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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
éntimicrobial agents ;nd_to provide potent antimicrobial
compéunds 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-§osition of thé cyclopropyl group in a cis-
configuration wifh'-the pyridonecarboxylic acid moiety
élso exhibit potent antimicrobial activity as disclosed .
in JP—A—87-—12750 (the term "JP-A" as ﬁsed herein means

an "unexamined published Japanese patent application").

‘They are thought to have not only potent antimicrobial

activity but imﬁroved safety. One example

guinolone

derivatives

group at the l-position is shown below.
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OPTI CALLY ACTI VE PYRI CARBOXYLI C ACI D DERI VATI VES EEﬁCFIptIOﬂ [ 0001]
This invention rel ates s antim crobial conpounds usef #*as human and -
veterinary medicines, fish medi ci nes, agricultural chem cals, and
antiseptics. [0002] Quinolone derivatives having a condensed_

pyri donecar boxylic acid skel éton are known as synthetic antim - crobtal
agents and to provide potent antim crobial conpounds on substitution of the-
"1 -position thereof with a cyclopropyl group, as disclosed in GB-A-2 188
317. [0003] It is further known that the 1-cyclopropyl qui nol one derivatives
havi ng i ntroduced a fluorine atomto the 2-po- :

0
| /\ ]
CH3-N N “N
_/ A{ =

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;

R 0 o

1 R
X & COOH  .na  HOOC l AKX
2 AN . . o
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Sition of the cyclopro.__ group in a cis- conflguratlonxmﬁth t he

pyri donecarboxylic aci *ﬁnlety al so exhi bit potent anti{*='nicrobial activity
as disclosed in EP- A- 191 185. They are thought to have not only potent
antimcrobial activity but inmproved safety. One exanple of the quinol one

derivatives having a cis-fluorocycl opropyl group at the 1-position i's shown
below. [err]

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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[0004] Qui nol one deriva#nves having a cis-hal ogeno- cyclcﬂropyl group,
i ncl usive of a cis-fludrdcycl opropyl group, at the 1-po&ition as stated
apove possess excellent antimcrobial activity and safety. In these

conpounds,

even when

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):

(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
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they have an a chiral gmbstituent at the 7-position of ;the

pyri donecar boxyl i c aci “ﬁnlety t he hal ogeno- cyclopropané ring of itself
provi des two enantioners attributed to the steric relationship between the
pyri donecarboxylic acid noiety and the hal ogen atomw th respect to the
cycl opropane ring as illustrated below, [err]

or a nitrogen atom; X! énd X2, which may be the same or
.different, each represents a halogen atom; and Xx3
reprgsents a halogen afom, an alkyl dgroup haQing 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 that the case wherein Rl is a
hydrogen atom and R? is a piperazine or 4-alkyl-
substituted piperazine residue is excluded,. or a salt
thereof. ' .

Specifically 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? is a 4- to 7—membered cyclic
amino group which may be substituted with a hydroxyl
group, an alkyl group having £from l.to 6 carbon atoms,

"or a substituted or unsubstituted amino group; those
wherein ﬁz 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 R2 in a 7-amino-5-azaspiro[2,4]-
heptan-5-yl group; aﬁd 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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wherein Rerr], R[err],qA X[err], and X2 are hereinaf{ﬁ defi ned. These

qui nol one derlvatlves ake appllcable as nedi ci nes as

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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long as they are racemaffs. On the other hand, when thepeg is a chiral
substituent in 7-positi&® of the pyridonecarboxylic acitshoiety, such

qui nol one derivatives contain four kinds of diastereoners. Wth m xtures of
the diastereoners, it is difficult to specify the excellent species and to
supply them as nedicines. [0005] In the Iight of the aforesaid situation,
the inventors now obtained the single isoners of 1-(1,2-cis-2-fluorocy-

cl opropyl ) -substituted quinol one derivatives within the diastereoners

t hereof. And they have succeeded in obtaining each of the enantioners of a
ci s-2-fluorocycl opropyl amine as a pure isomer. As a result of further

i nvesti gat i onsatbgle}bé‘aaVecﬂdéPiﬁé‘%@&qed -%ﬁdsk"t g?@iféir%t%él aglfrhg,olf%%%se a

enanti omers of a qui nolone derTvative hi are trib

steric Con i 9uraicadrdl dbeml| UORDCYELANAARE 41 BAHBEIIAIA N Ta e

above-descri bed a The sucCess of obtaining e enantioneric

qui nol one der | wliipi®ed!Saitiio Agroibs! B hplesxPes JFD, aPetidll Cafdup,
synt hesi ze an optically active™qui hol one derivatiVve conprising one ki nd" of
di ast ereomer byrr e@CHy@rofed atémp9lreferably -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.substiﬁuents,
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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i'somer of t.he am ne at

=t roduction of a cyclic am no

-QuUp to the

7-position. Each of t hésd di ast ereoners was proved nor é-%pot ent i n

antim crobi al

activity as conpared with the correspondi ng qui nol one

derivatives substituted with a nere cyclopropyl group and, in addition,
highly safe wth markedly inproved selective toxicity. (0007] This

I nvention relates to Nerr]-(1, 2-ci s-2- halogenocyclopropyl) substituted
pyrldonecarboxyllc acid derlvatlves

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 containing the second amino moiety,

are shown below; .

RS . R¥?

