
DESCR:!Pl'ION 

CYCLOALKYL-SOBSTfiOTED AMINam~mnm DERIVATIVE 

TECBNJ:CAL FIELD 

This invention relates to a synthetic quinolone 

antibacterial agent usefu1 as a drug for humans, animals or 

fishes or an antibacterial preservative. 

This invention also relates to a synthetic quinolone 

antibacterial agent in which the structure of substituent at the 

7-position of 1,4-dihydro-4-oxoquinoline skeleton or at the 10-

position of 2,3-dihydro-7-oxo-7B-pyrido[l,2,3-

de] [1.4]benzoxazine skeleton exerts important influence upon 

the expression of phazmacological effects such as antibacterial 

activity, phal:macokinetics and safety, having a 3-[1-amino-1-

cycloalkyl]methy1pyrro1idin-1-yl group which can provide 

exce1lent antibacterial activity, phal:macokinetics and safety, 

as a substituent at the 7- or 10-position, and also having 

excellent antibacterial activity, proper phal:macokinetics and 

high safety, namely to a 6-f1uoro-l-[2-(S)-fluoro-1-(R)­

cyclop:ropyl]-1,4-dihydro-4-oxoquino1ine-3-carboxylic acid 

derivative or a 2,3-dihydro-3-(S)-methy1-7-oxo-7B-pyrido[l,2,3-

de] [1.4]benzoxazine-6-carboxy1ic acid derivative, and to an 

antibacterial agent and an antibacterial preparation, which 

contain the caupound. 

BACKGROUND ART 
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Since the discovm:y of Norfloxacin, antibacterial 

activity and pha.J:macokinetics of synthetic quinolone 

antibacterial agents have been improved, and many caapounds are 

now used in the clinical field as chemotherapeutic agents which 

are effective in almost systemic infectious diseases. 

:rn recent years, generation of bacteria having low 

sensitivity to synthetic quinolone antibacterial agents has been 

increasing in the field of clinics. For example, like the case 

of St:ap.hy1ococcus aureus (MRSA) and pneumococcus (PRSP) which 

are non-sensitive to f3-lactam antibiotics and enterococcus (VRE) 

which is ·non-sensitive to aminoglycoside antibacterial agents, a 

case has been increasing in which a Gram-positive bacterium 

originally resistant to drugs other than synthetic quinolone 

antibacterial agents becomes low-sensitive to synthetic 

quinolone antibacterial agents too. :rn 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 synthetic quinol.one antibacterial. agents cause a 

side effect in which convulsion is induced when a non-steroidal 

anti-inflamma.toz:y drug is simultaneously used, as well as other 

side effects such as phototoxicit_y, so that development of a 

synthetic quinolone antibacterial. agent having further high 

safety' has also been called for in the field. 

It is known that structures of substituents at the 7-

position and 1-position have a great influence to the 

antibacterial activity', phaJ::macokinetics and safety of synthetic 
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qainolone antibacterial agents. It is already known that 

quinolone derivatives having 3-aminomethy1pyrro1idine as a 

substituent show strong antibacterial activity for Gram-negative 

and Gram-positive bacteria. For example, a 7-(3-

aminomethy1pyrro1idin-1-y1)qnino1onecarboxy1ic acid derivative 

is described in Jour.oa.1 of Medicfrial Chemistry,· vol. 29, p. 445 

(1986), a 7-(3-(1-amino-1-methylethyl)pyrrolidin-1-

yl)quinolonecarboxylic acid derivative is described in Jour.oa.1 

of Medic;na1 Clumdstry, vol. 37, p. 733 (1994), and a 7-(3-(1-

ami.noalkyl)pyrrolidin-l-yl]qninolonecarboxylic acid derivative 

is described in Chem; ca1 & .Phaz:maceutica1 Bu11etin, vol. 42, p. 

1442 (1994) . However, no ca:apounds are known which have a 3- (1-

amino-1-cycloalkyl)methylpyridin:"":"l-Yl group at the 7-position 

and are also related to the present invention. 

On the other hand, quinolone derivatives having 3-

aminallethyl.pyrrolidine as a substituent are compounds· which show 

strong antibacterial activity, but, since most of these 

caapounds have low selective toxicity, they act upon not only 

bacteria but also euca%YOtiC cells so that it is difficult to 

use them as medical drugs or animal druqs. 

Also, it is known that quinolone derivatives having a 3-

aminopyrrol.idine derivative at the 7-position and 2-(S)-fluoro-

1-(R)-cyclopropyl. group at the 1-position of the quinoline 

skeleton have weaker micronucleus inducing toxicity than those 

corresponding 1-cyclopropyl.quinol.one derivatives. Their 

examples are described in Jom:na..l of Medici na 1 Chemi s1:.ry, vol. 
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37. P. 3344 (1994). 

· On the other hand, quinolonecarboxylic acid derivatives 

having a 3-(1-amino-1-cycloalkyl]methylpyrrolidin-1-yl group as 

a substituent, which are related to the present invention, are 

exempl1fied for example in JP-W-3-502452 (the term "JP-W" as 

used herein means an "unexamined published Japanese 

international patent application"), and it describes canpounds 

represented by a foJ:mU.la (a) or (b) shown below. However, 

substituent at the 5-position of these exemplified quinolones is 

limited to a straight, branched or cyclic lower alkyl having 1 

to 3 carbon atans, and JP-W-3-502452 does not describe canpounds 

having the 1-f2-(S)-fluoro-1-(R)-cyclopropyl]quinoline skeleton 

or 3-(S)-methyl-7B-pyrido[l,2,3-de] [1.4]benzoxazine skeleton 

related to the present invention. In addition, .JP-W-3-502452 

does not disclose illustrative examples of the 3-(1-amino-1-

cycloalkyl]methylpyrrolidin-1-yl group. 

FoJ:mU.la (a) 

Ra 0 Em COO~ 
~I I 

Z X N . 
3 I 

. R1 

[In the above foJ:mU.la, R7 is an alkyl having 1 to 4 carbon atans, 

a vinyl, a haloalkyl, a hydroxya.lkyl having 2 to 4 carbon atoms, 

a cycloalkyl having 3 to 6 carbon atoms, a phenyl or a phenyl 

substituted with a halogen, ·an alkyl, NH2 or OH, Ra is a 
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straight, branched or cyclic lower alkyl having 1 to 3 carbon 

at:ans, and X3 is CB, CF, CCl, CBr, N, CCF3, CNB2, ~, CR or 

COR' (in these foi:mulae, R is a lower alkyl and R' is hydrogen 

or a lower alkyl). Definitions of substituents of the canpound 

of formula (a) are independent to those the compound of the 

present invention.] 

In the above foi:mula, Z is a group represented by the 

following formula (b). 

Formula (b) 

(In this formula, m is an integer of from 0 to 4, and the 

substituents Rg and R10 are each independently a hydrogen atan, a 

lower alkyl or a cycloalkyl. Definitions of substituents of the 

compound of f oi:mula (b) are independent to those the campound of 

the present invention.) 

In addition, PCT WO 96/39407 discloses compounds 

represented by the following fonnula (c), but they are limited 

to 2-pyridone derivatives such as 4B-4-oxoquinotozone skeleton, 

and PCT WO 96/39407 does not describe compounds having the 1,4-

dihydro~4-oxoquinoline skeleton or 2,3-dihydro-3-(S)-ethyl-7-

oxo-7H-pyrido[l,2,3-de] [1.4]benzoxazine skeleton related to the 
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present invention. Also, PCT WO 96/39407 does not disclose 

illustrative examples of optically active 3-[1-amino-1-

cyclopropyl]methylpyrrolidin-1-yl group. 

In addition, PCT WO 96/39407 does not describe about 

safety of the canpounds of fozmul.a (c) . 

Fozmul.a (c) 

COCH 

HCI 

DISCLOSURE OF INVENTION 

J:n view of the above, the inventors of the present 

invention have conducted intensive studies with the aim ·of 

providing the field of clinics with a compound which has 

excellent antibacterial activity, high efficacy and excellent 

safety. As a result of the extensive investigation, it has been 

found absolutely unexpectedly that a cycloalkyl-substituted 

aminanethylpyrrolidine derivative represented by the foJ:mUl.a (I) 

described below, its salts and hydrates thereof.can show strong 

antibacterial activity upon broad range of Gram-negative and 

Gram-positive bacteria, can show particularly strong 

antibacterial activity upon resistant strains of Gram-positive 

bacteria including MRSA, PRSP and VRE, and also have excellent 

safety and goodpharmacokinetics, thereby resulting in the 
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accaaplishment of the present invention. 

Particularly, it has been found that a caapound 

represented by the following formula (I) in which a cycloalkyl-

substituted aminanethylpyrrolidine derivative is introduced at 

the 7-position of the 1-[2-(S)-fluoro-1-(R)-

cyclopropyl]quinoline skeleton, its salts and hydrates thereof 

show broad and excellent antibacterial activity upon any one of 

Gram-negative and Gram-positive bacteria includinq drug-

resistant strains, have excellent safety with shal:ply attenuated 

micronucleus induction action, and also have excellent 

phm:macokinetics. 

Accordingly, the present invention relates to a compound 

represented by the following formula (:I), its salts and hydrates 

thereof: 

(I) 

{wherein R1 and R2 each independently represents a hydrogen atom 

or an alkyl group havinq 1 to 6 carbon atoms, in which the alkyl 

group may have cine or more substituents selected from the group 

consisting of a hydroxyl group, a halogen atom, an alkylthio 

group havinq 1 to 6 carbon atoms and an alkyloxy group; 

n is an integer of 1 to 4; and 
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·g is a partial structure represented by the following follllUl.a 

(Ia): 

COOY 
(Ia) 

[wherein R3 represents an alkyl group havinq 1 to 6 carbon 

atoms, an alkenyl group havinq 2 to 6 carbon atoms, a 

haloqenoalky1 group havinq 1 to 6 carbon atoms, a cyclic alky1 

group havinq 3 to 6 carbon atoms which may have a substituent, 

an m:y1 group which may have a substituent, a heteroary1 group 

which may have a substituent, an a1koxy1 group havinq 1 to 6 

carbon atoms or an alky1amino group havinq 1 to 6 carbon atoms; 

R4 represents a hydroqen atom or an alkylthio group havinq 

1 to 6 carbon atoms; 

R4 and the aforementioned R3 may fOJ:m. toqether with a part · 

of the mother ske1eton a rinq structure optional1y containing a 

su1fur atom as a rinq constituting atan thereof and optionally 

havinq an alky1 group having 1 to 6 carbon atoms as a 

substituent; 

R5 represents a hydroqen atan, an amino group, a hydroxy1 

group, a thio1 group, a haloqenomethyl Qr<>Ul>, an alkyl group 

having 1 to 6 carbon atoms, an a1kenyl group having 2 to 6 

carbon atans, an alkynyl group having 2 to 6 carbon atoms or an 
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alkoxyl group having 1 to 6 carbon atoms, in which the amino 

group may have one or more substituents selected fran the group 

consisting of fo%DlYl group, an alkyl group having 1 to 6 carbon 

atans and an acyl group having 2 to 5 carbon atans; 

x1 represents a halogen atom or a hydrogen atom, 

A1 represents a nitrogen atom or a partial structure 

represented by fo%111Ula (II): 

(II) 

(wherein r represents a hydrogen atom, an amino 

group, a halogen atom, a cyano group, a haloqenaneth.yl group, a 

haloqenomethoxyl group, an alkyl group having 1 to 6 carbon 

atans, an alkenyl group having 2 to 6 carbon atoms, an alkynyl 

group having 2 to 6 carbon atans or an alkoxyl group having 1 to 

6 carbon atans, in which the amino group may have one or more 

substituents selected fran the group consisting of a fo%DlYl 

group, an alkyl group having 1 to 6 carbon atoms and an acyl 

group having 2 to 5 carbon atoms; and 

r and the aforementioned R3 may fo%1D together with 

a part of the moth.er skeleton a ring structure optionally 

containing an oxygen atom, a nitrogen atom or a sulfur atom as a 

ring constituting atom thereof and optionally having an alkyl 

group having 1 to 6 carbon atoms as a substituent); and 

Y represents a hydrogen atom, a phenyl group, an 

aoetoxymethyl group, a pivaloyloxymethyl group, an 
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ethoxycarbonyl group, a choline group, a d:imethylaminoethyl 

group, a 5-:-indanyl group, a phthalidinyl group, a 5-alkyl-2-oxo-

1,3-c:lioxol-4-yllllethyl 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 pheny1alkyl group composed of an 

alkylene group having 1 to 6 carbon atoms and a phenyl group]}. 

'!'he present invention also relates to each of the 

following itans. 

A campound, its salts and hydrates thereof, wherein Q in the 

fonnula. (I) is a 6-carboxy-9-fluoro-2,3-dihydro-3-(S)-methyl-7-

oxo-7B-pyrido[l,2,3-de] [l.4]benzoxazin-10-yl group; 

the aforementioned campound, its salts and hydrates thereof, 

wherein the compound of f o%DlUl.a (I) is a stereochemically pure 

compound; 

the aforementioned compound, its salts and hydrates thereof, 

wherein R3 in the foz:mul.a (I) is a haloqenocyclopropyl group; 

the aforementioned compound, its salts and hydrates thereof, 

wherein the haloqenocyclopropyl group in the fo%DlUl.a (I) is a 

1,2-cis-haloqenocyclopropyl group; 

the aforementioned compound, its salts and hydrates thereof, 

wherein the haloqenocyclopropyl group in the fozmul.a (I) is a 

stereochemically pure substituent; 

the aforementioned canpound, its salts and hydrates thereof, 

wherein the haloqenocyclopropyl group in the fozmul.a (I) is a 

(1R,2S)-2-haloqenocyclopropy1 group; 

the aforementioned campound, its salts and hydrates thereof, 
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wherein the halogen atan of the halogenocyclopropy1 group in the 

fozmola (I) is a fluorine atan; 

the aforementioned compound, its salts and hydrates thereof, 

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

compound; 

the aforementioned canpound, its salts and hydrates thereof, 

wherein n in the formula (I) is 1; 

the aforementioned compound, its salts and hydrates thereof, 

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

caapound; 

7-[3-[1-(S)-amino-1-cyclopropyl]methylpyrrolidin-1-yl]-6-f1uoro-

1-[2-(S)-f1uoro-1-(R)-cyclopropy1]-1,4-dihydro-8-methox.y-4-

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

5-amino-7-[3-[l-(S)-amino-1-cyclopropy1]methy1pyrrolidin-1-y1]-

6-f1uoro-1-[2-(S)-f1uoro-1-(R)-cyclopropy1]-1,4-dihydro-8-

methy1-4-oxoquino1ine-3-carboxylic acid, its salts and hydrates 

the:ceof; 

5-amino-7-[3-[l-(S)-amino-1-cyc1opropy1]methylpyrrolidin-1-y1]-

6,8-dif1uoro-1-[2-(S)-f1uoro-1-(R)-cyclopropy1]-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid, its salts and hydrates the:ceof; 

the aforementioned compound, its salts and hydrates thereof, 

wherein Y is a hydrogen atan; 

a druq containing the aforementioned compound, its salts and 

hydrates the:ceof as an active ingredient; and 

an antibacterial agent containing the aforementioned compound, 

its salts and hydrates thereof as an active ingredient. 

11 



[Embodiment for carrying out Invention] 

Each of the substituents of the cccapound of the present 

invention represented by formul.a (I): 

(I) 

(wherein R1
, R2

, n and Q are as defined in the foregoing) will 

be axplained in the following. 

The subs ti tuents R1 and R2 is each independently a 

hydrogen atom or an alkyl group having 1 to 6 carbon atoms, 

wherein the alkyl group may have one or more substituents 

selected from the group consisting of a hydroxyl group, a 

haloqen atom, an alkylthio group having 1 to 6 carbon atoms and 

an alkyloxy group. 

The alkyl group may be either straight or branched group 

having 1 to 6 carbon atoms, and the preferred examples thereof 

are methyl, ethyl, noz:mal. propyl and isopropyl groups . 

When the alkyl group has a hydroxyl group as a 

substituent, the alkyl group may be either straight or branched 

fo%lll. having 1 to 6 carbon atoms, and the hydroxyl group may 

preferably be substituted on the teJ:minal. carbon atom of the 

alkyl group. Preferred examples of the alkyl group having a 
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hydroxyl group include those which have 1 to 3 carbon atoms, 

such as a hydroxymethyl group, a 2-hydroxyethyl group, a 2-

hydroxypropyl group.and a 3-hydroxypropyl group. 

