreomer

mixture. Thereafter, the thus obtained title compound was
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residue was purified by-a silica gel colum chromatography

(chl orof orm nmet hanol = 95:5) to give 454 ng (quantitative) of the title
conmpound. [err]H NWR (400 WMHz, CDCl[err]) 6: 1.23 (3 H d, J = 7.32 Hz),
1.93 - 2.05 (3 H nm, 2.19 (1 H dd, J =9.77, 15.62 Hz), 2.46 - 2.60 (3
H m, 2.67 - 2273 (1 H m, 2.84 (1 H dd, J =5.86, 10.26 Hz), 3.39 (1
H dd, J =7.32, 9.77 Hz), 4.08 - 4.14 (2 H m, 4.41, 4.46 (each 1 H,

ABg, J = 14.65 Hz), 4.69 - 4.77 (1 H m, 7.19 - 7.35 (5 H m. Reference
Exanpl e 3jairl-fifhjedtet [£b (2thidieardsnydo Timn | clor efyed gbapiay- fny! | - 2-
pyrrolidone (Isoner A) " A 495 ng (1.56 nmmol) portion of

1- benzyl -Hedahe : detiioramsirdion )4 1 1 hy csemaicd tod ut e - i s te Pepiscvbirdone
(Isomer A) was dissolved in a m xed solvent consisting of 12 m of toluene
and 6 nl igftaliGiloromst Hegaren Avdansh, 1w @ oL obsomer i B, aand cehdath with
stirring, was then added 839 [err]l (6.24 mmol) of diethylam nosul fur

trifl uor ifpdlowing FRAMLAEN GRS \Garrind Qut RkRg cthetIsemer &t 40[err] C.
While cooling in an ice bath with stirring, the reaction solution was

al kal i fi dPWPISIPoW y addi ng sat urated sodi um bi carbonate aqueous sol ution

Fosul t1 naBoRBini 40P, Bz "\ 081Gk el O rat ob Br kS HRL: aboddes | ayer
o o e Ak i 2 Chak ol A O e 405 o e
- 79 - 2.67 (4 H, m), 2.85 (1L H, dd, J = 5.86, 9.76 Hz), 3.39 (L H,
dd, J = 7.33, 10.25 Hz), 4.09 (1 H, q, J = 3.13 Hz), 4.39-

4.49 (5 H, m), 7.19 - 7.52 (10 H, m).

Isomer B .

lH-NMR (400 MHz, CDCl;) &§: 1.21 (3 H, d, J = 7.33 Hz), 2.17 -

2.26 (3 H, m), 2.39 - 2.62 (4 H, m), 2.81 (1 H, dd, J = 5.13,

9.77 Hz), 3.35 (L H, dd, J = 6.84, 9.77 Hz), 4.00 - 4.11 (3

H, m), 4.38- 4.49 (4 H, m), 7.17 - 7.35 (10 H, m).

Reference Example 31:

pyrrolidone (Isomer A)
A 524 mg (1.29'mmol) portion of l-benzyl-4-[1-

benzyloxy-3-(ethoxycarbonyl)cyclobutan-3-yl]-2~-pyrrolidone
(Isomer A) was dissolved in 20 ml of ethanol, and the
solution was mixed with 530 mg of palladium hydroxide on carbon
catalyst and subjected to 1.5 hours of catalytic reduction
under a hydrogen pressure of 5 atmospheres and ﬁnder
irradiation of light. After removal of the catalyst by

filtration, the solvent was evaporated and the resulting
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filtration, the solvent-was evaporated under a reduced  pressure and the
resulting residue was purified by a silica gel colum chromatography
(n-hexane: ethyl acetate = 2:1) to give 400 ng (80.0% of the title
compound. [err]H NWR (400 MHz, CDCl[err]) [err]: 1.24 (3 H t, J = 7.08
Hz), 2.16 - 2.27 (3 H m, 2.52 - 2.61 (3 H mM, 2.85 - 2.89 (1 H m,
2.87 (1 H dd, J= 6.11, 10.01 Hz), 3.42 (1 H, dd, J = 7.08, 10.01 Hz),
4.08 - 4.16 (2 H m, 4.40, 4.46 (each 1 H ABg, J = 14.65 Hz), 5.38 (1 H,
br. d, J zsldheHidas puzdfied By @ silicy -gelRQfdiﬁﬂtﬁiSQzl'@@ﬁHﬂ?ﬁé’ﬁh

1- Benzyl - 4-[ 3- (car boxyl ) - 1-fl uorocycl obut an- 3-yl)-2- pyrrolidone (%soner
A) (chAoteForm:mbtAanminl=) 95as)i ao efive MW Wg 4dukntitative) of

(et hoxycar bonyl ) -1-fl uorocycl obutan-3-yl]-2-pyrrolidone (Isonmer A was
di ssol vedtihe tdtle compomadol to which, while cooling in an ice bath, was
subsequengly added dropwi se 625 4€Hr]| of 10 N sodi um hydr oxi de aqueous
sol ution. AfNMR (600 oMz, ©GPCL1) r&d g 23 (dMm tbnpEratUrd2 B2 hanbl 9das
evaporated under a reduced pressure. The thus obtai ned residue was
acidified2-8y 4dddHag™Mdropwilde (dofoefitratled Bydiloc 5B Brlid Zdifeous

sol ution ang extracted wiith_chlqroform (50 m X %) and 30 Ml of diethyl
ether in £h8C &Pd&r, Mmd 28 or garidc (Layer vwere 84 dibireddnd & ieBewer

ontent 1 at8a26n e a3 PRaldelpPlustr & o T & 396 B Ardit 1 A1) (51 ¢ e
trtle 'y, m), 4.41, 4.46 (each 1 H, &8q, J = 14.65 Hz), 4.69 - 4.77
(1 H m), 7.19 - 7.35 (5 H, m).
Reference Example 32:
1-Benzyl-4-[3-(ethoxycarbonyl)-i-fluorocyclobutan-3-yl]-2-

pyrrolidone (Isomer A)
A 495 mg (1.56 mmol) portion of l-benzyl-4-[3-

(ethoxycarbonyl)-1-hydroxycyclobutan-3-yl]-2-pyrrolidone
(Isomer A) was dissolved in a mixed solvent consisting of 12
ml of toluene and 6 ml of dichloromethane to which, while
cooling in an ice bath with stirring, was then added 839 ul
(6.24 mmol) of diethylaminosulfur trifluoride, subsequently
carrying out 20 hours of stirring at 40°C. While cooling in
an ice bath with stirring, the reaction solution was
alkalified by slowly adding saturated sodium bicarbonate
aqueous solution and then mixed-with chloroform to carry out
separaﬁion of layers, and the resulting organic layer was
washed with saturated brine. The aqueous layer was' again
extracted with chloroform, and the organic layers were

