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(')PTICALLY ACTIVE PYRIDONECARBOXYLIC ACID DERIVATIVES
¢

] FIELD OF THE INVENTION

This: invention relates to an .antimicrobial
compound useful as human and veterinary medicines, fish
medicines, agricultural chemicals, and antiseptics.

BACKGROUND OF THE INVENTION

Quinolone derivatives having a condensed

pyridonecarboxylié acid skeleton are'known as synthetic
antimicrobial agents and to provide potent antimicrobial
compounds on substitution of the l-position thereof with
a cyclopropyl group. _

it is further known that the 1l-cyclopropyl-

quinolone derivatives having introduced a fluorine atom

to the 2-position of the cyclopropyl group in a cis-

configuration wifh'-the pyridonecarboxylic acid moiety

also exhibit potent antimicrobial activity as disclosed .

in JP—A—87-—12750 (the term "JP-A" as used herein means

an "unexamined published Japanese patent application").

‘They are thought to have not only potent antimicrobial

activity but imﬁroved safety. One example of the
guinolone derivatives having a cis~fluorocyclopropyl

group at the l-position is shown below.
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Quinolone derivatives having a- cis-—halogeno-
cyclopropyl group, inclusive of a cis—fluorocyclopxbpyl
group, at the l—po;ition as -stated above possess
excellent properties in antimicrobial activity and
safety. In these compounds, even when they have a
substituent without stereo-isomerism at the 7-position
of the pyridonecarboxylic acid moiety, the halogeno-
cyclopropane ring of itself provides two enantiomers
sttributed to the steric ;elationship between the
pyridonecarboxylic acid moiety and the halogen atom with

respect to the cyclopropane ring as illustrated below;

1
x'l A 0 - O R1
/—, COOH ana  HOOC I.\ ¥
2.8 .

heet Has Been Replaced

B



wherein R}, R2, A, X!, and X2 are hereinafter defined.
These quinolone derivatives are applicable as medicines
as long as they are recemates. On the other hand, when
there is stereoisomerism at the 7-positioned substituent
of the pyridonecarbo#ylic acid moiety, such gquinolone
derivatives contain four ‘kinds of diasteromers. With
mixtures of tﬁe diasteromers, it is difficult to specify
the excellent species and to supply them as medicines.

SUMMARY OF THE INVENTION

In the 1light of the aforesaid situation, the
inventors have made extensive efforts to obtain the
single isomers of 1—(1,2—cis—2—fluorocyélo§ropyl)—
substituted quinolone derivatives within the diastereo—

_mers thereof. And they have succeeded in obtaining each
of the énéntiomers of a'cis—2—fluofoc§clopropyamine as a
pure isomer. ' As ‘a result of. further investigééions,
they have also succeeded in synthesizing each of. the
enantiomers of a quinolone derivative which are
attributed only to the steric configuration of the
:fluorocyClopfopane riné by startiﬂg from the above-
deséribed amine.

The success of obtaining the enantiomeric
Iquinolone derivatives useful as an intermediate has made
it ?ossible to synthesize an optically active quinolone

derivative comprising one kind of diastereomer by
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reacting with a single isomer of the amine at
introduction of a cyclic amino group to the 7-position.
Each of these diastereomers was proved more potent in
antimicrobial activity as compared with the correspond—‘
ing quinoloneé derivatives substituted with a mere cyclo-
propyl group and, in addition, highly safe with markedly
improvedISelective toxicity. The present invention has
been completed based on these findings.

This invention relates to an N;-(1,2-cis-2-
halogenocyclopropyl)-substituted pyridonecarboxylic acid

derivative represented by formula (I):

R O
X~ COOH

. (1)
RE AN

wherein R! represents a substituted or unsubstituted
amino group, a hydroxyl group, a thiol group, or a
hydrogen atom; R? represents a substituted or unsubsti-
tuted cyclic amino group which may contain at least one
hetero atom selected from a nitrogen atom, an oxygen

atom, and a sulfur atom in its ring; A represents C-X3
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or a nitrogen atom; X! and X2, which may be the same or

different, each represents a halogen atom; and Xx3

reprgsents a halogen atom, an alkyl group having from 1
to 6 carbon atoms, an alkoxyl group having from 1 to 6
carbon atoms, a cjano group, a trifluoromethyl group, or
a hydrogen atoﬁ; provided thét the case wherein R! is a
hydrogen atom and R? is a piperazine or 4-alkyl-
substituted piperazine residue is excluded,. or a salt
thereof. ' -

Specificaliy implicit in the compounds . repre-
sented by formula (I) and salts therebf are those
wherein R? is a cycllc amino group which may "be substi-
tuted; those wherein R?2 is a 4- to 7—membered cyclic
amino group which may be substituted with a hydroxyl

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

"or a substituted or unsubstituted amino group; those

wherein R2 is-a pyrrolidine, piperidine, piperazine; di-
azabicycloheptane or diazabicyclooctane residue; those
wherein R? is a cyclic amino group comprising a single
stereoisomer; these wﬁerein R? is a 3-aminopyrrolidinyl

group; those wherein R? in a 7-amino-5-azaspiro{2,4]-

heptan-5-yl group; and those wherein X2 is. a fluorine

atom. More specifically, the compounds according to'the
present invention include 7-[3-(S)-amino-l-pyrrolidin-

yl]—G—fldoro-l—(l,2—cis—2—fluorocyclopropyl)—4—oxo—l,4—
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dihydroquinoline-3-carboxylic acid, 7-[3-(S)-amino-1l-
pyrrolidinyl]-8-ch1§ro-6-f1uoro—l—(l,2-éis-fluorocyclo-
propyl)-4;ox6-1,4-dihydroquinoline—3—carboxylic acid, 7-
[7famino—5—azaspirc[2,4]heptah*S—yl]-8—chloro—6—fluoro-
1-(1,2-cis-2-fluorocyclopropyl)—-4-oxo-1l,4~-dihydro-
quinoline—B-carbéxylic écid, 5-amino—7j[3—(S)-amino-1—
pyrrolidinyl]l-6,8-difluoro-1-(1,2-cis-2-fluorocyclo-
propyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid, 7-
[4-(S)-amino-2~(S)-methyl-l1-pyrrolidinyl]}-6-fluoro-1-
(1,2-cis-2-fluorocyclopropyl)-4-oxo-1,4-dihydro-1,8-
naphthyridine-3-carboxylic acid, 7-[3-(R)-[1-(S)-amino-
ethyl]-l—pyrrolidinyl]-8—ch10ro—6—f1uoroJi—(1,2—cis-2—
fluorbcyclopropyl)—4—620—1,4—dihydroéuinoline—3-
carboxylic acid, 7-[3-amino-4-methyl-l-pyrrolidinyl]-6-
fluoro-1-(1,2-cis-2-fluorocyclopropyl)-8-methoxy-4-oxo-
1,é—dihydroquinoline—34carbo£ylic acid, 7-[4-(S)—amino-
2- (S)—methyl l-pyrrolldlnyll 6-— fluoro 1-(1l,2-cis—-2-
fluorocyclopropyl) 8-methyl—4- —oxo- 1,4~ dlhydroqulnollne—
3—-carboxylic ‘acid, 5—amino-7-[7—~amino-5-azaspiro[2,4]-
heptan—S—yl]-G,Srdifluoro—l—(l,2—cis—2—f1uorocyclo-
propyl)—4—oxo—1,4—dihydroquinoline—3—carboxylic_ acid,
and salts thereof.

- DETAILED DESCRIPTION OF THE INVENTION

In formula (I), when X3 represents a halogen

atom, X' and X3 each preferably represents a fluorine

-'\
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atom or a chlorine atom; -and X? preferably represents a
fluorine atom. R! represents a substituted or unsub-
étituted amino group, a hydroxyl group, a thiol group,
or é hydrogen atom, preferably an unsubstituted amino
group, a methylamino group, or a hydrogen atom.

R? represents a cyclic amino group, preferably a
4- to-7-membered, and more preferably 5- to 6-membered
cyclic amino group. The cyclic amino group may further
contain oxygen atom(s), sulfur atom(s)and/or nitrogen
‘atom(s), as in oxazolidine, morpholine, thiazolidine,
thiomorpholine, imidazolidine, pyrazolidine, and
piperazine residUes.. Of these cyclic amino groups
preferred are a pyrrolidine residue and "a.;piperazine
residue.--The-cyclic amino group may have substi£uents,
such as a polar group (e.g., a substituted or unsubsti-
.tuted.émino group, a subStitutea or unsubstituted amino-
alkyl group, a 5—substituted—2—oxo—l,3—dioxol—4-ylmethyl
group, a hydroxyl group) and a straight chain, branched,
or cyclic -alkyl group -having up to 6 carbon atoms.
Préferred of . the polar groups are an unsubstituted amino
group, an aminomethyl group, a l-aminoethyl group, and a
hydroxyl group. Preferred of-.the al%yl group are
methylf' ethyl, propyl, gem-dimethyl and gem—diethyl
groups and further,.these gem—-alkyl groups may prefer-

ably form a cyclopropane or cyclobutane ring which is

/=
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bonded through a spiro-union to the cyclic amine
.skeleton. The cyclic amino group further includes a
bicyclic amino group composed of crosslinking to 4- to
7-membered cyclic amino groups.

Illustrative. examples of these cyclic amino
groups, particularly contéining the second amino moiety,

are shown below; .

| 6 ) _ R12 L '
s R .
r3 Y M- R ~ RIONH | N-
RN . HaN"% AF
R7* : - .
RE-N N-- - RB-N:I:N-— | Nj N—

wherein R3, R%Y, R5, RS, which may be the same or -
different, each represents a hydrogen atom or an_alkyl
group having from 1 to 6 carbon atoms; R’, R®, and R?,
which may'be the same-or different, each represents a
hydrogen atom or an alkyi group having from 1 to 6
carbon atoms, provided that the case wherein R7, RrR8, and
R? each represents a hydrogen atom and the case wherein -
-
heet Has Been Replaced

\\||\I\\\|II\\\\\I\I\\ll\ e



R7 and R? each represents a hydrogen atom and R® repre-

sents an alkyl group héving from 1 to 6 carbon atoms are

excluded; R'® and RY, which may: be the same or

diffelr'ent, each represents a hydrogen atom or an alkyl
group having from 1 to 6 carbon atoms; R}2 and R3,
which may be the same or different, each represents a

hydrogén atom or ah alkyl group having from ‘1 to 6

. carbon atoms, or they may be connected to each other to

form a 34 to 6-membered ring composed of methylene
chains; and the asterisk indicates an asymmetric
center. ‘

Examples of these cyclic amino groups -are 3-
aminopyrrolidinyl, 3—methylaminop;rrolidinyl, 3—@1—
methylaminopyrrolidinyl, 3-ethylaminopyrrolidinyl, 3-
propylaminopyrrolidinyl, §jisoprbpylaminopyrrolidinyl,
3-amino-4—methyipyrrolidinyl, 3—amino—5—methy1pyrrol—
idin&l, 3—amino—4,S—dimethylpyrrolidinyl, B—ﬁethylamino—
4-methylpyrrolidinyl, 3—methylamino—S-methylpyrrolidin—
yl, 3-methylamino-4,5-dimethylpyrrolidinyl, 3-dimethyl-
amino—4-methylpyrrolidinyl, 3-dimethylamino-5-methyl-
pYrrolidinyl, 3-dimethylamino-4,5-dimethylpyrrolidinyl,

3—méthylpiperziny1, 4-methylpiperazinyl, 3,4-dimethyl-

'piperazinyl, 3,5-dimethylpiperazinyl, 3,4,5-trimethyl-

piperazinyl, 4-ethyl-3,5-dimethylpiperazinyl, 4-iso-

propyl-3,5—~dimethylpiperazinyl, 3-aminomethylpyrrolidin-—
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2 3—meEhyléminomethylpyrrolidinyl, 3—(1—amino)e€ﬁyl;
pyirolidinyl, 3-(l-methylamino)ethylpyrrolidinyl, 3-(1-
ethylamino)ethylpyrrolidinyl, 3—(l-amino)propylp¥irolr
idinyl, 3-(l-methylamino)propylpiperizinyl, 34amino-.
pyrrolidinyl, 3-aminc—4,4—dimethylpyr;olidiny1, 7—-amino-
5-azaspiro[2,4]héptan—5-yl, 8—amino—6—azaspiro[3,4]:
octan-6-yl, 3;4—diazabicyclo[3,2,l]octan-3—yl, 9-methyl-
3,9-diazabicyclo[3,2,1)octan-3- yl, and 9~ethyl-3,9—
d1azab1cyclo[3 2, 1]octan—3—y1.

The structure of the cyclic amino group at the

- 7-position have great influences on antimicrobial activ-

_ity, toxicity, oral absorption, and physical propertieé

such as water solubility. Fory instance, it is known
that quinolones substituted by 3-aminopyrrolidinyl
groups have strong antimicrobial spectra against a broad
range of microbrganiéms covering Gram-positive to Gram-
negative bacteria. Some quinoldne-derivatives'of this
type, however, ére susceptible to metabo;ism or only
show low water—-solubility. |

3;Aminopyrrolidihyl groups having a spiro ring-
at the cérbon atom adjacent to the amine group thereof
provide quinolone derivatives exhibit improved oral
absorption rate and improved in vivo stability against
metabolism while retaining potent antimicrobial

activity. The compounds of this type have also been

R
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proved less causative of convulsion which is known as a
side effect of quinolone type synthetic antimicrobials.

Further, 3-aminomethylpyrroX¥idinyl groups in
which an amino group is bonded to a pyrrolidinyl group
via a carbon atom provide gquinolone derivatives.exhibit-
ing enhanched antimicrobial activity against Gram-
positive bactefia. In particular, the quinolones of
this type in which the carbon atom linking the amino and
pyrrblidinyl groups is substituted with'bne or two alkyl
group(s) were found to exhibit improved oral absorption
rate, safety, and water solubility over those without
such substituent(s).

- Additionally preferred as cyclic amino groups
are piperazine residues, such as alkylpiperézine
residues ané piperazine residues having a spiro ring.

Examples of'cfclic amino groups having substi-
tuents other than- an amino group are 3-hydroxy-
pyrrolidinyl, 3—mercaptopyrrolidinYl, 3-hydroxy-—4-
methylpyrrolidinyl, 3-mercapto—4—methylpyrrplidinylr
mofpholino, thiemorpholino, 2-methylmorpholino, 2-
methylthiomorpholino, 2,6-dimethylmorpholino, 2,6-di-
methylthiomorpholino, 2,2—dimethylmorpholino, and 2,2-
dimethylthiomorpholino groups.

The cyclic amino groué is bonded to the 7-
position of the pyridonecarboxylic acid skeleton prefer-—

I ———
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. ably at the'nitrogen atom of the cyclic amino group. As
a matter of course, it may be bonded at the other atom.
The stereoisomerism of the cyclic amine moiety
at the 7-position is explained below. In cases where a
cyclic amine has isomers, if it is reacted ih the form
of an isomeric mixture with a l—(l,z-cis-halbgenocycldﬁ
propyl)quinolone derivative, the resulting quinolone
derivative should be é mixture of diasterbmers based on -
the steric relation -with the 1,2-cis-2-halogenocyclo-
propyl group at the l-position. In these cases, there-
fore, it is nécessary that only one of the isomers of
the starting amine should be reacted. i}
) The functional Qroup of fhe_cyglic amino group
‘at the 7-position such: as -amino, hyéroxy and thiol
groups may be protected by a conventional protective
grbup prior to . the substitution with the quinolone
skeleton. The exémples of such p;otective. groups
include alkoxycarbonyl groups such as t-—butoxycarbonyl
_group,.2,2,2-trichloroethokycarbonyl group and the like;
aralkyloxycarbonyi groups such as benzyloxycarbonyl
group, pfméthoxybenzyloxycarbonyl' group, p-nitrobenzyl-
oxycarbonyl group and the 1like; acyl groups such as
acetyl group, methoxyacetyl group, trifluoroacetyl
group, chloroacetyl group, pivaloyl group, fomYl gfoup,

benzoyl group and the 1like; alkyl or aralkyl groups
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such as t-butyl group, benzyl group, p-nitrobenzyl
group, p—methoxybenzyl group, triphenylmethyl group and
the like; ethers such as methoxymethyl group, t-butoxy-
methjl group, .2,2,2-trichloroethoxymethyl group, tetra-
hydrofuran-2-yl group and the like; siljl groups such
as trimethylsilyl group, isopropyldimethylsilyl group,
t-butyldimethylsilyl group, tfbdtyldiphenylsilyl group,
tribenz&lsilyl.group and the like. | ' '

The 1,2-cis-2-halogenocyclopropyl group at the
N,-position is déscribed below; Introduction of a
halogen atom to the cyclopropyl group barticularly a
fluorine atom, brings about an effect’ to reduce
1ipophfliéity of the whole molecule. It is known that
" drugs are more likely to be distributed to the central
nervous system as lipophilicity thereof increases. In
this connection, introductioﬁ of the 1,2-~cis-2-halogeno-
cyclopfopyl group yields quinolones having reduced
téxiéity while retainin§ excellent anﬁimicfobial'activ—
ity as éompéred with the corresponding l-cyclopropyl-
quinoloneé. The halogen atom to be introduced includes
fluorine and chlorine atoms, with a fluorine atom being
preferred.

It is-_particularly. preferable that the halogen
atom and the pyridonecarboxylic acid moiety are cis with

'respect to the cyclopropane ring. Irrespective of
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whether the 7-cyclic amino group has stereoisomers or
not, the quinolone derivatives of formula (I) have
enantiometric pairs ascribed to the cis-2-halogenocyclo-
propyl moiety at .the l-position as illustrated below.
Potent actiQity and high safety were observed in either

of these enantiomers.

R O
X' A COOH |
2 s | l and
R AN X2

-

The pyridonecarboxylic acid derivatives accord-

ihg to the presént invention include the respective free
acids, acid—addition salts thereof, and the salts of the
carboxyl group thereof. The acid-addition salts include
inorganic acid salts, e.g., hydrochlorides, sulfates,
nitrates, hydrobromides, hydroiodides, and phosphates;
and organic acid salts, e.qg., acetates, methane-
sulfonates, benzenesulfonates, toluenesulfonaﬁes,
citrates, maleates, fumarates, and lactates.