R: 9 RP N
R3 N- - RONH L/~
R’N * . H2N"% *Rﬂ

R7,

RE-N N-- - RB-N:I:N-— | Nj N-—

R9>* * o : “

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 °

-
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represehted by fornulaégﬁ): [err] {;@

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-
City, toxicity, oral absorption, and physical propertieé.
such as water solubility. Forf 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

-
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wherein Rlerr] representsg an anmino group, a methyl anmi ng~group, a. hydroxyl
group, a thiol group, orva hydrogen atom R err] represehts a 4-, 5- or
7-menbered cyclic am no group having at | east one substituent selected from
a hydroxyl group, an al kyl group having from1l to 6 carbon atons, a :
pol ynet hyl ene group having from2 to 5 carbon atons which together with the
ring atomto which.-it is attached forns a spiro unit, an am noal kyl group
or an am no group, and which cyclic am no group may contain a bridging unit
to forma bicyclic amino group and may contain at | east one hetero atom
selected froma nitrogen atom an oxygen atomand a sulfur atomin its.

ring, or Rerr] represents a cycljc anm.no groyp.represented by fornul a
Lroved iess causative g% coﬂvugglonpw ich 1is %nown 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-—

o
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[err] ' wherein
whi ch may be the sane
carbon . :

grr], Rerr], Rerr], Rerr], Bksrr], and Rerr],

ri7di fferent, represent an al kyl *gfoup having 1 to 6

. 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 moigty
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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atoms or a hydrogen atosm, A represents C- Xferr] or a
Xerr] and Xerr], mhléh.nay be the sane or different,

hal ogen at om

Ahtrogen atom
Bdch represents a

and X[err] represents a hal ogen atom an al kyl group having

from1l to 6 carbon atons, an al koxyl group from1l to 6 carbon atons, a
cyano ‘group, a trifluoronethyl group, or a hydrogen atom or a salt ‘or

ester thereof.

[ 0008] Specifically preferred conpounds represented by

formula (1) are those wherein R err] is a substituted pyrrolidine,
di - azabi cycl ohept ane or di azabi cycl ooct ane resi due; those wherein Rerr]

a cyclic amno group conprising a single stereoisoner,

s a 3-am nopy,

7-am no-5-azaspirof 2

fluori ne atom
i nvention incl

di pyl wh
éﬁéﬁ' é§¥h§9p8991 9?83P6ue5%hQ tW?HOd eré?—nkﬁrobenzyl

%%@ﬁﬁ S PRGldtnAlybendyle §PORRYNES iphentdaiia t§LoRp e

S

t hose wherein Rlerr]

7-[3-(S) - am nogfle PyikQl i digthrls Gddn Y- r&e(ﬂo:?yxﬁé@h?lfbﬂeﬁﬁw(ﬂ-%ft@:w-) 4-

oxo- 1|, 4- dlhydrqu|noI|ne 3-carboxyl--ic acid

rhe BN dfrgiolgzdmp/,l ] sz9lzl-efsecﬁi&aetﬁoseyﬁétaym Sgfdwef 0Ge&Irepsr opy

7] 3- ($ am no-

| ) - 4- oxo-1, 4-di hy

oqul nol’i ne-
hydrofuran-2-yl group and the like; silyl 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 étom to the cyclopropyl group particularly 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, introduction of the 1,2-cis-2-halogeno-
cyclopropyl group ylelds quinolones hav1ng reduced
tox1c1ty while retalnlng excellent antlmlcroblal activ-
ity as compared with the corresponding l-cyclopropyl-
quinoloneé. The halogen atom to be introduced includes
fluorine and chlorine atoms, with a fluqrine 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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3- carboxylic acid, £

7-[7-am.no- 5- azasplro[é=ﬂ]heptan 5- yI] 8-chl oro- 6- f | uor'g:'1- (1, 2-ci s- 2-f | uor
acycl opropyl ) - 4- oxo- 1, 4-di hydroqui nol i ne- 3- car boxylic acid,

5-am no-7-[3-(S)-am no-1-pyrrolidinyl]-6,8-difluoro-1-(1, 2-cis-2- quorocycI

o- propyl)-4-oxo0-1, 4- d|hydrqu|noI|ne 3-carboxylic acid,

7-14-(S)-am no- 2- (S) nmet hyl - 1- pyrrolidinyl]-6-fluoro-1- (1.2-CIS-

2-fl uorocycl opropyl) - 4- oxo- 1, 4-di hydro-1, 8- napht hyri di ne- 3-car boxylic acid,
7-[3-(R)-[1-(S)-am noet hyl ] - 1-pyrrolidi-

nyl ] - 8-chl oro- 6-fl uoro-1- (1 2-Ci s-2- quorocycIopropyI) 4- 0xo0- 1, 4-di hydr.oqui
nol i ne- 3- car bo Ci L

-pyrrol|d|nyl]%%£?ﬁﬁgrdﬂi Z %X?E Fﬁorocyé?oppggyl t%r%%% 8§§rs é?é 1
, 4-di hydr oqui “Hbt-.“e gnear aambusnam éerlva[tév@@ ¥F NEoiuluTx MY Have

-pyrrolldlnyl] 6-f1 uor o-

1- (1, 2-ci s- 2-f bHARRE BREEREGPHalir® MRI¢Wibdd OKE- Ehd- diyd-omlidienocyclo-

| i ne- 3-carboxylic acid,

5-ani no- 7-[ 7- apkBpyd- aic@_s@tyom 4i:héeﬂl-6§b§rtyidn 6a8- diflustpatedl blow. 2-f
| uor ocycl opropyl )- 4-oxo-1, 4-di hydr oqui nol i ne-3-carboxylic acid, and salts

thereof. [ 0009Pol;ani-.oramﬂlau(69 au@emghersra]fertgprmtebaehaédgeim atidther
X[err] and X[err] each preferably represents a fluorine atom or
" of these enantiomers.

R O
X' COOH |
2 ) | ] , and
R“7SANT
"HVYH

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
inofganic 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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a chlorine atom and Xyeﬂ preferably represents a fl

represents preferably ad unsubstituted am no group, a ﬁethylan1no group,
a hydrogen atom [0010] R[err] represents preferably a 5-nmenbered cyclic
am no group. The cyclic am no group nay further contain oxygen aton(s),
sul fur aton(s)and/or. nitrogen aton(s), as in oxazolidine, thiazolidihe,

i m dazol i dine and pyrazolidine residues. O these cyclicam no groups
preferred is apyrrolidine residue. The cyclic am no group may have

substi tuents,

ani no group,

such as a polar group (e.g., a substituted or unsubstituted
a substituted or unsubstituted am noal kyl group, a

S-substi tut ed- 21@5?1:11%6 5‘14:%" héfc&i”eéé‘ﬂs IrQily. 2 AXghoxYhm9' Q¥ s AW

strai ght chai

ranc or cyc

calcium salts; ammonium salts, triethylamine salts, N=

methylgluéamates, and tris(hydroxymethyl)aminomethane
salts. .