When the alkyl group has a ha1ogen atan as a substituent, 

the alkyl group may be either straight or branched fOJ::m having 1 

to 6 carbon atoms, and a fluorine atom is desirable as the 

ha1oqen atom. With regard to the number of fluorine atoms, it 

may be any one of £ran mono-substitution to perfluoro 

substitution. The examples thereof are monofluoramethyl, 

difluorcmethyl, trifluoromethyl, 2-£1uoroethy1, 2,2-

di£1uoroethy1 and 2, 2, 2-trifluoroethyl groups. Among these 

groups, a monof1uoromethy1 group and a 2-£1uoroethy1 group are 

more preferred. 

When the alkyl group has an alkylthio group as a 

substituent, 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 fo:rm having 1 to 6 carbon 

atoms. ·An alkylthiomethyl group, an alkylthioethyl group and an 

alkylthiopropyl group are desirable as the alkyl group having an 

alkylthio group, and the allcylthio group may preferably have 1 

to 3 carbon atoms. More preferred examples are .. a 

methylthiomethyl group, an ethylthiomethyl group and a 

methylthioethyl group. 

when the alkyl group has an alkoxyl group as a 

substituent, the alkyl group may be either straight or branched 

fo:rm having 1 to 6 carbon atoms, and the a1koxy1 group may also 
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be either straight or branched fo%1D having 1 to 6·carbon atoms. 

An alkoxymethyl group, an alkoxyethyl group and an alkoxypropyl 

group are desirable as the alkyl group having an alkoxyl group, 

and the alkoxyl group may preferably have up to 3 carbon atoms. 

More preferred exmnples thereof are a methoxymethyl group, an 

ethoxymethyl group and a methoxyethyl group. 

The symbol n is an integer of fran 1 to 4, preferably 1 

or 2, and more preferably 1 .. 

Q is a partial structure represented.by the following 

formu1a (Ia). 

COOY 

(Ia) 

In the above fo:mn1la (Ia), R3 is an alkyl group having 1 

to 6 carbon atoms, an alkenyl group having 2 to 6 carbon atoms, 

a haloqenoalkyl 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 group having 1 to 6 

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

In this case, an ethyl group is particularly desirable as 

the alkyl group having 1 to 6 carbon atoms. As the alkenyl 

group having 2 to 6 carbon atoms, a vinyl group or a 1-

isopropenyl group is desirable. A 2-fluoroethyl group is 
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desirable as the haloqenoalkyl group having 1 to 6 carbon atoms. 

A cyclopropy1 group is particularly desirable as the cyclic 

alkyl group, and a halogen atam, particular1y a fluorine atam, 

is desirable·as the substituent of the cyclic alkyl group. 

Examp1es of the aryl group which may have a substituent 

are a phenyl group which may have 1 to 3 substituents selected 

from the group consisting for example of fluorine, chlorine, 

brcmine or the like halogen atam, a hydroxyl group, an amino 

group, a nitro group, an alkyl group having 1 to 6 carbon atoms 

and an alkoxyl group having 1 to 6 carbon atoms, and its 

preferred illustrative exanples are a phenyl group, a 2-

f1uorophenyl group, a 4-fluorophenyl group, a 2,4-difluorophenyl 

group, a 2-fluoro-4-hydroxyphenyl group, a 3-amino-4,6-

difluorophenyl group and a 4,6-difluoro-3-methylaminophenyl 

group. 

The heteroaryl group is a caapound derived from a five­

or six-membered aroma.tic heterocyclic compound which contains 

one or more hetero atoms selected from a nitrogen atom, an 

oxygen atam and a sulfur atom. Examples thereof are a pyridyl 

group and a pyrimidyl group. As the substituent on these rings, 

an alky1 group, a halogen atom or the like is desirable. 

Particularly preferred is a 5-amino-2,4-dif1uoropyridyl group. 

Amethoxyl group is desirable as the alkoxyl group having 

1 to .6 carbon atoms. A methylamino group is desirable as the 

alkylamino group having 1 to 6 carbon atoms. 

As the substituent R3
, a cyclic alkyl group or a 
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ha1oqenocycloalky1 group is desirable. .Among these groups, a 

cyclopropy1 group or a 2-ha1ogenocyclopropy1 group is 

particularly desirable. As the ha1oqen atan, a fluorine atan is 

desirable. 

The substituent R4 is a hydrogen atan or an alkylthio 

group having 1 to 6 carbon atams, or R3 and R4 may together foJ:m 

a ring structure by incoxporating a part of the mother skeleton 

(namely by including the nitrogen atom to which R3 is bonded and 

the carbon atom to which R4 is bonded). The thus fozmed rinq may 

contain a sulfur atom as its constituting atom, and the ring may 

further have an alkyl group having 1 to 6 carbon atams as a 

substituent. The ring to be fonned herein may have a size of 

from four-membered ring to six-memberec:l ring, and the ring may 

be saturated or unsaturated. 

The substituent x1 is a ha1ogen atan or a hydrogen atan, 

and a fluorine atom is desirable in the case of the ha1oqen atan. 

Amonq these atams, a fluorine atom or a hydrogen atan is 

desirabl.e as the substituent. 

The substituent R5 is a hydrogen atom, an amino group, a 

hydroxyl group, a thiol group, a haloqenomethy1 group, an alkyl 

group having 1 to 6 carbon atams, an a1keny1 group having 2 to 6 

carbon atans, an alkynyl group having 2 to 6 carbon atoms or an 

a1koxy1 group having 1 to 6 carbon atoms, wherein the amino 

group may have one or two substituents ·selected from the group 

consistincj of a £oxmyl group, an alkyl group having 1 to 6 

carbon atoms and an acyl group.having 2 to 6 carbon atoms. 

16 



The alkyl group may be either straight or branched group 

having 1 to 6 carbon atcms, and its preferred examples are a 

methyl group, an ethyl group, a normal propyl group and an 

isopropyl group. The alkenyl group may be either straight or 

branched group having 2 to 6 carbon atcms and is preferably a 

vinyl group. The alkynyl group may be either straight or 

branched group having 2 to 6 carbon atcms and is preferably an 

ethynyl group. A fluorine atom is particul.ar1y desirable as the 

halogen of the ha1oqenomethy1 group, and its number may be from 

1 to 3. The a.l.koxyl group may have 1 to 6 carbon atans and is 

preferably a methoxyl group. 

The substituent Rs is preferably a hydrogen atom, an alkyl 

group or an amino group, of which a methyl group or an 

unsubstituted amino group is more preferred. 

When the substituent Rs is an amino group, a hydroxyl 

group or a thiol group, these groups may be protected with 

ordinally used protective groups. 

Examples of such protective groups include tert­

butoxycarbony1, 2,2,2-trich1oroethoxycarbonyl and the like 

alkoxycarbonyl groups, benzyloxycarbonyl, para­

methoxybenzyloxycarbonyl, para-nitrobenzyloxycarbonyl and the 

like aralky1oxycarbony1 groups, acetyl, methoxyacetyl, 

trifluoroacetyl, chloroacety1, pivaloyl, fol:DlYl, benzoy1 and the 

like acyl groups, tert-butyl, benzyl, para-nitrobenzy1, para­

methoxybenzyl, triphenylmethyl and the like alkyl or aralkyl 

groups, methoxymethyl, tert-butoxymethyl, tetrahydropyranyl, 
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2,2,2-trichloroethoxymethyl and the like ethers and 

tr:imethylsilyl, isopropyldimethylsilyl, tert-butyldimethylsilyl, 

tribenzylsilyl, tert-butyldiphenylsilyl alid the like substitut.ed 

silyl groups. Compounds whose substituents are protect.ed with 

these protective groups are particularly useful as production 

intermediates. 

When A1 is a partial structure represent.ed by formula 

(II): 

(II) 

r is a hydrogen atom, an amino group, a halogen atom, a cyano 

group, a halogenanethy1 group, a halogenanethoxyl group, an 

alky1 group having 1 to 6 carbon atans, an alkenyl group having 

2 to 6 carbon atans, an a.l.kynyl group having 2 to 6 carbon atans 

or an alkoxyl. group having 1 to 6 carbon a~, wherein the 

amino group may have one or two substituents select.ed from the 

group consisting of a foi:myl group, an alkyl group having 1 to 6 

carbon atans and an acyl group having 2 to 5 carbon atans. 

The alkyl group may be either straight or branched group 

having 1 to 6 carbon atans and the preferred exampl.es thereof 

are a methyl group, an ethy1 group, a noi:mal. propyl group and an 

isopropyl group. The a1kenyl group may be either straight or 

branched. group having 2 to 6 carbon atans and is preferably a 

vinyl group. The al.kynyl group may be either straight or 

branched group having 2 to 6 carbon atans and is preferably an 
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ethynyl group. A fluorine atom is particularly desirable as the 

halogen of the halogenaaethyl group, and its number may be £ran 

1 to 3. The alkoxyl group may have 1 to 6 carbon atans and is 

preferably methoxyl group. A fluorine atom is particul.arly 

desirable as the halogen of the halogenomethoxyl group, and its 

number may be £ran 1 to 3. 

Among these·substituents, a halogen atom, an alkyl group 

or an alkoxyl group is desirable, and a fluorine atom, a methyl 

group or a methoxyl group is more desirable. These substituents 

are particularly desirable in the case where Q is the partial 

structure repres~ted by the . £0%D1Ul.a (Ia) . 

In addition I r and the aforementioned R3 may together 

fo:r:m a hydrocarbon ring structure (size of the ring may be from 

four-membered ring to seven"""1DelDbered ring, and the ring may be 

saturated or unsaturated) by incorporating a part of the mother 

skeleton (namely by including the carbon atom to which r is 

bonded and the nitrogen atom to which R3 is bonded) , and the 

thus fo:cmed ring may contain an oxygen atom, a nitrogen atom or 

a sulfur atom as its constituting atom, and the ring may also 

have an alkyl group having 1 to 6 carbon atans as a substituent. 

The partial structure represented by the .aforeiaentioned 

fo:r:mu1a (Ia) is desirable as Q. In this case, it is desirable 

that A1 is the partial structure of foJ:mUla (II) . 

When Q is the partial structure of fo:r:mula (Ia) and A1 is 

the partial structure of the foo::mul.a (II) , a preferred 

canbination of R5 and r is a case in which· R5 is an amino group, 
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a hydrogen atcm, a hydroxy1 group or an a1ky1 group having 1 to 

6 carbon atans and r is a ha1oqen. atan, an a1ky1 group having 1 

to 6 carbon atcms, an al.koxy1 group having 1 to 6 carbon atans, 

a ha1oqen.anethoxy1 group or a hydrogen atan. 

A more preferred combination is a case in which Rs is an 

amino group, a hydrogen atcm, a hydroxy1 group or a methy1 group 

and r is a f1uorine atcm, a methy1 group, a methoxy1 group, a 

difluoraaethoxy1 group or.a hydrogen atan. 

A most preferred canbination is a case in which Ii' is an 

amino group, a hydrogen atcm, a hydroxy1 group or a methy1 group 

and r is a f1uorine atcm, a methy1 group or a methoxy1 group. 

For these Rs and r groups, a f1uorine atcm is desirable as r. 
When the substituents r and r are ha1ogen atans, r is 

particu1arly preferab1y a fluorine atan and r is preferab1y a 

fluorine atcm or a chlorine atan. 

Next, the halogenocyclopropy1. group of R3 will be 

explained. 

As the substitutable ha1ogen atcm, a f1uorine atcm and a 

chlorine atan can be exemplified, of which a fluorine atan is 

particular1y preferred. 

Regarding the steric environment at this.moiety, it is 

particu1arly desirable that the ha1ogen atan and 

pyridonecarboxylic acid moiety take cis-configuration on the 

cyclopropan.e ring. 

So-called enantiomol:phic isomers are present due to the 

cis-2-ha1oqen.ocyclopropy1 moiety alone of R3
, and strong 
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antibacterial activity and hiqh safety have been found in both 

isaners. 

The caapound of the present invention shows exce11ent 

characteristics by havinq a substituent represented by the 

fo11owinq formuJ.a at the 10-position of the 2,3-dihydro-3-(S)­

methy1-7-oxo-7B-pyrido[l,2,3-de] [l.4]belizoxazine-6-carboxylic 

acid skeleton or at the 7-position of the 6-fluoro-1-[2-(S)-

fluoro-l-(R)-cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-

carboxylic acid skeleton. 

This substituent exists in the fo1lowinq four optical 

isaneric foJ::mS, due to the asymmetric carbon atom at 3-position 

of the pyrrolidine rinq and the asymmetric carbon atan at 1-

position of the cycloalkyl-substituted amincmethy1 substituent. 
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Among these, the present inventors considered that the 

structure of the following foJ:mUla was more desirable. 

That is, it was revealed that, when the 10-position of 

the 2,3-dihydro-3-(S)-methyl-7-oxo-7B-pyrido[l,2,3-

de] (l.4]benzoxazine-6-carboxylic acid skeleton or the 7-position 

of the 6-fluoro-1-(2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-

4-oxoquinoline-3-carlxntylic acid skeleton has the substituent 

represented.by the above formula, the caapound of the present 

invention shows strong antibacterial activity upon Gram-negative 

bacteria and Gram-positive bacteria and also shows excellent 

safety and good pha%!Da.cokinetics, such as negativness of the 

micronuclear test (very weak micronucleus induction toxicity) 

which was not expected before the present invention. 

Where the caapound of fol:!llUla (I) of the present 

invention has a structure allowing the existence of 

diastereamers, it is desirable to adminjster a compound 

comprising a pure diastereomer in administration to humans or 

animals. The tezm "comprising a pure diastereaner" as used 

herein means not only a case in which it is canpletely free fran 

the other diastereamer(s) but also a case in which it is in a 

chemically pure degree. In other words, it is intezpretable 
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that the other diastereomer(s) may be present in such a degree 

that it does not exert in£1uences upon physica1 constants and 

physio1ogica1 activities of the compound. 

Also, the bum "stereochemica11y pure" as used herein 

means a compound consisting of one of its stereoiaaers when the 

compound has a plurality of isomers due to asymmetric carbon 

atan(s) contained therein. The tenn ''pure" in this case can 

also be considered in the same manner as described above. 

The canpound of the present-invention may be used either 

in its free foJ:m. or as an acid addition salt or a salt of its 

carboxyl group. Exmnples of the acid addition salt include 

hydrochloride, su1fate, nitrate, ·hydrobranide, hydroiodide, 

phosphate and the like inorganic acid salts, or methanesu1fonate, 

benzenesu1fonate, to1uenesu1fonate (su1fonate), acetate, citrate, 

maleate, fumarate, 1actate (carboxylate) and the 1ike organic 

acid salts. 

The sal.t of carboxy1 group may be either inorganic or 

organic salt, and its i1lustrative examples include lithium salt, 

sodium salt, potassium salt and the 1ike alkali metal salts, 

magnesium salt, ca1cium. salt and the 1ike alkaline earth metal 

salts, ammonium salt, or triethy1amine salt, N-methy1g1ucamine 

salt, tris-(hydroxylmethy1)aminamethane salt and the 1ike. 

Also, these free foJ:m., acid addition salts and salts of 

carboxy1 group of the caapoundmay be present as hydrates. 

When the canpound of the present invention is used for 

antibacterial pm:pose, it is desirab1e to use a ca.rboxy1ic acid 
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compound in which the group Y is a hydroqen atom, while a 

quinolone derivative whose carboxylic acid moiety is an ester is 

useful as a synthesis inte%'mediate or a prod.rug. For example, 

alkyl esters, benzyl esters, alkoxyalkyl esters, phenylalkyl 

esters and phenyl esters are useful as synthesis intei::mediates. 

Also, the ester to be used as a prodrug is an ester which 

is susceptible to an in vivo cleavage to form a free car.boxylic 

acid, and its illustrative examples include acetoxymethyl ester, 

pivaloyloxymethyl ester, ethoxyca:rbonyl ester, choline ester, 

dimethylaminoethyl ester, 5-indanyl ester, phthaliclinyl ester, 

5-alkyl-2-oxo-1,3-dioxol-4-yllllethyl- ester, and oxoal.kyl ester 

such as 3-acetoxy-2-oxobutyl eater. 