The salts of the carboxyl group may be organic
or inorganic and include alkali metal salts, e.g.,

lithium salts, sodium salts, and potassium salts,
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alkaline earth metal salts, 'e.g., magnesium salts and
palc{um salts; ammonium salts, triethylamine salts; N~
methylgluéamates, and tris(hydroxymethyl)aminomethane
salts. .

Some of these free acids and salﬁs may exist as
-a hydrate.

Esterification of the carboxylic acid moiety of
the pyridbnecarbdxylic acid derivatives of formula (Il)
gives compounds useful as synthesis intermediatesl or
pro—-drugs. For example, alkyl esters, benzyl esters,
alkoxyalkyl esters, phenylaklyl esters and phenyl esters
are uséfu1 as synthesis interpediates. Esters which are
easily severéﬁ in the body'io form free caébpxylic acids
are useful as pro—drugs. Examples of such esters are
acetoiyﬁethyl esters, pivaloyloxymethyl esters, etﬁoxy—
carbonyloxy esters, chlorine esters, dimethyléminoeth&l
" esters, 5-indanyl esters, phthalidinyl esters, and oxo-
alkyl esters (e.g., 5—substitﬁted-2—oxo—l,3—dioxol—4—y1—
methyl esters and 3-acetoxy-2-oxobutyl esﬁers). |

A process for synthesizing the pyridone-
carboxylic acid derivatives of formula (I) is illustrat-
ed below, taking the compound wherein A=C-H; Rl=H;
“x'=x2=F; and R3=Et (ethyl group, hereinafter the same)

for instance.
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F *lvil:* allkali *llm* -

H 7a, 7b

| F]:::EJETCOOH
: . acid or 4.
R._cooRs — " wE
F alkali *k(;ﬂ*
Rb " - . HVAH

i, F IIIa, IIIb
H H* - removal of

protective group

0 s F lc00H
N

(=)

o]

=)

o

»
o <—
oW
'nh

i

ITa, IIb _
. F COOH
acid or 2 |
alkali _ R N~ g
. ’ * *
simultaneous removal of JF:;& .
protective group _ IVa, IVb

wherein R? has the same meaning as R? or a cyclic amino
group having the same structure as R? but being
protected. |

An optically active l-(l,2—¢is—2—§luoro—
cyclopropyi)—6;7—difluor6~i,4—dihydro—4—oxoquinoline—3—
barbpxylic acid ethyl ester (6a) or (6b) is hydrolyzed
under acidic or alkaline conditions to give a free
carboxylic acid derivative (7a) or (7b). The free acid
(7a) or (7b) is reacted with a cyclic amine R-H to
obtain a desired compound (IIIa) or (IIIb). If
neceésary, a protective group is removed ‘from the

resulting compound under proper conditions selected

This Sheet Has Been Replaced

Sa6 - [T




)

3
ik
e

;3]

according to the protective group to obtain a desired

- compound (IVa) or (IVb).

The substitution reaction with the cyclic amine
can be carried out in a solvent such as dimethyl
sulfo#ide, pyridine, acetonitrile and 3-methoxybutanol,
at a Eemperature of from room temperature to 150°C?
preferably from 40 to 126°C, for 0.5 to 5 hours,.usually
from 0.5 to 2 hours.

Alternatively; the compound (6a) or (6b) is
reacted with a cyclic émine under the same conditions as
recited above, and the resulting compound (IXa) or (IIb)
as is produced is then hydrolyzed under acidic or

alkaline conditions and, if necessary, a protective

‘group is removed, to obtain a desired compound (IIIa) or

(IIIb) or (IVa) or (IVb).

The optically . active cis;2—fluorocycloprppyl—
amine can be synthesized as follows. 2—-Fluorocyclo-
prépanecarboxylic acid 1is reacted .with (R)—(+)-a—
methylbenzylamine to yield N-fl—(R)—phenylethleél,2—
cis—fluorocyclopropaneéarboxamide. The reaction can be
carried out in tetrahydrofuran in the presence of N,N-
carbonyldiimidazole. The réaction may also be effected
in accordance with a mixed anhydride procedure, in.which
the carboxylic acid is dissolved in an aprotic solvent

and reacted with a halogenoformic ester in the presence
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of a base at low temperatures and then reacted with the
benzylamine to obtain the carboxamide. The resulting
carboxamide 'can be separated intd each isomer by
chromatographic techniques.

The aprotic 'sélvent to be used in the mixed
.anhydride procedure is not particularly 1limited and
includes ethers, e.g., diethyl ether, diisopropyl ether,
tetrahydrofuran, 1,4—dioxané, and 1,2-dimethoxyethyane;
halogenafed hydrocarbons, e.g., dichloromethane,
chloroform, 1,2-dichloroethane, and 1,1,2,2-tetra-
chloroethane; aromatic hYdrocarbons, e.g., benzene,
toluene, and xylene; and aliphatic hydrocarbons, e.g.,
pentane, héxane, heptane, and cyciohexane. Commonly
employed of them is tetrahfdrofurgn or cﬁloroform. The
water éontained in the solvent to be used is usually
removed beforehand.

- The halogen atom in the halogenoformic ester is
‘normally a chlorine atom. The halogenoformic. ester
includes methyl; ethyl, 2,2,2-trichloroethyl, phenyl,lp—
" nitrophenyl and benzyl esters.

.The base to be used may be either an organic or
an inorgahic. The inorganic base includes alkali. metal
hydroxides, carbonates and hydrogencarbonates, e;g.,
lithium hydroxide, sodium hydroxide, potassium

hydroxide, 1lithium carbonate, sodium carbonate,
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potassium carbonate, sodium hydrogencarbonate, and
potassium hydrogencarbonate. The organic base includes
trialkylamines, e.g., triethylamine€, tripropy%amine,
tributylamihe; N,N-diisopropylgthylamine} dialkyl-
anilines, e.g., diethylaniline and dimethylaniline; and
'heterocYclic compounds, e.g., N-methylmorpholine,
pyridine, and N,N—dimethylaminopyridiné.

Separation of the carboxamide into optical

isomers can be effected by known techniques, such as

silica gel column chromatography under normal presshre

or under pressure, . preparative thin layer chromato-
graphy, and high performance 1liquid chromatography
(HPLC).  Separation into optical isomers. can also be
pefformed by other separation Eechniques generally
employed, such as'recrystallizaﬁion and reprecipitation.

The thus separated optionally active carboxamide
can be led to an optically active cis—-2-fluorocyclo-
propanecarboxylic acid:by hydrolysis. The reaction can
be carried out by dissolving ‘the carbokamide in, for
example, concentrated hydrochloric 'acid, followed by

heating. The hydrochloric acid méy be replaced with

sulfuric acid or nitric acid. A solvent, such as acetic.

acid and a lower alcohol, may be used.
The resulting carboxylic acid can be converted

once by Curtius reaction in the presence of a t-butanol

at

[ ————
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to a protected cis-l-(t—butoxycarbonylamino)—2—fluor6-
cyclopropane. The reaction can be carried out
c&nveniently by use of_diphenylphospﬁbrylazide, but the
synthesis of the intermediate azide compound is not
limited thereto, and general methods of synthesis can be
applied. . |

The resulting optically active cis-2-fluoro-
cyclopropylamine derivative can be made use of in
obtaining a quinolone derivative having a cis-fluoro-
cyclopropyl group at the l-position as a single isomer.
The quinolone' derivative éccording to the present
"invention can then be obtained by reacting this isomer
with the cyclic amine as descr;bed above.

The pyridonecarboxylic acid derivatives accord-
ing to the present invention exhibit poteﬁt antiﬁicro—
bial activity and thus can be used as human and
veterinary hedicines, fish medicines, agricultural
chemicals, and food preservatives.

‘The dose of the pyridonecarbdxylic acid
derivatives.fo: use as human medicines ranges from 50 mg
to. 1 g, preferably from 100 mg to 300 mé, per day for
adult; The dose for use as veterinary medicines
generélly ranges from 1 mg to 200 ﬁg, preférably from 5
mg to 100 mg, per kg of body weight per day, though more

or less verying depending on the purpose of administra-
_
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tion (therapeutic use or preventive.use, etc.); the kind
.and Qizé._of the animal, the kihd of pothogenic
organisms, and the symptoms. The daily dose recited
above may be divided into 2 to 4 doses per day. If
necessary, the daily dose may be sometimes deviated from
the above-recited range.

The pyridonecarboxylic acid derivatives of this
invention are active agaiﬁst a wide variety of micro-
organisms. causing various infectious diseases and

. capable of curing or alleviating and/or preventing thé
diseases caused by such phthogenes. .

‘Illustrative examples of bacteria or gacterium—

like @icrooréanisms 65 which the pyridonecarboxylic acid

derivatives of the inyention afe effective are Staphylo-

© CcOCCUS Sp., Streptococcus pyogenes, Streptococcus

Haemolyticus, enterococci, Streptococcus pneumoniae,

Peptostreptococcus sp., Neisseria gonorrhoeae, Escheri-

chia coli, Citrobacter sp., Shigella sp., Klebsiella

pneumoniae, Enterobacter sp., Serratia sp., Proteus sp.,

-Pseudomonas aeruginosa, Haemophilus influenzae, Acineto-—

bacter sp., Campylobacter sp., and Chlamidiae.

'‘Examples of diseases caused by these pafhogenes
include folliculitis, furuncle, carbuncle, erysipelas,
phlegmon, lymphangitis/lymphadenitis, felon, sub-

cutaneous abscess, spiradenitis, acne conglobata,
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infectious atheroma, perianal abscess, mastadenitis,
.superficial secondary infections after trauma, burn or
surgery trauma, pharyngolaryngitis, “acute bronchitis,
"tonsillitis, chronic bronchitis, bonchiectasis, diffuse
panbronchiolitis, secondary infections of chronic
respiratory diseases; pneumonia, pyelonephritis,
cystitis, prostatitis, epididymitis, gonococcal
urethritis, non-gonococcal urethritis, cholecystitis,
-cholangitis, bacillary dysentery, enteriﬁis; adnexitis,
‘intrauterine infections, Bartholinifis, blepharitis,
hordeolﬁm, dacryocystitis,'tarsadenitis, keratohelcosis,
otitis media, sinusitis, paradentitis, pericoronitis
circumcoronitis, gnathitis, peritonitis; endocarditis,
. septicemia, meningitis, and skin infectious.
' Examples of susceptiﬁle microorganisms causing
veterinary infectious diseases include those of fowl,

such as Escherichia sp., Salmonella sp., Pasteurella

sﬁ., Haemophilus sp., Bordetella sp.., Staphylococcus

sp., and Mycoplasma sp. Specific examples of

veneterinary diseases caused by these microorganisms
include colibacillosis, pullorum .disease, avian
paratyphosis, fowl ~chlera, infectious éoryza,
staphylococcal infections, and mycoplasmal diseases;
those of swin, such as colibacillosis, malmonelosis,

pasteurellosis, haemophylus infection, atrophic rhintis,

_—
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exduadative epidermitis, and mycoplasmal diseases;
those for cattle, sudh as colibacillosis, salmonellosis,
hemorrhagic septicemia, mycoplasmal - diseases;, bovine
contageous pleurponeumonia, and bovine mastesis; those
of dogs, such as coliform sepsis, salmonelosis,
hemorrhagic septicemia, pyometra, and chtitis; and
those of cats, such as hemorrhagic pleuritis, cystitis, .
chronic rhiniti, haemophylus infection, kitten diarrhea,
and mycoplasmal diseases.

The compound of' the present invention can be
formulated into antimicrobial preparations in an
appropriate dose form according to administration route
selecfed by the cbnventional preparation méthods. ~ The
dose form for oral administration 'includes tablets,
bowders, granules, cépsules, solutions, syfups,
elixiers, and oily or agqueous suspengions. Injections
méy contain, in additioﬁ to the active ingredient,
stabilizers; antiseptics, and solubilizing agents. The
solution which may contain such excipients is put in a

container and further, thé.solutiOn may be subjected to

~lyophilization or the 1like means to prepare solid

preparations which can be dissolved on use. The
container may contain either a single dose or several

doses.
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Dose forms for external administration include
solutions, suspensions, .emulsionms, ointments; gels,’
creaﬁs, lotions, and éprays. s

In the preparation of solid preparations, ‘the
active ingredient may be mixed with appropriately
selected pharmaceutically acceptable excipients, such aé
fillers, extenders, binders, disintegrators, dissolution
éccelerators, wetting agents, and lubricants.

Liquid preparations include solutions, sus-
pensions, and emulsions. 'Théy may contain excipients,
such as suspension stabilizers and emulsifieré.

lThe compound of the present 1nven€10n can be

. - administered to anlmals orally either dlrectly or as
admixed to feedstuff, or its solution may be given
either directly or as admixed to water or feedstuff.
The compound.may also be administerea'non-orally by, for
~example, injection.

The compound of the invention can be formulated
into preparations for animals, such as powders, fine
granules, solubilized powders, syrups, solutibns, and
injections, by commonly employed preparatibn methods.

| Formulation Examples are given below for

illustrative purposeé only but not for limitation.

[
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FORMULATION EXAMPLE 1

Capsule:

Compound of Example 8 . 100.0 mg
Corn starch 23.0 mg
Calcium carboxymethyl cellulose 22.5 mg
Hydroxypropylmethyl cellulose ' 3.0 mg
Magnesium stearate _ 1.5 mg
total: 150.0 mg

_FORMULATION EXAMPLE 2

Solution: |
Compound of Example 7 _ 1 tol0g
Acetic acid or sodium hydroxide 0.5 to 2 g
Ethyl'p¥hydroxybenzoa£e 0.1 g
Purified water - S 88.9 to 98.4 g

' total: 100 g
FORMULATION EXAMPLE 3

Powder for Admi;ture with Feedstuff:

- Compound of Example 6 | 1 tol0g
Corn starch 98.5 to 98.5 g
‘Light anhydrous silicic acid ‘0.5 ¢g
| | total: 100 g

The present invention is now illustrated in
‘greater detail by way of the following Examples and

Reference Examples, but it should be understood that the

/
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present invention is not deemed to be limited thereto.
,Referencé Examples describe the syntheses of optically
active skeletons from an optically aetive cis-2-fluoro-
cyclopropanecarboxylic acid.

Antimicrobial activity of the optically aétive
compounds prepared in Examples was evaluated in accord-
ance with the standard method specified by Nippon

- Kagakuryoho gakkai, and results obtained are shown in
Table'l below in terms of minimum inhibitory concentra-
tion (MIC: pg/m2).

REFERENCE EXAMPLE 1

N-[1-(R)~Phenylethyl]l-1l,2-cis-2- fluorocyclopropane—
carboxamlde (2a, 2b):

1—1. Carbonyldiimidazole Method:

One gram of cis—2—fluorocyclopropanecarboxylic
acid was dissoived. in 30 ml of. tetrahydrofuran (THF),
and 1.78 g of N,N'-carbonyldiimidazole was added there-
to, and the mixture w.as stirred at room temperature for
1 hour. To the solution was added 1.45 g of (R)-(+)-a-
methylbenzylamine, and the stirring was continued for 2
hours. The solveht was rémoved under reéuced pressure,
and the residue was extracted with chloroform. The
extract was washed successively with a 10% citric acid
aqueous solution and water and dried over anhydrous

sodium sulfate. The solvent was removed under reduced

_—
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pressure. From the residual viscous oily sﬁbstance,
‘each stereoisomer was isolated by HPLC under conditions
shown below. Each isomer was recrystallized from diiso-
propyl ether to'yield the titled compound (2a) or (2b).
HPLC Conditions:

Column: Nucleosil 50-5 (20 mm ID x 250 ﬁm L) (senshu
" Pack SSC Silica, 782-IN, produced by Senshu
Kagaku)
Solvent: ethyl acetate-THF (9:1 by volume)
Flow Rate: 9.0 ml/min
Retention Time: 11 mins, for Compound (2a)
- 13 mins. for Compound.(Zb)
Compound (2a): |
Melting point: 108°C
Elementary Analysis for C, ,Hy 4FNO:
Calecd. (%): C 69.55; H 6.8l; N 6.76
~Found (%5: C 69.31; H 7.01; N 6.65
[alp: +61.96°-(c=0.965, chioroform)
15-NMR (CDCl,) § ppm:
0.92-1.34 (2H, m), 1.50 (3H, 4, J=7Hz), 1.50—
1.96 (1H,.m), 4.68 (1lH, dm, J=64Hz), 5.14 (1H,
m), 7.40 (5H, s) |

Physiochemical Properties of Compound (2b):

Melting point: 102°C

R
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Elementary Analysis for C,,H;,FNO:
Calcd. (%): C 69.55; H 6.81; N 6.76

Found (8): C 69.45; H 6.87; *N 6.70

[u]b: +143.61° (c=0.830, chloroform)

15-NMR (CDCl,) § ppm:
. 0.98=1.34 (2H, m), 1.52 (3H, d, J=7Hz), 1.64-
1.96 (1H, m), 4.58 (1H, dm, J=66Hz), 5.24 (1H,
m), 7.40 (5H, m)

1-2. Mixed Anhvdride Method:

In 50 ml of THF were dissolved 4.19 g of 2-
fluorocyclopropanecarboxylic acid (cis—trans. mixture)
and 4.07 g of tréethylamine, and the solution was cooled
to -10°cC. To éhis.was added a solution of 4.73 g of
ethyl chloroformate in'20.ml of TﬁF and the mixture was
stirred for 10 minutes. To the séluti&n was then added
dropwise a solution of 4.88 g of (R)—-(+)-a-methyl-
benzylamiﬁe in 30 ml of THF at that temperature, and the
mixture was stirred at. rbom temperatufe for 15 hours.
The solvent was removed under -reduced pressure, and the

residue was extracted with benzene. The extract was

- washed successively with a 10% citric acid aqueous

solution, a 1N sodium hydroxide aqueous solution and
water and dried over anhydrous sodium sulfate. The
solvent was removed under reduced pressure, and the

resulting pale yellow .oily substance was purified by
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silica gel column chromatography using a mixed solvent
of benzene and ethyl acetate as an eluent to each of the
titled compounds (2a) and (2b). :

REFERENCE EXAMPLE 2

(+)-cis-2-Fluorocyclopropanecarboxylic acid (3a):

In 15 ml of concentrated hydrochloric acid was
dissolved 530 mg of the amide compound (2a) as prepared
in Reference Example 1, and the solution was heated at
100 to 11l0°C for .Sa hours while stirring. To the
reaction. mixture was added 20 ml of water, and the
mixture was extracted with ethyl acetate. The extract
was then extracted with a sodium hydrogencarbonate
aqueous solution and this aqueous egéract was washed
with ethyl acetate. The aqueoﬁs extract was adjusted to
a pH of 5 with concent;ated hydrochléric acid and
ext?acted with -ethyl acefate. The exfract was dried
over anhydrous sodium sulfate, and the solvent was
removed under reduced préssure to yield the titled
compound (3a) as a pale yellbw oil. -

[alp: —23.13° +(c=1.020, chloroform)

lH-NMR (CDCl;) & ppm:
1.0-1.42 (1H, m), 1.60-2.10 (2H, m), 4.82 (1H,

dm, J=65Hz), 12.0 (1H, s)

_
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REFERENCE EXAMPLE 3

.(+)—cis-2-Fluorocyglopfopanecarboxylic acid (3b):

In 30 ml of concentrated hydrochloric acid was
dissolvéd 1.65 g of amide compound (2b) as prepared in
Reference Example 1, and the solutiqn was heated at 100
to 110°C for 5 hours while s;irring. The pH of the
réaction mixture was adjusted between 8 and 9 with
sodium hydrogencarbonate and lthén washed with
chloroform. The pH of agqueous layer was adjﬁsted to 4
.with-conceﬁtrated hydrochloric acid and extracted with
ethyl acetate. The extract was dried over anhydrous
sodium sulfate, and ﬁhe solvent was removed under
reduced pressure to give the tit;ed compound (3b).as a

paIE'§ellow oil.