Some of these free acids and salts 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 useful as synthesis intermediates. Esters which are

easily severéﬁ in the body'fo form free carboxylic acids
are useful as pro-drugs. Examples of such esters are
acetoxymethyl esters, pivaloyloxymethyl esters, ethoxy-

carbonyloxy esters, chlorine esters, dimethyléminoethyl

" esters, 5-indanyl esters, phthalidinyl esters, and oxo-

alkyl esters (e.g., 5-substituted-2-oxo-1,3-dioxol-4-yl-
methyl esters and 3-acetoxy-2-oxobutyl esters).

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;

‘x1=x2=F; and R3=Et (ethyl group, hereinafter the same)

for instance.

ine atom R err]
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F *lvil:* allkali *llm* -

lR_4-H
| F]:::[ﬂjTCOOH
s d
RS

0 s F lc00H
N
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'nh

i

. F IIIa, IIIb
B H* . removal of
ITa, IIb | protective group
_ . 0 .
. F COOH
acid or 2 |
alkali _ R N~ F
N 4 * *
simultaneous removal of H<;H

protective group

Iva, IVb

wherein R? has the same meaning as R? or a cyclic amino

group having the samne

structure as R?2

but being

protected.
An optically active l-(l,2—¢is—2—fluoro—
cyclopropyi)—6;7—difluor6~l,4—dihydro—4—oxoquinoline—3—

carboxylic 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 Ri-H to

obtain a desired compound (XIIXa) or (IIIb). If

necessary, a protective group is removed from the
resulting compound under proper conditions selected
This Sheet Has Been Replaced
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al kyl group having up pe§6 carbon atons. Preferred of the pol ar groups are
an unsubstituted am no“gfoup, an ami none- thyl group, =&f1- am noet hyl
group, and a hydroxyl group. Preferred of the al kyl groups are nethyl,
ethyl, propyl, gem dinethyl and gemdiethyl groups and further, these
gem al kyl groups may preferably forma cycl opropane or cyclob- wutane ring
whi ch is bonded through a spiro-union to the cyclic am ne skel eton. The
cyclic amno group further includes a bicyclic ami no group conposed of
crosslinking to 4- to 7-nmenbered cyclic am no groups. [0011] Illustrative
exanpl es of these cyclic am no groups, particularly containing the second

am no noi ety, 3&80?89% é%el.gﬁ’e pr[ﬁérltive 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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wherein Rerr],

Rierr] «

represent a hydrogen atidm or an al kyl group having fron%’

potassium carbonate, sodium hydrogencarbonate, and

potassium hydrogencarbonate. The organic base includes

trialkylamines, e.g., triethylamine, tripropylamine,
tributylamine, N,N-diisopropylethylamine} dialkyl-

anilines, e.g., diethylaniline and dimethylaniline; and

'heterocYclic compounds, e.g., N-methylmorpholine,

pyridine, and N,N—dimethylaminopyridine.
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

err], Rerr], which may be thexsane or . drfferent

at

[ ————
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1 to 6 carbon atons: Rjexr] represents a hydrogen atomept an aIkyI gr-oup
having from1l to 6 car bon at ons; Rlerr] and Rlerr], whE€h nay be the sane
Qr different, represent a hydrogen atom or an aIkyI group having from1l to
6 carbon atons; Rlerr] and R err], which may be the sanme or different,
represent a hydrogen atomor an alkyl group having from1l to 6 carlbon -
atons, or they may be connected to each other to forma 3-to 6-nenbered
ring conposed of nethylene chains; R err] is hydroxy or am no and the
asterisk indicates an asynmetric center. [0012] Exanples of these cyclic
am no groups are 3-am nopyrrolidinyl, 3- nethylaninopyrrolidinyl

3-di net hyl am - no yrrolldln 3- et ani nopyrrol

3-propyl ani no ec%g$sd%&% TL h%%@¥¥%??%?ﬂ¥¥amlno) 2- fluoro-

3- am no- 4- net rolld i nyl, am_no- 5- net hyl | idin

3- ani no- 4, 5- d.%%{)%vp FOERSIS i ny] Th8" EARTSHT RO, S8t (A py PRSI RSyl Ut
3-net h- y“mnéﬁﬁ§%ﬁfg$%¥fy5&m Il Nyt dlphenylphospﬁbryla21de, but the

3-met hyl am no- roldinyl,

3-di met hyl am %rﬁfl’i@é? y | Dy FQJ_l-géjd'th1ehr§c‘e‘HJ.’£BctJ14a§1(§le compound 1& nyI

yl am no- 5- net pyrrolrdinyl am no- met hylpyrrol
3'a”‘n0nEthy|Fmiﬁfiéﬂ'gﬂéreéopﬁéﬂﬁl@@heral 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 antimicro-
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
generally ranges from 1 mg to 200 mg, 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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nomnet hyl pyrrol i di nyl, 341- an1no)ethy|pyrrolld|nyl ~

-----

3-(1- nethylan1no)ethy|ﬁy¥rol|d|nyI 3-(1- ethylan1no)ethy¢pyrro||d| nyl ,
3-(1-am no) propyl pyrrolidinyl, 3- an1nopyrrolld|nyl
3-anino-4,4-dinethylpyrrolidinyl 7-am no- 5- azasp|r0[2 4] hep- tan-5-yl,
8- am no- 6- azaspi ro[ 3, 4] oct an- 6- yI 3, 4-di azabi cycl o[ 3, 2, 1] oct an- 3-yl ;
-3-yl, 9-nethyl-3, 9- dlazablcyclo[3 2,1] octan-3-yl, -3-yl, and

9- et hyl -3, 9-di azabicycl o[ 3,2, 1 ]octan 3-yL [0013] The structure of the
cyclic amno group at the 7-position greatly influences the antim crobial
activiy, toxicity. oral absorption, and phy5|cal propertles such as water

lubi lity.
%Oa%alno:o;?/rorféllﬁ§ T M T S TN T thf*‘ﬁs%“d
pacteri o - Sone ™ naioRe 2t i vEE el ePAt s Tne ”‘%@ﬁé@’@? Rhil Sl

to metab- ol g?ﬁgﬁl%ﬁ'sx SQ A | eh V‘@gﬁp’cﬁﬁgum | ifhe dEQQ}‘” dose recited

3- Ami nopyrrol i groups having a ro ring at the carbon atom adj acent
to the am ne goguRel NRIFObeP' P Hed 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 the
diseases caused by such phthogenes. .