combined and dried over anhydrous sodium sulfate. . After
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Cc [err] H (40 0 NFE CDCI[err]) [err]: 2.10 -
2.27 (3 H m, 2.43 - 2.59 (3Hrr) 64 - 272(1Hrr)282(1H,dd,_
J =5.86, 10.25 Hz), 3.37 (1 ,-dd, J = 7.82, 10.01 Hz), 4.32 - 4.40 (2
H m, 529 (1 H br. d, J 56. 64 Ft),_?.lo - 7.27 (5 H m. Reference
Exampl e 34: 1-Benzyl -4-[ 3-(tert- but oxycar bonyl am no) - 1- f | uor ocycl obut an-
3-yl]-2-pyrrolidone (Isoner A) A 263 ng (1.63 mmol) portion of
1,1'- carbonyldiimdazole was added to an acetonitrile (20 m) "solution

cont ai ni ng f§&%f5k13n25tK@“§31§€n€-$§@Z¥$aﬂ6£§ted under a reduced

(carboxyl)-l-fluorocyclobutan 3-yl]-2-pyrrolidone (Isomer A), and the

M xture Waspfdddurs ad MO FSNPEE Bhdlr fod PdusOvadl putesiedNByeal elica
anmoni a gas was bubbled into the reaction solution for 45 mnutes. After
evapor ati ongeslf ddlbums ot edtha toghedpley r eihltetaie esthye, atbtatbus 2biji ged
residue was mxed with 500 mM of chloroformand washed with water, and
the resul tigiyverd@dhing | Beroaofirilsel wifte soompoundul fate. After
filtration, the resulting filtrate was concentrated under a reduced
pressure, diHdNMRe (460s M5t aiCREd ) r 8si Yud4whd Histoel Jed 7n0B0HAR) ,oR.1Lért+ ary
butyl alcohol, mxed with 831 g (1.88 muvl) of |ead tetracetate (90% or
more in puiidy) (Al then 2¢32 r'ed2 e8180% s |10 § 02 -89 i %uﬁ@s(lABtem),
cooling, this was mxed with sodi um bicarbonate_and diluted_ with 30 of

di et hyl et her8hndt tfﬁerfi‘?nsbl'ubqel%tje%r hetiz) r edobed( byt 8y afi On7 - ﬁ*ﬁe

resul ting fiét(fate "2S, 681°% 16 (2 B, m), 4.40, 4.46 (each 1°8, aBq, I

onpound as white crystals. NVR
2.

= 14.65 Hz), 5.38 (1 H, br. d, J = 56.6 Hz), 7.28 - 7.35 (5
H, m). |
Reference Example 33:
l-Benzyl-4-[3—(carbogyl)-l—fluoroczclobutan-B-xl]—2—

pyrrolidone (Isomer A):
A 400 mg (1.25 mmol) portion of l-benzyl-4-[3-

(ethoxycarbonyl)—1—fluorocyclobutan—3-yl]~2—pyrrolidoné
(Isomer A) was dissolved inl10 ml of ethanol to which, while
cooling in an ice bath, was subsequently added dropwise 625
pl of 10 N sodium hydroxide aqueous solution. After 16 hours
of stirring at room temperature, éthanol was evaporated under
a reduced pressure. The thus obtained residﬁe was acidified
by adding dropwise concentrated hydrochloric acid agqueous
solution and extracted with chloroform (50 ml x 2) and 30 ml
of diethyl ether in that order, and the organic layers were
combined and dried over anhydrous sodium sulfate. After
filtration, the resulting filtrate was concentrated under a

reduced pressure to give 398 mg (quantitative) of the title
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W th saturated sodi um bicarbonate aqueous solution, the organic |ayer was
dried over sodiumsulfate and then the solvent was evaporated under a
reduced pressure. Thereafter, -the resulting residue was purified by a
silica gel colum chromatography (n-hexane:ethyl acetate = 1:1) to give
467 ng (quantitative) of the title compound. [err]H NVR (400 Mz,
cCDCl[err]) [err]: 1.35 (9 H s), 2.13 - 2.24 (3 H -m, . 2.46 - 2.53 (1 H
m, 2.63 - 2.71 (1 H m, 2.8 (1 H dd, J =5.38, 10.26 Hz), 2.95 - 2.98
(1 H m, Hs dhite) crvetads 10.26 Hz), 3.27 - 3.33 (1 H m, 4.30,
4.41 (each ABg, J = 14.89 Hz), 1.35 (1 H, s), 5.32 (1 H br. d, J =
56. 64 Hz) 1H2Nﬁﬁ (4602fiuEy tbch)) sRed er@ncez Exanpder3om), 2.43 - 2.59

1- Benzyl - 4-[ 3- (tert butoxycarbonylan1no 1-fl uor o) cycl obut an-

3-yl1-2-pyr3 af,i diynethigane @.sorerl A, m), 2.82 AN, my( (T 4685 8%} ) portion
of 1-benzyl-4-[3-(tert-

but oxycar hawdsamz)o) -3 -37 ydr aty cddbul an-B-82 ] -10 ¥k ritd ) dohe32 (+ sbnkd £ was
di ssolved in 5 m of toluene, and the solution was mxed with 208 ny
(0.515 nmut,) mof, LS@ss(0n'Fs reageht Jrml 56464 i) at7 8B er r7 27 of 5 18- HBir s.
Thereafter, the reaction _ solution was purified by a silica gel colum

chr omat ogrRefigrenash | Estasdam 3fet hanol = 95:5) to give 111 ng (62 6% of the
title conpound. 'H—NNR (400 NPE CDCl [err i § . 1,54 2.40 -
2.61 (3 Hl=Bgnzyl-dr[3-tm ylamlnog) - POC YL LUt an

H, 3.66 (1 H dd. J = 7 " s
- 8?- 3-\£l] Z-Dvrrdjlldoneog('Islo%ne4r0 HZ)) 4.56 - 4.58 (1

A 263 mg (1.63 mmol) portion of 1,1’°-
carbonyldiimidazole was added to an acetonitrile (20 ml)
solution containing 398 mg (1.25 mmol) of 1-benzyl-4-[39
(carboxyl)-1-f1uorocyclobutan—3-yl]—2-pyrrolidone (Isomer A),
and the mixture was stirred at room temperature for 30
minutes. Thereafter, ammonia gas was bubbled into the
reaction solution for 45 minutes. After evaporation of the
solvent under a reduced pressure, the thus obtained residué
was mixed with 500 ml of chloroform and washed with water,
and the resulﬁing organic layer was dried over sodium
sulfate. After filtfation, the resulting filtrate was
concentrated under a reduced pressure, and the thus obtained
residue.was dissolved in 20 ml of tertiary butyl alcohol,
mixed with 831 g (1.88 mmol) of lead tetracetate (90% or more
in purity) and then stirred at 80°C for 30 minutes. After
cooling, this was mixed with sodium bicarbonate and diluted
with 30 ml of diethyl efher and then insoluble matter was

removed by filtration. The resulting filtrate was washed
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H m, 4.96, 5.19 (each- 1 H ABq, J = 14.16 Hz), 5.68 (1 H br. d, J =
56.64 Hz), 7.39 - 7.46 (5 H, n). Reference Exanple 36:

1- Benzyl - 3-[ 3-(t ert - but oxycar bonyl am no) - 1- f | uor ocycl obut an-
3-yl]pyrrolidine (Isomer A) A 108 ng (0.285 mmol) portion of