[ap: +21.56° (c=1.ll3,-chloroform)
1g-NMR (CDCl;) & ppm:
. dm, J=66Hz), 11.32 (1H, s)

REFERENCE EXAMPLE 4

(+)—cis—l—(t—Butoxycarbonylamino)-2—f1u6rocyclopropane
(4a): : _ '
In 5 ml of t-butanol were dissolved 200 mg of

the carboxylic acid (3a) as obtained in Reference

Example 2, 603 mg of diphenylphosphorylazide, and 203 mg

of triethylamine, and the solution was heated under
This en Replaced
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reflux for 4.5 hours. After removing the solvent under
reduced pressure, the residue was extracted with
chloroform. The extract was washed succéssively with a
10% citric acid aqueous solution, a 2% éodiﬁﬁ hydroxide
aqueous solution  and water, and -dried over anhydrous
sodium sulfate. The solvent was.removed under reduced
pressure, and the residue was subjected to silica gel
~column chromatography using chloroform as an eluent to
obtain ﬁhe titled compound (4a) as a colorless crystal.
Melting Point: 73°C
[aly: +65.57° (c=0.610, chloroform)
1H-NMR (CDC1l,) & ppm:
0.6-1.3 (2H, m), 1.46 (9H, s), 2.48-2.74 (1H,
m), 4.62 (1H, dm, J=65Hz), 4.6-5.1 (1H, broad)

REFERENCE EXAMPLE 5

(—)—cis—l—(t—Butoxycarbonylamind)—2—fluor6cycloprobane

(4b):

In 6 ml of t-butanol were added 265 mg of the
carboxylic acid (3b) as obtained in Reference Example 3,
800 mg of diphenylphosphorylazide, and 270 mg of
triethylamine. The'solution was allowed to react and
worked up in the same manner as in Reference Example 4
to obtain £he titled compound (4b).

Melting Point: 63°C

[a],: —60.27 (c=0.740, chloroform)

I
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1g-NMR (CDCl;) & ppm:
0.66-1.3 (2B, m), 1.46 (9H, s), 2.48-2.74 (1lH,
m), 4.58 (1H, dm, J=65Hz), 4.6-5.1 (1lH, broad)

REFERENCE EXAMPLE 6

(-)-Bthyl-2-{(1,2-cis—-2-flucrocyclopropan—l-yl)amino-—
methylene]-3-ox0-3-(2,4,5—-trifluorophenyl)propionate
(5a):

Ethyl 2,4,S;trifluorobenzoylacetate (234 mg), 2
ml of ethyl orthoformate, and 4 ml of acetic anhydride
were mixed and the mixture was heated at 110 to 120°C
for 2 hours while stirring; The solvent was removed
under reduced pressure, and the residue was dissolved in
10 ml of dichlorometﬁane.

Compound (4a) as obtained in Reférendé Example 4
(167 mg) and 5-ml of trifluoroacetic acid were miied and

the mixture was stirred at room temperature for 20

' minutes and concentrated to dryness under reduced

pressure (the resulting amine trifluoroacetate was used
without purification). = The residue was dissolved in 10
ml of dichloromethane and cooled to -10°C. A solution
of 230 mg of triethylamine in 10 ml of dichloromethane
was added .dropwise thereto. Thereéfter, the above
prepared dichloromethane solution was added dropwise to
the mixture, followed by stirring at room temperature
over—-night. The solvent was evaporated to dryness under

reduced pressure, and the residue was subjected to
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silica gel column chromatography using a mixed solvent
of benzene and ethyl acetate (2:1 by volume). A yellow
oily substance was obtained from the eiuent after the
removed of the solvent. The product was recrystallized
from diisopropyl ether-n-hexane to yield the titled
compouna (5a) as a colorless crystals.
Melting Point: 69-70°C
(alp: -10.29° (c=1.088, chloroform)
REFERENCE EXAMPLE 7

(+)-Ethyl-2-{(1,2-cis—-2-fluorocyclopropan—-l-yl)amino-
methvlene]-3-oxo-3—(2,4,5-trifluorophenyl)propionate

(5b):

Ethyl 2,4,5-trifluorobenzoylacetate (337 mg), 2
ml “of ethyl'ogthoformate, and'4 ml of acetic anhydride
were mixed, and the mixture was hgatea at 110 to 120°C
for 2 hours while stirring. The -solveﬁt #as_ removed
under reduced pressure, and the residue was dissolved in
10 ml of dichloromethane.

Compound (4b) as obtained in reference Example 5
(240 mg) and 5 ml of trifluorocacetic -acid were mixed and
the mixture was stirred at room temperature for 1 hour,
followed by concentratioﬁ' under reduced pressure (the
amine trifluo;oacetate was used without purification).
The residue was dissolved in 10 ml of dichloroethane,
and the solution was cooled to -10°C. A solution of 230
mg éf tfiethylamine in 10 ml of dichloromethane was

_\
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added thereto dropwise, and the above-prepared dichloro- -
methane solution was Ffurther added to the mixture,
followed by stirring at room tempexrature over-night.
The solvent was removed ﬁnder reduced pressure, and the
residue was subjected to silica gel column chromato-
graphy using a mixed solvent of benzene and éthfl
acetate (2:1 by volume). A yellow oily:SUbstance was
obtained from the eluent after the removai of solvent.
‘Recrystallization from diisopropyl ether-n-hexane gave
tﬁe titled compound (5b) as a colorless crystal.

Melting Point: 69-70°C

[alp: +12.09 (c=0.645, chloroform)

‘ REFERENCE EXAMPLE 8

(+) 6,7-Difluoro—-1~-(1,2-cis—2- fluorocvclopropyl) ~4—0X0—
1l,4- dlhydrogulnollne 3-carboxylate (6a):

In 15 ml of anhydrous dioxane was-dissolved 180
mg of Compound (5a) as obtéined in Reference Example 6,
and 200 mg of 60% éodium hydride was added to the
solution, followed by stirring at room temperature for 2
days. The reaction mixture was added to a 10% citric
acid aqueous solﬁtion, followed by concentration under
reduced pressure. The residue was extracted with
chloroform, and the éxtract was dried over anhydrous
sodium sulfatef The solvent was removed under reduced

pressure. The residue was purified by silica gel
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preparative TLC using benzene-ethyl acetate (1:2 b&
volume) as a developing solvent to yield the titled
compound (6a) as a colorless crystal. :
Melting Point: 231-232°C
[a]lp: +27.20° (c=0.610, chloroform)
lu-NMR (CDCl,) & ppm:
1.20 (3H, t, J=7Hz), 1.6-1.9 (2H, m), 3.28-3.56
.(lH, m), 4.42 (2H, q, J=7Hz), 5.11 (1H, dm,
J=63Hz), 7.60(1H, dd, J=11Hz & 7Hz), 8.28 (1H,
dd, J=10Hz & l1lHz), 8.58 (1lH, s)

REFERENCE EXAMPLE 9

(=)-Ethvl 6,7-difluoro-l1-(1,2-cis-2-fluorocyclopropyl)—
4-oxo—lL4—dihydroquinoline—3-carboxy1ate (6b): .

In 15 ml of' anhydrous dioxane was dissolved 267
mg of Compound (5b) as thained in Reference Example 7,
and 200 mg of 60% sodium hydride was added thereto, and
the mixture 'was stirred at room temperature for 2 days.
The reaction mixture was added to a 10% citric acid
aqueous solution, 'followed by concentration under
reduced pressure. The residue was. extracted with
chloroform'and dried over anhydrous sodium sulfate. The
solvent was removed under reduced pressure, and the
residue was purified by silica gel preparative TLC using

benzene-ethyl acetate (1:2 by volume) as a developing
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solvent to yield the titled compound (6b) as a colorless
crystal. |
Melting Point: 226-227°C *
[a]p: —31.36° (c=0.610, chloroform)

1g-NMR (CDCl;) & ppm:
1.22 (3H, t, J=7Hz), 1.5-1.9 (2H, m), 3.26-3.52

(1H, m), 4.40 (2H, q, J=7Hz), 5.10 (1H, dm,
J=63Hz), 7.58 (1H, 44, J=11Hz & 7Hz), 8.26 (1H,
dd, J=10Hz & 11Hz), 8.55 (1H, s)

REFERENCE EXAMPLE 10

(+)—-6,7-Difluoro-1-(1,2-cis~2-fluorocyclopropyl)-—4-oxo-
1,4-dihvdroquinoline~3—-carboxylic acid (7a)}: .

‘In 15 ml of concentrated hydrochloric acid was
dissolved 106 mg.  of the ester (6a) as obtained in
Reference Examplé 8, and the solution was heated at 100
to 110°C for 2 hours_whilé stirring. To the reaction
mixture was;added 15 ml of water, and the precipitate
was collected by. filtration to obtain the titled
compound (7a) as a colorless crystal.

Melting Point: 265-270°C
[al,: +3.66° (c=0.383, acetic acid)
1H—ﬁMR (CDCl;) & ppm:

1.75-1.95 (2H, m), 3.58 (1H, m), 5.18 (1H, dm,

J=64Hz), 7.82 (1H, 44, J=12Hz, & 7Hz), 8.37 (lH(

dd, J=18Hz & 8Hz), 8.94 (1H, s) |
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REFERENCE EXAMPLE 11

(=)-6,7-Difluoro-1-(1,2-cis—-2—-£fluorocyclopropyl)—-4-oxo-
1,4-dihydroquinoline-3-carboxylic acid (7b):

In 10 ml of concentrated hydrochloric acid was
dissolved 150 mg of the ester (6b) as obtained in
Reference Example 9, and the solution was heated at
110°C for 2 hours while stirring. To the reaction
mixture was added 20 ml of water, and the mixture was
extracted witﬁ chloroform. The extract was dried over
anhydrous éodium sulféte, and the solvent was.removed
under reduced pressure. The residue was recrystallized
from ethanol to yield the titled 'combound (7b) as a
_ colorless crystal.

Melting Point: 261-264°C

[a]é; -4.08° (c=0.343, acetic acia)

1H—NMR.(CDC13). S ppm: |
1.75-1.95 (2H, m), 3.58 (1H, m), 5.18 (1H, dm,
J=64Hz), 7.82 (1H, dd, J=12Hz & 7Hz), 8.37 (1H,
dd, J=12Hz & 8 Hz), 8.94 (1H s)

EXAMPLE 1

7-[3-(S)~-t-Butoxycarbonylamino-l1-pyrrolidinyl}-6-fluoro—
1-(1,2-cis—-2-fluorocyclopropyl}—4—-oxo-1l,4— dlhydro—
quinoline—-3-carboxylic acid (8a):

Seventy milligrams of the carboxylic acid (7a)
as obtained in Reférence Example 10, 150 mg of (S)-3-(t-

bdtoxycarbonylamino)pyrrolidine, 200 mg of triethyl-
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amine, and 20 ml of acetonitrile were mixed, and the
mixture was heated under reflux for 4 hours. The
solvent was removed under reduced pressure, and to the
.residu_e was added a 10% citric acid aqueous soltjtion',
followed by extraction with chloroform. The extract was
dried over anhydrous sodium sulfate, and the solvent was
removed under reduced pressuré. The residue was
recrystallized from ethyl acetate .to obtain the titled

compound (8a) as a yellow crystal.

Melting Point: 236-239°C

[a]D: +1.0°(c=0.200, éhloroform)

1g-NMR (CDC1l;) & ppm:
1. 2-1.7 (2H, m), 1.46 (9H, s), 1.7- 1.9 (lH, m),
2.0-2.36 (1H, m), 3.3-4.0 (5H, m), 4.2-4.4 (1H,
m), 5.06 (1H, dm, J=68Hz), 6.68 (1H, 4, J=7Hz),
7.84 (1H, 4, J=14Hz), 8.46 (1lH, s)

EXAMPLE 2

7-[{3-({S)-t-Butoxycarbonylamino-l-pyrrolidinyl]-6—fluoro-
1—(1,2—cis—z—fluorocyclopropyl)-4—oxo—1,4—dihydro—
quinoline-3-carboxylic acid (8b): -

The carboxylic acid as obtained in Reference
Example 11 (7b) (112 mg), 200 mg of (S)—3—(t—
bptoxycarboxylamino)pyrrolidine, 220 mg of Eriethyl—
amine, and 15 ml of acetonitrile were mixed, and the
mixture was heated under reflux for 4 hours. The
- solvent was removed under reduced pressure,.and to the
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residue was added a 10% citric acid aqueous solution,
followed by extraction with chloroform. The extract was '
dried over anhydrous sodium sulfate, &nd the solvent wasl
removed. under reduced preésure. The residue was
recrystallized from ethyl acetate to yield the titled
compound (8b) as a yellow crystal.
Melting Point: 242-243°C
[a)p: —4.0°(c=0.448, chloroform)
1g-NMR (coc13) 8 ppm:
1.0-1.7 (2H, m), 1.40 (9H, s), 1.6-1.8 (1lH, m),
1.9-2.1 (1H, m), 3.3-3.9 (5H, m), 4.2-4.5 {(1H,
m), 5.00 (1H, dm, J=68Hz), 6.58 (1H, d, J=7Hz),
7.72 (1H, 4, J=14Hz), 8.32 (13,_5)

EXAMPLE 3

7-13-(S)-Amino-l-pyrrolidinyl]-6—-fluoro—-1-(1,2-cis-2-
fluorocyclopropyl )—4-oxo—-1l,4—dihydroguinoline—3—-
carboxylic acid.(9a);

In 10 ml of trifluoroacetic acid was dissolved
80 ﬁg of the carboxylic aéid (8a) as obtained in Example
1. _After stirring for 20 minutes, the reaction mixture
was evaporated under reduced pressure to dryness. To
the residue was added 5 ml of water, and was further
added a 1IN sodium hydroxide aqueous solution to dissolve
the residue. The pH of aqueous layer was adjusted to
7.5 with 1N hydrochloric acid, followed by extraction

with chloroform. The extract was dried over anhydrous
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sodium sulfate, and the solvent was removed. under
reduced pressure. Recrystallization of the residue from
ethanol yielded the titled compound as a colorless
crystal. |
Melting Point: 248-252°C
[a]p: —-31.35° (c=0.370, 1N NaOH aqueous solution)
- lg-NMR (CDC1;) § ppm:
1.52-1.68 (2H, m), 1.68-1.80 (1H, m), 2.05-2.15
(1H, m), 3.13-3.22 (1H, m), 3.25-3.45 (2H, m),
3.45-3.65 (3H, m), 5.12 (1H, dm, J=65Hz), 6.58
(14, 4, J=7Hz), 7.58 (1H, 4, J=14Hz), 8.29 (1lH,
s)
EXAMPLE 4

7-[3-(8S)-Amino-1l-pyrrolidinyl]-6—-£luoro—-1—-(1,2-cis-2-
fluorocyclopropyl)—-4-oxo—-1,4— dlhydroqulnollne 3-

'-carboxyllc acid (9a):

In 10 ml of trifluoroacetic acid was added 80 mg
of the carboxylic acid (8b) as o.btained in'Example 2.
"After stirriné for 20 minutes, the reaction mixture was
evaporated to dryness under reduced pressure. To the
residue was-added.s ml of water, and was further added a
1IN sodium hydroxide agqueous solution to dissolve the
residue. The bH of aqueous layer was adjusted to 7.5
with 1N hydrochloric acid and followed by extraction
with chloroform. The extract was dried over anhydrous

sodium sulfate, and the solvent was removed therefrom
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under reduced pressufe. Recrystallization of the
.residue from ethanol gave the titled compound (9b) as a

colorless crystal.