‘Illustrative examples of bacteria or bacterium-

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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qui nol one derivatives wmch exhibit |nproved oral absorption rate and

i nproved in vivo stabiFify agai nst metabolism while rétalnlng pot ent
antimcrobial activity. The conpounds of this type have al so been proved

| ess causative of con- vulsion which is known as a side effect of

qui nol one type synthetic antimcrobials. [0015] Further, :

3-am nonet hyl pyrrolidinyl groups in which an am no group is bonded to a
pyrrolidinyl group via a carbon atom provi de qui nol one derivatives

exhi biti ng enhanced antim crobial activity against Gampositive bacteri a.
In parti-cul ar, the quinolones of this type in which the carbon atom |i nking

tg?ﬁuﬁ?l?:’mgi‘? PHERRE 1608 BhB Bl o, B e Loaatdny « cpactelBaly e,
t i1 g : 016
wat er S-O ubl . ! Xagggbgl%gose %&%& H%?C%'i% EI t%‘ﬁ@éé S)trauL'n% L Fﬁafg)‘! es

of cyclic ami nB Vi an an amnd group are

3- hydroxypyrro hgb roI| |nycaph§Q§§n§Big|?¥bitls' *acute Hﬁ ﬁhltls,

3- hydr oxy- 4 rcapto-4-met hyl pyrrol
"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, Bartholinitis, 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., Haemophilué 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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[0017]

The cyclic am ng-group is bonded to the 7- p05|tvﬁn of the y
pyri donecar boxylic aci d<skel eton preferably at the

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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ni trogen atom of the cyehic amno group. As a matter. of ~spurse, it may be
bonded at another atom ®018] The stereoi someri sm of theityclic am ne

noi ety at the ‘7-position is explained below. In case an asymmetric cycllc
amne isreacted in the formof an isonmeric mxture with a

1- (1, 2-ci s- hal ogenocycl opropyl ) qui nol one-derivative, the resulting

qui nol one derivative should be a m xture of diasteroners based on the
steric relation with the 1,2-cis-- 2-hal ogenocyckopropyl group at the 1
-position. In these cases, therefore, it is necessary that only one of the
i soners of the starting am ne should be reacted.

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.

P
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[0019] The functional group of the cyclic amno group atythe 7-position
such as am no, hydroxy* @nhd thiol groups may be protect&d by a conventi onal
protective group prior to the substitution with the quinolone skeleton. The
exanpl es of such protective groups include al koxycarbonyl groups such as

t - but oxycar bonyl ‘group, 2,2, 2-trichl oroethoxycarbonyl group and the 1iKke;

. aral kyl oxycar bonyl groups such as benzyl oxycar bonyl group,

p- met hoxybenzyl oxycar bonyl group, p-nitrobenzyl oxycarbonyl group and the

| i ke; acyl groups such as acetyl group, nethoxyacetyl group,

trifluoroacetyl group, chloroacetyl group, plvaloyl group, fornyl group,
benzoyl group and the |ike; alky okl ) uch as t- butyl group,

benzyl group, p-nitrobenzyl groug i getiZyr—group, triphenyl met hyl
group and the tlkg agthers such as nethoxynethyl group, 1-butoxynethyl
group, 2,2,2-t det hoxymet hyl group, tetra-hydrofuran-2-yl group and

the like; silyl h_as hyl si |yl group, .i sopr hyl si |yl
group, t- buty|dIﬁEP§R§g ﬁﬁ ogrgﬁphgﬁkbﬁtyldlphe- nyl si |l yl 3$§Lg{mﬁf

tribenzylsilyl grOEBrﬁngtEQ%hl'ke 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 o 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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[0020] The 1, 2-ci s-2-hakggenocycl opropyl group atthe NLe&r] position is
descri bed belom/IntrodUthon of a hal ogen atom tothe cye&Fopropyl group,
particularly afluorine atom brings about an effect to reduce |ipophilicity
of the whole nolecule. It is known that drugs are nore likely to be
distributed to the central nervous systemas |ipophilicity thereof

I ncreases. In this connection, introduction of the

1, 2-ci s- 2- hal ogenocycl opropyl group yields quinol ones havi ng reduced
toxicity while retaining excellent antimcrobial activity as conpared with
the correspondi ng 1-cycl opropyl - qui nol ones. The hal - ogen atomto be

e oo }88&%%%3 pt; Sl a”%ﬁ?'y‘%ﬁtgﬁa%%?@ EiPe haRE e af%”%«iﬁh”g
h d

ﬁ.ﬁgpy{'rrSQSZ%P%‘fob%m%@%%y SErie tLhD 'SHiERdD bC e% cCEwh s Sles
not, the qui nohe%av@er%]w.ffée/&% Of 5" %' Bopt 1 c P Bg%tfowg %-D@i&éro-

ascribed to the cis-2 ogenocyc opropyl lety position as

i | lustrated bebgwloggb@ghe@%&55&&Ml%ngéyéylsafety were observed in either
of these enanti Oners.