1- benzyl -4-[3-(tert- butoxycarbonyl am no-1-fl uoro)cycl obut an-3-yl]-2-
pyrrolidinethione (Isoner Bl) was dissolved in 1 ml of tetrahydrofuran,
and 1.5 m of Raney nickel was added to the thus prepared solution. After

15 mi nut ewieh shituratedaisoddam biempdoniates aqutduse T UYL WHON was
filtered through celite and the solvent was evaporated under a reduced
pressur e. ofgandaf layert wasr dstiktl ogere siodliemvan Ifate isadl hera t3id i ca ge
col um chr omat ogr aphy (n-hexane: ethyl acetate = 1:1) to give 91.8 ngy

(92. 3% oboiwenti whe evapomated uHdEvRa( 4@Clukied, pPBEIs3)ret: IThErdafter s),
2.16 - 2.49 (6 H _ m, 2.51, 2.62 (each 1 H ABq, J = 9.03 Hz), 2.76 (1 H,
t, J = 8thg mepulting regidge vas pwrifiegBby @ FiliraHged) ccdwm (2 H
s), 4.90 (1 H, br. d,.J =55.67 H), 5.14 (1 H s), 7.30 - 7.40 %5 H m.
ReferencecﬁfaﬁﬁFggﬁ?PhY (n-hexanesethyl acetate = 1:1) to give 467 mg

01 Somer ayanant¥aRReY o LRt it g e BoRBoR on of 1- beneyl -9 [ 3. (tert-
i 5ol vou D 460 g  ARCEACGPH AR 0/ Py 0 A LIAPTH ) RS
83 - m), 2.46 - 2.53 (1 H, m), 2.63 - 2.71 (1 H, m), 2.85 (1 H,

dd, J = 5.38, 10.26 Hz), 2.95 - 2.98 (1 H, m), 3.22 (1 H, dd,

3 = 7.33, 10.26 Hz), 3.27 - 3.33 (1 H, m), 4.30, 4.41 (each 1

H, ABq, J = 14.89 Hz), 1.35 (1 H, s), 5.32 (1 H, br. d, J =

56.64 Hz), 7.11 - 7.28 (5 H, m).

Reference Example 35:

l-BenZyl-4-[3—(tert—butoxzcarbonylamino—l-fluoro)czclobutan—
3-yl]-2-pyrrolidinethione (Isomer A)

A 170 mg (0.468 mmol) portion of l-benzyl-4-[3-(tert-
butoxycarbonylamino)-1-fluorocyclobutan-3-yl]-2-pyrrolidone
(Isomer A)-was dissolved in 5 ml of toluene, and the solution
was mixed with 208 mg (0.515 mmol) of Lawesson'’s reagent and
stirred at 80°C for 12 hours; Thereafter, the reaction
solution was purified by a silica gel column chromatography
(chloroform:methanol = 95:5) to give 111 mg (62.6%) of the
title compound.

'H-NMR (400 MHz, CDCl;) §: 1.54 (9 H, 's), 2.40 - 2.61 (3 H,
m), 2.94 - 2.98 (2 H, m), 3.09 - 3.13 (1 H, m), 3.40 - 3.48
(2 H, m), 3.66 (1 H, dd, J = 7.09, 11.40 Hz), 4.56 - 4.58 (1
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subsequent |y added 150-ng of 10% pal | adi um on carbon catal yst. The thus
prepared mixture was stirred for 1.5 hours under irradiation of light and
under a hydrogen pressure of 3.5 atnospheres. After renoval of the
catalyst by filtration, the solvent was evaporated under a reduced
pressure to give 117 ng (quantitative) of the title conmpound. The thus
obt ai ned conpound was used in the follow ng reaction without purification.
[err]H-NVR (400 MHz, CDCl[err]) [err]: 1.37 (9 H s), 2.08 - 2.20 (3 H,

m, 2.29 y,2p3] @29‘5*,, 511926é4ch 2. #{ @BqgH, Ja 12.88 HZ).,94.683 (1 Hy, 3.05
273,10 (1 A, M, 3.24 m, 3.62 - 3.74 (L H m, 4.70 (1 H
s), 4.91 pt.Hd,bp. =d56J6% ﬁ5)177 BY) - 7L.AéerS Ho Banpl e 8

7-[3-(3-Am no- 1-fl uorocycl obut an-3-yl )pyrrolidin-l-yl]-6-

fl uor o- | - Re£eBpnteuBrempl €RB6cycCl opropyl -1, 4-di hydr o- 8-

met hoxy- 4- OXOQUInO|Ine 3- carboxyllc aci d (Isoner A)
3-[3-(teri-Benay pritnbutoxycasbenydaminod n

(I somer ﬁo was dlssolved |n 750 [err]] of dlnethyl sulfoxfde the solutlon
was m xed3

6, 7-di f 2-(S)-fl |1-1, 4-di hyd

8- zetLoxyozooigguﬁgébﬁnﬁggi8a%5gp%wpﬁg B%%%éﬁlgﬁeﬁégln%ﬁap4ffé'ﬁéﬁﬁﬁ"
0. 832 t t t d

{enper at PBEPYCREDRBTLERIRY TreaoaroioR e P R o s, “Arter

concent r abio0oqh oiNerhEagL! (3t B1Y) WaLClisR1RUL At A GRS Y, water vas

tetrahydrofuran, and 1.5 ml of Raney nickel was added to the

thus prepared solution. After 15 minutes of stirring at room
temperature, the reaction solution was filtered through
celite and the solvent was evaporated under a reduced
pressure. Thereafter, the resulting residue was purified by
a silica gel column chromatography (n-hexane:ethyl acetate =
1:1) to give 91.8 mg (92.3%) of the title compound.
lH-NMR (400 MHz, CDCls;) &: 1.47 (9 H, s), 2.16 - 2.49 (6 H,
m), 2.51, 2.62 (each 1 H, ABq, J = 9.03 Hz), 2.76 (1 H, t, J
= 8.30 Hz), 3.13 - 3.20 (1 H, m), 3.33 - 3.37 (1 H, m), 3.61
(2 H, s), 4.90 (1 H, br. d, J = 55.67 Hz), 5.14 (1 H, s),
7.30 - 7.40 (5 H, m).
Referencé Example 37:
3-[3-(tert-Butoxycarbonylamino)-1-fluorocyclobutan-3-
1 rrolidine (Isomer A

A 145 mg (0.416 mmol) portion of 1-benzyle3—[3e(tert-
butoxycarbonylamino)-1-fluorocyclobutan-3-yl]pyrrolidine