The compound of the present invention represented by the 

formula (I} can be produced by various method, and, in a 

preferred example of these methods, it can be produced for 

example by reacting a compound represented by formula (III) : 

R5 0 

COOY1 

(III) 

[wherein x3 is a substituent which functions as a leaving group, 

such as a fluorine atom, a chlorine atom, a bromine atom, a 

substituted or unsubstituted phenylsulfonyl group or a 

substituted or unsubstituted alkylsulfonyl group having 1 to 3 
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carbon atans, 

y1 is the Y defined in the fo%JDUla (:I) or a boron-containing 

group represented by fo%JDUla (N) : 

-B(yll)yl.2 (N) 

(wherein yll and Y12 each represents a fluorine atan or an 

a1ky1carbony1oxy group having 2 to 4 carbon atans) I and 

:a3, R4
, R5

, A1 and x1 are as defined in the fol:llllll.a (J:) ] 

with a canpound represented by fol:llllll.a (V): 

(V) 

[wherein R11 and R21 each independently represents a hydrogen 

atan, an alkyl group having 1 to 6 carbon atans or a protective 

group for amino group, in which the a1ky1 group may have a 

substituent se1ected fran the group consisting of a hydroxy1 

group, a halogen a tan, an a1ky1 thio group having 1 to 6 carbon 

atans and an aJ.koxy1 group having 1 to 6 carbon atans, and 

n is as defined in the fol:llllll.a (J:)] or an addition sa1t thereof 

(examples of the acid addition sa1t include hydrochloride, 

sUl.fate, nitrate, hydrobromide, hydroiodide, phosphate and the 

1ike inorganic acid sa1ts, or methanesu1fonate, benzenesu1fonate, 
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toiuenesulfonate (sulfonate), acetate, citrate~ maleate, 

fumarate, lactate (carboxylate) and the like orqanic acid salts). 

The reaction can be carried out using 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 

illustrative examples include dimethyl sulfoxide, pyridine, 

acetonitrile, ethanol, chlorofol:ID., d:iJDethylfonnamide, 

climethylacetamide, N-methylpyrrolidone, tetrahydrofuran, water 

and 3-methoxybutanol or a mixture thereof. 

Preferably, the reaction may be carried out in the 

presence of an acid acceptor such .as an inorqanic base (e.g. , an 

alkali metal or alkaline earth metal carbonate or bicarbonate) 

or an organic base (e.g., triethylamine, pyridine, 1,8-

diazabic;ycloundecene) . 

The reaction can be of from 

roan temperature to 200°c, preferably from 25 to 150°C. The 

reaction is carried out for a period of from 30 minutes to 48 

hours and canpletes generally after about 30 minutes to 2 hours. 

When the amino group is protected, examples of the 

protective group for amino group include those which are 

generally used in this field, such as tert-buto~nyl, 

2,2,2-trichloroethoxycarbonyl and the like alkoxycarbonyl groups, 

benzyloxycarbonyl, para-methoxybenzyloxycarbonyl, para-

ni trobenzyloxycarbonyl and the like aralkyloxycarbonyl groups, 

acetyl, methoxyacetyl, trifluoroacetyl, chloroacetyl, pivaloyl, 

foi:myl, benzoyl and the like ac;yl groups, tert-butyl, benzyl, 
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para-nitrobenzyl, para-methoxybenzyl, triphenylmethyl and the 

like a1kyl or ara1kyl groups, methoxymethyl, tert-butoxymethyl, 

tetrahydropyranyl, 2,2,2-trichloroethoxymethyl and the like 

ethers and trimethylsilyl, isopropylclimethylsilyl, tert­

butyldimethylsilyl, tribenzylsilyl, tert-butyldiphenylsilyl and 

the like substituted silyl groups. 

When Y and Y1 are an a1kyl group having 1 to 6 carbon 

atoms, an alkoxymethyl group having 2 to 7 carbon atoms or a 

phenyla1kyl group caaposed of an a1kylene group having 1 to 6 

carbon atoms and phenyl group, the compound of interest can be 

converted into its corresponding carboxylic acid compound.by 

treating it under an acidic or basic condition which is 

qenerally employed for the hydrolysis of carboxylic acid esters. 

When y1 is a structure of the fo%11l1ll.a (IV), its conversion 

into corresponding carboxylic acid compound can be effected by 

allowing the caapound (III) to react with the compound (V) and 

then treating it under an acidic or basic condition. 

In addition, when de-protection is necessaxy, the 

compound of interest represented by the fo:am1la (I) can be 

obtained by removing the protective group under suitable 

conditions for the protective group. 

The compound of foJ:lllUl.a (V) can be produced by various 

methods, and, though not particularly limited, it can be 

synthesized by a method shown. in the reference examples as a 

preferred example in which synthesis of 3-[l-(S)-amino-1-

cycloa1ky1]methylpyr.rolidine is described as a synthetic example 
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of 3-[1-amino-1-cycloalkyl]methylpyrrolicline, so that the 

campound of fo?mUla (V) can be produced in accordance with this 

method using a known optically active cycloalkyl-substituted 

glycine derivative. 

The cis-2-fluorocycl.opropylamine caaprised·of a pure 

isomer, which is desirable for the synthesis of the compound of 

fol:DlUl.a (J:) caaprised of a pure isaner, can be synthesized for 

example by the method described in .JP-A-2-231475 (the term ".JP­

A" as used herein means an ''unexamined published Japanese patent 

application"). Synthesis of the compound of fol:DlUl.a (I) 

caaprised of a pure isaner can be.carried out using the thus 

obtainec:l optically active cis-2-fluorocyclopropylamine 

derivative as the material, in accordance with the method 

described for example in .JP-A-2-231475. 

The following can be cited as illustrative examples of 

the caapound of the present invention. 

10-[3-(R)-[1-(S)-Amino-l-cyclopropyl]methylpyrrolidine-l-yl]-9-

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

de] [1.4]benzoxazine-6-carboxylic acid; 

8-amino-10-[3-(R)-[1-(S)-amino-1-cyclopropyl]methylpyrrolidine­

l-yl]-9-fluoro-2,3-dihydro-3-(S)-methyl-7-oxo-7~-pyrido[l,2,3-

de] [l.4]benzoxazine-6-carboxylic acid; 

7-[3-(R)-[1-(S)-amino-1-cyclopropyl]methylpyrrolidin-l-yl]-6-

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

4-oxoquinoline-3-carboxylic acid; 

5-amino-7-[3-(R)-[1-(S)-amino-1-cyclopropyl]methylpyrrolidin-1-
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y1]-6-£1uoro-l-[2-(S)-fluoro-l-(R)-cyc1opropyl]-l,4-dihydro-8-

methaxy-4-oxoquinoline-3-carboxylic acid; 

7-[3-(R)-[l-(S)-amino-l-cyclopropyl]methylpyrrolidin-l-yl]-6-

.fluoro-l-[2-(S)-fluoro-l-(R)-cyc1opropyl]-l,4-dihydro-8--methyl-

4-oxoquinoline-3-carboxy1ic acid; 

5-amino-7-[3-(R)-[l-(S)-amino-l-cyclopropyl]methylpyrrolidin-l­

y1]-6,8-difluoro-l-[2-(S)-fluoro-l-(R)-cyc1opropyl]-l,4-dihydro-

4-oxoquinoline-3-carboxylic acid; and 

5-amino-7-[3-(R)-[l-(S)-cyclopropyl-l-N­

methylamino]methylpyrrolidin-l-yl]-6,8-difluoro-l-[2-(S)-£1uoro-

l-(R)-cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid. 

These canpounds have the following structures. 

COOH COOH 

COCH COCH 
.. 
• 

COCH 
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; Me-}0 
Since the compound of the present invention has strong 

antibacterial actions, it can be used as druqs for use in human 

bodies, anima1s and fishes or as preservatives of agricultural 

chemicals and food. 

When the canpound of the present invention is used as a 

c:1ruq for human bodies, its dose is within the range of fran 50 

mg to 1 g, preferab1y fran 100 mq to 300 mg, per day for an 

adult. 

Its dose as a c:1ruq for use in anima1s varies depending on 

the purpose of its administration (treatment or prevention), 

kind and size of each animal to be treated and kind and degree 

of each infected pathogenic bacterium, but the dose may be 

within the range of general1y fran 1 mq to 200 mg, preferab1y 

fran 5 mq 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 dai1y dose 

may exceed the aforementioned range. 

Since the compound of the present invention is active 

against a broad range of microorganisms causing various 

infectious diseases and effective to treat, prevent or alleviate 
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diseases induced by these pathogens. 

Illustrative exanples of bacteria andbacterioid 

_microorganisms on which the canpound of the present invention is 

effective include those which be1ong to the genus St:aphy1ococcus, 

St:rept:ococcus pyogens, hemolytic streptococci, enterococcus, 

pneumococcus, those which belong to the genus Pept:ostrept:ococcus, 

Neisseria gonor.rhoeae, Escherichia coli, those which belong to 

the genera Citrobact:er and Sbige11a, Kl.ebsie1l.a pneumcmiae, 

those which belong to the genera En'terobact:er, Serratia and 

Proteus, Pseadomonas aeraginosa, Haemop.hil.us inf1uenzae, those 

which belong to the genera Acinet:obact:er and Cmrp;y1obact:er and 

C'hlazqyd:ia t:rachcmatis. Illustrative e:iramples of diseases 

which are induced.by these pathogens include follicu1itis, 

furuncle, carbuncle, exysipelas, ph1egm.on, 

lymphangitis/lymphadenitis, fe1on, subcutaneous abscess, 

hidradenitis, acne conglobata, infectious atheraaa, perirectal 

abscess, mastitis, superficial secondary infections after injm:y, 

burn injm:y, operative wound and the like, pharyngitis, acute 

bronchitis, tonsilitis, chronic bronchitis, bronchiectasis, 

diffuse bronchiolitis, secondary infection of chronic 

respiratoey disease, pneumonia, pyelonephritis,.cystitis, 

prostatitis, epididymitis, gonococcal urethritis, nonspecific 

urethritis, cholecystitis, cholangitis, bacillary dysenteey, 

enteritis, uterine adnexitis, intrauterine infection, 

bartholinitis, blepharitis, hordeolum, dac%yocystitis, 

tarsadenitis, corneal ulcer, octitis media, sinusitis, 
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periodentitis, pericoronitis, jaw.infection, peritonitis, 

endocarditis, sepsis, meningitis and skin infection. 

The campound of the present invention is a1so effective 

against various microorganisms causing infectious diseases in 

animals, such as those which belong to the genera Escherichia, 

Sa1mone1la, Pasteure.11a, Haemop.bil.us, Bordet:ella, St:aphy1ococcus 

and~- Illustrative examples of such diseases include 

colibacillosis, pullorum disease, avian paratyphoid, avian 

cholera, infectious coryza, staphylococcosis, mycop1asma 

infection and the like in the case of birds; colibacillosis, 

salmonellosis, pasteurellosis, haemophilus infection, atrophic 

rhinitis, exudative epidennis, mycop1asma infection and the like 

in the case of pigs; colibaci11osis, sallllone1losis, 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 doqs; and exuda.tive 

pleurisy, cystitis, chronic rhinitis, haemophilus infection, 

kitten diarrhea, mycop1asma infection and the like in the case 

of cats. 

The antibacteria1 preparation which compz:ises the 

compound of the present invention can be prepared by selecting 

an ajJpropriate preparation depending on each admiilistration 

method and employing generally used various preparation method. 

Regarding the dosage fonn. of the antibacterial preparation which 

uses the compound of the present invention as its principal 
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agent, tablets, powders, granules, capsules, solutions, syrups, 

elixirs, oily or aqueous suspensions and the like can be 

exemplified as oral preparations. 

Begarding injections, a stabilizing agent, an antiseptic 

agent and a solubilizing agent may be used in the preparation, 

or a solution which may contain these auxilia%Y agents may be 

contained in a container and made into a solid preparation by 

freeze-d%Ying 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, oin'bnents, gels, 

creams, lotions, sprays and the like can be exemplified as 

preparations for external use. 

Solid preparations may contain phazma.ceutically 

acceptable additives together with the active canpound and can 

be prepared for example by mixing the canpound with additives 

optionally selected from fillers, extenders, binders, 

disintegrators, solubilization enhancing agents, moistening 

agents, lubricating agents and the like. As liquid preparations, 

solutions, suspensions, emulsions and the like pan 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 
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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. 

Begarc:ling the phaz:maceutical preparations for use in the 

administration of the canpound 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. 

Fo:zmulation examples of the phal:maceutical preparations 

are shown below. 

Foi::mulation Example 1 (capsules) : 

Canpound of Inventiw Example 2 

Corn starch 

CMC calcium 

Hydroxymethyl cellulose 

M.agnesium stearate 

Total 

FO%Dl1ll.ation Exampl.e 2 (Sol.utions) : 

Canpound of Inventive Example 2 

Acetic acid or sodium hydroxide 

Ethyl. para-hydroxybenzoate 

Purified water 

Total 

34 

100.0 mg 

23.0 mg 

22.5 mg 

3.0 mg 

1.5 mq 

150.0 mg 

1.- 10 q 

0.5 - 2 q 

0.1 q 

88.9 - 98.4 q 

100 q 



Fonm1lation Example 3 (Powders for mixing with feed): 

Canpound of Inventive Example 2 1 - 10 g 

Corn starch 98.5 - 89.5 g 

Light anhydrous silicic acid 0.5 g 

Total 100 q 

BEST N:>DE FOR CARRYING OUT INVENTION 

Examples of the present invention are given below by way 

of illustration and not by way of limitation. 

[~erence. Example 1] 1-Cyciopropyl-2-propen-1-one 

Under a stream of nitrogen,_cyclopropyllllethyl ketone 

(6.33 q, 75.2 nanol) was dissolved in anhydrous tetrahydrofuran 

(75 ml). While stirring under ice-cooling, to this was added 

dropwise a solution which had been prepared by dissolving N­

methylanilinium trifluoroacetate (25.0 q, 113 mmol) in 37% 

foJ:maldehyde aqueous solution (10.2 ml) under ice-cooling. 

After the dropwise addition, the reaction solution was heated 

under reflux for 7 hours. After cooling, the reaction solution 

was mixed with diethyl ether (100 ml) and stirred, and then the 

organic layer was separated. The aqueous layer was extracted 

with diethyl ether (50 ml) . The organic layers -~ combined, 

gradually mixed with saturated sodium bicarbonate aqueous 

solution (100 ml) and stirred, and then the organic layer was 

separated. The thus separated organic layer was washed with 

saturated sodium chloride aqueous solution (100 ml) . This was 

dried over anhydrous magnesium sulfate, filtered and then 
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concentrated to 8.01 g under a reduced pressure of 150 mmBg, 

thereby obtaining a yellow oil containing the title caapound. 

This product was used in the subsequent reaction without 

purification. 

1s-NMR (400 MHz, a>Cl3 ) 0: 0.90 - 0.96 (2H, m), 1.08 - 1.13 (2H, 

m), 2.14 - 2.25 (lH, m), 5.82 (lH, dd, J = 10.74, 1.47 Hz), 6.29 

(lH, dd, J = 17.57, 1.47 Hz), 6.47 (lH, dd, J = 17.57, 10.74 Hz) 

[Reference Example 2] Cyclopropyl [1- [1- (R) -

phenylethyl]pyrrolidin-3-yl] ketone 

The product containing 1-cyclopropyl-2-propen-1-one 

described in Reference Example 1 (8.01 g) and N-(nonnal.­

butoxymethyl)-N-[1-(R)-phenylethyl]trimethylsilylmethylamine 

(23.2 g, 79.9 nmol) were dissolved in c:h:y dichloroethane (350 

ml) to which was subsequently added dropwise trifluoroacetic 

acid (500 µ1) • After 12 hours of stirring at roan temperature, 

the reaction solution was washed with saturated sodium 

bicarbonate aqueous solution (100 ml) and saturated sodium 

chloride aqueous solution (100 ml) in that order. This was 

dried over anhydrous magnesium sulfate, filtered and then 

concentrated under a reduced pressure. The resulting residue 

was applied to a flash silica gel chromatography and eluted with 

n-hexane:ethyl acetate= 2:1, thereby obtaining 9.08 g (49.6%) 

of the title compound as a colorless oil. In this connection, 

this product was obtained as a 1:1 diastereaner mixture. 

1H-NMR (400 MHz, a>c13) O: 0.83 - 0.88 (2H, m), 0.99 - 1.02 (2H, 

m), 1.38 (3H x 1/2, d, J = 2.93 Hz), 1.40 (3H x 1/2, d, J = 2.44 
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Hz), 1.62 - 1.76 (lB, m), 1.90 - 2.17 (2B, m), 2.35 - 2.93 (4B, 

m), 3.22 - 3.26 (2B, m), 7.23 - 7.34 (SB, m) 

[Reference Example 3] 3- [1- (tert-Butoxycarbonyl) amino-1-

cyclopropyl]methyl-1- [1- (R) ::phenylethyl]pyrrolidine 

Cyclopropyl[l-[l-(R)-phenylethyl]pyrrolidin-3-yl] ketone 

(1.563 g, 7.793 mmol) was dissolved in anhydrous methanol (25 

ml) . 'l'o this were added ammonium acetate (5. 236 g, 67 . 93 mmol) , 

sodium cyanoborohydride (435.2 mg, 6.925 :mm.ol) and Molecular 

Sieves 4A powder (1.86 g), and the mixture was stirred at roan 

temperature for 16 hours under a stream of nitrogen. '!'he 

reaction solution was filtered through celite, and the solvent 

was evaporated under a reduced pressure. The resulting residue 

was dissolved in dichloromethane (100 ml), and the solution was 

washed with saturated sodium bicarbonate aqueous solution (50 

ml) and saturated sodium chloride aqueous solution (50 ml) in 

that order, and then dried over anhydrous magnesium sulfate. 