Antimicrobial activity of the optically active
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 1 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 wes 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 solvept was removed 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

_—
This Sheet Has Been

LTI RS
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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: o

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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[0022] The pyridonecarboxylic acid derivatives accordi ggyto the present

I nvention include the néSpectlve free acids,

and the salts of the carboxyl group thereof. The acid-addition salts

i nclude inorganic acid salts, e.g., hydrochlorides, sulfates, nitrates,
hydr obr om des, hydroi odi des, and phosphates; and organic acid salts,’ e.
acet at es, net hanesul fonates, benzenesul fonates, toluenesulfonates,
citrates, maleates, fumarates, and | actates. [0023] The salts of the
car boxyl group may be organic or inorganic and include alkali metal salts,
e.g., lithiumsalts, sodium.salts, and potassiumsalts, alkaline earth

netal salts,

e. ma neS|un1saIts nd calciumsalts; ammoni um
9 Elegentary Analys?s for C,,H;,FNO:’

Calcd. (%): C 69.55; H 6.81; N 6.76
Found (%3): 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

aci d- addi tf6n salts t her eof

g.,

solvent was removed under reduced pressure, and the

resulting pale yellow .oily substance was purified by
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salts, triethylam ne sak{s, N nethylglucanmates, and o

tri s(hydroxynet hyl ) ani ket hane salts. [0024] Sone of fHése free acids and
salts may exi st as a hydrate. [0025] Esterification of the carboxylic acid
noi ety of the pyridonecarboxylic acid derivatives of forrmula (1) gives com
pounds useful as synthesis internediates or pro-drugs. For exanple, alkyl
esters. benzyl esters. al koxyal kyl esters, phenylal kyl. esters and phenyl
esters are useful as synthesis internedi ates. Esters which are easily
severed in the body to formfree carboxylic acids are useful as pro-drugs.
Exanpl es of such esters are acetoxynethyl esters. pival- oyl oxynet hyl
esters, ethoxy-gigbony ters, .chlorine esters,.dineth Lanhnoeth

| : .
esters, 5-i Bdaﬁ Egtegr ,yﬁﬁiﬂﬂg cihd"i%toegsrt 1T Ei’? est? r&sgnt
.g., 5-substj -2 0%Q- 1 3-.4i.GXQl < A- il -
Lt oy o oxEoPER=E0Rs At Eflyii Heckale T n EFLERR BBTeach of the

fgL:gg”?carbOXXEESeﬁCESmS%hhﬁétk&%% afnd qZBY 2 (1) is illustrated bel ow

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 adjuste@ to
a pH of 5 with concent;ated hydrochloric 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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{he conpound wherein Az&H Rerr]=H Xerr]=Xerr]=F: @and R err]=Et (ethyl
group, hereinafter the“s&ne) for instance. [err =

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-1-(t—~ Butoxycarbonylamlno) 2— fluorocyclopropane

(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

e.enllt?}ﬂaﬁed
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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

i

Sheet Has Been Replaced

L




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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wherein Rlerr]

havi ng the sanme struct

has thegsgne neaning as R err] or a cycL]ﬁ an no group

as Rerr] but being protectedi:

added thereto dropwise, and the above-prepared dichloro- -

methane solution was further 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 removal of solvent.

‘Recrystallization from diisopropyl ether-n-hexane gave

the 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 extract was dried over anhydrous

' sodium sulfate. The solvent was removed under reduced

pressure. The residue was purified by silica gel
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[0027] An optically actds Y

1- (1, 2-ci s-2-fl uor ocyclkeopropyl ) -6, 7-di fl uor o- 1, 4- di hydf-4< 4- oxoqui nol i ne- 3-c¢
arboxylic acid ethyl ester (6a) or (6b) is hydrolyzed under acidic or

al kaline conditions to give a free carboxylic acid derivative (7a) or (7b).
The free acid (7a) or (7b) is reacted with a cyclic amne Rerr]-Hto
obtain a desired conpound (Illa) or (lIl1lb). If necessary, a protective
~group is renoved fromthe resulting conpound under proper conditions

sel ected according to the protective group to obtain a desired conpound
(I'va) or.-(1Vb). [0028] The substitution reaction with the cyclic am ne.can

be car i ed oulpifpdr SELYENrAUCTyaongl TBERbnSLLERY] doacBYBE 13112 by

acetonitrile oxybut ano a tenperatur fron1roon1tenperat

to 150[err]C, %fﬁﬁé?mé’s f raomié@elepi%@[ egblfentored- Yiad Wstﬂﬁ@@ | y
fromO0.5 to 2-hours.” [0029] Alternativély, the conpound (6a) or (6b) is

reacted W th acéxsbhirdalbas ggdgrcbmgriggg eeRdithiQns as recited above, and
the resulting conpound ??Ia) or (IIb) is then hydrolyzed under acidic or

al kal i ne condltlonﬁegggng boRRESSSREY-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
.(1H, 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

This Sheet Has Been Ret.'aced

[ Illl Ml

- 35 -



a protective group is regyoved, to obtain a desired conpound (rrra) or
(I'11b) or (IVa) or (IVb)” [ 0030] Thé optically active =#

ci s-2-fluorocycl opropyl am ne can be synthe5|zed as foll ows.

2- Fl uor ocycl opropanecar- boxylic acid is reacted with

(R -(+)-a-nethyl benzylam ne to yield :

N-[1- (R - phenyl ethyl ] -1, 2-cis-fl uorocycl opropanecar- boxamni de. The reaction
can be carried out in tetrahydrofuran in the presence of

NN- car bonyl di i m dazol e. The reaction nmay al so be effected in accordance
with a m xed anhydride procedure, in which the carboxylic acid is dissolved
In an aprotic d | ropg.ester. i .4

presence of a %§le' gttt %g) 15?1?&3[%&%%%@ {:ﬁlgﬁ&?égc?gg)w %hat H%ﬂmess,
benzyl am ne to, ggﬁhﬂ the carboxam de. The resulting carboxam de can be
separ at ed i nt 0S6dER 3 Somer by chromat ographi c techni ques. [0031] The
aprotic solvent to used# n the gﬁﬁeg q@ dride precedure is not.
particularly limt 3 .g., diethyl ether, diisopropyl

et her, tetrahydrof I QX 1, 2-di hoxyet hane; hal ogenat ed
hydr ocar - N st 36 ? €0.31%9, é%f%f@?béﬁ&

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): o

‘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)

.

eet Has Been Replaced

oo THENRI



bons, e.g., dichloroneypane, chloroform 1,2- dlchloroeyhane “and

1,1, 2 2-tetrachl oroet ha¥e; aromatic hydrocarbons e. g. *~benzene, tol uene,
and xylene and al i phatic hydrocarbons, e.g., pentane, hexane hept ane, and
cycl ohexane. Commonly enpl oyed of themis tetrahydrofuran or chloroform
The water contained in the solvent to be used is usually renopved

bef orehand. [0032] The hal ogen atomin the hal ogenoformc ester is normally
a chlorine atom The hal ogenoform c ester includes nethyl, ethyl,
2,2,2-trichloroethyl, phenyl, p-nitrophenyl and benzyl esters. [0033] The
base to be used nmay be either organic or inorganic. The inorganic base