(Isomer A) was dissolved in 10 ml of ethanol to which was
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residue, and the thus forned solid material was collected by filtration
and washed with water. The thus obtained solid material was suspended in
50 m of a solution of ethanol:water = 10:1, and the suspension was n xed
with 1 m of triethylam ne and heated under reflux for 2 hours. The _
reaction solution was spontaneously cool ed and then concentrated under a
reduced pressure, and the thus obtained residue was dissolved in 100 m of
chloroform The resulting solution was washed with 50 m of 10%citric
aci d aqueousubsedusn tty * ided NSO AR 108y paldadidh 6f exeboANBYHADYSt .
sodium sul fate. After filtration, the resulting filtrate was concentrated
under a redpetiL Srlared Thittufdneat 48l Leed NFSF OLhs OhberdchAdups added
dropwi se to the thus obtained residue which was cooled in an ice bath, and
t he m xt ur eivesdidtion it r¥sshatandomderperkydregénrpBéssunat es. 3The
reaction solution was mxed with 3 m of 1 N hydrochloric acid, washed

wi t h chl or citovosglstras . x Kitemdfendeal taf pthd xdtalysth bpdfihthytionj de
aqueous solution and then to pH 7.4 wth 1 N hydrochloric acid and finally
extract ed viher selwenbivas guaprmted 3yndephea oreduced | pyessuyer tocghbened,
dried over anhydrous sodjum sulfate and filtered, and the resulting

filtrate wakltdMEelAYaRteLatited) L£f e tiple saemroundherEagt Bhust he

resul ting residue é;ﬁnwif'ed by ricr stalljzation fron1an_ethano€-28%>
aqueous amﬁ}?ﬁ%ﬁ-’é‘?fi\? p M CRES I RNRe ol lewtng FPRCtIPR, WikkPuby
giving 93.1 n:gf.(53° of the title conpound as a diastereoner m xture in
- 85 - ~ puriiica formof pale yellow crystals. .

!'H-NMR (400 MHz, CDCl,;) &: 1.37 (9 H, s), 2.08 - 2.20 (3 H,
m), 2.29 - 2.37 (2 H, m), 2.74 - 2.77 (1 H, m), 2.88 - 2.94
(3 H, m), 3.05 - 3.10 (1 H, m), 3.24 - 3.30 (1 H, m), 3.62 -
3.74 (1 H, m), 4.70 (1 H, s), 4.91 (1 H, br. d, J = 55.17
Hz) .

Inventive Example 8:

fluo;o-l-[2?(8)—fluoro-l-(R)-czclopropzl]-l,4—dihzdro-8—
methoxy-4-oxoquinoline~3-carboxylic acid (Isomexr A)

3-[3~(tert-Butoxycarbonylamino)~1-fluorocyclobutan-3-

vllpyrrolidine (Isomer A) was dissolved in 750 pl of dimethyl
sulfoxide, the solution was mixea with 137 mg (0.378 mmbl) of
6,7-difluoro-1—[2—(S)—fiuoro-l—(R)-cyclopropyl]-l,4-dihydro—
8-methoxy-4-oxoquinoline-3-carboxylic acid-BF, chelate and
116 pl (0.832 mmol) of triethylamine, and the mixture was
stirred at room temperature for 11 hours and then at 40°C for
26 hours. After concentration of the reaction solution under

a reduced pressure, water was added to the thus obtained

- 84 -



[err] HHNMR (400 MHz, 0.1 N NaCD) 6: 1.31 - 1.50 (3 H A, 1.98 - 2.03 (1
H m, 2.13 - 2.27 (3 H m, 2.36 - 2.48 (1 H m, 2.74 - 2.82 (1 H m,
3.26 - 3.73 (4 H m, 3.39 (3 H s), 3.8 - 3.90 (1 H m, 4.80 (1 H brd,
J =65.43 Hz), 7.50 (1 H, d, J = 13.66 Hz), 8.30, 8.29 (each 0.5 H, s).

El emental analysis data for Cerr]Herr]F[err]Nerr]Qerr][err]0.5Herr]O
Calcd.: C 57.39; H 5.47; N, 9.13 Found : C, 57.14; H, 5.48; N
8.92 The anti bacterial activity of each conpound of the present

i nventi on \as qRAS Wik tHe athey dteedVddl idanatdBikiarwhset dblespedi by ed by
the Japan Society of Chenptherapy, with the resul.ts shown in the follow ng

tabl e as 1@ dliugs dr@l Washed with water. The thus obtained solid

- 86 - Strains Compounds (I nventive

Exanpl e Negterial was suspended in 50 ml of a solution of

" ethanol:water = 10:1, and the suspension was mixed with 1 ml

of triethylamine and heated under reflux.for 2 hours. The
reaction solution was spontaneously cooled and then
cbncentrated under a reduced pressure, and the thus obtained
residue was dissolved in 100 ml of chloroform. The resulting
solution was washed with 50 ml of 10% citric acid aqueous
solution, and the organic layer-Was dried over anhydrous
sodium sulfate. After filtration, the resulting filtrate was
concentrated under a reduced pressure, 3 ml of concentrated
hydrochloric acid was added dropwise to the thus obtained
residue which was cooled in an ice bath, and the mixture was
then stirred at room temperature for 30 minutes. The
reaction solution was mixed with 3 ml of 1 N hydrochloric
acid, washed with chloroform (50 ml x 5), adjusted to pH 12.0
with sodium hydroxide aqueous solution and then to pH 7.4
with 1 N hydrochloric acid and finally extracted with
chloroform (100 ml x 5). The organic layers were combined,
dried over anhfdrous sodium sulfate and filtered, and the
resulting filtrate was concentrated under a reduced pressure.
Thereafter, the resulting residue was purified by
recrystaliization from an ethanol-28% agqueous ammonia system

and then dried under a reduced pressure, thereby giving 93.1

mg (53%) of the title compound as a diastereomer mixture in
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6 7 E. coli, NNH} - [err]0.003

1 3 5 s

0. 013 0.006 [erre]0.003 [err] -0.003 S. flexneli, 2A 5503 [err]

0. 003 0. 025 0. 006 0.013 [err]50.003 Pr. wvulgaris, 08601

0. 013 0. 025 0. 05 0. 025 0. 025 Pr. mrabilis, |IFO 3849

0.025  0.10 0. 05 0. 05 0.025* Ser. nmarcescens, 10100 0.10
0.39 0. 20 0.10 0. 05 Ps. aerugi nosa, 32104 0.20 0.78
0. 39 0. 39 0. 10 Ps. aerugi nosa, 32121 0.05 0. 39 0. 20
0. 20 Qh95f0n§.ofgégpghyé1§owlb;&gg;ﬁs. 0. 05 0. 20 0. 10 0. 20
0. 05 S. aureus, 209 [err]0.003 [err]0.003 [err]0.003

[err]0. 003y frev | @ 0WHHZ,S.0 WININAVIY 5: 56590 - 1[501{9.9P3m), 109913
[err]0.003 0.006 [err]0.003 Str. pyogenes, G 36 [err]0.003

0. 006 02008 (1 8,006, pe1B]0.9037 (StH, hwagcal.Bs, -A2CE819438, mQ.,025

0. 025 0.025 0.025 0.025 S. aureus, 870307 0. 013 0. 025
0. 025 0202% - 208P061 HS. mppeBuR6i ae3.3324(4 H, f¢rrB036033 H,0s006
[err]0.003 [err]0.003 [err]0.003 | NDUSTRI AL APPLI CABI LI TY

Thus, as h3s8heen3de8c(ibéd mph,t he8Oof 2gBi nhrdt h@ =cb6hpddntz)f, 7h&0prdsent
invention is possessed of excellent antibacterial action against a broad
range of GamflnedaTi¥2-66z Ly abr pBsi 8+ 28 baachrPad Hho®)ng strong
antibacterial activity particularly against nethicillin-resistant