After filtration, the solvent was concentrated under a reduced 

pressure. '!'he thus obtained residue was dissolved in cb:y 

dichloramethane (25 ml) to which, under ice-cooling, was 

subsequently added dropwise dichloromethane (5 ml) solution of 

di-tert-butyl bicarbonate (2.225 g, 10.19 :mm.ol) ,. The reaction 

solution was stirred at roan temperature for 2 hours and then 

concentrated under a reduced pressure. The thus obtained 

residue was applied to a flash silica gel chranatography and 

eluted with chlorofo::cm:methanol = 10:1, thereby obtaining 1.299 

g (55.5%) of the title compound as a colorless oil. In this 
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connection, this product was obtained as a mixture of four 

optical isomers. 

15-NMR (400 MHz, CDC13 ) B: 0.20 - 0.30, 0.35 - 0.52, 0.68 - 0.78 

(4H, m), 1.36 (3B x 1/4, d, J = 5.86 Hz), 1.39 (3B x 3/4, d, J = 

5.86 Hz), 1.43 (9B x 1/4, s), 1.45 (9B x 3/4, s), 1.61 - 1.74 

(lB, m), 2.25 - 2.76, 2.80 - 3.07, 3.18 - 3.26 (9B, m), 5.28 (lB, 

brs), 7.23 - 7.34 (SB, m) 

[Reference Example 4] 1-Benzyloxycarbonyl-3- [1- (tert­

butoxycarbonyl) amino-1-cyclopropyl]methylpyr;olidine (Fl, F2, F3 

and F4) 

3-[l-(tert-Butoxycarbonyl)amino-1-cyclopropyl]methyl-1-

[1-(R)-phenylethyl]pyrrolidine (1.234 g, 3.582 mmol) was 

dissolved in dry dichloromethane (20 ml) to which, under ice­

cooling, was subsequently added dropwise benzyl chlorofoxmate 

(1278 µ1, 8 . 955 mmol) . After 8 hours of stirring at roan 

temperature, the reaction sol~tion was concentrated under a 

reduced pressure. The thus obtained residue was applied to a 

flash silica gel chranatography and eluted with n-hexane:ethyl 

acetate= 2:1, thereby obtaining 959 mq (71.5%) of the title 

caapound as a colorless oil. 

·Thereafter, this product was subjected tQ fractioDal HPLC 

using a chiral column to isolate and purify four optical isaners 

Fl, F2, F3 and F4. 

HPLC fractionation conditions; 

Column: CBIRALPAKAD (Daicel Chemical Industries), 2 cm x 25 cm 

Mobile phase: n-hexane:2-propanol = 80:20 (v/v) 
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F1ow rate: S. 0 m1/min 

'l'emperature: roan t.enprature 

Detection: UV (254 nm) 

Retention time of each optica1 isaner 

Fl: 18 minutes; F2: 23 minutes; F3: 26 minutes; F4: 30 minutes 

· J:saner Fl: co1or1ess amorphous, 229 mq (17.0%); 

1H-NMR (400 MHz, CDC13) 8: 0.27 - 0.32 (2H, m), 0.41 - 0.4S (lH, 

m), 0.54 - 0.61 (lH, m), 0.72 - 0.79 (lH, m), 1.43 (9H, s), 1.66 

- 1.78 (lH, m), 1.99 - 2.08 (lH, m), 2.30 - 2.36 (lH, m), 2.90 -

3.03 (lH, m), 3.12 - 3.26 (lH, m), 3.28 - 3.36 (lH, m), 3.49 -

3.72 (2H, m), 4.50 (lH, brs), S.13 (2H, s), 7.30 - 7.37 (SB, m) 

· J:saner F2: co1or1ess amozphous, 96 mg (7.2%); 

1u-NMR (400 MHz, CDC13 ) 8: 0.29 - 0.37 (2H, m), 0.40 - 0.4S (lH, 

m), O.S7 - 0.62 (lH, m), 0.76 - 0.79 (lB, m), 1.43 (9B, s), 1.68 

- 1.78 (lB, m), 2.04 - 2.09 (lB, m), 2.36 - 2.40 (lH, m), 2.9S -

3.09 (lH, m), 3.16 (lH, t, J = 10.74 Hz), 3.31 - 3.39 (lH, m), 

3.54 - 3.68 (2H, m), 4.47 (lH, brs), S.13 (2H, s), 7.29 - 7.37 

(SH, m) 

· J:saner F3: co1or1ess amorphous, 140 mg (10.4%); 

1a-NMR (400 MHz, CDC13 ) 8: 0.27 - 0.39 (2H, m), 0.41 - 0.4S (lH, 

m), 0.54 - 0.62 (lH, m), 0. 72 - 0.80 (lH, m), 1 .. 43 (9H, s), 1.66 

- 1.79 (lB, m), 2.04 - 2.09 (lH, m), 2.37 - 2.40 (lH, m), 2.9S -

3.08 (lH, m), 3.16 (lH, t, J =·10.74 Hz), 3.32 - 3.39 (lH, m), 

3.54 - 3.68 (2H, m), 4.48 (lH, brs), 5.13 (2H, s), 7.30 - 7.37 

(SH, m) 

· J:saner F4: co1or1ess amorphous, 296 mg (22.1%); 
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1a-NMR (400 MHz, CDC13) B: 0.27 - 0.33 (2B, m), 0.41 - 0.45 (lB, 

m), 0.54 - 0.62 (lB, m), 0.72 - 0.80 (lH, m), 1.43 (9B, s), 1.68 

- 1. 78 (lB, m), 1. 99 - 2. 09 (lB, m), 2 .29 - 2. 39 (lH·, m) , 2. 90 -

3.03 (lB, m), 3.12 - 3.26 (lB, m), 3.28 - 3.37 (lB, m), 3.49 -

3.73 (2B, m), 4.50 (lB, brs), 5.13 (2B, s), 7.30 - 7.37 (SB, m) 

Based on the·resuits of the analysis of these 1a-NMR data, 

it was confil:Uled that each canbination of Fl and F4 and F2 and 

F3 has the enantianol:phic relation. 

[Inventive Example 1] 5-Amino-7-[3-(l-amino-l­

cycl.opropyl)metliylpyrrolidin-l-yl]-6,8-difluoro-1-[2-(S)-fluoro-

1-(R)-cycl.opropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

(the substituent at the 7-position is oriqinated from Fl) 

1-Benzyloxycarbonyl-3-[l-(tert-butoxycarbonyl)amino-l­

cyclopropyl]methylpyrrolidine (originated from Fl of ~erence 

Example 4; 185 mg, 0.494 mnol) was dissolved in anhydrous 

methanol (30 ml), and the solution was mixed with 10% palladium 

on carbon catalyst (water content 50%, 200 mg) and stirred at 

roan temperature for 1 hour in an atmosphere of hydrogen under 

atmospheric pressure. After filtration of the reaction solution 

through celite, the resulting filtrate was concentrated under a 

reduced pressure. The thus obtained residue anq triethylamine 

(2 ml) were added to dry acetoni trile (10 ml) , and the mixture 

was further mixed with S-amino-6,7,8-trifluoro-1-[2-(S)-fluoro­

l-(R)-cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

(130 mg, 0 . 412 mmol) and heated under reflux for 16 hours. 

After cooling of the reaction solution, the thus precipitated 
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c:ystals were collected by filtration, washed with aoetonitrile, 

mixed with concentrated hydrochloric acid (10 ml) under ioe­

cooling and then stirred at roan temperature for 5 minutes. 

'!'his was mixed with distilled water (15 ml) , and the thus 

obtained acidic aqueous solution was washed with dichloranethane 

(20 ml x 2), adjusted to pH 11 with sodium hydroxide aqueous 

solution under ice-cooling and then washed with chlorofo:z:m. (10 

ml). The resulting basic aqueous solution was adjusted to pH 

7.4 with 1 N hydrochloric acid and extracted with chlorofoJ:m 

(100 ml x 4). After dl:ying over anhydrous sodium sulfate, the 

solvent was evaporated 1mder a reduced pressure. Thereafter, 

the resulting residue was purified by recrystallizing fran 

ethanol-28% aqueous ammonia·and then dried under a reduced 

pressure, thereby obtaining 160 mq (88.9%) of ·the title compound 

as yellow needle crystals. 

1a-NMR (400 MHz, 0.1 N Na.a:>) B: 0.11 - 0.18 (2H, m), 0.39 (2H, d, 

J = 7.81 Hz), 0.57 - 0.67 (lH, m), 1.24 - 1.35 (lH, m), 1.43 -

1.61 (3H, m), 1.93 - 2.06 (2H, m), 3.20 - 3.26 (lH, m), 3.37 -

3.49 (2H, m), 3.59 - 3.72 (2H, m), 4.97 (lH, dm, J = 64.16Hz), 

8.21 (lH, s) 

Melting point: 185 - 193°C 

Elemental analysis data for ~1H2:sFJN4~ • 0. 25820 

Ca1cd.: C, 57.20; H, 5.37; N, 12.71 

Found : C, 57.16; H, 5.39; N, 12.88 

[Inventive Example 2] 5-Amino-7- (3- (1-amino-1-

cyc1opropyl)methylpyrrolidin-1-yl]-6, 8-difluoro-1- [2- (S) -fluoro-
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1- (R) -cyclopropy1]-1, 4-dihyc3ro-4-oxoquino1ine-3-carboxy1ic acid 

(the substituentat the 7:position is originated f:ran F2) 

l-Benzy1oxycarbonyl-3-[1-(tert-butoxycarbony1)amino-1-

cyc1opropy1]methy1pyrro1idine (originated from F2 of :Reference 

Examp1e 4; 75 mg, 0.200 mmo1) was disso1vec:l in anhydrous 

methano1 (15 m1), and the so1ution was mixed with 10% pa11adium 

on carbon catalyst (water content 50%, 100 mg) and stirred at 

roan temperature for 1 hour in an atmosphere of hydrogen under 

atmospheric pressure. After fi1tration of the reaction so1ution 

through celite, the resulting fi1trate was concentrated under a 

reduced pressure. The thus obtained residue and triethy1amine 

(1 ml) were added to cb:y acetoni tri1e (5 ml) , and the mixture 

was further mixed with 5-amino-6,7,8-trif1uoro-l-[2-(S)-f1uoro-

1-(R)-cyclopropy1]-1,4-dihydro-4-oxoquino1ine-3-carboxy1ic acid 

(53 mg, 0.167 nmo1) and heated under reflux for 12 hours. After 

cooling of the reaction so1ution, the thus precipitated crystals 

were co11ected by fi1tration, washed with acetonitri1e, mixed 

with concentrated hydroch1oric acid (5 ml) under ice-coo1ing and 

then stirred at roan temperature for 5 minutes. This was mixed 

with distil1ed water (10 m1), and the thus obtained acidic 

aqueous so1ution was washed with dich1oromethan~ (15 m1 x 2), 

adjusted to pH 11 with sodium hydroxide aqueous so1ution under 

ice-coo1inq and then washed with ch1orofoz:m (10 m1). The 

resulting basic aqueous so1ution was adjusted to pH 7.4 with 1 N 

hydrochl.oric acid and extracted with ch1orofoz:m (80 m1 x 3). 

After cb:yinq over anhydrous sodium sulfate, the so1vent was 
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evaporated under a reduced pressure. Thereafter, the resulting 

residue was purified by recrysta1lizing from ethanol-28% aqueous 

mrmonia and then dried under a reduced pressure, thereby 

obtaining 55 mg (75. 5%) of the title compound as ~llow needle 

crysta1s. 

15-NMR (400 MBz, 0.1 N NaOD) B: 0.13 - 0.19 (lH, m), 0.22 - 0.30 

(lH, m), 0.41 - 0.49 (lH, m), 0.52 - 0.60 (lB, m), 0.73 - 0.84 

(lH, m), 1.53 - 1.72 (3H, m), 1.86 (lH, t, J = 9.28 Hz), 2.11 -

2.29 (2H, m), 3.44 - 3.57 (2H, m), 3.62 - 3.68 (lB, m), 3.72 -

3.95 (2H, m), 4.96 (lH, dm, J = 63.95 Hz), 8.24 (lH, s) 

Melting point: 190 - 192°C 

Elementa1 analysis data for ~iH23FJN"4~ · 0. 25H20 

calcd.: C, 57.20; H, 5.37; N, 12.71 

Found : C, 57.27; H, 5.36; N, 12.65 

[Inventive Example 3] 5-Amino-7-[3-(1-amino-1-

cyc1opropyl)me'thylpyrrolidin-1-yl]-6,8-difluoro-1-[2-(S)-fluoro-

1-(R)-cyc1opropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

(the substituent at the 7-position is originated from F3) 

l-Benzyloxycarbonyl-3-[l-(tert-butoxyca%bonyl)amino-1-

cyclopropyl]methylpyrrolidine (originated from F3 of Reference 

Example 4; 100 mg, 0.267 mmol) was dissolved in .. anhydrous. 

methanol (20 ml) , and the solution was mixed with 10% palladium 

on carbon cata1yst (water content 50%, 100 mg) and stirred at 

room temperature for 1 hour in an atmosphere of hydrogen under 

atmospheric pressure. After filtration of the reaction solution 

through celite, the resulting filtrate was concentrated under a 
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reduced pressure. The thus obtained residue and triethylamine 

(2 ml) were added to dry acetoni trile (8 ml) , and the mixture 

was further mixed with 5-amino-6,7,8-trifluoro-l-[2-(S)-fluoro-

1-(R)-cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid 

(80 mg, 0. 222 mmol) and heated under reflux for 16 hours. After 

cooling of the reaction solution, the thus precipitated cxystals 

were collected. by filtration, washed with acetonitrile, mixed 

with concentrated hydrochloric acid (10 ml) under ice-cooling 

and. then stirred at roan temperature for 5 minutes. This was 

mixed with distilled water (15 ml), and the thus obtained acidic 

aqueous solution was washed with dichloromethane (20 ml x 2) , 

adjusted. to pH 11 with sodium hydroxide aqueous solution under 

ice-cooling and then washed with chlorofozm (20 ml) . The 

resulting basic aqueous solution was adjusted to pH 7.4 with 1 N 

hydrochloric acid and extracted with chlorofozm (80 ml x 4). 

After drying over anhydrous sodium sulfate, the solvent was 

evaporated under a reduced pressure. Thereafter, the resul tinq 

residue was purified by recxystallizinq fran ethanol-28% aqueous 

ammonia and then dried under a reduced pressure, thereby 

obtaining 59 mg (60.8%) of the title compound as yellow need1e 

cxystals. 
•. 

1H-NMR ( 400 MHz, 0.1 N NaOD) S: 0.12 - 0.17 (lH, m), 0.21 - 0.28 

(lH, m) I 0.41 - 0.48 (lH, m), 0.51 - 0.60 (lH, m) , 0.72 - 0.82 

(lH, m), 1.44 - 1.53 (3H, m) I 1.81 (lH, t, J = 8.79 Hz), 2.09 -

2.28 (2H, m) I 3.41 - 3.47 (lH, m) I 3.49 - 3.57 (lH 1 m) 1 3 . 59 -

3.66 (lH, m) I 3.72 - 3.80 (2H, m) I 4.95 (lH, dm, J = 65.11 Hz), 
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8.19 (lH, s) 

Melting point: 193 - 194°C 

Elemental analysis data for ~H2#'~40:3 • 0 . 25H:P 

calcd.: C, 57.20; H, 5.37; N, 12.71 

Found: C, 57.21; H, 5.37; N, 12.70 

[:Inventive Example 4] 5-Amino-7- [3- (1-amino-1-

cyc1opropyl)methylpy;rolidin-1:Yl] -6, 8-difluoro-1- [2- (S) -fluoro-

1-(R)-cyc1opropyl]-1,4-dihydr0-4-oxoquinoline-3-carboxylic acid 

(the substituent at the 7J?Osition is originated frcm F4) 

1-Benzyloxycarbonyl-3-[1-(tert-butoxycarbonyl)amino-1-

cyc1opropyl]methylpyrrolidine (originated frcm F4 of Reference 

Example 4; 200 mg, 0.534 mmol) was dissolved in anhydrous 

methanol (20 ml) , and the solution was mixed with 10% palladium 

on carbon catalyst (water content 50%, 200 mg) and stirred at 

room temperature for 1 hour in an a'bllosphere of hydrogen. under 

a'bllospheric pressure. After filtration of the reaction solution 

through celite, the resulting filtrate was concentrated under a 

reduced pressure. The thus obtained residue and triethylamine 

(3 ml) were added to cll:y acetoni trile (15 ml) , and the mixture 

was further mixed with 5-amino-6,7,8-trifluoro-1-[2-(S)-fluoro-

1-(R)-cyclopropyl]-1,4-dihydro-4-oxoquinoline-3~carboxylic acid 

(141 mg, 0. 445 mmol) and heated under reflux for 16 hours. 