I ncl udes al kali netal hydroxi deS'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
residue 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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car bonat es and hydrogepesrbonates, e.g., |ithium hydroxtge, sodium _
hydr oxi de, potassiun1h?d?oxide, l'ithium carbon- at e,;¥$odi um car bonat e,
pot assi um car bonat e, sodi um hydrogencarbonate, and potassi um

hydr ogencar bonat e. The organi ¢ base includes trial kylam nes, e.g.
triethylamne, tripropylamne, tributylamne, N, N-diisopropylethylanine;

di - alkylanilines, e.g., diethylaniline and dinethyl aniline: and

het er ocycl i ¢ conpounds, e.g., N-methyl nmorpholine, pyridine, ~and

N, N- di et hyl am nopyridine.-. [0034] Separation of the carboxam de into
optical isomers can be effected by known techni ques, such as silica gel

Chin T ayor ohr SR UFaiy SREERT g L08pdrt chAnBEL Py (UEART oFRLOR LRy
Ml TR TR R S A T R T
reprecipitati ogy;eq over anhydrous sodium sulfate, &nd the solvent was
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)-6 ppm:
1.0-1.7 (2H, m), 1.40 (9H, s), 1.6-1.8 (1H, 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 (1H, s)
EXAMPLE 3

7—[3—LS)—Amino—l-pyrrolidinvl]—6—fluoro—l—(l,z—cis—z—
fluorocyclopropyl )—-4-oxo-1,4—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 agqueous 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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f0035]'The thus separated optically active carboxam degscan be led to an

optically active cis-2%% uorocycl opr opane- car boxyl i-¢* aci d by

hydrol ysis. The reaction can be carried out by dissolving the carboxam de
in, for exanple, concen- trated hydrochloric acid, followed by heating.
The hydrochloric acid may be replaced with sulfuric acid or nitric acid. A
sol vent, such as acetic acid and a | ower al cohol, nmay be used. [ 0036]
The resulting carboxylic acid can be converted at once by Curtius reaction
in the presence of t-butanol to a prot ect ed '

ci s-1-(t-butoxycarbonyl am no) - 2-fl uorocycl opropane. The reaction can he

Ccarried out copygpiant Lyibxelse gha  (HPNSRNASPRALY) zify BUT (i

synt hesis of the T nteredi ate azirde conpou Imte heret o, and

gener al et Pogs -8k E%QEQE%ES. CHL %@ii%tion [SPBZLJ%S&%@ géffugl}

optically active crs-2=tluorocycl opro m ne derivative can be use

obtaining a quiprhRBE yideakYal tHe NeYkAgad ebmpbun@r 0RKC! apr eRloAlduy at

the 1-position as a S|ngﬁe | somer. The qU|noIonep%er|vat|ve accoré1ng
crystal. . . ' : :

Melting Point: 248-252°C
[a]p: —-31.35° (c=0.370, 1N NaOH aqueous solution)
- 1H-NMR (cnéla) & ppm:
1.52-1.68 (2H, m), 1.68-1.80 (1H, m), 2.05-2.15
(1, 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
(18, 4, J=7Hz), 7.58 (1H, 4, J=14Hz), 8.29 (1H,
s)
EXAMPLE 4

7-[3-(8S)-Amino-1l-pyrrolidinyl]-6—-£luoro—-1—-(1,2-cis-2-
- fluorocyclopropyl)—-4-oxo-1,4-dihydroquinoline—3-
- carboxylic 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 drie@ over anhydrous

sodium sulfate, and the solvent was removed therefrom
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fo the present inventi M can then be obtained by reactiarg this isonmer with
the cyclic am ne as des&¥i bed above. [ 0036] The pyri##donecarboxylic acid
derivatives according to the present invention exhibit potent antim crobi al
activity and thus can be used as human and veterinary mnedicines, fish
medi ci nes, agricultural. chem cals, and food preserva- tives. [ 0039]
The dose of the pyridonecarboxylic acid derivatives for use as human
medi ci nes ranges from50 ng to 1 g, preferably from 100 ng.to 300 ng,
per day for adults. The dose for use as veterinary nedicines generally
ranges from 1 ng to 200 ng, preferably from5 ng to 100 ny, per kg of
body wei ght per day, though re or | ess varying depending,., on the

pur pose of adnMRA&L atq?ﬂfﬂf? erBpBEEPE Cuse o&ﬁﬂ%ﬁ?fﬁézg§é?%t (?.g)], the

ki nd and size of the aninal, the kjnd of t.hageni ¢ _organks and. t he
synpt ons. The'5§§9§“§b ‘f%c?Y%ﬂn§£ogévﬁaﬁhﬁgqﬁﬂaﬁﬁ£dc?ﬂ?%u§étggf)d5§%saper
day. If necessaéﬁagahe da'g%ﬁ%ﬁie may sonetinmes deviate fronlthe

above-recited ess cr

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 (lH, m), 5.13 (1lH,
dm, J=65Hz), 6.62 (lH, 4, J=7Hz), 7.61 (1lH, 4,
J=14Hz), 8.30 (1lH, s)

REFERENCE EXAMPLE 12

_ (=)-Ethyl 2-[[1,2-cis—-2-fluoro-l—cyclopropyl)amino]-
* methylene]-3-o0x0-3-(3-chloro—-2,4,5-trifluorophenyl)-
propionate (l0a): '

Ethylf 3;cplofo—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 1}0
to 120°C for 1.5 hours while stirring. The reaction
mixture was concentrated to dryness under reduced
pressuré} 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 solution was stirred at room temperature

. :
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[0040] The pyrldonecarp@?yllc acid derivatives of thleanentlon are active
agai nst a wide variety=8f m croorgani sms causi ng var¥ous infectious

di seases and capabl e of curing oralleviating and/or preventing the diseases
caused by such pat hogenes. [0041] Illustrative exanples of bacteria
or bacteriumlike m croorgani sns on which the pyridonecarboxylic acid de-
rivatives of the invention are effective are Staphyl ococcus sp.,

Strept ococcus pyogenes, Streptococcus Haenol vti cus. ent er ococci
St rept ococcus pneunoni ae, Peptostreptococcus sp., Neisseria gonorrhoeae,
Escherichlacoli, Citrobacter sp., Shigella sp., Klebsiella pneunoni ae,

Enterobactersp Serratja sp. Pseudonnpas aeru | nosa,,. Hae-

mophi | us i nf | (e ad0 %%ﬂ%?%ﬁacté?lwegcgﬂpy?%ﬁﬁ‘e’f% igp o ORERNCS ae.