Melting Point: 236-240°C

[u]D§ +23.72 (c=0.413, 1N NaOH aqueoﬁs solution)

1g-NMR (CDCl;) § ppm:
1.55-1.69 (2H, m), 1.69-1.77 (1H, m), 2.07-2.15
(12, m), 3.15-3.22 (1H, m), 3.37-3.47 (2H, m),
3.52-3.58 (2H, m), 3.58-3.66 (1H, m), 5.13 (1lH,
dm, J=65Hz), 6.62 (lH, 4, J=7Hz), 7.61 (1lH, 4,
J=14Hz), 8.30 (1H, s)

REFERENCE EXAMPLE 12

(-)-Ethyl 2-[[1,2-cis—-2-fluoro—l-cyclopropyl)amino]-
" methylene]-3-0xo-3-(3-chloro-2,4,5- trlfluorophenyll-
proplonate (10a)

Ethyl- 3+ chloro—2 4 5~trifluorobenzoylacetate
(1.5 g), 6 ml of ethyl orthoformate, and 10 ml of acetic
anhydride were mixed, and the mixture was heated at 110
to 120°C for 1.5 hours while stirring. The reaction
mixture was concentrated to dryness under reduced
pressure} and the residue was dissolved in 5 ml of
dichloromethane. |

Seven milliliters of trifluoroacetic acid was
cooled with ice, and 480 mg of ,(+)—cié—l—(t—butoxy—
carbonylamino)-2-fluorocyclopropane (4a) was dissolved
therein. The solutioh was stirred at room temperature

//
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for 20 minutes, followed by evaporation uﬁder_ reduced
pressure to dryness. The residue was suspended in 10 ml
of dichloromethane, and 3 ml of triethylamine was added
thereto wunder ice-cooling. After stirring for 20
minutes, the above-prepared dichloromethane solution was
added théreto, and the mixture was stirred for 1 hour.
The reaction mixture was washed with water and dried
over anhydrous sodium sulfate. The solvent was removed
under reduced pressure. The residue was 'subjected ‘to
flash column chromatography using a mixed solvent of
benzene and ethyl acetate (5:1 by voluﬁe) as an eluent.
The solvent was remdved under.reducgd pressure, énd the
residue was washed with diisopropyl ether to obtain 620

ﬁg of the titled compound (10a)..

&

Melting Point: 98-100°C
[¢]lp: —6.66° (c=0.998, chloroform)

Elementary Analysis for C;gH,,ClF,NO;:
Calcd. (%):C 49.26; H 3.31; N 3.83

Found (%$): C 49.39; H 3.22; N 3.86

1H-NMR (CDCl;)" & ppm:
0.95, 1.08 (3H, 1:2.5, each t, J=7HZ), 1.0-1.5
(24, m), 2.8-3.15 (1H, m), 4.03, 4.07 (2H,
1:2.5, each q, J=7Hz), 4.78 (1H, dm, J=65Hz),
7.13 (1H, d4dd, J=5.9, 8.6, & 9.5Hz), 8.20, 8.25

(1H, 1:2.5, each d, J=14HZ)
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REFERENCE EXAMPLE 13

(+)-2—-[[1, 2-c1s—Z—Fluoro-l—cyclopropvl)amlno]methylene]-
3-oxo0—-3-(3-chloro—-2,4,5- trlfluorophenyl)proglonate
(10b):

Ethyl 3-chloro—2,4,5-trifldorobenzéylacetate
(1.5 g), 6 ml of ethyl orthoformate, and 10 ml of acetic '
anhydride were mixed, and the mixture was heated at 110
to 120°C for 1.5 hours while stirring. The reaction
mixture was ,concentréted to dryness under reduced
pressure, and the residue was dissoclved in 10 ml of
dichloromethane. ..

Ten milliliters of trifluoroacetic acid were
ice-cooled, and 1.12 g of (-)-cis-1-(t-butoxycarbonyl-
amino)-2-fluorocyclopropane (4b) . was dissélved therein.
After stirring at room temperature for 20 minutes,- the
mixture was. evaporated to dryness  under reduced
pressure. The residue was suspended in 20 ml of di-
chloromethane, and 2.0 g of triethylamine was added to
the suspension under ice-cooling. The above-prepared

tdichloromeéhane solution was then added therefo,
followed by stirring for 1 hour. The reaction mixture
'was washed with water and dried over anhydrous sodium
sulfate. The solvent was removed under reduced
pressure. The residue was subjected to. flash column
chromatography which was eluted with a mixed solveﬁt of

benzene and ethyl acetate (4:1 by volume) The solvent
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of the eluent was removed under reduced pressure. Tﬂe
residue was washed with diisopropyl ether-n-hexane to
"obtain 1.74 g of crystals of the titled compound (10b).
Melting Point: 99-100°C
(alp: +6.70° (c=0.895, chlorbform)

Elementary Analysis for C;gH,,ClF,NO;:
Calcd. (3): C 49.26; H 3.31; N 3.83

Found (%): C 49.41; H 3.60; N 4.06

lg-NMR (CDCl;) § ppm:
0.95, 1.08 (3H, 1:2.5, each t, J—7HZ), 1.0-1.5
(2H, m), 2.8-3.15 (1H, m), 4.03, 4.07 (2H,
152.5, each q, J=7Hz), 4.78 (1Hf dm, J=65ﬁz),
7.13 (1H, ddd, J=5.9, 8.6, & 9.5Hz), 8.20, 8.25
(1H, 1:2.5, each d, J=14HZ) |

REFERENCE EXAMPLE 14

(+)-Bthyl 8-chloro-6,7—-difluoro-1-(1,2- -cis-2-fluoro-1-
cyclopropyl)~4—-oxo-1,4- dlhydroqulnollne 3-carboxylate
(lla):

In. 7 ml of anhydrous dioxane was dissolved 620
mg of Compound (10a) as prepared in Referenée Example
12, and 80 mg of 60% sodium hydride was added to the
soluﬁion, followed by stirring at room.temperaturg for 1
hour. Ethyl acetate was added to the reaction mixture,
and the mixtu;e' was washed successively with a  10%
citric acid aqueous solution and water. The organic

layer was dried over anhydrous sodium sulfate, and the
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solvent was removed therefrom 'under reduced pressure.
. The residue was washed with n-hexane to obtain 551 mg of
the titled compound (lla) as a colorléss crystal.
Melting Point: 181-184°C
[aly: +45.1° (c=1.18, chloroform)

Elementary Analysis for C,gH;,ClF,NO;:
Caled. (%): C 52.12; H 3.21; N 4.05

Found (%): C 52.09; H 3.33; N 4.01
lg-NMR (CDC1,) & ppm:
1.40 (3H, t, J=7HZ), 1.4-1.9 (2H, m), 4.08 (1lH,
'm), 4.39 (2H, q, J=7HZ), 4.90 (1H, dm, J=65Hz),
8.24 (1H, dd, J=10 & 11 Hz)

REFERENCE EXAMPLE 15 .

. (=)—Ethyl 8—chloro—6,7—dif1uoro—i—(1,2—cis—2—fluoro—l—
cvclopropyl)—-4-oxo—-1,4-dihydroquinoline—3—carboxylate
(11b): . .

In 10 ml of anhydfous' dioxane was suspended

560 mg of 60%.$odium hydride having been washed twice
with anhydrous n-hexane. The suspension was added to a
solution of 1.70 g of Compound _(lDb) in 20 - ml of
anhydrous dioxane, followed by stirring at room tempera-

_ ture for 2 hours. The solvent was removed under reduced
pressure, and 0.1N hydrochloric acid was added to the

- residue. = The precipitated crystals were collected by

filtration, washed successively with water and diethyl
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ether, and dried under reduced pressure to obtain 1.44 g
~of the entitled compound (llb) as a colorless érystal.
.Melting Point: 174°C *
[a])p: —-45.3° (c=1.05, chloroform)

Elementary Analysis for C,gH,,;ClF,NO;:
Calcd. (%): C 52.12; - H 3.21; N 4.05

Eound {($): C 51.80; H 3.45; N 4.15
IE-NMR (CDCl;) § ppm: |
1.40 (3H, t, J=7HZ), 1.4-1.9 (2H, m), 4.08 (1H,
m), 4.39 (2H, g, J=7HZ), 4.90 (1lH, dm, J=65Hz),
8.24 (1H, 44, 3=10 & 11 Hz)
IR(KBr); v, cmt: 3100, 2998, 1731, 1638, 1614,
| | 1470, 1317

REFERENCE EXAMPLE 16

(+)-8-Chloro—6,7-difluoro-1-(1,2-cis-2-fluoro—-1-
cyclopropyl)—-4-oxo-1,4-dihydroquinoline-~3—-carboxylic
acid (l2a):

- The ester (lla) (540 mg), 5 ml of concentrated

hydrochlorig acid, and 5 ml of acetic acid were mixed,
and the mixture was heated at 120-130°C for 2 hours
while stirring. To the reaction mixture was added 50.m1
of water, and the precipitated crystals were collected
by filtration, washed successively with water and

diethyl ether, and dried under reduced pressure to
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obtain 420 mg of the titled compound (1l2a) as a color-

.less crystal.
Melting Point: 170-171°C >
{alp: +30.4° (c=0.54, chloroform)

Elementary Analysis for C,;H,ClF;NO,:
Calcd. (%): C 49.16; H 2.22; N 4.41

Found (%): C 49.21; H 2.49; N 4.27

lm-NMR (CDC1l;) § ppm:
1.3-2.0 (2H, m), 4.12-4.34 (1H, m), 4.95 (1H,
dm, J=63Hz), 8.27 (1H, dd, J=8 & 8Hz), 8.87,
8.89 (1H, each s, split 1:1)

REFERENCE EXAMPLE 17

- (=)—8~Chloro-6,7-difluoro~1—-(1l,2-cis-2-fluoro—~1-
cyclopropyl)—4—-oxo-1,4- d1hydroqu1nollne—3 carboxvylic
acid (12b)

The ester-.(ilb) (1.40 g) and 10 ml of

concentrated hydrochloric acid were mixed and - the
mixture was heated at 110°C for 2.5 hours under
stirrihg. To the reaction mixture was added 50 ml of
water, and the precipitated crystals were collected by
filtration, washed with water and diethyl ether, and
dried_under reduced pressure to obtain 1.16 g of the

titled compound (12b) as a colorless crystal.

Melting Point: 177-182°C

[a)p: —26.8° (c=0.90, chloroform)
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Elementary Analysis for C,3H,ClF3NO3:
‘Calcd. (%$): C 49.16; H 2.22; N 4.41
Found (%): C 49.28; H 2.40; N 4.66

- 1g-NMR (CDC1;) & ppm: | ,
1.3-2.0 (2H, m), 4.12-4.34 (1H, m), 4.95 (1H,
dm, J=63Hz), 8.27 (1H, 44, J=8 & 8Hz), 8.87,
8.89 (1H, each s, split 1:1)

a EXAMPLE 5

{(+)-7-[3-(S)-Amino-l1-pyrrolidinyl]~8-chloro-6—-fluocro-l1-
(1,2-cis-2-fluoro=l-cyclopropvyl)—4—-oxo-1l,4-dihydro-

, quinoline-3-carboxylic acid {l1l3a):

Five milliliters of trifluoroacetic acid was
cooled with ice, and 230 mg bf.3—(S)—l-t—butoxycarbonyl—
3—(t—butoxycarbonylamino)pyrrolidiné was dissolved
therein, followed by stirring at room temperature for 20
minutes. Thé reaction mixture was evaporated to dryness
under reduced pressure, and the residue was dissolved in

15 ml of acetonitrile. To the solution were added

‘170 mg of the carboxylic acid (12a) and 400 mg of tri-

ethylamine, followed by refluxing for 6.5 hours. ‘The
reaction mixture was evaporated to dryness under reduced
pressure, and to the residue was added 1N hydrochloric
acid. The mixture was washed with chioroform. The pH

of the aqueous layer was adjusted to 12 with a 1N sodium

hydroxide aqueous solution and washed with chloroform.

The pH of the aqueous layer was readjusted to 7.6 with

" This Sheet Has Been Replaced




hydrochloric acid and extracted with chloroform. | The
extract was dried over‘énhydrous sodium splfate, aﬁd the
SOlvent was evaporated; The residue:was recrystallized
from aqueous ammonia-ethanol to obtain 138 mg of the
titled compound (13a) as a colorless crystal.
Melting Point: 214-217°C (with decompbsition)
{a]p: +120.8° (c=0.475, 0.1N NaOH agueous solution)
Elémentary'Analysis for C,,H;.ClF,N;05-1/2H,0:
Caled. ($): C-<51.98; H 4.36; N 10.70
Found (%): C 52.07; H 4.71; N 10.72
15-NMR (NaOD) § ppm:
1.28 (1H, dm, J=27Hz), 1.69-1.78 (2H, m), 3.39-
3.42 (1H, m), 3.51-3.61 (3H, m), 3.69-3.72 (1H,
m), 4.13-4.17 (1H, m), 4.99 (1H, dm, J=70Hz),
7.72 (1B, d, J=14Hz), 8.44, 8.45 (1H, each s,
split, 1:1)
EXAMPLE 6

(=)-7— [3 (S)-Amino-l1-pyrrolidinyl]-8-chloro-6-fluoro—-1-
" (1,2—cis-2-fluoro—1l-cyclopropyl)—4-oxo-1l,4-dihydro—
quinoline-3-carboxylic acid (l3a): _

Five milliliters of trifluoroacetic acid was

: cooled with ice, and 230 mg of 3-(S)-t-butoxycarbonyl-3-
(t-butoxycarbonylamino)pyrrolidine was dissolved there-
in,i followed by stirring at robm temperature for 20
minutes. The reaction mixture was evaporéted to dryness

under reduced pressure, and the residue was dissolved in
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15 ml of  acetonitrile. To the solution were added

'_170 mg of the carboxylic. acid (12b) and 400 mg of

triethyiamine, and the mixture was heated under reflux
for 6.5 hours. The reaction mixture was evaporated to
dryness under reduced pressure. A 1IN hydrochloric acid
was added to the residue, and the mixture was washed
with chloroform. The aqueous layer was adjusted to a pH
of 12 with a 1IN sodium hydroxide aqueous solution, and
the aquéous layer was adjusted to a pH of 7.6 with
hydrochloric acid and extracted with chloroform. The
extract was dried over anhydrous sodium sulfate, and the
solvent was evaporated. The residue was recrystallizéd
from aqueous ammonia-ethanol ‘to give 158 mg of the

titled compound (13b) as a colorless crystal.

Meltlng P01nt. 247;252°C (with decomposition)
_[u]D. -94.7° (c—O 378, 0.1N HaOH aqueous solution)
Elementary Analysis for C17H15C1F2N303-H20:
Caléd. (3): C 50.82; H 4.52; N 10.46
Found (8): C 50.97; H 5.14; N 10.42
1H-NMR (NaOD)+$§ ppm:
1.32 (1H, dm, J=27Hz), 1.73-1.80 }2H, m), 2.15-
2.19 (1H, m), 3.19-3.22 (1H, m), 3.45-3.50 (1H,
m), 3.58-3.62 (1H, m), 3.85-3.88 (2H, m), 4.16-
4.20 (1H, m), 4.99 (1H, dm, J=63Hz), 7.76 (1H,

d, J=14Hz), 8.54, 8.44 (1H, each s, split, 1:1)

—_
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REFERENCE EXAMPLE 18

{~)=-Ethyl 2-[[(1, 2-cis—2- fluoro—l—cyclopropyl)amlﬁo]—
methylene]-3-oxo0-3-(2,3,4,5~- tetrafluoro -6-nitrophenyl)-
propionate (l4a):

Ethyl 2,3,4,5-tetrafluoro;6-nitrobenzoylacetaﬁe
(1.5 g), 6 ml of ethyl orthoformate, and 10 ml of acetic
anhydride were mixed, and the mixture was heated at
120°C ‘for ‘2 hours. . -The ‘reaction mixture..was..concentrat-
ed to dryness,- and the residue was dissolved in 10 ml of
dichloromethane. s

Ten milliliters of trifluorocacetic acid was
cooled with ice, and 1.1 g of (+)-cis-1-(t-butoxycarbon-
ylamino)-2-fluorocyclopropane (4a) was dissolved there-
in. The solution was stirred at room ﬁémpefature for 20
::minutés; ‘followed by evaporating to dryness under
reduced pressure. The residue was suspended in 20 ml of
dichloromethane, and 2.0 g of triethylamine was added
thereto under ice—cooling, folloﬁed by stirring for 20
minutés. The above-prepared dichloromethane solution
was then added thereto, followed by stirring for 30
minutes. The reaction mixture was washed with water and
dried over anhydrous sodium_sulfate. The solvent_was
removed under reduced pressure, The residue was
subjected to flash column chromatography using benzene
as an eluent. The fractions of the compound (l4a) were

combined, and the solvent was removed under reduced
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pressure. The residue was washed with n-hexane to yield
1.57 Q of crystals of Ehe titled compound fl4a);
| Melting Point: 99-100°C -
(a]ps =10.3° (c=1.25, chloroform)
Elementary Analysis for C,gH;;FgN,0;
Calcd. (%):C 45.70; H 2.81; N 7.10
Found ($)::C 45.60;:H.3.01;:N.7303 3. .. .
1§-NMR (CDCl,) & ppm:.
1.10 (3H, t, J=7Hz)f'l,2—l.55 (2H,'m), 2.88-3.16
(1H, m), 4.09 (2H, q, J=7Hz), 4.45 (lH, dn,
J=63Hz), 8.29 (1H, d, J=14Hz)
IR{KBr): vpax cm-1l: 3454 1734, 1626, 1566, 1521, -
1482

REFERENCE EXAMPLE 19

(+)-Ethyl 2-[[(1,2-cis-2~fluoro-l-~cyclopropyl)aminol-
methyvlene]-3-oxo-3-(2,3,4,5- tetrafluoro—B—nltrophenyl)—
propionate (1l4b):

Ethyl 2,3,4,5-tetrafluoro-6-nitrobenzoylacetate
(1.5 g), 6 ml of ethyl orthoformate, and 10 ml of acetic
anhydride were mixed, and the mixture was heated at 110
to 120°C for 1 hour while stirring. The reaction
mixture was cbncentrated to dryness, and the residue was
dissolved in 10 ml of dichloromethane.