After cooling of the reaction solution, the thus precipitated 

ci:ystals were collected by filtration, washed with acetonitrile, 

mixed with concentrated hydrochloric acid (10 ml) under ice­

cooling and then stirred at room temperature for 5 minutes. 
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This was mixed with distilled water (20 ml), and the thus 

obtained acidic aqueous solution was washed with dichloranethane 

(20 ml x 2), adjusted to pH 11 with sodium hydroxide aqueous 

solution under ice-cooling and then washed with chlorofonn (20 

ml). The resulting basic ~eous solution was adjusted to pH 

7.4 with 1 N hydrochloric acid and extracted with chlorofoJ::DI. 

(100 ml x 4). After d.J:ying over anhydrous sodium sulfate, the 

solvent was evaporated under a redu,ced pressure. Thereafter, 

the resulting residue was purified by recrystallizing from 

ethanol-28% aqueous ammonia and then dried under a reduced 

pressure, thm:eby obtaining 138 mg (71.1%) of the title compound 

as yellow needle crystals. 

1H-NMR (400 MHz, 0.1 N NaOD) B: 0.12 - 0.23 (2H, m), 0.41 - 0.51 

(2H, m), 0.70 - 0.87 (lH, m), 1.46 - 1.66 (3H, m), 1.80 - 1.88 

(lH, m), 2.08 - 2.30 (2H, m), 3.46 - 3.60 (2H, m), 3.62 - 3.69 

(lH, m), 3.72 - 3.82 (2H, m), 4.96 (lH, dnl, J = 63.89 Hz), 8.19 

(lH, s) 

Mel ting point: 188 - 194°C 

Elemental analysis data for C:z1H23FJN4~ 

calcd.: C, 57.79; H, 5.31; N, 12.84 

Found : C, 57 .56; H, 5.39; N, 12.BB · , 

[Reference Example 5] Ethyl 4- (S) -benzyloxycarbonylamino-4-

cyclopropyl-3-oxobutanoate 

Malonic acidmonoethyl ester (988.4 mq, 7.482 DDDOl) was 

dissolved in anhydrous tetrahydrofuran (20 ml), and the solution 

was mixed with magnesium ethoxide (488 mg, 3.93 DDDOl) under ice-
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cooling and then stirred at roan temperature for 2 hours. The 

reaction solution was concentrated to dryness under a reduc::ed 

pressure, and the thus obtained powder was dissolved in 

anhydrous tetrahydrofuran (30 ml) . 

L-N-Benzyloxycarbonyl-cyclopropylglycine (1.332 g, 5.334 

mmol) was dissolved in anhydrous tetrahydrofuran (20 ml), and 

the solution was mixed with N ,N' -carbonyldiimidazole (910 mg, 

5.61 mmol) under ice-cooling and then stirred at roam 

temperature for 2 hours. Under ice-cooling, the aforementioned 

tetrahydrofuran solution previously prepared was added dropwise 

to the just prepared solution, and the mixture was stirred at 

roam teq>erature for 16 hours. 

The reaction solution was concentrated under a reduced 

pressure, and the resulting residue was mixed with toluene (60 

ml) and 10% citric acid aqueous solution (50 ml) and stirred at 

roam temperature for 5 minutes. The organic layer was separated 

and the aqueous layer was extracted with toluene (20 ml x 2). 

The organic layers were combined, washed with water (50 ml) and 

saturated sodium chloride aqueous solution (50 ml) in that order, 

and then dried over anhydrous magnesium sul.fate. After 

filtration, the solvent was evaporated under a.reduced pressure 

and the resulting residue was applied to a flash silica gel 

chranatography and eluted with n-hexane:ethyl acetate = 2:1, 

thereby obtaining 1.527 g (89.4%) of the title compound as a 

colorless oil. 

1H-NMR (400 MHz, CDC13 ) B: 0.53 - 0.61 (3H, m), 0.67 - 0.77 (lH, 
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m), 0.90 - 1.01 (lB, m), 1.27 (3B, t, J = 7.33 Hz), 3.6S (2B, s), 

3.89 - 3.93 (lB, m), 4.20 (2B, q, J = 7.33 Hz), S.10 (2B, s), 

S.47 (lB, brs), 7.31 - 7.3S (SB, m) 

[Reference Example 6] Ethyl 4- (S) -benzyloXycarbonylamino-4-

cyc1opropyl-3-eydroxybutanoate 

Ethyl 4-(S)-benzyloxycarbonylamino-4-cyclopropyl-3-

oXobutanoate (1.S26 g, 4.778 mmol) was dissolved in anhydrous 

ethanol (lS ml) , and the solution was mixed with sodium 

borohydride (94.6 mg, 2.SO mmol)under ice-cooling and stirred at 

the same temperature for 1 hour. Under ice-cooling, the 

reaction solution was mixed with water (20 ml) and then ethanol 

was evaporated under a reduced pressure. The thus obtained 

residue was mixed with chlorofozm (SO ml) and stirred, and then 

the thus separated chlorofozm layer was washed with saturated 

sodium chloride aqueous solution (30 ml) and dried over 

anhydrous magnesium sulfate. After filtration, the solvent was 

evaporated to dl:yness under a reduced pressure, thereby 

obtaining 1.S09 g (98.3%) of the title compound as a colorless 

oil. This product was used in the subsequent reaction without 

purification. 

1a-NMR (400 MHz, CDC13) B: 0.24 - 0.67 (4B, m), p.96 - 1.06 and 

1.08 - 1.16 (total 1 H, m for each), 1.27 (3B, t, J= 7.32 Hz), 

2.4S - 2.S8 (lB, m), 2.66 - 2.73 (lB, m), 2.84 - 3.01 (lH, m), 

3.33 (lB, brs), 4.17 (2H, q, J = 7.32 Hz), S.09 (2B, s), S.18 

and S.28 (total lH, br-s for each), 7.30 - 7.37 (SB, m) 

[Reference Example 7] Ethyl 4- (S) -benzyloxycarbonylamino-4-

48 



cyciopropyl-2-butenoate 

Ethyl 4-(S)-benzyloxycarbonylamino-4-cyclopropyl-3-

hydroxybutanoate (1.488 g, 4.630 mmol) was dissolved in c:h:y 

dich.1oraaethane (50 ml) and stirred at -15°C while adding 

triethylamine (1,291 µ1, 9.260 mmol), and then methanesu1fony1 

ch.1oride (449 µ1, 5.80 mmol) was added dropwise thereto and the 

mixture was stirred at the same temperature for 1 hour. 1,8-

Diazabicyclo [5. 4. OJ -7-undecene (1, 486 µ1, 1. 955 mmol) was added 

dropwise to the reaction solution, and the mixture was gradually 

wm:med up to roam temperature and then stirred for 15 hours. 

The reaction solution was washed with 10% citric acid aqueous 

solution (50 ml) , and the organic layer was separated and then 

the aqueous layer was extracted with ch.1orofOJ:m (30 ml). The 

organic layers were canbined, washed with water (50 ml) and 

saturated sodium ch.1oride aqueous solution (50 ml) in that order, 

and then dried over anhydrous magnesium sulfate. After 

filtration, the solvent was evaporated under a reduced pressure, 

and the thus obtained residue was applied to a flash silica gel 

chromatography and eluted with n-hexane:ethyl acetate = 4:1, 

thereby obtaining 1.174 g (87 .2%) of the title compound as a 

light yellow oil. .. 
1H-NMR (400 MHz, CDCl3) B: 0.31 - 0.37 (lH, m), 0.39 - 0.48 (lB, 

m), 0.52 - 0.65 (lH, m), 0.86 - 0.95 (lH, m), 1.29 (3B, t, J = 
7.33 Hz), 3.73 (lH, brs), 4.20 (2H, q, J = 7.33 Hz), 4.92 (lH, 

brs), 5.11 (2H, s), 5.97 (lH, d, J = 15.63 Hz), 6.91 (lH, dd, J 

= 15.63, 5.37 Hz), 7.31 - 7.36 (SH, m) 
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[aeference Example 8] Ethyl 4- (S) -benzyloxycarbonylamino-4-

cyc1opropxl-3-nitranethylbutanoate 

Ethyl 4-(S)-benzyloxyCarbonylamino-4-cyclopropyl-2-

butenoate was dissolved in dry nitranethane (15 ml), and the 

solution was mixed with 1,1,3,3-tetramethylguanidine (133 µ1, 

1. 05 mmol) and stirred at roan temperature for 17 hours. The 

reaction solution was concentrated under a reduced pressure, the 

resu1tinq residue was dissolved in chlorofoxm (50 ml), and the 

solution was washed with 10% citric acid aqueous solution (50 

ml) and saturated sodium chloride aqueous solution (50 ml) in 

that order, and then dried over anhydrous magnesium su1fate, 

thereby obtaining 1.207 g (96.1%) of the title compound as a 

ye1low oil. This product (diastereomer mixture) was used in the 

subseqaent reaction without purification. 

1a-NMR (400 MHz, CDC13 ) B: 0.31 - 0.45 (lH, m), 0.48 - 0.56 (lH, 

m), 0.61 - 0.70 (lH, m), 0.82 - 0.92 (lH, m), 1.26 (3H, t, J = 
7.33 Hz), 2.49 (d, J = 7.32 Hz), 2.53 (d, J = 6.34 Hz), 2.67 (d, 

J = 5.72 Hz), 2.71 (d, J = 5.86 Hz), (2.49, 2.53, 2.67, 2.67, 

total 1 H), 3.00 (lH, q, J = 6.34 Hz), 3.13 (lH, q, J = 7.32 Hz), 

4.15 (2H, q, J = 7.33 Hz), 4.57 and 4.59 (total 2 H, d, J = 7.33 

Hz), 4.86 (lH, br-s), 5.10 (2H, s), 7.31 - 7.3~. (SH, m) 

[Reference Example 9] 4- [1- (S) -tert-Butoxycarbonylamino-1-

cyclopropyl]methylpy:rolidin-2-one (isaner A) 

Ethyl 4-(S)-benzyloxycarbonylamino-4-cyclopropyl-3-

nitranethylbutanoate (16.4 g, 41.0 mmol) was dissolved in 

ethanol (500 ml), and the solution was mixed with 10% palladium 
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on carbon catalyst (water content 50%, 16 q) and subjected to 5 

hours of catalytic hydrogenation at room terpe~ature. After 

removal of the catalyst by celite filtration, the resulting 

filtrate was heated under reflux for 6 hours. The solvent was 

evaporated under a reduced pressure, the resulting residue was 

dissolved in d%y dichloromethane, the resulting solution was 

mixed with triethylamine (8.24 ml, 59.1 mmol) and then with di­

tert-butyl bicarbonate (11.32 ml, 49.2 mmol), and then the 

mixture was stirred at roan temperature for 6 hours. After 

concentration of the reaction solution under a reduced.pressure, 

the thus obtained residue was applied to a flash silica gel 

chromatography and eluted with chlorofozm:methanol = 95:5, and 

the thus obtained cxystals were purifiedbyreceystallizinq them 

fran a chlorofozm-n-hexane system, thereby obtaining 3.34 q 

(32.0%) of one diastereomer of the title compound as a single 

compound (isaner) in the fo:tm of white cxystals. 

1a-NMR (400 MHz, CDC13 ) B: 0.34 - 0.35 (2H, m), 0.44 - 0.48 (lH, 

m), 0.58 - 0.65 (lH, m), 0.72 - 0.79 (lH, m), 1.44 (9H, s), 2.28 

(lH, dd, J = 17.09, 9.04 Hz), 2.44 (lB, dd, J = 17.09, 8.44 Hz), 

2.67 - 2.73 (lH, m), 3.04 - 3.06 (lH, m), 3.25 - 3.30 (lB, m), 

3.47 (lH, t, J = 8.79 Hz), 4.57 (lH, s), 5.84 cia, s) 

[Reference Example 10] 1-Benzyl-4-(1-(S)-tert-

butoxycarbonylamino-l-cyclopropyl]methylpyrrolidin-2-one (isomer 

A) 

Under a stream of nitrogen, 4-[1-(S)-tert­

butoxycarbonylamino-1-cyclopropyl]methylpyrrolidin-2-one (3.15 g, 
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12.4 nmol) was dissolved in dry dimethylfonnamide (60 ml), and 

the solution was mixed with 60% oily sodium hydride (685 mg, 

16 .1 nmol) under ice-cooling'. After 30 minutes of stirrinq at 

roam temperature, this was mixed with benzyl bromide (2. 04 ml, 

16.1 nmol) under ice-cooling, and the mixture was stirred at 

roam temperature for 13 hours. The reaction solution was mixed 

with water (200 ml) under ice-cooling and extracted with ethyl 

acetate (250 ml). The thus separated organic layer was washed 

with water (200 ml x 2) and saturated sodium chloride aqueous 

solution . (150 ml) in that order, and then dried over anhydrous 

magnesium sulfate. After filtration, the solvent was applied to 

a flash silica qel chrana.tography and eluted with n-hexane-ethyl 

acetate= 1:1, thereby obtaining 2.74 g (64.2%) of the title 

campound as colorless amol:phous. 

1B-NMR (400 MHz, CDC13) o: 0.27 - 0.28 (2B, m), 0.39 - 0.43 (lB, 

m), 0.52 - 0.56 (lB, m), 0.66 - 0.72 (lB, m), 1.41 (9B, s), 2.39 

- 2.42 (lB, m), 2.54 - 2.62 (2H, m), 3.01 (lB, s), 3.29 - 3.33 

(lB, m), 4.40 (lB, s), 4.33, 4.55 (each 1 H, ABq, J = 14.4 Hz), 

7.23 - 7.36 (SH, m) 

[Reference Example 11] 1-Benzyl-3- [1- (S)-tert­

butoxycarbonylamino-1-cyclopropyl]methylpyrroli~e (isaner A) 

Under a stream of nitrogen, l-benzyl-4-[l-(S)-tert­

butoxycarbonylamino-1-cycl.opropyl]methylpyrrolidin-2-one (2. 74 g, 

7.95 nmol) was dissolved in dry tetrahydrofuran (70 ml) to which, 

under ice-cooling, was subsequently added dropwise a borane­

tetrahydrofuran canplex (1.0 N tetrahydrofuran solution; 47.7 ml, 
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subsequently added dropwise benzy1 ch1orofomte (309 µ1, 2.16 

naaol.) under ice-coo1ing. After 8 hours of stirring at roan 

temperature, the reaction solution was concentrated under a 

reduced pressure. The resulting residue was applied to a flash 

silica ge1 chranatography and eluted with n-hexane:ethy1 acetate 

= 2:1, thereby obtaining 197 mg (73.1%) of the title compound as 

colorless amoi:phous. 

·The Rf value of TLC (thin layer chranatography, 

development with n-hexane:ethyl acetate = 1:1) and 1H-NMR data 

(shown below) of this :Product coincided with those·of the isaner 

F3 described in Beference Example -4. In addition, when this 

product was checked by BPLC analysis using a chiral column, its 

BPLC retention time coincided with the retention time of the 

optical isaner F3 described in reference Example 4. In 

consequence, it was confiz:med that this product (isomer A) is 

the optical isaner F3 described in Beference Example 4. 