St aphyl ocottementabandirshy datai ART GuHediBNiGm Or 8823t ant  pneunococcus
strains and qui nol gne-resistant bacteria, and_is_also possessed of both
excel | ent phar macdkdHedi t<Cam’ ¥Yh HsaPetyi Vo Phdf it is useful as an
anti bacterial co und - 87 -

CLAI VB 1.7 phdand T ebt eEnt 2t by ¥heBtRPiowing formila (1),
its salt or hydreufﬁétgﬁ%f%géterial activity of each compound of the

present invention was measured in acCordanCe'with the
standard method specified by the Japan Sociefy of
.Chemdtherapy, with the results shown in the following table

as MIC values (pg/ml).
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[err] {wherein Rlerr] and Rl err], each independentl.y represents a
hydrogen atom a hydroxyl group, a hal ogen atom a carbanoyl group, an

al kyl group having 1 to 6 carbagon atons, an al koxyl group having 1 to 6
carbon atons or an alkylthio group having 1 to 6 carbon atons (excluding a
case in which Rerr] and R err] are both hydrogen atons), wherein
the al kyl group may have one or nore substituent selected fromthe group
consi sti:ng of a hydroxyl group, a halogen atom and an al koxyl group havi ng
1to 6 carbon atons, Rerr] and Rerr], each independently represents a -
hydr ogen i carbhon atons

wherei n fhe al kylSIFHHP may havé SrRIRFURGET o IRYRREI YR FFARRIRNRd) f rbm t he
group conpsisting of a hydroxyl lqgroup halogen atom an alkylthio gfoup
having 1[to 6 carbon atons and{an & koyl $rodp having 1&o § cafbon
at ons, mis an integer of 1 orl? 1. g9 .
Q |.s a chrtlEgl coﬁti,r lﬁihjll’e rep_r ese.éfg{)?y trbt?u{aol I OW.&I% sn.({ogr”“s'(‘ii.'nua

S. flexneli, 2A 5503 . =0.003 | . 0.025 0.006 0.013 | =0.003

Pr. vulgaris, 08601 0.013 0.025 0.05 0.025 0.025

Pr. mirabilis, IF0-3849 0.025 0.10 0.05 0.05 0.025

Ser. marcescens, 10100 0.10 0.39 0.20 0.10 0.05

Ps. aeruginosa, 32104 0.20 0.78 0.39 0.39 0.10

Ps. aeruginosa, 32121 0.05 0.39 0.20 0.20 0.05

S. maltophilia, IID-1275 0.05 0.20 0.10 0.20 | 0.05

S. aureus, 209P =0.003 {=0.003 |=0.003 | =0.003 | =0.003

S. epidermidis, 56500 =0.003 0.013 |=0.003 |- 0.006 | =<0.003

Str. pyogenes, G-36 <0.003 0.006 0.006 0.006 | <0.003

Str. faecalis, ATCC-19433| 0.025 0.025 0.025 0.025 0. 025

S. aureus, 870307 0.013 | 0.025 0.025 | 0.025 0.006

S. pneumoniae, J24 =0.003 0.006 |=0.003 | <0.003 | <0.003

TRI APPLJI

Thus, as has been described in the foregoing, the
compound of the present invention is possessed of excellent
antibacterial action against a broad range of Gram-negative
and Gram-positive bacteria, showing strong antibacterial
activity particularly against methicillin-resistant
Staphylococcus aureus (MRSA) strains, penicillin-resistant
pneumococcus strains and quinolone-resistant bacteria, and is
also possessed of both excellent phafmacokinetics and high

safety, so that it is useful as an antibacterial compound.
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[err] [wherein R err] represents an al kyl group hawing 1 to 6 carbon
atons, an al Kenyt—groeup—having 2 to 6 carbon atons, a - ° hal ogenoal kyl

group haws bon atons, a cyclic al kyl group having 3 to 6
car bon,ﬂ'mﬂwﬂﬁlﬁmlhave a substituent, an aryl group which may
have a substii i el het eroaryl group which may have a substituent,
an al koxyl group having 1 to 6 ?géﬁg% atons or an al kyl am no group
having 1 to 6 carbon atons, R6 ents a hydrogen atom or an

al kyl thio group having 1 to 6 carbon atons, wherein R6 and
the aforenenti oned R5 may toget her forma cyclic structure including a
part of the nother 1, A cowpoams repdcskatidd by aedolluvimy fomwia a

sul fur atom as aring constituting atom and the ring may al so have an
al kyl grougIhgviitg balt ©rcryidoatstsorttheaecf ;subst i t uent, Rl err]
represents a hydrogen atom an am no group, a hydroxyl " group, a thiol
group, a hal ogenonethyl group, anF%Ik¥# group ~ having 1 to 6 carbon
atons, an al kenyl group having 2 t'0\6 carbon atoms, an al kynyl group
having 2 to 6 carbon atons or : - 89 -

an al koxyl group having 1 to 6 carR
group may have one or nore suﬁ%;t
consisting of a fornyl .  group, a
and an acyl group having 2 to 5 qa

r
R4

at ons, wherein the am no
Nt (s) selected fromthe group

gg9up having 1 to 6(Rar bon at ons
ations, )

»
v

bo

{wherein R!' and R?, each independently represents a hydrogen
atom, 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 (excluding a case in which R! and R? are both
hydrogen atoms),

wherein the alkyl group may have one or more
substituent 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 independently represents a hydrogen atom or
an alkyl group having 1 to 6 carbon atoms,

wherein the alkyl group may have one or more
substituent selected from the group consisting of a hydroxyl
group, a halogen atom, an alkylthio group having 1 to 6
carbon atoms and an alkoxyl group having 1 to 6 carbon atoms,

n is an integer of 1 or 2,

- 88 -



X[e

ogen atom or a hydr ogen at om Aqerr] represents a
rogen atomor a partial structure ‘represented by the follow ng formula

nitr
(11): uullljl “ll M L | (11)  (wherein
X2 r en atom an am no group, a halogen atom a cyano

group, a alogenonethyl 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,
an al kynyl group having 2 to 6 carbon atons or an al koxyl group having 1
to 6 carbay B8 arspartial strudiaise nrépresented gbpupherfohdoeinge or nore
substituent selected fromthe group consisting of a fornyl group, an al kyl
group havifwrniula: 6 carbon atons.and an acyl group having 2 to 5 carbon

at ons, and . X[ err] and the Qﬂentioned R5 may together forma
cyclic structure including a part mot her nucl eus,. ‘and the thus

formed ring may contai.n an.o n% nltcgﬂfp atom:or a sul fur atom
as a ring constituting atom an eAA I n y al so have an al kyl group
- 90 -

having 1 to 6 carbon atons
as a substituent), Alerr] a S éepresents a nitrogen atom or
a carbon atom wherein Alerr] a A[é?r] ﬂagether wi th carbon atons to