0042] Exanpl es of diseas caused b hese tho enes _in
Lol e o, RIRTAIE E3oRpiRERS: oipe Faeidiie IR suspﬁ%!a&g& in 10 ml

| ymphangi ti s/ | ypphade '%'Pﬁng baber oyt apegis At HED aeaicne

congl obat a, _
thereto under ice-cooling. After stirring for 20

minutes, the above-prepared dichloromethane solution was
added théreto, and the mixture was stirged 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 volume) as an eluent.
The solvent was remdved under.reducgd pressure, and 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, dad, J=5.9, 8.6, & 9.5Hz), 8.20, 8.25

(1H, 1:2.5, each d, J=14HZ)
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perianal abscess, nastaggnitis, superf|C|aI secondary vnﬁectlons after
trauma, bum or surgery *¥rauma, pharyngol aryn- gitis*acute bronchitis,
tonsillitis, chronic bronchitis, bronchiectasis, diffuse panbronchlolltls
secondary infections of chroni ¢ respiratory dlseases pneunoni a,

pyel onephritis, cystitis, prostatitis. epididymtis, gonococcal urethritis,
non- . gonococcal urethritis, cholecystitis, cholangitis, bacillary
dysentery, enteritis, adnexitis, intrauterine infections, bartho-

linitis, blepharitis, hordeolum. dacryocystitis, tarsadenitis.
kerat ohel cosis, otitis nedia, SinUuSFRRENCREXSMPLELLS, pericoro- nitis
circunctoronitis, gnathitis, peritonitrs. endocardltls septicem a,

nmeni ngitis, ana+.Kbn '&fQQEh§u§-Flu-
m croor gani sne3 ; '

fow, such TITOBYGET b [ p.

Fbennphllus sp>, Bordetella sp., Staphyl ococcus sp -and Myco- plasna
sp. Specific exanples(Ethg&erBﬁahlahqm%sésSC&myﬁiugrOh@ﬂ?QUbaGGMﬁkﬂsns
i nclude colibacillosis, pullorum di sease. avi an paratyphosis, fow .
chlera, infecti{du$ gdrryﬁasztGﬁomﬁlutbc@athq)fmmt@nsandngonydom%sﬁ%tlc

di seases: .
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 dissolved 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 thereto,
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 solvent of

benzene and ethyl acetate (4:1 by volume) The solvent
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those of swin, such asgeglibacillosis, salnonellosis, pasteurellosis,

haenophyl us infection, & rophic rhinitis, exudative “épidernmitis, and
mycopl asmal di seases; those for cattle, such as colibacillosis,

sal nonel | osi s, henorrhagic septicemia. . nycoplasmal diseases; bovine

cont ageous pl eur opneunoni a, and bovi ne nastesis: those of dogs, such:as
~coliform sepsi s, salnonellosis, henorrhagic septicema, pyonetra, and
cystitis: and those of cats, such as henorrhagic pleuritis, cystitis,
chronic rhinitis, haenmophylus infection, kitten diarrhea, and. nycoplasm

di seases. [ 0044] The conpound of the present invention can be fornul ated

into antim crofEaknpr @Ayedit Uks | FeRbvA@PLARRr AR ducd®SPrd SEF &CCOT GHY tO

t he adninistra§|on route se ectedﬂ%y the conventional preparation nethods.

The .dose form I’?éidueorvﬁés agished r @LLAN dDE449ESpyRbl Alfer AOVREESne to

granul es, capsules, solutions, syrups, elixiers, and oily or aqueous sus-
pensions. |njeghtaPaA MBY4CENbEI BrysRad@didf dhel @ il ddnoundr €L0BN] |
stabilizers. antiseptics, and sol ubilizing agents.

Melting Point: 99-100°C

[u]D: +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, 444, J=5.9, 8.6, & 9.5Hz), 8.20, 8.25
(1H, 1:2.5, each d, J=14HZ) |

REFERENCE EXAMPLE 14

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

In. 7 ml of anhyérous 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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-7 - The sol ution which -\ contai n such excipients is P, I n a container
and further, the sol utith may be subjected to |yophiliZdtion or the.like
means to prepare solid preparations which can be dissolved on use. The
container may contain either a single dose or several doses. [0045] Dose
forms for external adm nistration include solutions, suspensions,

emul sions, ointnents, gels, creams, lotions, and sprays. [0046] In the
preparation of solid preparations, the active ingredient may be nmxed with
appropriately sel ected phar- maceutically acceptabl e excipients, such as
fillers, extenders, binders, disintegrators, dissolution accelerators,

vwetting agents,etik | Ubid C&P18d 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
1E-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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[0047] Li quid preparatlgns include sol utions, suspen5|o and enul si ons.
They may contain excipients, such as suspension st abi | | 7 and

enul sifiers. [0048] The conpound of the present invention can be

adm nistered to animals orally either directly or adm xed to feedstuff, or
its solution may be given either directly or admi xed to water or feedst uf f .
The conpound may al so be adm ni stered non-orally by, for exanple,

i njection. [0049] The conpound of the invention can be fornmulated into
preparations for animls, such as powders, fine gran- ules, solubilized
powders, syrups, solutions, and injections, by commonly enpl oyed

preparation mtgﬂgéln[ QQ%O] d:%fmkzﬁgi %Qt&%ac{m&&ﬁpgﬁgdgi(\ﬁ%)bealxs('?waf %rolox;—

illustrative purpose
FORMULATI ON EXAVBLE &rystal.