Ten milliliters of trifluofoécetib acig was

ice-cooled, and 1.10 g of (-)-cis-1l-(t-butoxycarbonyl-

This Sheet Has Been Replaced

S 1[1111]] I




amino)-2-fluorocyclopropane (4b) was diséolved thereiﬁ,
followed by stirring at room temperature for 20 minutes.
The reaction mixture was evaporated- to dryness under
reduced pressure, and the residue wés suspended in 20 ml
of dichlorométhane. .To the suspension was added 1.8 g
of'triethylamine under ice-cooling, followed by stirring
Tras eo .- for 20 minutes. -To the. mlxture was added the above-
o prepared dlchloromethane solutlon, followed by stlrrlng
for 2 hours. The reactlon mlxture was washed with water
and dried over anhydrous seodium sulfate. The solvent
was removed under reduced pressure, and the residue was
subjected to flash column chromatography using benzehne
as an eluent; The fractions of the product (14b)'hére
combinéd, 'and the solvent was removed under reduced
pressure. The resiaue was Qashed with n-hexane to yie;d
1.50 g of crystals of the titled compound (14b).
Melting Point: 98-100°C
[alp: -10.1° (c=2.09, chloroform)
Elementary Analysis for C,gH,,FsN,Oq
Calcd. (%):C 45.70; H 2.81; N 7.10
Found (%): C 45.77; H 3.38; N 7.18
1H-NMR (CDC1;) § ppm:
1.10 (3H, t, J=7Hz), 1.2-1.5 (2H, m), 2.88-3.12
(1H, m), 4.09 (2H, q, J=7Hz), 4.45 (1H, dm,

J=63Hz), 8.30 (1H, d, J=14Hz)
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IR{KBr): vpax cm-l: 3454 1695, 1638, 1554, 1515

REFERENCE EXAMPLE 20
(+)-Ethyl 6,7,8-trifluoro-1- (1 2-cis-2-fluoro-l—-cyclo-.
propyl}— 5—n1tro—4-oxo—l 4- dlhydroqulnollne—B carboxvylate
(15a): .

In 20 ml of anhydrous dioxane was suspended 580
mg of 60% sodium hydride having been Qashed twice with
n—hexane; .. The .suspension .was added .to a solution of
1.90 g of Comﬁound.(14a).in'20 ml of anhydrous dioxaﬁe;
The mixture was stirr;d at room .temperature for 1 hour,
and the solvent was removed from the reaction mixture
under reduced pressure. fo the residue was added 0.1N
 hydrochloric acid. The crystals thus formed were
collected by filtration, washed successively with water
and diethyl ether, and dried under reduced pressure to
obtain 1.65 g of the titled  compound (1l5a) as a
colorless crystal. '

Melting Point: 172-176°C
[a]p: +10.7° (c=1.12, chloroform)

Elementary Analysis for C;gH; F,N,04
Calcd. (%): C 48.14; H 2.69; N 7.49

Found (%$): C 48.29; H 2.78; N 7.20
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1g-NMR (CDCl;) § ppm:
1.36 (3H, t, J=7Hz), 1.4-1.92 (2H, m), 3.80-4.08
(1H, m), 4.34 (2H, q, J=7Hz), "4.99 .(1H, dm,
J=63Hz), 8.55 (1lH, s)
IR(KBIL): Vpax Cm-1: 3454 1734, 1626, 1566, 1521
' 1482

'REFERENCE EXAMPLE 21

(- )—Ethyl 6,7,8-trifluoro-l1l- (l 2—013-2 -fluoro-1- cvclo—
propyl) 5—n1tro—4—oxo-1 4-dihydroquinoline-3- carboxylate

(15b):

In 10 ml of anhydrous dioxane was suspended 440
mg of 60% sédium hydride having been ﬁashed twice with
n-hexane. The suspension was added to Ia sc;lution- of
1.45 ¢ of.Cbmpound (14b) in 20 ml of anhydrous dioxane;
followed by stirring at room temperature for 30 minutes.
The solvent was removea from the reaction mixture under
reduced pressure. To the residue was added 0.1N
hydrochloric acid, and the £formed crystals were
collecfed by filtration, washed successively with water
and diethyl ether, and dried under reduced pressure to
obtain_ 1.18 g of the titled compound (15b) as " a
colorless crystal.

Melting Point: 171-175°C

[a]n: —-11.1° (c=0.27, chloroform)
D
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Elementary Analysis for C;gH,oF,N,05
Calcd. (%): C 48.14; H 2.69; N 7.49
Found (%): C 48.44; H 3.17; N-7.48

1g-NMR (CDCl;) & ppm:
1.36 (3H, t, J=7Hz), 1.4-1.92 (2H, m), 3.74-4.02
(1H, m), 4.36 (2H, g, J=7Hz), 4.94 (1H, dm,
J=62Hz);.:8.54..(1H; 'S). .. ‘

IR(KBr): Vpax cm-l: 1731, 1626, 1566, 1485, 1323,

~ 1275

REFERENCE EXAMPLE 22

(+)—-Ethyl 5—amiho—6,7,8—trifluoro—l—(1,2-cis-2-f1uoro—l—
cyclopropyl)—-4-oxo-1,4-dihydroquinoline—3-carboxylic
acid (1l6a):

The nitro compound (15a) (1.60 g), 6 ml of Raney
nickel, énd 200 ml of ethanol were mixed, and the
‘mixture was shaken for 2.5 hours in a hydrogen
atmosphere. - The catalyst was removéd by £iltration
through Celite, and the filtrate was concentrated under
reduced pressure. The residue was subjected to siliéa
gel célgmn chromatography using chloroform as an eluent.
The fractions of product (l6a) were combined, and the
solvent was removed therefrom under reduced pressure.
The residue was recrystallized from eﬁhanol to obtain
770 mg of the titled compound (l6a) as a pale yéllow

crystal.

e
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Melting Poinﬁ: 190-191°C

[¢)p: +26.0° (c=0.76, chloroform)

Elementary Analysié.for C,5H; 2F 4N, 05
Calcd. (%): C 52.33; H 3.51; N 8.14

Found (%): C 52.13; H 3.95; N 8.13

l5-NMR (CDCl;) & ppm:

1.39 (3H, t, J=7Hz),; 1:4-1:8:(2H; -m);,:3:60-3.88-.--

(1H, m), 4.38 (2H, g, J=7Hz), 4.87 (1lH, dm,
' J=63Hz), 6.8-7.1 (2H, m), 8.37 (1H, s)
IR(KBr): vmax cm-l: 3436, 1683, 1553, 1557, 1461,
1284 |

REFERENCE EXAMPLE 23

£

‘{=)=Ethyl 5—amino-6,7,8-trifluoro-1-(1,2-cis—2-fluoro-1-

cyclopropyl )-4-oxo-1,4~-dihydroquinoline-3—-carboxylate
{16b):

~ The hitro compound (15b) (1.60 g), 3 ml of Raney

nickel, and 120 mi of ethanol were mixed, and the

mixture was shaken for 4.5 hours in a hydrogen atmos-

phere. The catalyst was removed by filtration through
Celite, and the filtrate was concentrated under reduced
pressure. The residue was subjected to silica gel

column chromatography using chloroform as an eluent.

The fractions of product (16b) were combined, and the

solvent was removed under reduced pressure. The residue
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was recrystallized from ethanol to obtain 620 mg of ﬁhe
tifled compound (16b) as a pale yellow crystal.

Melting Point: 191-193°c  ~  °

ta]n: -25.9° (c=0.65, chloroform)

'Elementary analysis for Cy5H; ,F4N,04
-Calcd. (%): C 52.33; H 3.51; N 8.14

Found (%)i -C '52.163:H 3:54;IN"8:08.7 i3 "
1H-NMR (CDCl,) 5 ppm:
1.39 (3H, t, J=7Hz), 1.4-1.8:(2H; m);.3.60-3.88
(1H, m), 4.38 (2H, q, J=7Hz), 4.87 (1, dm,
J=63Hz), 6.8-7.1 (2H, m), 8.38 (lH, s)
IR(KBr): Vmax cm-l: 3436, 1683, 1653, 1593, 1464,
1284

REFERENCE EXAMPLE 24

5-Amino—-6,7,8-trifluoro-l1—-(1l,2-cigs—2—-fluoro-l-cyclo—
propyl)—-4-oxo-1,4-dihydroquinoline-3- carboxyllc acid

(l7a):

The ester (1l6a) (750 mg) and 10 ml of concen-
trated hydrochloric acid were mixed and the mixture was
ﬁeated at- 100°C for 2 hours while stirring. To the
reaction mi#ture was added 20 ml of water, and the
prgcipitated crystals were collected by filtration to
obtain 610 mg of the titled compound (l7a) as a

colorless crystal.

Melting Point: 297-300°C

This Sheet Has Been Replaced

- [ 11




Ly
ey OV
et A

Elementary Analysis for C;3HgF,N,05
Calcd. (%): C 49.33; H 2.55; N 8.86
Found ($): C 49.43; H 2.91; N-8.84
15-NMR (DMSO-dg) § ppms:
1.4_2-1 (ZH] m), 3.9-402 (lH' m)’ 5008 (lH’ dm'
J=65Hz), 7.72 (lH, s), 8.62 (1lH, s)
IR(KBr): Vmax-cu-l: 3448, 333431725, 1656, 1596,
’ 1566, 1518 | |

. REFERENCE EXAMPLE. 25.

5-Amino-6,7,8-trifluoro-1-(1,2-cis—-2-fluoro-l-cyclo-
propyl)-4—oxo—1,4—dihydroquinoline—3—carboxylic acid

- {(17b): '
The ester (1l6b) (588 mg) and 10 ml of concen-

tratéd hydrochloric acid were mixed and the mixture - was
heated at 100 to 110°C for 2 hours while stirring. To
the reaction mixture was added 20 ml of water, and the
precipitated crystals were collected by filtration to
obtain 514 mg of the titled compound (17b) as a
colorless crystal. |

Melting Point: 295-300°C

Elementary Analysis for C,;HgF,N,04

Calcd. (%): C 49.38; H 2.55; N 8.86

Found (%): C 49.41; H 2.81; N 8.88
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Vand

1H-NMR (CDCl,;) & ppm:
1.4-2.1 (2H, m), 3.9-4.2 (1H, m), 5.08 (1H, dm,
- J=65Hz), 7.72 (1H, s), 8.62 (1H, s) '
IR vpax cm-l: 3448, 3334, 1725, 1656, 1596,
1566, 1518

(—)—5—Amino—7—[3—(S)—amino—l—pvrrolidinyl]-6,B?difiubro—
1-(1,2-cis-2-fluoro-l-cyclopropyl)-4—-oxo-1,4-dihydro-
quinoline-3-carboxylic acid_ (18a): ..

- Five milliliters of trifluoroacetic. acid - was
cooled with ice, and 230 mg of 3-(S)-1-t-butoxycarbonyl-
3-(t-butoxycarbonylamino)pyrrolidine was dissolvea
therein, followed by sﬁirring at room témperature'for 30-
minutes. The reaction mixture was evaporated to dryness
under reduced pressure, and the residue was dissolved in
25 ml of acetonitrile. To the solution were added
160 mg of the carboxylic acid (17a) and 400 mg of
triethylamine, and the mixture was heated under reflux
for 12 hours. The-reaétion mixture was evaporated to
dryness under reduced pressure, and lN-hydrochloric acid
was added to the residue. After washing the mixture
with chloroform, the agueous layer was adjusted to a pH
of 12 with a 1N sodium hydroxide aqueous solution,
followed by washing with chloroform. The agueous layer

was then adjusted to a pH of 7.6 with hydrochloric acid,

—_—
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followed by extraction with chloroform. The extract was
dried over anhydrous.sodium sulfate, and the solvent was
- removed under . reduced pressure. * The residue was
recrystallized £from aqueous ammonia;ethanol to obtain
128 mg of the titled compound (18a) "as a colorless
crystél. | '
Melting Point: 224-230°C -
[alp: —4.72° (c=0.888, 0.1N NaOH aqueous solution)
Elementary Analysis for C17H17F3N463 T
Calcd. (%): C 53.40; H 4.48; N 14.65
Found (%$): C 53.28; H 4.08; N 14.54
lH—NMR_(NaOD)) & ppm: |
1.47-1.58 (1B, m), , 1.67-1.78 (2H, m), 2.07-
2;11 (1, m), 3.58—3.44 (1H, m), 3.48-3.52(1H,
m), 3.60-3.66 (1H, m), 3.71-3.78 (2H, m), 4.92
(1H, dm, J=72Hz), 8.18 (1H, s)
IR: Vpax cm-l: 3400, 1728, 1635, 1605, 1518,
| 1433, 1350, 1308
- EXAMPLE 8
(+)—5—Amino—7—[3—Lsi—amino—l—pyrrolidinyl]—6,8—difluor6—

1-(1,2-cis—~2-fluoro—l-cyclopropyl)—-4—-oxo-1l,4-dihydro—
quinoline-3—-carboxylic acid (18b): ' :

Five milliliters of trifluorocacetic acid was
cooled with ice, and 230 mg of 3-(S)-l-t-butoxycarbonyl-

3-(t-butoxycarbonylamino)pyrrolidine was dissolved
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therein, followed by stirring at room temperature for 30
minutes. The reaction mixture was evaporated to dryness
under reduced pressure, and the residue was dissolved in
25 ml of acetonitrile. To the solution were added

160 mg of the carboxylic acid (17b) and 400 mg of

- triethylamine, and the mixture was heated -under reflux

for 12 hours. :The .reaction :mixture..was..evaporated. to
drynegs under reduced pressure, énd 1IN hydrochloric acid
was added .to the _residue... ' After .washing::the mixture
with chloroform, the aéueous layer was adjusted to a pH
of 12 with a 1N sodium hydroxide aquéous solution,
followed by washing with'chloroform. The aqueous layer
was then adjusted to a pH of 7.6 with hydrochloric acid,
followed by extraction with chloroform. . The extract was

dried over anhydrous sodium sulfate, and the solvent was

‘removed under reduced pressure.’ The residue was

recrystalllzed from aqueous ammonia- ethanol to obtain 68
mg of the titled compound (18b) as a colorless crystal.
Melting Point: 214-217°C
[a]p: +31.3° (c=0.268, 0.1N NaOH aqueous sélutipn)

Elementary Analysis for C,.H,,F3N,05-1/2H,0:
Calcd. (%): C 52.18; H 4.64; N 14.32

Found (%): C 52.22; H 4.93; N 14.23
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1H-NMR (Naob) § ppm:
1.48-1.58 (1H, m), , 1.66-1.79 (2H, m), 2.06-
2.12 (1H, m), 3.29-3.32 (1H, m), 3.48-3.52(1H,
m), 3.60-3.64 (1H, m), 3.70-3.78 (2H, m), 4.92

(1H, dm, J=72Hz), 8.19 (1H, s)

IR: vpax cm-1: 3490, 1716, 1635, 1521, 1437,

13567713057 R e

REFERENCE EXAMPLE 26

Synthesis of Optlcallv Active 7—Am1no—5—azasp1ro-[2 417
heptane:

1}y 5-[(1R)-Phenylethyl]—-4.7- dloxo—s—azasplro[z 4]-
heptane (19):

To 10.4 g of ethyl acetoacetate were added lS'g
of 1,2-dibromoethane, 23 ¢ of potassium carbonate, and
150 ml of N,N-dimethylformamide (DMF), and the mixture
wﬁs stirred at room temperature for 2 days. Any
insoluble matter. was removed by filtration, and the
filtrate was evaporated' to dryness under reduced
pressure. To the residue was added water, and the
mixture was extracted wifh chloroform. The chloroform
extract was dried over anhydrous sodium sulfate, and the
solvent was remdved under reduced pressure.' The
resulting pale yellow oily substance was subjected to

distillation under reduced pressure to obtain 7.5 g of
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ethyl 1l-acetyl-l-cyclopropanecarboxylate having a
5oiling point of 70 to 71°C/2 to 3 mmHg. |
1g-NMR (CDCl3) & ppm: -
1.30 (3H, t, J=7Hz), 1.48 (4H, s), 2.49 (3H, s),
4.24 (2H, q, J=7Hz)

In 200 ml of ethanol was dissolved 35.7 g of the

above: -obtained: compound,:and-.40.:g- "of. bromine: was added--'

dropwise to the solution at room temperature while
stirring. After the stirring::was- -continued-:at --room -
temperature for 2 hours, the  excess bromine and the
solvent were removed under reduced pressure to obtain
ethyl l—brbmoacetyl—l—cyclopropanecarboxylatéi which was
then, witﬂgut furthe{ purification, dissoived in 200 ml
of ethanol. To .the solutioﬁ_wére simuitaneously added
dropwise 33 g of R-(+)-l-phenylethylamine and 27 g of.
trietﬁylamine over a period of 1 hour while stirring
under.-iCe—cooling. After the addition,‘ the reaction-
temperature was raised to room temperature, and the
" stirring was coﬁtinued at room temperature'for 2 days.
Any insoluble matter was removed by £filtration, and’
ethanol was removed from the filtrate under reduced |
pressure. The residue Qas dissolved in 300 ml of ethyl
écetate, and the solution was washed'su¢Cessively with-
1N hydrochloric acid, a saturated sodium hydrogen-

carbonate aqueous solution, and a saturated sodium
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éhloride aquéous solution in this order. The organic
layer was dried dver'anhydrous sodium sulfate, and the
solvent was removed under reduced pressure. The residue
was subjected to 200 g of silica gel.column which was
eluted with 0 to 2% methanolic chloroform to obtain the
titled compoynd (19) as a colorless crystal.

Melting Point: - 98-103°C :-.~

1§-NMR (CDCl3) § ppm: _

' 1.62 (3H, 4, J=7.2Hz), 3.5 (1H, d, J=18Hz), 3.9
(1#, 4, J=18Hz), 5.82 (1H, q, J=7.2Hz), 7.36

(5H, s)

2) 5- [(llephenylethyll 7- hydroxy1m1no—4—oxo—5—aza—
spiro[2,4 Jheptane (20):

To 3.35 g of Compound (19) were added 1.6 g of

.hydroxylamine hydrochloride, 2.3'g of triethylamine, and
80 ml of ethanol, ;ﬁd the mixture,was stirred at room
-temperature for 2 hours. The éolvent was removed under
reduced pfessure, and chloroform was added to the
residﬁe. The mixture was washed successively with a 10%
citric écid aqueous solution and a saturated sodium
chloride aqueous solution. The organicllayer was dried
over anhydrous sodium sulfate. The solvent was rémoved
under reduced pressure to obtain 3.5. g of the titled

compound (20) as a colorless crystal.