whi ch t hey are linked forma partial;ﬁiructure

a

[wherein R® represents an alkyl group having l to 6 carbon
atoms, an alkenyl group having 2 to 6 carbon atoms, a
halogenoalkyl group having 1 to 6 carbon atoms, a cyclic
alkyl group hav1ng 3 to 6 carbon atoms which may have a
substituent, an aryl group which may have a substituent, a
heteroaryl group which may have a substituent, an alkoxyl
group having i 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,

wherein R® and the aforementioned R® may together
form a cyclic structure including a part of the mother
nucleus, and the thus formed ring may contain a sulfur atom
as a ring constituting atom, and the ring may also have an
alkyl group having 1 to 6 carbon atoms as a substituent,
R’ represents a hydrogen atom, an amino group, a hydroxyl
group, a thiol group, a halogenomethyl group, an alkyl group
haviﬁg 1 to 6 carbon atoms, an alkenyl group having 2 to 6

carbon atoms, an alkynyl group having 2 to 6 carbon atoms or
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[err] or a partial structure: - N :
and |I|mllﬁﬂmHHLa hydrogen atom a phenyl group, an
acetoxy i val oyl-oxymet hyl group, an et hoxycar bonyl group,

a cholin& g di et hyl am noet hyl group, a 5-indanyl group, a
phthalldlnyl group, a 5-al kyl - 0x0-1, 3-di oxol -4-yl net hyl group, a
3- acet oxy- 2- oxobut yl group, an al kyl group having 1 to 6 carbon atons,
an al koxymet hyl group having 2 to 7 carbon atons or a phenyl al kyl
group conpasedlkbxgi glrb)abehavgm@uu kavisngakbom @tomscar bon atons and a
phenyl group]}. . A conpound, its salts or hydrates thereof
accordi ng to cl ai nwheretiar ehe ampant gzbupt mayt havrer esid tomanore

- 91 - fromthe exclusion of Qfromthe formula (1) is a

st er eochensobkititpent (s)npedrd¢ted from the gkoppmemnsdstiing sff tas formyl
hydrates thereof according to claiml1 or 2, wherein Qin the fornula (I)
is a conpauAYPhadnnglikydt greupr élaWéMeé-eﬁlOe(ﬁ iparhen Adansiand gvrasy b

group having 2 to 5 carbon atoms,
X! represents a halogen atom or a hydrogen atom,
A! represents a nitrogen atom or a partial structure

represented by the following formula (II):

Y an

x?

(wherein X? represents a hydrogen atom, an amino group, a
halogen atom, a cyano group, a halogeﬂomethyl 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,

wherein the amino group may have one or more
substituent 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

X2 and the aforementioned R’ may together form a
cyclic structure including a part of the mother nucleué, and
the thus formed ring may contain an oxygen atom, a nitrogen
atom or a sulfur atom as a ring constituting atom, and the

ring may also have an alkyl group having 1 to 6 carbon atoms

.= 90 -



T ———— err] {wherein R err].-represents an al kyl
grou 6 carbon atons, an al kenyl group having 2 to 6 carbon
aton’E" mu%"lﬂ; gr aup havi ng 1 to 6 carbon atons, a cyclic al kyl
group*hawi arbon atons whi ch may have a substltuent, an aryl
group whi ch may have a substituent, a heteroaryl group which may have a
substituent, an al koxyl group having 1 to 6 carbon atons or an al kyl am no
group having 1 to 6 carbon atons, Rerr] represents a hydrogen atom or an
al kyl t hi agryndssd gt ), - 92 -
to 6 carbon atons, wherein R err] and the aforenmentioned Rl err] may
together}ﬂfandla?pyeaéh sepresemnes | achittogen gton of aheambbheatonycl eus,
and the thus fornmed ring nmay contain a sulfur atom as a ring constituting
atom anovhemein 2f amy AP stogetizenwith kgarhbonuptbmsi by @hioch6theybon atons
as a substituent, Rerr] represents a hydrogen atom an an1no group, a
hydr oxyl are linked form a partial structure:

or a partial structure:

\\T//

§§iv’c§§r// , and-

RS

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 alkylene group having 1 to 6
carbon atoms and a phenyl group]}.

2. A compound, ité salts or hydrates thereof

according to claim 1, wherein a partial structure resulting
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—oup;—a—thial _group, a&-hal ogenonethyl group, an alkyl.-group having 1 to 6

ar
car tons, an al kenyl" group having 2 to 6 carbon atons, an al kynyl
grﬂﬂ?"ﬁ’mm,lﬁmmémcar bon atons or an al koxyl group having 1 to 6 carbon
at ons, ¢ e in the amino group may have one or nore substituent

sel ected frofh the Yroup 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,

X[ err] represents a hal ogen atomor a hydrogen atom Alerr] represents a
ni trogen afoomotha eaclusiontoficQufeomr theeformadaby1fhésfal | owi ng fornul a
(rn): ‘[err] (wherein X err] represents-a hydrogen atom an am no
group, a s$térgechembrallycpune gompeund. hal ogenonet hyl group, a

hal ogenonet hoxyl group, an al kyl group having 1 to 6 carbon atons, an

al kenyl group havi®g 2 eempoendbohtait @adts gpr hydrates thereof -
93 - - ..alkynyl group having 2 to 6 carbon atons or an al koxyl
group ha®%gPrading ctepbaimal ofE, 2, whereipn@r énnthrefammudag(ddpisap have
one or nore substituent selected fromthe group consisting_of a fornyl
group, an SPREPY dﬁﬁvhﬁgiﬁgsﬁx?%tﬁr%a?ﬁBﬁeg?Bﬁ%daFH thea&PiLlloyinagp having
2to 5(&Nf§¥#§§gps, and X[ erre] -and the aforenentioned R err] may

toget her f tyclic structure including a part of the nother nucleus,
and
or
R 0
1 _
X 2N l COQY
\ .
AN g
Rs

{wherein R’ représents an aikyl group having 1 to 6 carbon
atoms, aﬁ alkenyl group having 2 to 6 carbon atoms, a
halogenoalkyl group having 1 to 6 carbon atomé, a cyeclic
alkyl group having 3 to 6 carbon atoms which may have a
substituent, an aryl group which may have a substituent, a
heteroaryl group which may have a substitueht, 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 haﬁing 1
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the ‘thus forned ring may ecenrtain an oxygen atom a nitregen atomor a

sul fur atomas a riﬁﬂ“constitUting atom and the ring may al so have an
L]

al kyl group“'“lmﬂ ﬁll Hrbon atoms as a substituent), and Y
represents

=a phenyl group, an acetoxynethyl group, a
pi val oyl oxymét hyl group, an et hoxycarbonyl group, a choline group, a
di net hyl am noet hyl group, a 5-indanyl group, a phthalidinyl group, a
5-al kyl -2- oxo-1, 3-di oxol -4-yl met hyl group, a 3-acetoxy-2-oxobutyl group,

an al kyl gresips heydhén latend, carbon atons, an al koxynet hyl group having 2
to 7 carbon atons or a phenylal kyl group conposed of an al kyl ene group

having 1 to 6 car hemntintsReaacda theeafiorgmemnt)ioned R’ may4todethepound
its salts or hydrates thereof according to claiml or 2, wherein Qin the
formul a (1)formmaa cyeiie nsithaviue aistluding earpartsefit thebmotherf ol | owi ng
f or mul a: - 94 - [err]
{wher ei n Rmrglevprandthe drhus kfdrmed upingviay dontadncar pohfuzt akem an
al kenyl group having 2 to 6 carbon atons, a hal ogenoal kyl group having 1
to 6 carborR®tdrEing ¢grstituting atom, and the ring may also have an

alkyl group having 1 to 6 carbon atoms as a substituent,
R’ represents a hydrogen atom, an amino group, a hydroxyl
group, a thiol group, a halogenomethyl group, an alkyl group
having 1 ﬁo 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,

wherein the amino group may have one or more
substituent selected from the group consisting of a formyl
group, ah alkyl group having 1 to 6 carbon atoms and an acyl
group having 2 to 5 carbon atoms,
X! represents a halogen atom or a hydrogen atom,
A! represents a nitrogen aﬁom or a partial structure

represented by the following formula (II):

N

x?