1a-NMR (400 MHz,· CDC13 ) B: 0.28 - 0.40 (2H, m), 0.41 - 0.45 (lH, 

m), 0.53 - 0.63 (lH, m), 0.72 - 0.81 (lH, m), 1.43 (9H, s), 1.67 

- 1.79 (lH, m), 2.03 - 2.09 (lH, m), 2.37 - 2.40 (lH, m), 2.95 -

3.08 (lH, m), 3.16 (lH, t, J = 10.74 Hz), 3.32 - 3.39 (lH, m), 

3.54 - 3.69 (2H, m), 4.48 (lH, brs), 5.13 (2H, s), 7.31 - 7.37 

(SH, m) 

HPLC analysis conditions; 

Column: CHIRALPAKAD (Daice1 Chemical Industries), 0.46 an x 25 

an 

Mobile phase: n-hexane:2-propanol = 80:20 (v/v) 

54 



Flow rate: 1. 0 ml/min 

Temperature: roan temperature 

Detection: UV (254 mn) 

Retention time of isaner A (F3): 8.16 minutes 

Optica1 purity: 99% e.e. 

[Reference Exanple 13] 3-[1-(S) -tert-Butoxycarbony1amino-1-

cyc1opropyl]methylpyrrolidine (isaner A: F3) 

l-Benzyl-3-[l-(S)-tert-butoxycarbonylamino-1-

cyclopropyl]methylpyrrolidi.ne (isomer A; 744 mg, 2.25 mmol) was 

dissolved in dry ethanol (30 ml), and the solution was mixed 

with 10% palladium on carbon cata1yst (water content 50%; 750 

mg) and stirred at 45°C (external. temperature) for 1 hour in an 

atmosphere of hydrogen under atmospheric pressure. The reaction 

solution was filtered through celite, and the resulting filtrate 

was concentrated under a reduced pressure, thereby obtaining 542 

mg (quantitative) of the title compound as white cxystals. 
1B-NMR (400 MHz, CDC13) 3: 0.27 - 0.42 (2H, m), 0.53 - 0.57 (lH, 

m), 0.74 - 0.81 (lB, m), 1.43 (9B, s), 1.55 - 1.60 (lB, m), 1.89 

- 1.95 (lB, m), 2.23 - 2.26 (3B, m), 2.73 - 2.77 (lB, m), 2.85 -

2.90 (lB, m), 2.95 - 3.01 (2B, m) 

[Inventive Example 5] 5-Amino-7-[3-[1-(S)-aminQ-1-

cyclopropyl]methylpyrrolidin-l-yl]-6,8-difluoro-l-[2-(S)-fluoro-

1-(R)-cyclopropyl]-1,4-dihyciro-4-oxoquinoline-3-carboxylic acid 

(the substituent at the 7-position is originated from isomer A, 

F3) 

3-[1-(S)-tert-Butoxycarbonylamino-1-
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cyclopropyl]methylpyrrolidine (isomer A: F3; 541 mg, 2.25 mmol) 

and triethylamine (6 ml) were added to dry acetonitrile (30 ml), 

and the mixture was further mixed with 5-amino-6,7,8-trifluoro­

l-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-

carboxylic acid (548 mq, 1. 73 mmol) and heated under reflux for 

15. hours. After cooling of the reaction solution, the thus 

precipitated C%YStal'!S were collected by filtration, ~shed with 

acetonitrile, mixed with concentrated hydrochloric acid (15 ml) 

under ice-cooling and then stirred at roan temperature for 5 

minutes. This was mixed with distilled water (15 ml) , and the 

thus obtained acidic aqueous solution was washed with 

dichloranethane (20 ml x 3), adjusted to pB 11 with sodium 

hydroxide aqueous solution under ice-cooling and then washed 

with chlorofo%Jll. (30 ml). The resulting basic aqueous solution 

was adjusted to pH 7.4 with 1 N hydrochloric acid and extracted 

with chlorofo%Jll. (100 ml x 5) . After drying over anhydrous 

sodium sulfate, the solvent was evaporated under a reduced 

pressure. Thereafter, the resulting residue was purified by 

~stallizing from an ethanol-28% aqueous ammonia and then 

dried under a reduced pressure, thereby obtaining 569 mq (75.3%) 

of the title compound as yellow needle C%YStals,~ 

The Rf value of TLC (thin layer chranatography, developed 

with under layer chlorofo%Dl:methanol:water = 7:3:1) and 1H-NMR 

data (shown below) of this product coincided with the data 

described in Inventive Example 3. 
1H-NMR (400 MHz, 0.1 N NaOD) 5: 0.13 - 0.17 (lH, m), 0.21 - 0.29 
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(lH, m) I 0.41 - 0.48 (lB, m) I 0.51 - 0.61 (lB, m), 0.73 - 0.82 

(lB, m) I 1.43 - 1.53 (3B, m) I 1.81 (lB, t, J = 8.79 Hz), 2.10 -

2.27 (2B, m) I 3.41 - 3.47 (lB, m) t 3.49 - 3.58 (lB, m), 3.59 -

3.66 (lB, m) t 3.73 - 3.81 (2B, m) I 4.95 (lB, dm, J = 65.11 Bz), 

8.19 (lB, s) 

Me1ting point: 192.5 - 194.5°C 

Elemental analysis data for ~1B~JN40J · 0. 25B:P 

Calcd.: C, 57.20; B, 5.37; N, 12.71 

Found : C, 57.18; B, 5.39; N, 12.78 

Specific rotation: [a]o20 = -146.1° (c 0.32, 0.1 N NaOB) 

[:Inventive Example 6] 7- [3- [1- (S) -Amino-1-

cyclopropyl]met!lylpyrrolic:lin-1-yl]-6-fluoro-1- [2- (S) -fluoro-1-

(R)-cyc1opropyl]-1,4-dihydro-8-methoxy-4-oxoquinoline-3-

carboxylic acid (the substituent at the 7JX>sition is originated 

from isomer A, F3) 

4-[1-(S)-tert-Butoxycarbonylamino-1-

cyclopropyl]methyl.pyrrolidine (isomer A: F3; 240 mg, 1.00 mmol) 

and triethylamine (0.279 m1, 2.00 mmol) were added to dry 

dimethyl su1foxide (1.5 ml). To this was further added 6, 7-

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

methyl-4-oxoquinoline-3-carboxylic acid-BF2 che+ate (328 mg, 

0.909 mmol), and the mixture was stirred at room temperature for 

17 hours and then at 35°C for 4 hours. After concentration of 

the reaction solution under a reduced pressure, the resulting 

residue was mixed with water, and the thus precipitated solid 

was collected by filtration and washed with water. The thus 
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obtained solid was suspended in a solution of ethanol:water = 
10: 1, and the suspension was mixed with triethylamine (2 ml) and 

heated under reflux for 3 hours. After cooling, the reaction 

solution was concentrated under a reduced pressure, and the 

resulting residue was dissolved in chlorofoz:m (100 ml) . The 

organic layer was washed with 10% citric acid aqueous solution 

(50 ml) and then dried over anhydrous sodium sulfate. After 

filtration, the resulting filtrate was concentrated under a 

reduced pressure, concentrated hydrochloric acid (5 ml) was 

added dropwise to the thus obtained residue under ice-cooling 

and then the mixture was stirred at roan temperature for 30 

minutes. The reaction solution was mixed with 1 N hydrochloric 

acid (5 ml), the thus obtained yellow acidic aqueous solution 

was washed with chlorofoz:m (50 ml x 5) and adjusted to pH 12. 0 

with sodium_hydroxide aqueous solution, and then the insoluble 

material was removed by filtration. The resulting basic aqueous 

solution was adjusted to pH 7.4 with 1 N hydrochloric acid and 

extracted with chlorofoz:m (100 ml x 4). After drying over 

anhydrous sodium sulfate, the solvent was evaporated under a 

reduced pressure. Thereafter, the resulting residue was 

purified by recz.ystallizing from ethanol and then dried under a 

reduced pressure, thereby obtaining 285 mg (67. 3%) of the title 

campound as yellow e7:yStals. 

1a-NMR (400 MHz, 0.1 N NaOD) o: 0.01 - 0.05 (lB, m), 0.29 - 0.32 

(lH, m), 0.39 - 0.40 (lB, m), 0.64 - 0.66 (lH, m), 1.15 - 1.22 

(lH, m), 1.33 - 1.40 (lH, m), 1.43 - 1.54 (lH, m), 1.73 - 1.77 
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(lH, m), 1.96 - 1.98 (lH, m), 2.12 - 2.14 (lH, m), 3.28 - 3.51 

(4H, m), 3.42 (3H, s), 3.81 - 3.86 (lH, m), 4.86 (lH, dm., J = 
66.6 Hz), 7.49 (lH, d, J = 4.56 Hz), 8.25 (1H, d, J = 3.42 Hz) 

Me1ting point: 197.5 - 198.5°C 

E1emental ana1ysis data for ~2H2sF:zN304 · 0. 5Ba() · 0. 5EtOH 

Ca1cd.: C, 59.50; H, 6.28; N, 9.03 

Found : C, 59.50; H, 6.39; N, 8.87 

Specific rotation: [a.]n20 = -105.5° (c 0.88, 0.1 N NaOH) 

[Inventive Examp1e 7] 5-Amino-7-[3-[1-(S)-amino-1-

cyc1opropy1]methy1pyrro1idin-1-y1]-6-f1uoro-1-[2-(S)-f1uoro-1-

(R)-cyc1opropy1]-1,4-dihydro-811ethy1-4-oxoquino1ine-3-

carboxy1ic acid (the substituent at the 7-position is originated 

£rem isaner A, F3) 

4-[1-(S)-tert~Butoxycarbony1amino-1-

cycl.opropy1]methy1pyrro1idine ( 481 mg, 2. 00 nmo1) and 

triethy1amine (1.5 m1) were added to d%Y dimethy1 su1£oxide (2 

m1), and the mixture was further mixed with 5-amino-6, 7-

dif1uoro-1-[2-(S)-f1uoro-l-(R)-cyc1opropy1]-1,4-dihydro-8-

methy1-4-oxoquino1ine-3-carboxy1ic acid (416 mg, 1.33 mmo1) and 

heated under re£1ux for 72 hours in an atmosphere of nitrogen. 

After·concentration·of the reaction so1ution under a reduced 

pressure, the resu1ting residue was disso1ved in ch1orofoz:m. (100 

m1). The organic 1ayer was washed with 10% citric acid aqueous 

so1ution (50 m1) and then dried over anhydrous sodium su1£ate. 

After fi1tration, the resu1ting fi1trate was concentrated under 

a reduced pressure, concentrated hydroch1oric acid (5 m1) was 
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added dropwise to the thus obtained residue under ice-cooling 

and then the mixture was stirred at roan temperature for 30 

minutes. The reaction solution was mixed with 1 N hydrochloric 

acid (5 ml), the thus obtained yellow acidic aqueous solution 

was washed with chlorofo%111. (SO ml x 5) and adjusted to pH 12 . 0 

with sodium hydroxide aqueous solution, and then the insoluble 

material was removed by filtration. The resulting basic aqueous 

solution was adjusted to pH 7.4 with 1 N hydrochloric acid and 

extracted with chlorofo%111. (100 ml x 3). After drying over 

anhydrous sodium sulfate, the solvent was evaporated under a 

reduced pressure. Thereafter, the- resu1 tin9' residue was 

purified by a preparative thin-layer chrcmatoqraphy (developed 

with under layer of chlorof0%1D.:methano1:water = 7:3:1), 

rec%YStal1ized fran isopropyl alcohol and then dried under a 

reduced pre~sure, thereby obtaining 70.0 mg (12.1%) of the title 

caupound as.yellow Q%yStals. 

1H-NMR (400 MHz, 0.1 N NaOD) B: 0.01 - 0.10 (2H, m), 0.27 - 0.39 

(2H, m), 0.58 - 0.64 (lH, m), 0.88 - 0.97 (lH, m), 1.33 - 1.45 

(2H, m), 1.71 - 1.74 (lH, m), 1.97 - 2.10 (2B, m), 2.08 (3B, s), 

3.01 - 3.05 (lB, m), 3.17 - 3.21 (lB, m), 3.34 - 3.38 (lH, m), 

3.58 - 3.62 (lH, m), 3. 75 - 3. 79 (lH, m), 4.90 ._(lB, dm), 8.14 

(lH, s) 

Melting point: 226.7 - 227.9°C 

Elemental analysis data for C22H2~~4~ 

Calcd.: C, 61.10; H, 6.06; N, 12.96 

Found : C, 60.84; H, 6.07; N, 12.98 
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Specific rotation: [a]D20 = -329.0° (c 0.20, 0.1 N NaOB) 

[:Inventive Example 8] 

7-[3-[1-(S)-Amino-1-cycl.opropyl)met!lylpyrrolidin-1-yl]-1-

cyclopropyl-1,4-dihyd.ro-8-methoxy-4-oxoquinoline-3-carboxylic 

acid (the substituent at the 7-position is oriqinated fran 

isomer A, F3) 

4-[1-(S)-tert-Butoxycarbonylamino-1-

cyclopropyl]methylpyrrolidine (isaner A: F3; 330 mg, 1.37 mmol) 

and triethylamine (0.485 ml, 3.48 mmol) were added to 3.0 ml of 

dry dimethyl sulfoxide, a,nd the mixture was further mixed with 

6-fluoro-1-cyclopropyl-1,4-dihydro-8-methoxy-4-oxoquinoline-3-

carboxylic acid (321 mg, 1.16 mmol) and stirred at 100°C for 15 

hours. After concentration of the ·reaction solution under a 

reduced pressure, the resulting residue was dissolved in 100 ml 

of chlorofo%11l. The organic layer was washed with 50 ml of 10% 

citric·acid aqueous solution and then dried over anhydrous 

sodium sulfate. After filtration, the resulting filtrate was 

concentrated under a reduced pressure, 5 ml of concentrated 

hydrochloric acid was addeO. dropwise to the thus obtained 

residue under ice-cooling and then the mixture was stirred at 

roan temperature for 30 minutes. The reaction $.elution was 

mixed with 5 ml of 1 N hydrochloric acid and the thus obtained 

yellow acidic aqueous solution was washed with chlorofo%11l (50 ml 

x 4), the resulting insoluble material was removed by filtration, 

and then the solution was adjusted to pH 12.0 with sodium 

hydroxide aqueous solution. The resulting basic aqueous 
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solution was adjusted to pH 7.4 with 1 N hydrochloric acid and 

extracted with cblorofoJ:m (100 ml x 4). After drying over 

anhydrous sodium sulfate, the solvent was evaporated under a 

reduced pressure. Thereafter, the resulting residue was 

purified by reczystallizing fran ethanol-aqueous ammonia and 

then dried under a reduced pressure, thereby obtaining 230 mg 

(49.9%) of the title canpound as yellow czystals. 

1a-NMR (400 MBz, 0.1 N NaQD) B: 0.17 - 0.18 (lH, m), 0.28 - 0.29 

(lH, m), 0.46 - 0.47 (lH, m) t 0.57 - 0.58 (lH, m), 0.77 - 0.79 

(2B, m) I 1.02 - 1.04 (2H, m) I 1.17 - 1.21 (2B, m) I 1.69 - 1.81 

(lH, m)' 1.92 - 1.95 (lH, m)' 2.18 - 2.27 (lH, m) t 2.35 - 2.40 

(lH, m) I 3.33 - 3.52 (3H, m)' 3.52 (3B, s), 4.01 - 4.11 (lB, m), 

7.03 (lH, d, J = 8.79 Hz), 7.91 (lB, d, J = 9.03 Hz), 8.48 

s) 

Mel.ting point: 220 - 221°C 

Elemental analysis data for ~B27N~4 • 0. SB~ 

caJ.cd.: C, 65.74; B, 6.90; N, 10.45 

Found : C, 65.96; H, 6.90; N, 10.36 

[Reference Example 14] 

1-[1-(R)-Phenyle"thyl]-5-oxopyrrolidine-3-(R)-(N-methyl-N­

methoxy)carboxamide 

(lH, 

Oxalyl chloride (6.54 ml., 75.0 mmol) and 

dimethylfonnamide (3 drops) were added to dicbloranethane 

solution (200 ml) of 1-[1-(R)-phenylethyl]-5-oxopyrrolidine-3-

(R)-carboxylic acid (11.7 g, 50.0 mmol) under ice-cooling, and 

the mixture was stirred at roan temperature for a whole day and 
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night. After evaporation of the solvent under a reduced 

pressure, toluene (100 ml) was added to the resulting residue 

and then the solvent was again evaporated under a reduced 

pressure. The thus obtained residue was mixed with 

dichloromethane (200 ml) and N ,o-methylhydroxylamine 

hydrochloride (5.47 q, 55.5 mmol), and to the mixture, while 

stirring under ice-cooling, was then added dropwise 

dichloromethane solution (50 ml) of triethylamine (17.4 ml, 125 

mmol) in 15 minutes. This was stirred under ice-cooling for 30 

minutes and then at roan temperature for 3 hours. The reaction 

solution was washed with 10% citric acid aqueous solution (100 

ml), water (100 ml) and saturated sodium bicarbonate aqueous 

solution (100 ml) in that order and then dried over anhydrous 

sodium sulfate. The solvent was evaporated under a reduced 

pressure, and the resulting residue was applied to a silica gel 

column chrcma.tography and eluted with a gradient of fran 

chlorofo:r:m.:methanol = 50:1 to 20:1, thereby obtaining 11.3 q 

(82%) of the tit1e canpound as a brown oil. 