Melting Point: 188-194°C
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1g-NMR (CDCl3) & ppm:
1.2-1.4 (2H, m), 1.53 (3H, 4, J=7.2Hz & 2H, m),
3.8 (1H, d, J=18Hz), 4.16 (1H, d, J=18Hz), 5.63
(18, g, J=7.2Hz), 7.32 (5H, s) '

3) 7-Amino—-4-oxo-5-[(1R)-Phenylethvyl]}-5-azaspiro[2,4]-
heptane (2la, 2lb}:

To 150 ml of methanol weré added 3.5 g of

Compéund (26) and 7.5'ﬁ1 of Raney nickel} and EétaiY£ic'
reduction was 'carried. out at room temperature. for 12
hours. After the c;£$lyst was removed -by filtration,
the s&ivent was removed from the filtrate under reduced
pressure, The residue was subjected to a- 100 g ‘of
silica gel column eluted with a mixed solvent of 5%
methanol/chloroform which was -to yield 1.0 g of the.
entitled compound (215) from the earlier fraction and
0.8 g of the titled compound (?la) from the 1later
fraction each as a colorleés oily substance. |
Compound (21b): |
1H-NMR (CDCl3) & ppm:
0.8-1.4 (4H, m), 1.52 (3H, 4, J=7Hz), 2.87 (1H,
ad, J=10, & 3Hz), 3.3-3.9 (2H, m), 4.27 (2H, br.

s), 5.42 (1H, q, J=7Hz), 7.29 (SH, s)
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Compound (2la):
1R-NMR (CDCl3) § ppm:
0.6-1.3 (4H, m), 1.40 (2H, s), 1.53 (3H, 4,
J=7.2Hz), 2.§9 (1H, 44, J=12.8, & 7.2Hz),
3.15-3.45 (2H, m), 5.52 (1H, q, J=7.2Hz), 7.30
(5H, s)

4} 7-Amino—5- [(lRl,Pheny;ethyl] 5-azasp1ro[2,4]heptane
{223, 22b)

To-50 ml of anhydrous tetrahydrofuran were added

._l 0 g of Compound (21b) and 500 mg of llthlum alumlnum
hydride, and the mixture was refluxed for 17 hours.
After cooling, 0.5 ml of_water, 0.5 ml of a 15% sodium
hydroxide aqueous solution, and 1.5 ml of water were
successively added to the reaction mixture in this
ordef, followed by stirring well at room temperature for
30 minutes. Any insoluble matter was femoved by
filtration and 'thoroughly washed.‘with tetrahydrofuran.
The filtrate and the washing were.combined andjdried.-
The solvent was removed under reduced pressure to obtein
940 mg of the titled compound (22b) as a pale yellow

oily eubstance. Iﬁ the same manher, 755 mg of the

titled compound (22a) was obtained from 800 mg of
Compound (2la).
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Compound (21b):
1H-NMR (CDCl3) § ppm:
0.2-0.8 (4H, m), 1.35(3H, d,. J=6.6Hz), 1.6-2.0
(2H, br. m), 2.2-3.1 (4H, m), 3.24 (1H, q,
J=6.6Hz), 3.5-3.9 (1H, m), 7.28 (S5H, br. s)
Compound (22a):
15~NMR -(CDCI3): . ppm s hE -
1 0.3-0.9 (4E, m), 1.36 (3H, d, J=6.7Hz), 1.8-2.2
(2H, m), 2.2-3.2 (4H, m), 3.24-(1H, g, J=6.7Hz),

3.6-3.9 (1H, m),.7.28 (5H,.br..s).. ....

5) 7—(t—Butoxycarbonylamiholjs—[(lR)—phenylethvll—S—

azaspiro[2,4]heptane (23a, 23b):

To 20 ml of anhydrous tetrahydrofuran were added
764_mglof pqmpound (22b) and 1.3 g of Boc-ON [Boc-ON; 2~
(t—Butéxycarbonyloxyimino]—Z—phenylacetonitrile

CN |

/ :
(CH;);COCOON=C ], and the mixture was stirred at
7 \

—

foom temperature for 4 hours. Ethyl écetate was added
to the reaction mixture, and the mixture was washed
twice with a 1N sodium hydroxide aqueous solution and
then once with water, followed by extraction with a 10%
citric acid aqueous solution. The aqueous extract was
washed once with ethyl acetate, and a  15% sodium

hydroxide aqueous solution was added to the aqueous
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layer under cooling to make it alkaline. The mixture -
was extracted three times with chloroform, and the
organic léyer was washed. with a -saturated sodium
chloride aqueous solution and then dried. The solvent -
~was removed under reduced pressure, and the residue was
subjected to silica 'gel. column chromatography (silica
madc:. - gels 20 gi- eluent{-chloréform:methanol=2ail;%10:1)"fo
obtain 690 mg of the titled compound (éBb).- This
I T compound was allowed ‘to stand to crystallize;. followed
by washing with n—hekane. The titled compound (23a)twas
obtained in the same manner.
Compound (23b) (colorless crystal):
 Melting Point: 103-105°C
[u]D: ;I5.25 (c=l.4§5, chloroféfm)
lg-NMR (CDCl,) § ppm: -
0.4-0.9 (4, m), 1.36 (3H, 4, J=7.2Hz), 1.44
(9H, s), 2.42 (2H, AB g, J=10.2 Hz), 2.79 (2H,
da, J=s. 6 Hz), 3.24- (1H, g, J=7. 2Hz), 3.6-4.0
(1, m), 4.6-5.1 (1H, br. d), 7. 28 (5B, s)
Elementary gAnalysis for C,qH,gN,0,:
Calcd. (%): C 72.12; H 8.92; N 8.85
Found (%): C 71.63; H 85.07; N 8.64
Compound (23a) (colorless crystal):
Melting Point: 94-97°C

[a]lp: +47.6° (c=0.89, chloroform)
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1H-NMR (CDCl;) & ppm:
0.4-0.9 (4H, m), 1.33 (3H, d, J=6.6Hz), 1. 40
(9H, s), 2.29 (1H, 4, J=9Hz), 2.44 (1H, daad,
J=10.8 & 3.6Hz), 2.77 (1H, d, J=9Hz), 2.88 (1H,
dd, J=10.8 & 5.3Hz), 3.22 (1H, q, J=6.6Hz), 3.6~
3.9 (1H, m), 4.7-5.2 (1H, br. d), 7.27 (5H, s)
Elementary aAnélysiS'for CygHzgN50,: =&~
Calcd. (%): C 72.12; H 8.92; N 8.85
Found (%): C 71.86;7 H-9.36; N 8.68"

6) 7-t-Butoxycarbonylamino-5-azaspiro{2,4]heptane (24a,

24b)
To 30 ml of ethanol were added 650 mg of

Compound (23b) and 500 mg of 50% hydrated palladium-on-
carbon, and catalytic reduction. was effected under
heatipg at a pressure of 4.2 atoms. After 6 hours, the
catalyst was removed by filtration, and the solvent was
removed undér reduced pressure. To the oily residue was
added ethyl acetate, followed By extracting twice with a
103 citric acid aqueous solution. The agqueous extract
was made alkaline with a 15% sodium hydfoxide agueous
solution and then extracted three times with chloroform.
The chloroform layer wés washed with water and dried.
The solvent was removed under reduced pressure to yield
440 mg of the titlead éompound (24b) as a crﬁde product.

The titled compound (24a) was obtained in the same

’_’____—————_—.—-,_
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manner as above. The NMR spectra of Compounds 24b) aﬁd

(24a) were in complete agreement with each other.

Compound (24) | o .

E-NMR (CDC1l;) § ppm:

0.4-1.0 (4H, m), 1,42 (9H, s), 2.71 (1H, 4,
J=10.2Hz), 2.92 (1H, dd4, J=10.8 & 3.6 Hz), 3.01
(1H, ‘d, J=10.2Hz),=3.33-(1H; dd,"I=10:8:&-5,4-
Hz), 3.5-3.9 (1H, m), 5.0-5.4 (1H, br, 4) .

EXAMPLE 9. -~ - ...

7-(7—-t-Butoxycarbonylamino-5-azaspiro[2,4]heptan—-5-yl)—
8—chloro-6—fluoro—1—(l,2-cis—z—fluoro—l—cyclopropyl)—
1,4-dihydro-4-oxoquinoline—-3—-carboxylic acid (25bb}:

In 0.6 ml of acetonitrile were dissolved 160 mg
of 8-chloro-6,7-difluoro-1-(1,2-cis-2-fluoro-l-cylo-
propyl)—1;4-dihydro—4—oxoquinoline—3—carboxylic acid
(12b), 150 mg of the amine compound (24b), and 0.5 ml of
triethylamine, and thé solution was heated under reflux
for 5 hours. After cooling, the pfecipitated colorless
crystals were cdilected by filtration. The solvent of
the mother liquor was removed .under reduced pressure,
and the residue was purified by silica gel preparative
TLC using a developing solvent of chloroform—methanol
(5:1 by wvolume). The purified product and the above-
obtained crystals were combined to give 255 mg of the

titled compound (25bb).

Melting Point: 213-218°C
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lH-NMR (CDC1l;) § ppm:
016—100 (GHI m)’ 1145 (gH, IS)' 7099 (1H, d,
J=13.1Hz), 8.74, 8.78 (each 0.5H, s)

EXAMPLE 10

{—=)-7—-({7-Amino-5-azaspiro[2, 4]heptan-5 -y1)—-8-chloro-6~
fluoro-1—-(1,2-cis—2-fluoro-l-cylcopropyl)-1,4- d1hydro—4-
oxoquinoline—-3-carboxylic acid (26bb):

To 255.mgﬁofﬁthéyBOG—dOmpOundxiﬂsthﬁaSﬁobtained.¢-;_.

in Example 9 were added 0.5 ml of anisole and 10 ml of
trifluoroacetic acid . under Aice-cooling. = - After ‘warming
to room -temperature, -the mixture was stirred for 30
minutes. The solvent was removed under reduced
pressure, a 1N sodium hydroxide aqueous solution was
added to the residue adjusting a pH of 11 to 12. The
alkaline 'aqueous solution was washed -twice with
chlor'oform. The aqueous layer..was adjusted to a pH of
.about 7 with concentrated hydrochloric acid and a 10%
citric acid aqueous soiution and extracted three times
with chloroform. The extract was washed with waﬁer and
dried over anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the resulting solid
was recrystéllized from ethanol-concentrated aqueous
ammonia to obtain 142 mg of the titled-cpmpound (26bb)
as a colorless cryétal.
Melting Point: 127-140°C (with decomposition)

fa)y: -199.2° (c=0.24, 1N NaOH)
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Elementary Analysis for C,gH,gN3;03F,Cl-1/4H,0:
calcd. (%): C 55.08; H 4.50; N 10.14
Found (%$): C 54.86;- H 4.80; -N 10.03

EXAMPLE 11

Synthesis of Compound (26ab)

Compound (26ab) was obtained from Compound (léa)
-and:- Compound - (24b) -in the. .same- manner...as. .described .in
Examples 9 and 10.
Melting Point: 123-128°C (with'decompositiOn)
(a]p: +21.5° (c=0.195, 1N NaOH) -

Elementary Analysis for C,gH,gN;0,F,Cl-1/2H,0:
Calcd. (%): C 54.49; H 4.57; N 10.03

Found (%): C 54.33; H 4.73; N 09.81

EXAMPLE 12

Synthesis of Compound (26a)

Compound (26a) was synthesized from Compound
(12b) and Cémﬁound {24a) in the same manner as described
in Examples 9 and 10. | ‘
Melting Point: 121-127°C (with decomposition)
[alp: -21.1° (c=0.275, 1N NaOH)

Elementary Analysis for C,¢H; gN;05F,C1-1/2H,0:
Calcd. (%): C 54.49; H 4.57; N 10.03

Found (%): C 54.77; H 4.43; N 9.86

_—
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EXAMPLE 13

SYnthesis of Compound (26aa)

.Compound (26aa) was synthesized from Compound
(12a) and Compound (24a) in the same manner as in

Examples 9 and 10.

Melting Point: 126-145°C (with decomposition)

[a]y: +186.6° (C=0.228, 1IN NZOH) ™ "~ "

Elementary Analysis.for. C;gH,gN;0;3F,Cl-3/4H,0:
Ccalcd. (%):C 53.91; H 4.64; N 9.93°
Pound (%): C 53.80; H 4.47; N 9.82

REFERENCE EXAMPLE 27

(-)—-Ethyl 8- —chloro-7-fluoro—-1- (1,2-cis—~-2—-fluoro-1-—-
¢yclopropyl)—4-oxo—-1,4— dlhydro—l 8—-naphthyridine-3-
carboxylate (29a)

A mixture of 1 g of ethyl 2, 6-d1ch10ro—5 -fluoro-
nicotinoylacetate (27), 3 ml of ethyl orthoformate, and
"6 ml of acetic anhydride was heated at 120°C for 1 hour
thle stirring. The reaction mixturé was evaporated to
.dryness under reduced pressure, and the residue was
dissolved in 10 ml of dichloromethane.

Ten milliliters of trifluoroacetic acid wés
cooled with ice, and 750 mg of (+)—cis-1-(t-butoxy-
carbonylamino)—2—fluorocyclopropéne (4a) was dissolved
therein. The solution was stirred at room temperature
for 20 minutes, followed by evaporation to dryness under
reduced pressure. The residue was suspended in 20 ml of

_
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dichloromethane, énd 2.0 g of triethyiamihe was added
thereto under  jce-cooling. To the suspension was
further added the above—prepared' dichloromethane
"solution, followed by stirring at room temperature for
30 minutes.
The reaction mixtﬁre was washed with water and
“dried over ‘anhydrous -sodium :sulfate..: ::The .solvent..was
removed under' reduced pressure. The residue was
subjected to column chrqmatographyﬂusingGSO~g~of*sili¢a
gel ﬁsing chloroform as an eluent-to yield 1.29 g of
ethyl 2-(2,6-dichloro-5-fluoronicotinoyl)-3-(1,2-cis~2-
fluoro-l-cyclopropyl)acrylate (28a) as.§ cqlorless oil.
1g-NMR (CDC1;) & ppm: _ |
1.06 (3H, £, J=7Hz), 1.1-1.6 (2H, m), 2.86-3.18
"(1H, m), 4.05 (2H, q, J=7Hz), 4,78 (1H, dm,
'J=63Hz), 7.36 (1H, d, J=7Hz), 8.31 (1H, d, J=14
a) : : : ..
_ In. 25 ml of anhydrous dioxane was dissolved
1.29 g of Compound (Zéa), and 300 mg of 60% sodium
'hfdride was added to.the solution, followed by stirring
"for 1 hour. The reaction mixture was concentrated under
reduced pressure, and to the residue was added 0.1N
hydrdchloric acid. The precipitated crystals were

collected by. filtration and washed successively with
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water and diethyl ether to obtain 860 mg of thé titled
compound (29a) as a colorless crystal.

Melting Point: 184-185°C :

[alp: -1.26° (c=0.793, chloroform)

Elementary Analysis for C,,H,;,F,N,0;
Calcd. (%): C 51.16; H 3.37; N 8.52

.Found (%):. -C-51.12%. H: 3,263 . N:8.52z153 . <7 .
1H-NMR (CDCl,) & ppm:

1.41 (3H, t, J=7Hz); .1.4-1.84 (2H, m), 3.50 (1H,

m), 4.40 (2H, g, J=7Hz), 5.02 (1H, dm, J=65Hz),

'8.43 (1H, d, J=7Hz), 8.66 (1H, s)

REFERENCE EXAMPLE 28

{+)-Ethvyl 8—chloro—7—fluoro—l—(l,2—cis—2;fluoro—l—
cyclopropyl)—-4-oxo-1,4-dihydro-1,8-naphthyridine-3- -
carboxylate (29b): R

A mixture of 1.0 g of éthjl 2,6~-dichloro-5-
fluoronicotinoylacetate (27), 3 ml of éthyl ortho-
formate, and 6 ml of acetic anhydride was heated at
120°Cc for 1.5 hours while stirring. The reaction
mixture ﬁas evaporated to dryness under reduced
pressure, and the residue was dissol?ed in 10 m}l of
dichloromethane.

Ten milliliters of trifluorocacetic acid was
cooled with ic¢e, and 750 mg of (-)-cis-1-(t-butoxy-
carbonylamino)-2-fluorocyclopropane (4b) was .dissolved
therein. The solution was stirred at room temperaturé

ﬂ_~”,%f”"_;_*,,_._
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for 20 minutes, followed by evaporation to dryness under
reduced pressure. The.residue was suspended in 30 ml of
dichloromethane, and 2.0 g of triethylamine was added
thereto under ice-éooling. To the suspension was
further added the above-prepared dichloromethane
solution, and the .mixture was stirred at room
‘temperature for 30 minutes. e

The reaction mixture was washed with water and
dried over anhydrous. :sodium..sulfate. ...The solvent was
evaporated, and the .residue. was _purified bf column
chromatography using 50 g of silica gel and chloroform
as an eluent to obtain 1.29 g of ethyl 2-(2,6-dichloro-
5—f1uoronicotinoyl)—3—(l,zicis—2—f1uoro—1-cyclopropy1)-
acrylate (28b) as a colorless oil.