(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
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al kyl group having 3 to 6 carbon atons which may have a- substituent, an
aryl gro ' a substituent, a heteroaryl group which may hav
a substinmmﬂmmﬂm group having 1 to 6 carbon atons or an :
al kylami nb group "ha¥iny 1 to 6 carbon atons, R6 represents a hydrogen -
atomor an al kylthio group having 1 to 6 carbon atons, wherein

Rl err] and the aforenentioned R5 nay together forma cyclic structure
including a part of the nother nucleus, and the thus forned ring may
contai n aakynyl rdip vl ng Y 1RO IddrBdm G N o nth tdAkdx ¥l gPdusl so
have an al kyl group having 1 to 6 carbon atons as a substituent, R7

r epr esent hadrihydriogen Gtcanboan atams), gr oup, a hydroxyl group, a thiol
group, a hal ogenonet hyl group, an alkyl group having 1 to 6 carbon atons,
an al kenyl group Wereredn? the @migar lgooug oy, havealdaeydr graxe having 2 to
6 carbon atons or. an al koxyl group having 1 to 6 carbon atons, :
- 95 - substituent selectgiserfatom tihe grone gangpistinghe arkowwyhor e
substituent selected fromthe group consisting of a fornmyl group, an al kyl
group havigrup .t @6 addograumhayidan &316 HRAN HRARY aInd A% ¥ bon

at ons, X[err‘#H represents a hal ogen atom or a hydrogen atom Alerr]

represent 78 Hyde £ FA o 2 iaffonsy f%re represented by the
Eflgomnng forHU|aX&|éAd the aforementioned R’ may together form a

cyclic structure inéluding a part of the mother nucleus, and
the thus formed ring may contain an oxygen atom, a nitrogen
atom or a sulfur atom as a ring constituting atom, and the
ring may also have an alkyl group having 1 to 6 carbon atoms
as a substituent), 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-acetoﬁy—2—oxobuty1
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 alkylene group having 1 to 6
carbon atoms and a phenyl group}.

4. A compound, its salts or hydrates thereof
according to claim 1 or 2, wherein Q in the formulé (I) is a
compound having a structure represented by the following

formula:
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[ er rr] represents a hydrogen atom an am no group, a
hal at o a cyano group, a hal ogenonet hyl group, a hal ogenonet hoxyl
grogmuuwmuﬂﬂ having 1-to 6 carbon atons, an al kenyl group having

2t i an al kynyl group having 2 to 6 carbon atons or an

al koxyl group  havi’hg 1 to 6 carbon atons, : wherein the am no group
may have one or nore substituent selected fromthe group consisting of
formyl 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 the aforenentioned
Rlerr] may together forma cyclig?strgcture including a part of the nother
nucl eus, and the thus fornmed rinp mayffcontai-n an oxygen atom a nitrogen
atomor a sulfur atomas a XNag st AUt ngogyem and the ring may also
have an al kyl group having 1t 6 Cyfbon _ '
- 96 - as a substiquent)|, an Y represents a hydrogen atom a
phenyl group, an acetoxynet '%gloyloxynethyl group, an

et hoxycar bonyl group, a choline group,ja di'fret hyl am noethyl group, a
5-indanyl group, a phthalidinyl groupR®% 5-alkyl-2-

oxo- 1, 3-di oxol - 4-yl net hyl group, a 3-acetoxy-2-oxobutyl group, an al kyl
group having 1 to 6 carbon atons, an al koxynethyl group having 2 to 7
carbon ato h : roup. composed of. an. al kyl ene_gro having 1
to 6 car bgﬁhg %Errrs} gn?%%%%sggar%uap%y@ group havidg 1 £06 ‘carbon |

atoms, an alkenyl group having 2 to 6 carbon atoms, a

halogenoalkyl group having 1 to 6 carbon atoms, a cyclic
alkyl group'having 3 to 6 carbon atoms which may have a
substituent, an aryl group which may héve a substifuent, a-
heteroaryl group which may have a substituent, 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 atbms,

o wherein R® and the aforementioned R® may together
form a cyclic structure including a part of the mother
nucleus,.and the thus formed ring may contain a sulfur atom
as a ring constituting atom, and the ring may also have an
alkyl group having 1 to 6 carbon atoms as a substituent,

R’ 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,
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9- quoro - met hyl - 7- oxo- 7H pyri do[ 1, 2, 3-

de] [ 1, 4] benzax roup. - 6. A conpound, its salt or
hydrat es thereof acco dlhg toclaiml1 or 2, wherein Qin the fornula (1)
is a 5-am no-3- carboxy-6-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1,4-
di hydr o- 8- net hyl - 4- oxoqui nol i n-7-yl group. 7. 'A conpound, its salt
or hydrates thereoWhesredndithe aidnol girdup @iay? hawkeiorich o2 mbrdie fornul a
(I') is a 3-carboxy-

6- f | uor o- 1spkstSkukhnkosellectid tfy:ulmmimpgzioup cotisistringof a formyl

nmet hoxy- 4--oxoqui nol i n-7-yl group. . A conpound, its salt or
hydrat es t B&Pupf, anceddydggroupchaving dr tz: fwicemion @tiomst land (Hrmdcqr]( 1)
Is a 5-am no- 3-

car boxy- 6, SIHPPIGGVénQ-FZIPSﬁ £axbes- atems.cycl opropyl | - 1, 4-

5. A conboun ' ~“or hydrates thereof according to claiml or 2,
wherei n @B ornula (I') is a 6-carboxy-

di hydr o- 4- o¥oq¥|nolln 7- % -97-
9. A conpotind-SRESSRFT 3r %&%9%Ee%t?%e9€o¥ %ﬁ@%?ﬂ?ﬂgat?ﬁrany one of cl aims
‘1 to 4, whegein erré a, hal ogenocycl oprop H% group 10. A
conpound, SF%EE S %yﬂr%&%ﬁpﬁﬁ%riﬁﬂm QE cdrPEFEIed BFEREFOTewherein t he
hal ogenocycl opro , 2-Ci s- halo eno cl opropyl group.
11. A conpﬁﬁﬂgesgﬁgega&ﬁp_ e, e HUH G%?d1ng to claim9 or 10,
wherei n the hal ogenocycl opropyl group is a’ stereochen1cal|y pure
substituent. 12. A compoynd, its salt or hydrates thereof

(ID

x?