1a-NMR (400 MHz, CDC13 ) B: 1.54 (3H, d, J = 6.84 Hz), 2.65 (lH, 

dd, J = 9.77, 7.09 Hz), 2.77 (lH, dd, J = 8.79, 7.09 Hz), 3.12 -

3.18 (lB, m), 3.20 (3H, s), 3.37 - 3.48 (lH, m)., 3.55 - 3.64 (lH, 

m), 3.65 (3B, s), 5.50 (lH, q, J = 6.84 Hz), 7.28 - 7.37 (SB, m) 

[Reference Example 15] 

4-(R)-Cyc1obutylcarbony1-1-[l-(R)-phenyleth.yl]-2-pyrrolidone 

In an a'bnosphere of nitrogen, cycl.obutylmagnesium. 

chloride (1 N tetrahydrofuran solution, 28 ml) prepared from 
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ch1orocyclobutane was added dropwise to tetrahydrofuran solution 

(50 m1) of 1- [1- (R) -phenylethyl] -5-oxopyrrolidine-3- (R) - (N­

methyl-N-methoxy) car.boxamide (1.93 g, 7.00 11DDOl), and the 

mixture was stirred at roan temperature for 30 minutes. The 

reaction so1ution was mixed with 1 N hydroch1oric acid (50 ml) 

under ice-coo1ing and extracted with ethyl acetate (80 ml x 2), 

and the organic 1ayer was Wa.shed with saturated sodium ch1oride 

aqueous so1ution (100 ml) and then dried over anhydrous sodium 

sulfate. The solvent was evaporated under a reduced pressure, 

and the thus obtained residue was applied to a silica gel co1umn 

chranatoqraphy and eluted with n-hexane:ethy1 acetate = 1:2, 

thereby obtaining 1.47 q (78%) of the title canpound as a 1ight 

yellow oil. 

1B-NMR (400 MHz, CDC13) B: 1.53 (3B, d, J = 7.33 Hz), 1.78 - 1.89 

(lB, m), 1.92 - 2.06 (lB, m), 2.06 - 2.31 (4B, m), 2.58 - 2.65 

(2B, m), 3.05 (lB, dd, J = 9.28, 8.79 Hz), 3.13 - 3.21 (lB, m), 

3.31 (lB, quint, J = 8.30 Hz), 3.53 (lB, dd, J = 9.28, 6.83 Hz), 

5.48 (lB, q, J = 7.33 Hz), 7.27 - 7.37 (SB, m) 

[Reference Example 16] 

4-(R)-(1-Cyc1obuty1-1-hydroxy)me'thyl-1-[1-(R)::phenyle'thyl]-2-

pyrrolidone 

Under ice-cooling, sodium borohydride (295 mg) was added 

to ethanol (40 ml) solution of 4-(R)-cyclobutylcarbonyl-1-[1-

(R)-phenylethyl]-2-pyrrolidone (2.12 g, 7.80 11DDOl), and the 

mixture was stirred at the same temperature for 1 hour. The 

reaction solution was mixed with 10% citric acid (SO ml) under 
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ice-cooling, ethanol was evaporated under a reduced pressure, 

the thus obtained residue was extracted with chlorofol:lll. (80 ml x 

2), and then the organic layer was washed with saturated sodium 

chloride aqueous solution (100 ml) and dried over anhydrous 

sodium sulfate. The solvent was evaporated under a reduced 

pressure, and the thus obtained residue was applied to a silica 

gel column chranatoqraphy and eluted with a gradient of from n­

hexane:ethyl acetate = 1:3 to ethyl acetate, thereby obtaining 

2 .10 g (98%) of the title canpound as a light yellow oil (isaner 

mixture). 

1B-NMR (400 MHz, CDC13 ) B: 1.50 (3B, d, J = 6.83 Hz), 1.68 - 2.01 

(6B, m), 2.14 - 2.45 (3B, m), 2.45 - 2.56 (lH, m), 2.91 - 3.05 

(lB, m), 3.19 - 3.31 (lB, m), 3.41 - 3.49 (lB, m), 5.42 - 5.49 

(lB, m), 7.24 - 7.36 (SB, m) 

[Beference Example 17] 

4-(R)-(1-Azido-l-cyc1obuty1)metl1yl-l-[l-(R)-phenyletl1y1]-2-

pyrrolidone 

Under ice-cooling, triethylamine (1.36 ml, 9.80 mmol) and 

then methanesulfonyl chloride (640 µ1, 8.30 mmol) were added to 

dichloranethane (35 ml) solution of 4-(R)-(1-cyclobutyl-1-

hydroxy)methyl-1-(1-(R)-phenylethyl]-2-pyrrolidpne (2.05 g, 7.50 

mmol), and the mixture was stirred at the same temperature for 1 

hour. The reaction solution was mixed with 10% citric acid (35 

ml) under ice-cooling and extracted with chlorofoz:m (50 ml x 2), 

and the organic layer was washed with saturated sodium chloride 

aqueous solution (lSOml) and then dried over anhydrous sodium 
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sulfate. After evaporation of the solvent under a reduced 

pressure, the thus obtained residue was dissolved in N,N'­

c::limethylfonnamide (30 ml), and the solution was mixed with 

sodium azide (1. 46 g, 22 . S mmol) and stirred at 60°C for 3 hours. 

After cooling, the reaction solution was mixed with water (150 

ml) under ice-cooling and extracted with ethyl acetate (lSO ml x 

3) , and the organic· layer was washed with saturated sodium 

chloride aqueous solution (150 ml) and then dried over anhydrous 

sodium sulfate. After evaporation of the solvent under a 

reduced.pressure, the thus obtained residue was applied to a 

silica gel column chramatography and eluted with n-hexane:ethyl 

acetate = 3:2, thereby obtaining 898 mg (40%) of a low polarity 

title canpound (isaner Bl) as a colorless oil and then with n­

hexane:ethyl acetate = 2:3, thereby obtaining 847 mg (38%) of a 

high polarity title canpound (isomer B2) as colorless c:ystals. 

Isomer Bl 

1a-NMR (400 MHz, CDC13 ) o: l.S2 (3H, d, J = 6.83 Hz), 1.72 - 2.01 

(SH, m), 2.07 - 2.17 (lH, m), 2.26 - 2.41 (3H, m), 2.4S - 2.S6 

(lH, m), 2.98 (lH, dd, J = 9.77, 7.81 Hz), 3.14 (lH, dd, J = 
9.77, 7.32 Hz), 3.32 (lH, dd, J = 8.76, 3.91 Hz), 5.47 (lH, q, J 

= 6.83 Hz), 7 .2S - 7 .3S (SH, m) .. 

Isomer B2 

1H-NMR (400 MHz, CDC13 ) 0: l.S2 (3H, d, J = 6.83 Hz), l.7S - 2.03 

(SH, m), 2.03 - 2.17 (lH, m), 2.19 - 2.38 (2H, m), 2.40 - 2.56 

(2H, m), 2.99 (lH, dd, J = 9.77, 8.30 Hz), 3.14 (lH, dd, J = 
9.77, 7.32 Hz), 3.30 (lH, dd, J = 8.30, 6.34 Hz), S.47 (lH, q, J 
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= 6.83 Hz), 7.2S - 7.3S (SB, m) 

[Reference Example 18] 

4-(R)-[l-(tert-Butoxyc;arbonyl)amino-l-cycl.obutyl]methyl-l-[l­

(R)-phenyleth.yl]-2j?Y%'rOlidone (isaner Bl) 

Ethanol (SO ml) solution of 4-(R)-(l-azido-1-

cycl.obutyl)methyl-l-[1-(R)-phenylethyl]-2-pyrrolidone (isomer 

Bl) (83S mg, 2. 80 mmol) was mixed with 10% palladium on carbon 

catalyst (water content S3. 8%, 8SO mq) , and S hours of catalytic 

hydrogenation was carried out at roan temperature in an 

a'bnosphere of hydrogen under a'bnospheric pressure. The reaction 

solution was filtered and the solvent Was evaporated under a 

reduced pressure. The resulting residue was dissolved in 

dichloranethane (20 ml), and the solution was mixed with di­

tert-butyl bicarbonate (917 mg) and triethylamine (780 µl) and 

stirred at roan temperature for lS hours. The reaction solution 

was mixed with chloroform. (50 ml) and washed with 10% citric 

acid (80 ml) and water (80 ml) and then the organic layer was 

dried over anhydrous sodium sulfate. The solvent was evaporated 

under a reduced pressure, and the thus obtained residue was 

applied to a silica gel column chromatography and eluted with a 

gradient of n-hexane: ethyl acetate = 3: 2 to 1: 1., thereby 

obtaining 809 mg (78%) of the title compound as white amo%phous. 
1H-NMR (400 MHz, CDC13 ) B: 1.44 (9B, s), 1.48 (3B, d, J = 7.32 

Hz), 1.66 - 1.98 (6B, m), 2.17 - 2.43 (4H, m), 2.94 - 3.03 (lH, 

m), 3.09 - 3.18 (lB, m), 3.S9 - 3.68 (lH, m), 4.46 - 4.S8 (lH, 

m), S.46 (lH, q, J = 7.32 Hz), 7.27 - 7.3S (SB, m) 
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[~erence Exanple 19] 

4-(R)-[1-(tert-Butoxycarbonyl)amino-1-cyc1obutyl]methyl-1-[1-

(R)::pl!enyle'thyl]-2-pyrrolidone (isaner B2) 

Ethanol (40 ml) solution of 4-(R)-(l-azido-1-

cyclobutyl)methyl-1-[l-(R)-phenylethyl]-2-pyrrolidone (isomer 

B2) (776 mg, 2.60 mmol) was mixed with 10% palladium. on carbon 

cata1yst (water content 53.8%, 800 mg) and 5 hours of cata1ytic 

hydrogenation was carried out at roan temperature in an 

a'baosphere of hydr~ under atinospheric pressure. The reaction 

solution was filtered and the solvent was evaporated under a 

reduced pressure. The thus obtained residue was dissolved in 

dichloramethane (20 ml), and the solution was mixed with di­

tert-butyl bicarbonate (851 mg) and triethylamine (725 µl) and 

sti~ at roam temperature for 15 hours. The reaction sol.ution 

was mixed with chlorofo:cm (50 ml) and washed with 10% citric 

acid (80 ml) and water (80 ml) and then the orqanic layer was 

dried over anhydrous sodium sulfate. The solvent was evaporated 

under a reduced pressure, and the thus obtained residue was 

applied to a silica gel column chranatography and eluted with a 

gradient of n-hexane:ethyl acetate= 1:1 to 2:3, thereby 

obtaining 846 mg (87%) of the title compound as .. white amol:ph.ous. 

1H-NMR (400 MHz, CDC13 ) B: 1.43 (9H, s), 1.50 (3H, d, J = 7 .32 

Hz), 1.70 - 1.96 (6H, m), 2.08 - 2.22 (lH, m), 2.22 - 2.36 (2H, 

m), 2.36 - 2.47 (lH, m), 2.96 (lH, dd, J = 9.27, 8.30 Hz), 3.10 

(lH, dd, J = 9.27, 8.79 Hz), 3.55 - 3.62 (lH, m), 4.28 (lH, d, J 

= 9.77 Hz), 5.46 (lH, q, J = 7.32 Hz), 7.25 - 7.35 (SH, m) 
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[Reference Example 20] 

3-(R)-[l-(tert-Butoxycarbonyl)ainino-l-cyc1obutyl]methyl-l-[l­

(R)=phenylethyl]pY!rolidine (isaner Bl) 

:rn an a'bnosphere of nitrogen, 1 M borane-tetrahydrofuran 

caaplex solution (5.6 ml) was added dropwise to tetrahydrofuran 

solution (15 ml) of 4-(R)-[l-(tert-butoxycarbonyl)amino-l­

cyclobutyl]methyl-l-[1-(R)-phenylethyl]-2-pyrrolidone (isomer 

Bl) (700 mg, 1.88 mmol) under ice-cooling, and the mixture was 

stirred at roan temperature for 13 hours. The solvent was 

evaporated under a reduced pressure, and the resulting residue 

was mixed with 80% aqueous ethano1 (15 ml) and triethylamine (3 

ml) and heated under reflux for 4 hours. After cooling, the 

solvent was evaporated under a reduced pressure, and the thus 

obtained residue was mixed with chlorofozm (30 ml), washed with 

water (10 ml) and saturated sodium chloride aqueous solution (10 

ml) and then dried over anhydrous sodium sulfate. The solvent 

was evaporated under a reduced pressure, and the thus obtained 

residue was applied to a silica gel column chromatography and 

eluted with chlorofoJ:m:methanol = 20: 1, thereby obtaining 565 mg 

(84%) of the title caapound as colorless ceystals. 

1H-NMR (400 MHz, CDC13 ) 8: 1.36 (3H, d,· J = 6.84._ Hz), 1.45 (9H, 

s), 1.66 - 1.95 (7H, m), 2.05 - 2.22 (2H, m), 2.22-2.34 (lH, m), 

2.34 - 2.45 (2H, m), 3.15 (lH, q, J = 6.84 Hz), 3.43 - 3.53 (lH, 

m), 4.54 - 4.62 (lH, m), 7.21 - 7.31 (SH, m) 

[~erence Example 21] 

3-(R)-[1-(tert-Butoxycarbonyl)amino-1-cyclobutyl]methyl-1-(1-
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(R)-phenylethyl]pyrrolidine (iscmer B2) 

In an atmosphere of nitroqen, 1 Mborane-tetrahydrofuran 

complex solution (6.4 ml) was added dropwise to tetrah.ydrofuran 

solution (15 ml) of 4-(R)-[1-(tert-butoxycarbonyl)amino-1-

cyclobutyl]methyl-l-[1-(R)-phenylethyl]-2-pyrrolidone (isomer 

B2) (797 mq, 2.14 mmol) under ice-cooling, and the mixture was 

stirred at room temperature for 13 hours. The solvent was 

evaporated under a reduced pressure, and the resulting residue 

was mixed with 80% aqueous ethanol (15 ml) and triethylamine (3 

ml) and heated under reflux for 4 hours. After cooling, the 

solvent was evaporated under a reduced pressure, and the thus 

obtained residue was mixed with ch1orofoJ::m (30 ml), washed with 

water (10 ml) and saturated sodium chloride aqueous solution (10 

ml) and then dried over anhydrous sodium sulfate. The solvent 

was evaporated under a reduced pressure, and the thus obtained 

residue was applied to a silica gel column chrana.tography and 

eluted with chlorofoJ::m:methanol = 20:1, thereby obtaining 743 mq 

(97%) of the title caapound as colorless oil. 
1H-NMR (400 MHz, CDC13 ) B: 1.37 (3B, d, J = 6.83 Hz), 1.46 (9B, 

s), 1.64 - 1.93 (SB, m), 2.10 - 2.30 (3H, m), 2.30 - 2.51 (lB, 

m) , 2. 51 - 2 . 69 (2H, m) , 3 .11 - 3. 23 (lH, m) , 3 .. 43 - 3. 52 (lB, 

m), 4.92 - 5.01 (lH, m), 7.22 - 7.32 (SB, m) 

[Reference Example 22] 

3-(R)-[1-(tert-Butoxycarbonyl)amino-l­

cyciobutyl]methylpyrrolidine (isomer Bl) 

10% Palladium on carbon catalyst (water content 53.8%, 
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500 mq) was added to ethanol (30 ml) solution of 3-(R)-[1-(tert­

butoxycarbonyl)amino-l-cyclobutyl]methyl-l-[l-(R)­

phenylethyl]pyrrolidine (isomer Bl) (516 mg, 1. 44 mmol) , and the 

mixture was subjected to 5 hours of catalytic hydrogenation at 

an external temperature of 50°C in an a'bnosphere of hydrogen 

under a'bnospheric pressure. The reaction solution was filtered 

and the solvent was evaporated under a reduced pressure, thereby 

obtaining 366 mq (quantitative) of the title compound as 

colorless crystals. This product was used in the subsequent 

reaction without purification. 