Compound (28b) (1.29 g) was reaéted in the same
manner as for Compound (28a) to obtain 936 mg of the
titled compound (29b) as a colorless crystal. |

Melting Point: '183-185°C
[a]p: +1.12° (c=1.07, chloroform)

Elementary Analysis for C,,H;,F,N,05
Caled. (%): C 51.16; H 3.37; N 8.52

Found (%): C 51.39; H 3.24; N 8.49

—
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REFERENCE EXAMPLE 29

(-)-8-chloro—-7—-fluoro-1-(1,2-cis—-2-fluoro-l—-cyclo-

- propyl)-4-oxo-1,4-dihydro-1, 8—naphthvr1d1ne 3—carboxv11c

acid (30a): .

A mixture of 800 mg of Compound (29a) and 15 ml
of concentrated hydrochlorlc a01d. was heated at 100°C

for 1.5 hours while stirring. Water was added to the

reaction :mixture,:.and ..the.:precipitated.:crystals..were ... .

collected by filtration to yield 610 mg of the titled

~compound :(30a)as a-colorless crystal.- -

Melting Point: 215-219°C

{a]lp: -20.65° (c=0.910, chloroform)
REFERENCE EXAMPLE 30

{(+)—-8-chloro—-7-fluoro-1—-(1,2-cis—-2-fluoro-l—-cyclo-
propyl )—-4-oxo—-1,4-dihydro-1,8-naphthyridine—3—-carboxylic
acid (30b):

A mixture of 870 mg of Compound (29b) and 20 ml
of concentrated hydrochloric acid was heated at 100°C
for 2 hours while stirring. Water was added to the
reaction mixture, and the precipitated crystals were
collected by filtration to yield 715 mg of the titled
compound (30b) as a colorless crystal. |

Melting Point: 218-220°C

Talp: +22.34° (c=0.555, chlbroform)
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EXAMPLE 14

7—[4—(S)—Amino—2—(S)—methyl-l-pyrroiidinyl]—6-fluoro—1—
(l,2-cis—-2-fluoro—-l-cyclopropyl)—-4-oxo—-1,4-dihydro-1,8—
naphthyridine~3-carboxylic acid (31a):f

In 15 ml of trifluoroacetic acid was dissolved

300 mg 'of 4-(S)-amino-l-t—-butoxycarbonyl-2-(S)-methyl-

pyrrolidine (32) (cf. Terry Ronson, et al., J. Med.
.Chem.,  Vol.: 31, p.1598 .(1988)).:and - :the-: solutlon was-. ..

stirred at room temperature for 20 minutes, followed by
evéporation ‘to ‘dryness under-- reduced - pressure. - The

residue was dissolved in 20 ml of acetonitrile, and 150

'mg of Compound (30a) and 2 ml of triethylamine were

added to the solution, £followed by refquing for 30
minutes. The reaction mixture'was evaporated to dryness
under fedubed preésurq, and hydrochloéic acid was added
to the residue. The mikture;was washed with chloroform.
The aqueous iayef was adjusted to a pH of 13 with sodium
hydroxide and washed with chloroform. The agueous layer
was adjusted to a pH of 7.5 and extracted with
chloroform. The organic 1ayer.was dried over anhydrous
sodium sulfate, and the solvent was removed under
reduced.pressure. Recrystallization of the residue from

aqueous ammonia-ethanol yielded 150 mg of the titled

. compound (3la) as a colorless crystal.

Melting Point: 255-258°C

[a)p: -14.52° (c=0.413, 0.1N NaOH)
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Elementary Analysis for C,4H,gF,N,05-1/4H,0:
Calcd. (%): C 55.36; H 5.06; N 15.19
Found (%): C 55.09; H 5.40; N-15.04

 EXAMPLE 15

(=)-7-[3-(R)-[1-({S)-Aminocethyl]-1-pyrrolidinyl]—-8- -
chloro—-6-£fluoro-1-(1,2-cis-2-fluorocyclopropyl)—4-oxo—
1,4-dihydroquinoline-3-carboxylic acid (34b):

A mixture..of. .159.:mg - of-::{-)~8~chloro=6,7~ . . -
'difluoro—l—(l,2—cis-2-f1uoro—1—cyclopropy1)—é—oxo—l,4-
dihydroquinoline-3-carboxylic acid"(iZb)ﬁ:160:mK;fof 3-
(R)—[l—(S)—t4butoxycarbdnylaminoethyl]pyrrolidine (cE.
JP—A-61-3119925, 400 mg of triethylamine, and 20 ml of
acetonitrile was heated under reflux for 12 houfs. The
reaction mixture was concentrated under réduced
pressure, and ﬁhe résidue was dissolved in chloroform.
The organic solution was washed éucéessively with a 10%
citric acid aqueous solution and water, and dried over
anhydrous sodium sulfate. The solvent was evaporated,
and the residue.was_recrystallized from ethyl acetate-
isopropyl ether to yield 220 mg of (-)-7-[3-(R)-[1-(S)-
t-butoxycarbonylaminoethyl]-l1-pyrrolidinyl]-8-chloro-6-.
fluoro-l—(l,2—cis—2—fluoro—l—cyclo§r6pyl)—4—oxo—1,4—
dihydroquinoline-3-carboxylic acid (33b).
Melting Point: 189-193°C

[a]p: —-205° (c=0.985, chloroform)
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Elementary Analysis for 024H2301F2N305
- Caled. (%): C 56.31; H 5.51; N 8.21

Found (%): C 56.16; H 5.48; N-8.21
In 10 ml of trlfluoroacetlc ac1d ‘was dlssolved
200 mg of Compound (33b), and the solution was stlrred

for 30 minutes. The reaction mixture was evaporated to

- dryness- -under: reduced -pressure,---and -the- residue ~was -

dissolved in a 1N sodium hydroxide adqueous solution and
washed with -chloroform. The aqueous 1éyer was adjusted
to a pH of 7.4 with hydrochloric acid and extracted with
chloroform.- The organic layer was dried over anhydrous

sodium sulfate, and the solvent was evaporated. The

-re51due was’ recrystalllzed from aqueous ammonia-ethanol

to obtaln 140 mg of the titled cqmpound (34b) as a
colorless crystal.
Melting Point: -204-207°C
[alp: -160.0° (c=0.505, 0.1N NaOH)
Elementary Analysis for C,;gH,;ClF,N;05-H,0:
Calcd. ($): C 53.09; H 5.38; N 9.77
Found (%): C 53.20; H 5.17; N 9.66

REFERENCE EXAMPLE 31

Ethvl 2-(§—acetQ§y—2,4,5—trifluorobenzoyl)—3—(l,24Cis—2—
fluoro—-l-cyclopropyllacrylate (36b):

A mixture of 1.0 g of éthyl 3-acetoxy-2,4,5-

trifluorobenzoylacetate (35).(cf. JP—A—37-175485), 6 ml
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of ethyl orthoformate, and 6 ml of ‘acetic anhydride was
heated at 120°C for 3 hours under stirring. The
reaction mixture was evaporated to dryness under reduced
pressﬁre; and the residue was dissolved in 10 ml of
dichloromethane.

In 5 ml of trifluoroacetic acid waé dissolved
467 .mg .of (-—)=cis-=1-t-butoxycarbonylamin 52:fluorocyclo—ﬁ:
propane (4b),- and the solution was stirred for 20
minutes; - followed by evaporation to dryness- under-
reduced pressure. The residue was suspenéed in 20 ml of
dichloromethane, and 5 ml of a dichloromethane solution
containing !500 mg of triethy;amine was added dropwise
thereto under ice-cooling, followed by stifring-for 10
minutes.. To the solution was added the above-prepared
dichloromethane solution, and the mixture was stirred at
room temperature for 16 hours. The reaction.mixture was
washed successively with a 10% citric acid aqueous
solution and water. The organic layer was dried over
anhydrous sodium sulfate, followed by evaporation under
reduced pressure to'obtaiﬁ 1.25 g of the titled compound

(36b).
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REFERENCE EXAMPLE 32

{(-)-Ethyl 6,7-difluoro-1-(1,2-cis—-2-fluoro—-l-cyclo-
propyl)-8-methoxy-4-oxo-1, 4-d1hydroqg1nollne-3—
carboxylate (37b):

In 40 ml of dioxane was dissolved 1.25 g of
Compound (36b), and 440 mg of potassium carbonate and 10
ml of water wére added thereto, followed by stirring at
room temperature:--for 19 hours:  :The- reaction mixture was -
neutralized with hydrochloric 'acid, concentrated under
reduced pressure,' and ex£récted with chlorofoinu The
extract was.dried over anhydrous sodium sulfate, and the
solvent was removed under reduced pressure. The residue
was dissolved in 40 ml of anhydrous dioxane{_and 300 mg
of 60% sodium hydride and 1 ml of ethyl iodide were
qued therééo, followed by stirring at room temperature
for 24 hours. The reaction mixture was concentrated
under reduced pressure, and the residue was extracted
with chloroform, washed with water, and dried over
anhydrous sodium sulfate. " The solvent was evaporated.
The residue was recryséallized from isopropyl ether to
‘obtain 235 mg of the titled compound (37b) as a
colorless crystal.

Melting Point: 163-64°C.

{a]lp: —-22.9° (c=0.490, chloroform)
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'H-NMR (CDC1;) § ppm:
1.40 (3H, t, J=7Hz), 1.3-1.8 (2H, m), 3.7-4.0
(1H, m), 4.10 (3H, 4, J=2Hz), 4.38 (2H, q,
J=78z), 4.85 (1H, dm, J=63Hz), 8.02 (iﬁ, dd,
J=9Hz, & 8.5Hz), 8.55 (1H, s)

Elementary Analysié for Cy.H,,F3NO,
Calcd. (%): C 56:31; H'4.137 N 4.107 ~— -~~~
Found (%$): C 56.62; H 4.18; N 4.11 ..

REFERENCE EXAMPLE 33-1 -

(+)-cis—4-Amino-l-benzyl-3-methyl-2—-oxopyrrolidine (45):

A mixture of 5.13 g of ethyl 1—benzyl—3—methyl—
2—oxo-3—pyrrolidinecarboxyiate (42, cf. JP-A-62-4284),
40 ml of 50% ethanol, and 2 g of sodium hydroxide was
stirred at room temperature for 42 hours. ‘To the
reaction mixture was added 100 ml of water, and the
mixture was washed with chloroform. The aqueouys layer
was neutralized with hydrochloric acid, extracted with
ethyl acetate. The extract was dried' over énhydrous

 sodium sulfate. ';‘he solvent was evaporated -to obtain
3.40 g of (#)-1-benzyl-2-oxo-3-pyrrolidinecarboxylic

. acid (43) as a colorless crystal.
Compound (43) (3.40. g), 4.45 :g of diphenyl-
phosphorylazide, 1.9 g of triethylamine, and 50 ml of t-
butyl alcohol were mixed and the mixture was heatea

under reflux for 12 hours. - The reaction mixture was
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concenfrated under reduced pressure, and the residue was
dissolved 1in chloroform. The solution was washed
successivelj with a 10% citric acid aqueous solution, a
2% sodium hydroxide agqueous solution, and water and
dried over anhydrous sodium sulfate. -The solvent was

evaporated, and the residue was purified by silica gel

-~ column - chromatography 'ﬁsing “chloroform-methanol

(97.5:2.5 by yolume) as an eluent to obtain 1.76 g of
(i)—cis—l—bgnzyl—4-tLbdtoxycarbonylamin0f3—methy1—4—
oxopyrrolidine (44) as a colorless oil.

In 15 ml of trifluorocacetic acid was dissolved

1.76 g of Compound (44). After 1 hour, the solution was

concentrated under reduced pressure. To the residue was

added 100 ml of water, and the mixture was washed with

benzene. The aqueous layer was adjusted to a pH of 12

- with sodium hydroxide and extracted with chloroform.

The organic layer was dried over anhydrous sodium

sulfate, and the solvent was evaporated to obtain the

titled compound (45j as a colorless oil.
1H-NMR (CDCl;) & ppm:
'1.25 (3H, 4, J=7Hz), 1.44 (2H, s), 2.16 (lH, dt,
J=7Hz), 2.83 (1H, 44, J=6.7Hz, & 8Hz), 3.14 (1lH,
h), 3.38 (1H, dd, J=6.7Hz, & 8Hz), 4.48 (2H, s).

7.28 (5H, s)
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REFERENCE EXAMPLE 33-2

Optical Resolution of 01s-4—Am1no—1-benzyl 3-methyl—-2-—-
oxopyrrolidine (45):

In 40 ml of dichloromethane were dissolved 4.17
g of Compound (45) and 3.3 ml of pyridine, and a
solution of 7.7 g of (S)—N—p-toluénesulfonylprolyl
chloride in 50 ml of dichlorbmethane;was added. thereto
dropwise, followed-by stirring for 4 hours. - - -
' The réaétion mixture was -washed -successively-
with-iN hydrochloric ;cid,_a saturated sodium hydrogen-
carbonate aqueous solution, and water, and dried over

anhydrous sodium sulfate. The solvent was evaporated

under reduced pressure, and the residue was subjected to

silica gel. column chromatography using ethyl acetate as

an eluent to isolate the iéomers. Bach of the isomers

was - recrystallized from ethyl acetate to obtain 3.3 g

and 3.6 g of cis-l—benzyl—B—me;hyl—4—[(S)—N—p—toluene—
sulfonylprolylamino]—-2-oxopyrrolidine (46a) and (46b),
respectively. ’

Compound (46a):

Rf (silica gel TLC; ethyl acetate): 0.69
Melting Point: 162°C

[a]lp: —-87.3° (c=0.735, chloroform)
Compound (46b): . '

Rf (silica gel TLC; ethyl acetate): 0.61
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Melting Point: 175-177°C

[a]lp: -148.6° (c=0.665, chloroform)
" REFERENCE EXAMPLE 33-3

(+)-cis-1-Benzyl-3-t-butoxycarbonylamino—4-methyl-
pyrrolidine (47a):

A mixture of 3.23 g of Compound (46a) and 50 ml
of concentrated hydrochloric acid as heated under reflux
‘for 5 hdﬁrs, followed by -éonéeﬁéfééiéﬁduﬁhéérwﬂréaﬁééd
pressure. Té the residue was added a 1N sodium
hydroxide aqueousﬂlééiution, and the solution was
extracted witﬁ chloroform. The organic layer was dried
-over anhydrous sodium sulfate, "and the solvent was
evaporated to obtain 1.48 g of Compound (45a) as a
colorless oil. - |
The product was dissolved .in 10 ml of tetra-
hydrofuran, and the solution was added dropwise to a
suspension of 2.0 g of lithium aluminum hydride'in 50 ml
of tetrahydrofuran. The mixturé was heated unde; reflux
for 24 hours. To the reaction mixtufe was added dfop—'
wise 10 ml .of water under ice-cooling, and, after
stirring for 30 minutes, any insoluble matter was
removed-by filtration. To the filtrate was added 1.92 g
of Boc-ON, followed by stirring for 24l hours.. . The
‘reaction mixture was concentrated under reduced
préssure, and the residue was extracted with chloroform.
\
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The extract was washed successively with a 5% sodium
hydroxidé aqueous solution ‘and water, and dried over
anhydrous sodium sulfate. Tﬁe solvent was then
evaporated. |

The residue was purified by silica gel coiumn

chromatography using chloroform-methanol (1l:0 to 9:1 by

.. volume) .as an eluent to.obtain:1.76.g of. a crystal. - To ...

the product was added n-hexane, and the mixture was
stirred -thereby precipitating a- d¢ compoﬁnd.- - The
crystals were collected by filtration, and the filtrate
was concentréte@. This procedure was fepeated twice.
One hundred milligrams of the d¢ compound was -Obtained
from the filter cake and.l.sl g of the titied optically
ac£ive combound (4fa) f;om the mother liquor.
Melting Point: 48-52°C.
{alp: +27.2° {c=2.33, chloroform)
1E-NMR (CDCl,) & ppm: |
1 07 (34, 4, J= 7Hz), 1.43 (9H, s), 1.78-2.02
(2H, m), 2.62 (2H, d, J=5Hz), 2.84-3.10 (1R, m),
3.55 (2H, s), 3.5-3.8 (1H, m), 4.8-5.2 (1lH,

broad), 7.23 (5H, s)
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REFERENCE EXAMPLE 33-4

Lrlecis-l—Benzyl—3—t—butoxycarbohylamino—4—methyl—
pyrrolidine (47b):

~In the same manner as for the synthesis of

Compound (47a) but startihg with 3.52 g of Compound

(46b), 1.72 g of the titled compound (47b) was obtained.
Melting Point: 57-61°C

[a]p: -31.21°
REFERENCE EXAMPLE 33-5

cis-3- t—butoxycarbonylam1no-4—methy;pyrrolldlne (39a),
{39b): _

Compound (47a) (1.61 g), 1.5 g of 5% palladium-
on-carbon, and 80 ml of ethanol were mixed, and
catalytic. reduction was carried out for 5 hours while
irradiaﬁiné the mixture with an infrared 1ampl in a
hydrogen atmosphere at a pressure of 4 atoms. Aftér the
reaction, the catalyst was removed by filtration, and
the filtrate was goncentrated to obtain 1.09 g of a
crude product as a colorless oil. Tﬁe product
solidified as a cafbonate on's’calnding, which was used
without purification.

In the same manner as 'for the synthesis of
Compound (3%a), 1.1 g of Compound (3Sb) Vas'obtained as

a colorless oil from 1.70 g of Compound (47b).
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REFERENCE EXAMPLE 34

Bthyl 2-(2,4,5~trifluoro—-3-methylbenzoyl)—3—-(1,2-cis—2~
fluoro-l—-cyclopropyl)acryvlate {50b):

A mixture of 710 mg of ethyl 2,4,5—trif1uoroé3-
methylbenzéylacetate (prepared from 2,4,5-trifluoro—-3-
methylbenzxoic acid (48), cf. JP-A-62-215572), 6 ml of
ethyl orthoformate, and 6 ml of acetic. anhydride_”was
heaﬁed.~at 120°C for 2 hours while 'stirring} The
reaction mixtufe was evaporated to dryness under reduced
pressure, and the re;idue was dissolved in 10 ml of
dichloromethane.