(wherein X? represents a hydrogen atom, an amino group, a
halogen atom, a cyano group, a halogenomethyl groﬁp, 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,

wherein the amino group may have one or more
substituent selected from the group consisting of formyl
group, an alkyl group having 1 to 6 carbon atoms and an acyl
group hav1ng 2 to 5 carbon atoms, and

_Xz and the aforementioned R’ may together form a
cyclic structure including a part of the mother nucleus, and
the thus formed ring may contain an oxygen atom, a nitrogen
atom or a sulfur atom as a ring constituting atom, and the

ring may also have an alkyl group having 1 to 6 carbon atoms
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accOFETEB_?B_ETETHTIIT‘Eherein t he hal ogenocycl opropyl-.group is a

(1R 2 ﬂu propyl group. 13. A conpound, its salt or

hydraﬂ* mmum’m# ding to-any one of clains 9 to 12, wherein the
a

hal ogen &t ofm of the | ogenocycl opropyl group is a fluorine atom

14. A compound, its salt or hydrates thereof according to any one of
clains 1 to 13, wherein the conpound of formula (I) is a stereochenmically
pure conpound. 15. 5- Ami no-7-[ 3-(3-ami no-1-fluorocycl obut an- 3-
yl ) pyrrol agli 8- dupstibubhtpy Oand[ 2- (S)-fluoro-1-(R)-

cycl opropyl ] -8-nethyl -1, 4-di hydr o- 4- oxoqui nol i ne-3-carboxylic acid, its
salt or hydrepesséheseafhydrogen atd®, a phenyl group, an .
7-[3-(3-Am no- 1-fl uorocycl obut an- 3-yl ) pyrrol i di n-

1-yl] - 6- facetoxymé¢Rhy¥) grbupy coalp{Rraloytbepmephy] - 8roephoay-

1, 4- di hydr o- 4- oxoqui nol i ne- 3-carboxylic acid, its salt or hydrates

t her eof . ethoxycarbonyl group, a choline-gggup, a dimethylaminoethyl7.
5- Am no- 7-[ 3- (3-ami no- 1-fl uorocycl obut an-3-

yl ) pyrrol 98pwp - §| $=6ndanyi| gsewpi- aophthalidéppligrapp, a S5-alkyl-2-
cycl opropyl -1,4-dihydro-4-oxoquinoline-3~carboxglic acid, its_salt or
hydr at es $%erkofrdioxol-4-yimethy] 3grqupy fo312¢28PKVU4rBEPRREE N an- 3-

Lyl oo opi TR AR 1LY SEGRR, AREH 8 ok ohT Ao RHECS. 2CEBPROR i ¢ acid, its

22 no- PP E IRt RFL “GEquy, BRTpac] PRyl garhon stoms or a

yl)pyrrOlﬁﬁ%ﬁ?ﬂéYi}I6§£$Hﬁr86ﬁpégéés%ff£H059k§léﬁ%'group having 1 to 6
carbon atoms and a phenyl group}.

5. A compound, its salt or hydrates thereof according
to claim 1 or 2, wherein Q in the formula (I) is a 6-carboxy-
9-fluoro-2,3—dihydro-3—(S)-methyl-?—oxo-?H;pyrido[1,2,3-
de][l,4]benzoxazin-10—fl group.

6. A compound, its salt or hydrates thereof according
to claim 1 or 2, 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.

7. A compound, its salt or hydrates thereof according
‘to claim 1 or 2, wherein Q in the formula (I) is a 3-carboxy-
6~-fluoro-1-[2-(S)~-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-
nethoxy-4-oxoquinolin-7-yl group.

8. A compound, its salt or hydrates thereof according
to claim 1 or 2, wherein Q in the formula (I) is a 5-amino-3-
carboxy-6,8-difluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-

dihydro-4-oxoquinolin-7-yl group.
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cyc#opropy%f—%—ﬁephyl_l 4- di hydr o- 4- oxoqui nol i ne-3-carboxylic acid, its

sal t her eof . 20. A pharnmaceutical conposition which
gm!mam , its salt thereof or hydrates thereof described in

any on o 19 as an active ingredient. 21. An

anti bacterial agent mhlch conprises a conpound, its salt thereof or

hydrates t hereof described in any one of clains 1 to 19 as an active

i ngredient. - 99 - _

9. A compound, its salt or hydrates thereof according
to any one of claims 1 to 4, wherein R’ is a
halogenocfclopropyl group.

10. A compound, its salt or hydrates thereof
according to claim 9, wherein the halogenocyclopropyl group
is a 1,2-cis-halogenocyclopropyl group.

11; A compound, its salt or hydrates thereof
according to claim 9 or 10, wherein the halogenocyclopropyl
group is a stereochemically pure substituent.

12. A compound, its salt or hydrates fhereof
according to claim 11, wherein the halogenocyclopfopyl group
is a (1R,2S)-2-halogenocyclopropyl group.

13. A compound, its salt or hydrates thereof
according to any one of claims 9 to 12, wherein the halogen
atom of the halogenbcyclopropyl group is a fluorine atom.

14. A compound, its salt or hydrates-thereof
according to any one of claims 1 to 13, wherein the compound
of formula (I) is a stereochemically pure compound.

15. 5—Amino—7-[3—(3-amino—l—fluorocyclbbutan—3-.
yl)pyrrolidin-l—yl]—G—fluoro-i-[2—(5)-fluoro—l-(R)—
cyclopropyl]—e—methyl—l,4;dihydro—4—oxoquinoline-3—carboxylic
acid, its salt or hydrates thereof. |

16. 7-[3-(3-Amino-1-fluorocyclobutan-3-yl)pyrrolidin-
1-yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-8-methoxy-
1;4-dihydro—4-oxoquinoline-3—carboxylic acid, its salt orx

hydrates thereof.
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17. 5-Amino-7-[3-(3-amino-1-fluorocyclobutan-3-
yl)pyrrolidin-1-yl]-6,8-difluoro-1-[2-(S)-fluoro-1-(R)-
cyclopropyl]-1,4-dihydro-4-oxoquinoline~3-carboxylic acid,
its salt or hydrates thereof.

18. 7-[3-(3-Amino-1,1-difluorocyclobutan-3-~
yl)pyrrolidin-1-yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-
cyclopropyl]—8-methoxy-li4-dihydro-4—oxoquinoliﬁe-3—
carboxylic acid, its salt or hydrates thereof.

19. 5-Amino-~7-[3-(3-amino-1,1-difluorocyclobutan-3- _
vl)pyrrolidin-1-ylj-6-fluoro-1-[2-(S)-fluoro-1-(R)-
cyclopropyl]-8-methyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acid, its salt or hydrates thereof.

20. A pharmaceutical composition which comprises a
compound, its salt thereof or hydrates thereof described in
any one of claims 1 to 19 as an active ingredient.

21. An antibacterial agent which éomprises a
compound, its salt thereof or hydrates thereof described in

any one of claims 1 to 19 as an active ingredient.
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