[:Reference Example 23] 

3-(R)-[l-(tert-Butoxycarbony1)amino-1-

cyc1obutyl]methylpyrrolidine (isaner B2) 

10% Palladium. on carbon catalyst (water content 53.8%, 

650 mq) was added to ethanol (40 ml) solution of 3-(R)-[l-(tert­

butoxycarbonyl)amino-l-cyclobutyl]methyl-l-[l-(R)~ 

phenylethyl]pyrrolidine (isomer B2) (645 mg, 1.80 mmol), and the 

mixture was subjected to 5 hours of catalytic hydrogenation at 

an external temperature of 50°C in an a'bnosphere of hydrogen 

under a'bnospheric pressure. The reaction solution was filtered 

and the solvent was evaporated under a reduced pressure, thereby 

obtaining 458 mg (quantitative) of the title canpound as 

colorless czystals. This product was used in the subseqwmt 

reaction without purification. 

[Inventive E.Yample 9] 

5-Amino-7-[3-(R)-(1-amino-l-cyclobutyl)methy1]pyrrolidin-1-=yl]-
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6,8-difluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid (the substituent at the 7-

position is originated from Bl) 

5-Amino-6,7,8-trifluoro-1-[2-(S)-fluoro-1-(R)­

cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carlx>xylic acid (379 

mg, 1.20 mmol), 3-(R)-[1-(tert-butoxycarbonyl)amino-1-

cyclobutyl]methylpyrrolidine (isomer Bl) (366 mg, 1. 44 mmol) and 

triethylamine (3 ml) were added to acetonitrile (15 ml) and 

heated under reflux for 8 hours. After cooling, the reaction 

solution was concentrated under a reduced pressure, and the thus 

obtained residue was mixed with concentrated hydrochloric acid 

(15 ml) under ice-cooling and then stirred at room teq>erature 

for 10 minutes. This hydrochloric acid solution was washed with 

chlorofonn (20 ml x 3), and was made alkaline by adding 30% 

sodium hydroxide aqueous solution under ice-cooling and then 

stirred at roan temperature for 1 hour. This suspension was 

adjusted to pH 7.6 by adding concentrated hydrochloric acid and 

1 N hydrochloric acid and then extracted with chlorofo:r:m (100 ml 

x 3). The organic layer was dried over anhydrous sodium sulfate 

and the solvent was evaporated under a reduced pressure. 

Thereafter, the resulting residue was purified by 

reCJ:Ystallizing from ethanol-n-hexane and then dried under a 

reduced pressure, thereby obtaining 386 mg (74%) of the title 

compound as light yellow crystals. 

1a-NMR (400 MHz, 0.1 N NaOD) o: 1.22 - 1.83 (11H, m), 1.83 -

1.97 (lH, m), 1.97 - 2.18 (2H, m), 2.18 - 2.29 (lH, m), 3.07 -
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3.28 (2B, m), 3.35 - 3.46 (lB, m), 3.53 - 3.69 (2B, m), 4.78 -

4.89 (0.5B, m), 4.93 - 5.02 (0.SB, m), 8.17 (lB, s) 

Me1ting point: 175.3 177.6°C (decanp.) 

Elemental analysis data for ~B2sFJN4~ 

Calcd.: C, 58.66; H, 5.59; N, 12.44 

Found : C, 58.55; H, 5.61; N, 12.33 

[Inventive Example 10] 

5-Amino-7-[3-(R)-(1-amino-1-cyc.lobutyl)methyl]pyrrolidin-1-yll-

6,8-difluoro-l-[2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid (the substituent at the 7-

position is originated fran B2) 

5-Amino-6,7,8-trifluoro-1-[2-(S)-fluoro-1-(R)­

cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (474 

mg, 1.50 mmol), 3-(R)-[1-(tert-butoxycarbony1)amino-1-

cyc1obuty1]methy1pyrrolidine (isomer B2) (458 mg, 1.80 mmol) and · 

triethylamine (4 ml) were added to acetonitrile (20 ml) and 

heated under reflux for 8 hours. After cooling, the reaction 

solution was concentrated under a reduced pressure, and the thus 

obtained residue was mixed with concentrated hydrochloric acid 

(15 ml) under ice-cooling and then stirred at roam temperature 

for 10 minutes. This hydrochloric acid solution. was washed with 

chlorofo%'Jn (20 ml x 3), and was made alkaline by adding 30% 

sodium hydroxide aqueous solution under ice-cooling and then 

stirred at roan tenp"'-rature for 1 hour. This suspension was 

adjusted to pB 7.6 by adding concentrated hydrochloric acid and 

1 N hydrochloric acid and then extracted with chlorofo%'Jn (100 ml 

73 



x 3). The organic layer was dried over anhydrous sodium sulfate 

and the solvent was evaporated under a reduced pressure. 

Thereafter, the resulting residue was purified by 

rea:ystallizing fran chlorof o:z:m.-n-hexane and then dried under a 

reduced pressure, thereby obtaining 386 mg (74%) of the title 

ccmpound as light yellow cxystals. 

1a-NMR (400 MHz, 0.1 N NaOD) S: 1.27 - 1.76 (7H, m), 1.76 - 1.99 

(6B, m), 2.17 - 2.28 (lB, m), 2.34 - 2.42 (lB, m), 3.36 - 3.50 

(2B, m), 3.50 - 3.59 (lH, m), 3.64 - 3.79 (2B, m), 4.79 - 4.89 

(0.5H, m), 4.98 - 5.06 (0.5B, m), 8.19 (lB, s) 

Melting point: 198.2 - 201.4°C (decamp.) 

Elemental analysis data for ~~2sFJN4Qs • 1. 0820 

Calcd.: C, 56.40; B, 5.81; N, 11.96 

Found : C, 56.34; B, 5.84; N, 11.75 

The antibacterial activity of each compound of the 

present invention was measured in accordance with the standard 

method specified by the Japan Society of Chemotherapy, with the 

results shown in the following Table 2 as MIC values (µq/ml) . 

:In this connection, MIC values of levofloxacin (LVFX) and 

ciprofloxa.cin (CPFX) are also shown for the sake of comparison 

with the MIC values of the compounds of the present invention. 
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Strains 

E. coli, NJ:HJ 
S • flexneri I 2A 5503 
Pr. vulgaris, 08601 
K. pneum.oniae TYPE 1 
Ser. marcescens, 10100 
Ps. aeruginosa, 32104 
Ps. aeruginosa, 32121 
x. maltophilia, :rm 1275 
S. aureus, FDA 209P 
S. epidennidis, 56500 
Str. pyogenes, G-36 
E. faecalis, ATCC 19433 
S. aureus, 870307 
Str. pneumoniae I J24 

Strains 

E. coli, NIHJ 
S. flexneri, 2A 5503 
Pr. vulgaris, 08601 
K. pneumoniae TYPE 1 
Ser. marcescens, 10100 
Ps. aeruginosa, 32104 
Ps. aeruginosa, 32121 
x. maltophilia, Im 1275 
S. aureus, FDA 209P 
S. epidel:Dli.dis, 56500 
Str. pyoqenes, G-36 
E. faeca1is, ATCC 19433 
S. aureus, 870307 
Str. pneumoniae, J24 

Table 2 

Caapounds (Inventive Exampl.e No.) 
1 2 4 5 
0.006 
0.025 
0.2 
0.1 
0.2 
0.39 
0.2 
0.39 
0.025 
0.1 
0.39 
0.2 
3.13 
0.1 

0.013 
0.05 
0.1 
0.1 
0.2 
0.78 
0.2 
0.39 
0.025 
0.1 
0.2 
0.2 
3.13 
0.1 

:S0.003 
:S0.003 
0.05 
0.025 
0.05 
0.1 
0.05 
0.05 

:S0.003 
:S0.003 
:S0.003 
0.025 
0.05 

:S0.003 

:S0.003 
:S0.003 
0.013 
0.013 
0.025 
0.05 
0.025 
0.05 

:S0.003 
:S0.003 
:S0.003 
0.013 
0.025 

:S0.003 

Ccxnpounds (Inventive Example No. ) 
6 7 8 9 

:S0.003 
0.006 
0.013 
0.05 
0.1 
0.1 
0.05 
0.2 

:S0.003 
0.006 

:S0.003 
0.025 
0.1 

:S0.003 

75 

:S0.003 
:S0.003 
0.013 
0.025 
0.05 
0.05 
0.025 
0.05 

:S0.003 
:S0.003 
:S0.003 
0.013 
0.025 

:S0.003 

0.006 
0.1 
0.05 
0.1 
0.2 
0.39 
0.2 
0.2 
0.006 
0.025 
0.013 
0.05 
0.2 
0.006 

:S0.003 
0.005 
0.1 
0.025 
0.1 
0.2 
0.1 
0.1 

:S0.003 
:S0.003 
0.013 
0.05 
0.10 
0.006 



Strains 

E. coli, NJ:BJ 
S. f1exneri, 2A 5503 
Pr. vu1garis, 08601 
K. pneumoniae TYPE ·l 
Ser. marcescens, 10100 
Ps. aeruginosa, 32104 
Ps. aeruginosa, 32121 
x. maltophilia, :rm 1275 
S. aureus, FDA 209P 
S. epidennidis, 56500 
Str. pyoqenes, G-36 
E. faecalis, ATCC 19433 
S. aureus, 870307 
Str. pneumoniae, J24 

:INDUSTRIAL APPL:ICAB:IL:ITY 

Caapounds 
10 

S0.003 
S0.003 
0.05 
0.025 
0.05 
0.2 
0.2 
0.05 

S0.003 
S0.003 
S0.003 
0.013 
0.05 

S0.003 

(:Inventive Exanple No.) 
LVF.X CPEX 
0.013 S0.003 
0.025 0.006 
0 .13 so .003 
0.1 0.025 
0.1 0.025 
0.2 0.05 
0.1 0.025 
0.39 0.78 
0.2 0.1 
0.39 0.2 
0.2 1.56 
0.78 0.78 

>6.25 3.13 
0.78 0.1 

The canpound of the present invention is possessed of 

exce11ent antibacteria1 action against a broad range of Gram-

negative and Gram-positive bacteria, particul.arly showing strong 

antibacteria1 activity against methici11in-resistant 

St:aphyl.ococcus aureus, penici11in-resistant pneumococcus, 

enterocuccus and the 1ike Gram-positive bacteria and quino1one-

resistant bacteria, and is a1so possessed of exce1lent safety 

and good phannacokinetics, such as attenuation of micronuclear 
•. 

test, so that it is usefu1 as an antibacteria1 campouild to be 

used in the chemotherapy of bacteria1 infections. 
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I If llllJ 1111~ 11~1111!1 II If II 

1. A coopound represented by the following fonnula (I) , 

its salts and hydrates thereof: 

(I) 

wherein R1 and If' each independently represents a hydrogen atan or 

an alkyl group having 1 to 6 carbon atans, in which the alkyl 

group may have one or more substi tuents selected fran the group 

consisting of a hydrOxyl group, a halogen atan, an alkyl thio 

group having 1 to 6 carbon a tans and an alkyloxy group; 

n is an integer of 1 to 4; and 

Q is a partial structure represented by the following fonnula 

(Ia): 

COOY 
(Ia) 

R" 

wherein R3 represents an alkyl group having 1 to 6 carbon 

atans, an alkenyl group having 2 to 6 carbon atans, a 

halogenoalkyl group having 1 to 6 carbon a tans, a cyclic alkyl 
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group having 3 to 6 carbon atans 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 

atans or an alkylamino group having 1 to 6 carbon atans; 

R4 represents a hydrogen atan or an alkyl thio group having 

1 to 6 carbon atans; 

R4 and R3 may fonn together with a part of the mother 

skeleton a ring structure optionally containing a sulfur atan as 

a ring constituting atan thereof and optionally having an alkyl 

group having 1 to 6 carbon atans as a substituent; 

If represents a hydrogen atan, an amino group, a hydroxyl 

group, a thiol group, a halogenanethyl group, an alkyl group 

having 1 to 6 carbon atcms, an alkenyl group having 2 to 6 carbon 

atans, an alkynyl group having 2 to 6 carbon atans or an alkoxyl 

group having 1 to 6 carbon atans, in which the amino group may 

have one or more substituents selected fran the group consisting 

of a fo.nnyl group, an alkyl group having 1 to 6 carbon atans and 

an acyl group having 2 to 5 carbon at.ans; 

X1 represents a halogen atan or a hydrogen atan; 

A1 represents a nitrogen atan or a partial structure 

represented by formula (II) : 

(II) 

wherein x2 represents a hydrogen atan, an amino 

group, a halogen atan, a cyano group, a halogenanethyl group, a 

78 



I 1111111111111 1111111111111111 . 
* C L M S * 

halogenanethoxyl group, an alkyl group having 1 to 6 carbon atans, 

an alkenyl group having 2 to 6 carbon atans, an alkynyl group 

having 2 to 6 carl:>on atans or an alkoxyl group having 1 to 6 

carbon atans, in which the amino group may have one or roore 

substitu~ts selected fran the group consisting of a fo:miyl group, 

an alkyl group having 1 to 6 carbon atans and an acyl group 

having 2 to 5 carl:>on a tans; and 

Y! and R3 may fomi together with a part of the roother 

skeleton a ring structure optionally containing an ~ atan, a 

nitrogen atan or a sulfur atan as a ring constituting atan 

thereof and optionally having an alkyl group having 1 to 6 carbon 

atans as a substituent; and 

Y represents a hydrogen atan, a phenyl group, an 

aoetoxymethyl 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 atans, an alkoxymethyl group having 2 to 7 

carbon atans or a phenylalkyl group cauposed of an alkylene group 

having 1 to 6 carbon atans and a phenyl group. 

2. A carpound, its salts and hydrates thel:eof according to 

claim 1, wherein Q in the fcmnula (I) is a 6-carboxy-9-fluoro-

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

de] [1.4]benzoxazin-10-yl group. 

3. A carpound, its salts and hydrates thereof according to 

claim 1 or 2, wherein the carpound of fcmnula (I) is a 
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stereochemically pure canpound. 

4. A canpound, its salts and hydrates thereof according to 

claim 1, wherein R3 in the fonnula (I) is a halogenocyclopropyl 

group. 

5. A canpound, its salts and hydrates thereof according to 

claim 1, 3 or 4, wherein the halogenocyclopropyl group in the 

fozmula (I) is a 1,2-cis-halogenocyclopropyl group. 

6. A canpound, its salts and hydrates thereof according to 

claim 5, wherein the halogenocyclopropyl group in the fonnula (I) 

is a stereochemically pure substituent. 

7. A ccnpound, its salts and hydrates thereof according to 

claim 6, wherein the halogenocyclopropyl group in the fonnula (I) 

is a (1R,2S)-2-halogenocyclopropyl group. 

8. A canpound, its salts and hydrates thereof according to . 

claim 7, wherein the halogen atan of the halogenocyclopropyl 

group in the fonnula (I) is a fluorine atan. 

9. A ccnpound, its salts and hydrates thereof according to 

claim 8, wherein the caq;:>OUild of fonnula (I) is a 

stereochemically pure canpound. 

10. A canpound, its salts and hydrates thereof according 

to claim 1, 2, 3, 4, 5, 6, 7, 8 or 9, wherein n ·in the fonnula 

(I) is 1. 

11. A canpound, its salts and hydrates thereof according 

to claim 10, wherein the canpound of fo::cmula (I) is a 

stereochemically pure canpound. 

12. 7-[3-[1-(S)-Amino-1-cycloprapyl]methylpyrrolidin-1-
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yl]-6-fluoro-1-(2-(S)-fluoro-1-(R)-cyclopropyl]-1,4-dihydro-8-

methoxy-4-oxoquinoline-3-carboxylic acid, its salts and hydrates 

thereof. 

13. 5-.Amino-7~[3-[l-(S)-amino-1-

cyclopropyl]methylpyrrolidin-1-yl]-6-fluoro-1-[2-(S)-fluoro-1-

(R)-cyclopropyl]-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic 

acid, its salts and hydrates thereof. 

14. 5-Amino-7-(3-(1-(S)-amino-1-

cyclopropyl]methylpyrrolidin-1-yl]-6,8-difluoro-1-[2-(S)-fluoro-

1-(R)-cyclopropyl]-1,4-dihydro-4-oxoquinoline-3-carboxylic acid, 

its salts and hydrates thereof. 

15. A canpound, its salts and hydrates thereof according 

to claim 1, 3, 4, 5, 6, 7, 8, 9 or 11, wherein Y is a hydrogen 

a tan. 

16. A drug containing the catp0und, its salts and hydrates 

thereof described. in any one of claims 1 to 15 as an active 

ingredient. 

17. An antibacterial containing the carpound, its. salts 

and hydrates thereof described in any one of claims 1 to 15 as an 

active ingredient. 
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