In 5 ml of trifluoroacetic acid was dissolved
580 mg of (—)—cis—1-t-butoxycarbonylaﬁino-2-fluorocyclo-
propané (45), and the solution was stirred for 30
minutes, followed by evaporation to dryness under
reduced pressure. Thelresidue was suspended in 20 ml of
dichloromethane, and 700 mg of triethylamine was added
thereto under ice-cooling. After stirring .for 10
minutes, the above-prepared dichloromethane solution was
added thereto, followed by allowing to stand overnight.
The reaction mixture was washéd with water and dried
over anhydrous ~sodium sulfate. The solvent was
evaporated and the residue was crystallized from n-
‘hexane to obtain 787 mg of the titled compound (50b) as

a pale yellow crystal.

-_
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REFERENCE EXAMPLE 35

(-)-Ethyl 6.7-difluoro~1-(1,2-cis-2-fluoro-l-cyclo-
propyl)-8-methyl—-4-oxo-1,4-dihydroquinoline-3-
carboxylate (51b): - .

In 20 ml of anhydrous dioxane was dissolved 600
mg of_Compound:(SOb), and a suspension of 100 mg of 60%
sodium . hydride having been washed with n-hexane in a
small . amount of .anhydrous . dioxane .was ..added . .to. the.
-solution. fhe mixture was stirred at room temperature
for 1 hour, .and ‘10 ml of a 10% citric acid aqueous
solution was added thereto, followed by concentration
under reduced pressure. The precipitated crystale were
collected by flltratlon, washed successively with water,
a small amount of ethanol, and diethyl ethet to obtaln
480 mg of the titled compound (51b) as a colorless
crystal. . |

- Melting Point: 230-231°C
[a]p: —B0.0° (c=0.350, chloroform)

1H-NMR (CDCl;) § ppm:
1.40 (3H, t, J=7Hz), 1.1-1.7 (2H, m), 2.71 (3H,

..d, J=303HZ), 3-77—3-98 (lH' m), 4.38 (ZH, q'
J=7Hz), 4.85 (2H, dm, J=64Hz), 8.12 (1lH, dd,
J=10Hz), 8.54 (1H, 4, J=3Hz)
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REFERENCE EXAMPLE 36

(-)-6,7-Difluoro-1—-(1,2-cis-2-fluoro-l-cyclopropyl)- 8-
methyl-4—-oxo-1, 4-d1hydroqu1nollne—3~carboxyllc acid

(52b):

A mikture of 480 mg of the ester compound (51b)
and 10 ml of concentréted hydrochloric acid was heated
at 1l20°C for 75 minutes while stirring. After cooling,
-the precipitated crystals -were =collected--by~ filtration
and washed with wﬁter and ethanol to obtain 380 mg of
the titled compound (52b) as a colorless crystal. . 

Melting Point: 204°C
{alp: -60.0° (c=0.100, chloroform)
1H-NMR (CDCl;) & ppm:

1.3-1.9 (2H, m), 2.80 (3H, 4, J=5.8Hz), 4.1-4.4

(1H, m), 4.15 (1H, dm, J=64Hz), 8.17 (1H, dd,

J=16Hz), 8.82 (lH, d, J=4Hz), 14.2 (1H, s)

IEXAMPLE 16

(-)}-6—-[3-(R)—-(1—-(S)—-Aminoethyl)-1-pyrrolidinyl]-6—-
fluoro-1—-{1,2-cis—2-fluoro-l—-cyclopropyl)—-8-methyl—-4-—
oxo-1,4-dihydroquinoline—-3-carboxylic acid hydrochloride

(54b).

A mixture of 198 mg of Compound (52b), 350 mg of
_3—(R)—[l—(S)—t-bﬁtoxycarbonylaminoethyl]pyrrolid}ne,.
5 ml of dimethyl sulfoxide, apd 1.5 g of triethylamine
was heated at 110 to 120°C fér 5 hours while stirring.
The reaction mixture was evaporated to dryness under

reduced pressure. The residue was dissolved in chloro-

-
This Sheet Has Been

o HIIIIIHIHIHIIHIIIlll



D

Pl
et
:;-ii,...

-

\

(H

form and the solution was washed with a 10% citric acid
agueous solutiqp ‘and then with water, and dried over
anhydrous sodium sulfate. The solvent-was evaporated.

The residue was subjected to preparative TLC
which was developed with_a mixed solvent of chloroform—
methanol (95:5 by volume) to obtain 110 mg of 7-[3-(R)-
- [1—(S)—t—butoxycarbonylaminoethyl]pyrrolidinyljﬁ6;7—-
difluoro—s—methyl—4—dihydroquinoline-3-carboxylic " acid
(53b) as a pale yellow powder.

1H-NMR (CDCl;) 6 ppm:

1.24 (3H, &, J=7Hz), 1.45 (9H, s), 1.2-1.9 (2H,

m), 2.52 (3H, s), 1.9—2.7 (3H, m), 3.2-4.2 (6H,

m), 4.73 (1H, d, J=8Hz), 4.98 (1H, dm, J=65Hz),

7.97 (1H, 4, J=13Hz), 8.70 (1H, d, J=3.5Hz)

To 110 mg of Compouﬁd (53b) was added 5 ml of
concentrated hydrobhloric' acid, and the mixture was
.stirred at room temperature for 10 minutes, followed by
evaporation to dryness under reduced pressure. The
residue was recrystallized from ethanol-diethyl ether to
obtain 62 mg of the titled compound (54b) as a yellow
crystal.

Melting Point: 149-153°C

[a]p: —34.4° (c=0.168, 1N HCZ)

T
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EXAMPLE 17

5—Amino—7-(7—amino-5-azaspiro[2,4]heptan—5-y1)—6,8—di-
fluoro-1—(1,2~cis—-2-fluoro-l-cyclopropyl)—-4-oxo—-1,4-
dihydroquinoline—3-carboxylic acid (56b):

A mixture of 100 mg of (-)-5-amino-6,7,8-tri-
fluoro—l—(1,2-cis—2—fluoro—i—cyclopropyl)—4—oxo-1,4—di—
hydroquinoline-—3-carboxylié acid (17b), 100 mg of 7-t-
butoxycarbonylamino—s;azaspiro[2,4]héptanef(24b),=300 mg
of frieihylaminé, and 20 ml of acetonitrile was heated
under reflux for 23 hours.

The reactioh_mixture was evaporated to dryness
under reduced pressure, and the residue was dissolved in
100 ml of chloroform. The solution was washed success-
ively with a 10% citric acid aqueous solution and water.
Thgf organic layer was dried over aﬁhydrous sodium
sulfate, and the sélvent_was evaporated. The residue
was recrysﬁailized from acet&nitrile to obtain 120 mg of
5-amino-7-[7-t-butoxycarbonylamino-5-azaspiro[2,4]-
heptan—S—yl]—G,8—dif1uoro—1¥(l,2—cis¥2—f1uoro—1—c§clo—
propyl)—4-oxo—l,4—dihydroquinoline—3—carboxylic acid
(55bb) as a yellow needle-like crystal.

' Melting Point: 250-253°C
1g-NMR (CDCl;) & ppm:

0.6-0.8 (2H, m), 0.8-1.0 (2H, m), 1.45 (9H, s),

1.3-1.8 (ZH, m), 3.2-3.4 (1H, m), 3.6-3.9 (3H,

“““-———————____;*_~_
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m), 3.9-4.3 (2H, m), 4.85 (1H, dm, J=63Hz), 4.7-

5.0 (1H, broad), 8.51 (1H, s)

In 5 ml of trifluoroacetic acid was dissolved
120 mg of Compound (55bb), and the solution was stirred
for 30 minutes, followed by evaporation to dryness under
reduced pressure. The residue was dissolved in
hydrochloric acid and the solution was washed with
chloroform. The aqueous layer was adjusted to a -pH of
7.4 and extracted with chloroform. The extract was
dried over anhydrous sodium sulfate, and the solvent was
.evaporated under reduced pressure. The residue was
recrystallized from aqueous ammonia-ethanol to obtain 65
mg .of the titled compound (56bb) as a yellow crystal.

Meltlng Point: 213-217°C

[alp: -96.7° (c=0.120, DMF)
| EXAMPLE 18

—[4—(S)—Amino—z—(S)—methyl—l—pyrrolidinyl]—G—fiubro—l—
(1l,2-cis—2-fluoro—-l-cyclopropvyl)—4-oxo-1l,4-dihydro-1,8-
naphtyridine-3—-carboxylic acid (31lb): :

In 15 ml of'trifluoroqcetic acid was dissolved
300 mg .of 4;(S)—amino-l—t—butoxycarbonyl—2-(S)—methyl—
pyrrolidine (32), and the solution was stirred at room
| temperature for 20 minutes; followed by evaporation to
dryness under reduced pressure. The residue was
dissolved in 20 ml of anhydrous acetonitrile, and 150 mg
of Compound (30b) and 2 ml of triethylamine were added
\
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to the solution, followed by refluxing for 15 minutes.
The reaction mixture was evaporated to dryness under -
reduced pressure, and 1N hydrochloric-acid was added to
the residue. The mixture was washed with chloroforﬁu
The aqueous layer was madel alkaline with 1N sodium
hydroxide aqueous solution and washed with chloroform.
The aqueous layer was adjusted to a pH of 7 and
extracted with chloroform. The organic layer was dried
and the solvent was- evaporated. The residue was

-_recrystallized from aqueous ammonia-ethanol to yield 130
mg of the titled compound (31b).

Mélting Point: 247—255°C (with decomposition)

[alp: +120° (c=0.950, 1IN NaOH)

Elementary Analysis for C17H18F2N403 1/48,0
Calcd. (%): C 55.36; H 5.06; N 15.19

Found (%): C 55.50; H 5.25; N 14.97

EXAMPLE 19

5-Amino—6,8-difluoro-1-(1,2-cis—-2-fluoro-l-cyclopropyl)-—
7-piperzinyl—-4-oxo-quinoline—3-carboxylic acid_(57b1

A mixture of 75 mg of Compound {(17b), 45 mg of
anhydrous piperazine in 5 ml of acetonitrile was heated
under reflux for 2 hours. The reaction mixture was
evaporated under reduced -pressure and the residue was
récrystallized'from ethanol to yield 72 mg of the titled

compound (57b) as a yellow crystal.
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Melting Point: 230-239°C
[alp: +8.00° (c=0.225, 1N NaOH)
REFERENCE EXAMPLE 37

8,7-Difluoro-1-(1,2-cis-2-fluoro-l-cyclopropyl)-8-
methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic-acid
BF,-chelate (38b):

A mixture of 230 mg of the ester compound (37b)
and 5 ml of 42% borofluoric acid was heated at 1lo0°C
with stirring for 2 hours. After cooling, precipitated
crystal was .collected by £filtration and washed with
water to yield 210 mg of colorless crystal of the titled
compoﬁnd. |

Melting Point{ 281-271°C

By the reaction of cis—-3-t-butoxycarbonylamino-
4—methyipy}rolidine (38a) and the chelate compound
(38b}), 7—(cis—éiamino—4—methylpyrrolidinyl)—8—f1uoro—8~
methoxy—4—oxo—1,4—dihydroquindline-3—carboxy1ic acid
(40ba) is obtained, And further,_by the reactionlof the
amine cdmpound (24b) and the chelate comound (38b), 7-
-(7—amino—5—azaspiro{2,4]heptan—5hyl)-6—fluoro—8—methoxy~
4—oxo—l,4—dihydroquinoline—3—cafboxy1ic acid (41bb) is

obtained.
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Table. Antimicrobial activity (MI C, ug/ml)

bacteria \\ Compound 9a 3b "13a 13b 18a 18b 26bb 26aa
E. coli., NIHJ 0.10 | <0.1 | <0.1 | <01 | <01 | <01 [ <01 | <0.
Pr. vulgaris, 08601 <01 | <01 | <01 | <01 |[<01 [<01 } <01 | <0.1
Ser. marcescens, 10100 0.20 0.10 | <0.1 < 0.1 <0.1 | <0.1 < 0.1 0.10
Ps. aeruginbsa, 32104 0.39 0.10 < 0.1 < 0.1 < 0.1 < 0,1 <0.1 0.39
Ps. aeruginosa, 32121 0.10 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.10
: S._aureus, 209 P 0.10 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
5. epidermidis, 56500 0.39 0.38 | <0.1 | <01 | <01 | <01 | <0.1 0.20
Str. faecalis, ATCC 19433 1.57 0.79 0.20 0.20 0.20 0.10 0.20 0.39
.
- bacteria \. Compound Zﬁba - 26ab 3la 31b 34b 54b 56b
E. coli., NI <01 | <01 | <01 [<o0a1 [<o1 <01 <o [\
Pr. vulgaris, 08601 <01 | <01 [ <00 | <01 |<01 | <01 |<o01.f\ /
Ser. marcescens, 10100 <0.1 | <o0.1 0.20 0.10 | < 0.1 0.10 | < 0.1 \ /
Ps. aeruginosa, 32104 0.20 0.20 0.20 0.20 0.10 0.20 | < 0.1 X
Ps. acruginosa, 32121 0.10 | < 0.1 0.20 0.10 | < 0.1 0.10 | <01 | [\
5. aureus, 208 P <01 | <0.1 0.0 | <01 | <01 | <01l <01 |/ 0\
S. epidermidis, 56500 0.20 0.10 0.20 0.20 < 0.1 < 0.1 < 0.1 / \
Str. faecalis, ATCC 19433 0.39 0.20 0.78 0.39 | < 0.1 0.10 0.10 ‘




While the invention has been described.in detail
and with reference to specific embodiments thereof, if
will be apparent to one skilled in thre art that variogs
changes and modifications can be made therein without

departing from the spirit and scope thereof.
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WHAT IS CLAIMED IS:
1. An N;-(1,2-cis-2-halogenocyclopropyl)-
substituted pyridonecarboxylic acid -derivative repre-

sented by formula (I):

(1)

wherein R! represents a substituted or unsubstituted

amino group, a hydroxyl group, a thiol group, or ‘a

hydrogen atom; R? represents a substituted or unsubsti-

tuted cyclic amino group which may contain at least one
hetero .atom selected from a nitrogen atom, an oxygen
atom and a sulfur atom in its ring; A represents c-x3
or a nitrogen atom; X! and X2, which may be the same or
different, each represents a halogen atom; and X3
represents a hglogen.atom, an alkyl group having from 1
to 6 carbon atoms, an alkoxyl group having from 1 to 6
carbon atoms, a cyano group, a trifluoromethyl group, Or
a hydrogen atom; provided £hat the case wherein Ri'is-a

hydrogen atom and R? is a piperazine or 4-alkyl-

I

heet Has Been Replaced

o= (AN



T.

A

substituted jpiperaéine residue is excluded, or a salt
thereof.

2. A compound as claimed in claim 1, wherein R2.
is a 4- to 7-membered cyclic amino group which may be
substituted with_a hydroxyl group, an alkyl group having
from 1 to 6 carbon atoms, or a substituted or unsubsti-
tuted amino group; or a salt thereof.

3. A compound as claimed in claim 1, wherein R2
is a pyrrolidone, piperidine piperazine, diézabicyclb-
heptane or diazabicyclooctane residue; .or a.salt there—
of. |

4. A compound as claimed in claim 1, wherein R2
is a cyclic amino gfoué comprisfng- a si;gle stereo-
isomer; or a salt thereof. |

5. A combound as claimed in claim 4, wherein R2
is a 3—am1nopyrrolldlny1 group; or a salt thereof.

6. A compound as claimed in claim 4, whereln R2
is a 7-amino—5—azaspiro[2,4]heptan—5—yl group; or a salt
thereof.

7. A compound as claimed in claim 1, wherein X2
is a fluorine atom. .

8. A compound as claimed in claim,.wherein said
compound is .7—[3—(S)—amino—l—pyrrolidinyl]—6—fluor6—l—

(1,2—cisf2—f1uorocyclopropy1)-4—oxo—1,4—dihydroquinol-

- ine-3-carboxylic acid, 7—[3—(S)—amino—i—pyrroiidinyl]-8—

-
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chloro-6-fluoro-1-(1,2-cis~2~fluorocyclopropyl)-4-oxo-
1,4—dihydroquinoline-34carbox91ic acid, 7-[7-amino-5-
azaspiro[2,4]heptan—S-yl]-8—chioro—6-f1uoro~l—(l,2—cis—
2—fluorocyclopropyl)—4—oxo—1,4—dihyd:oqﬁinoline-3—
carboxylic acid, S5-amino-7-[3~(S)-amino-l-pyrrolidinyl]-
6,8-difluoro-1—~(1,2-cis-2-fluorocyclopropyl)-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid, 7-[4-(S)-amino-2-
(S)—methyl—l—pyrrolidinyl]-6—fluoro-l?(1,2—cis—2—fluoro—
cyclopropyl)-4-oxo—L,4—dihydro—l,8—naphthyridiﬁe43-
carboxylic acid, 7-[3-(R)-[1-(S)-—aminoethyl]-l1-pyrrol-
idinyl]-8-chloro-6~fluoro-1-(1,2-cis-2~fluorocyclo-
propyl)—4-oxo-1, 4—dihydroquinoline—3—carboxylic acid, 7-
[3-amino~-4-methyl-l-pyrrolidinyl]}-6-fluoro-1- (1 2-cis-2-
fluorocyclopropyl) 8-methoxy-4- oxo—l 4- dlhydroqulnollne
3-carboxylic acid, 7—[4—(S)—amino-2~(S)-methyl—l-pyrrol—
-idinyl]—s—fluoro—l—(1,2—ci§-2~fluorocyclop:opyl)—8—
methyl;4foxo-l,4—dihydroquinoline—3—carbbxylic_ acid, 5-
amino-7-[7-amino—5—azaspiro[2,4]hep£an-5—yl]—6;8—di;
fluoro-1-(1,2~cis-2-fluorocyclopropyl)-4-oxo-1,4-di-
hydroquinoline—B—carBoxylic acid; or a salt thereof.
9. An antibacterial agent comprising, as an

acﬁive ingredient, at least one Nl~(1,2¥cis—2—halogeno~
cyclopropyl)-substituted pyridonecarboxylic acid deriva-

tive represented by formula (I) or a salt thereof as claimed

in claim 1.
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