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 Qere 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,land the precipitated crystals were collected by
filtration, washed with water and diethyl ether, and
dried_under reduced pressure to 0btain 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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Capsul e:
100.0 ngy
+23.0 ny
22.5 ny

g
total:

™ Conpound of
T E Corn starch
Cal ci um car boxynet hyl cel | ul ose
Hydr oxypr opyl net hyl cel | ul ose

qRnple 8

G i

3.0

Magnesi um st ear ate 1:5 ny

150. 0 Ny

FORMULATI ON EXAMPLE 2

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
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Sol uti on:
to 10 g
0.5to 2 g
0.1 g :
98.4 ¢

100 ¢

Compound of
Acetic acid or” S'dlun1hydrOX|de
Et hyl p-hydroxybenzoate
Purified water 88.9 to
total: :
FORMULATI ON EXAMPLE 3

Powder for Adm xture with Feedstuff:

hydrochloric acid and extracted with chloroform. The

extract was dried over‘énhydrous sodium sulfate, and 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]lp: +120.8° (c=0.475, 0.1lN NaOH aqueous 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—
qulnollne 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, followed by stirring at room temperature for 20
minutes. The reaction mixture was evaporated to dryness

under reduced pressure, and the residue was dissolved in
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6bnpound of Exanple 6 ,™ .1to 10 g

Corn starch =i 98.5 to 98.5 ¢
Li ght anhydrous silicic acid 0.5 a
total: : 100 g [0051] The present i nvention i s now

Illustrated in greater detail by way of the foll ow ng Exanpl es and

Ref erence Exanpl es. Reference Exanpl es describe the syntheses of optically
active skeletons froman optically active cis-2-fluor- :

ocycl opr opanecar boxylic acid. [0052] Antimcrobial activity of the
optically active conpounds prepared in Exanpl es was eval uated i n accordance

LD L% o B TS SHE b Yo PP U A Yo dade
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 (3): 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 (lH, dm, J=63Hz), 7.76 (1H,
d, J=14Hz), 8.54, 8.44 (1H, each s, split, 1:1)
ﬁ*\“““*-‘——~‘_~\ 
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interns of nininun1in?ﬁpitory concentration (MC [ergD

/).

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
sl st . 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

This Sheet Has Been Replaced -

| ]




REFERENCE EXAMPLE 1 ¢ -
N-[ 1- (R) - Phenyl et hyl ] - X; % Ccis-2- quorocycIopropane carbﬁxan1de (2a. 2b)
1-

[
1. Carbonyld||n1dazole thhod

pressure. The residue was washed with n-hexane to yield
1.57 Q of crystals of the titled compound fl4a);
| Melting Point: 99-100°C -
(a]ps =10.3° (c=1.25, chloroform)

Elementary Analysis for C;gH;,FgN,04
Calcd. ($):C 45.70; H 2.81; N 7.10

" Found ($)::C 45.60;:H:3:01;:N.7:03 . . .
1H-NMR (cnc13) 8 ppm.,.
1.10 (3H, t, J= 7Hz), 1.2-1.55 (21, m), 2.88-3.16
(1H, m), 4.09 (2H, q, J=7Hz), 4.45 (1H, dm,
J=63Hz), 8.29 (lH, d, J=14Hz)
IR(KBr): Vpax cm-l: 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-
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f0053] One grah1of ci s-2xfl uorocycl opropanecarboxyl I ¢ agthd was di ssolved in
30 M of tetrahydrofurd®-(THF), and 1.78 g of N, N -carbsnyl diimnidazol e was
added thereto, and the m xture was stirred at roomtenperature for 1 hour:
To the solution was added 1.45 g of (R)-(+)-[err]-nethyl benzyl am ne, and
the stirring was continued for 2 hours. The solvent was renoved under
reduced pressure, and the residue was extracted with chloroform The
extract was washed suc- cessively with a 10%citric acid aqueous sol ution
and water and dried over anhydrous sodium sul fate. The sol vent was renoved
under reduced pressure. Fronthe residual viscous oily substance, each .
st er eoi soner waminogl-2-<dd upr aditial apubparmndidbi) oashdissbdved Eaeheispner
was recrystallized fromdiisopropyl ether to yield the title conpound (2a)
or (2b). HPLC EoddioweshPy stirring at room temperature for 20 minutes.
The reaction mixture was evaporated- to dryness under
reduced pressure, and the residue was suspended in 20 ml
of dichloromethane. To the suspension was added 1.8 g
of triethylamine under ice-cooling, followed by stirring
Tras vl for 20 minutes. -To the mixture-was added the' above-
prepared dichloromethane solution, followed by stirring
for 2 hours. The reaction mixture was washed with water
and dried over anhydrous sedium 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 (3, 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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Col um: Nuclq&y | 50-5 (20 nm 10 X 250 mm L) #£Denshu Pack SSC
Silica, 782-1N, producé&d by Senshu . “i’Kagaku) .Sol vent:
et hyl acetate-THF (9:1 by volune) Flow Rate: 9.0 M/m| Retention
Ti me: 11 mns, for Conpound (2a) 13 mins. for.
Compound (2b) Conpound (2a): [0054] Melting Doint: 108[err]C

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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HeWMam/Nmymst; err]H err] FNO
Calcd (% C 69.55; 57 81; N 6. 76 R
Found (% C 69. 31, H 7.01, N 6. 65 [[err]][err]: +61. 96[erﬂ
'(¢c=0.965, chloroform [err]H-NMR (CDCl [err]) [err] ppm

0.92-1.34 (2H, m, 1.50 (3H, d, J=7Hz). 1.50-1.96 (1H mn), 4.68 (1H, “dm

gzgﬁkh), 5.14 (1H, m, 7.40 (5H, s) Physiochem cal Properties of Conpound
2b) ;. :

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

e (-)—Eﬁhyl 6,7,8-trifluoro—l¥(l,2—cis-2—fluoro—1—cvclo—_
o propyl)-5—nitro—4—oxo-1,4—dihydroquinoline~3—carboxvlate

(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 wvere
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]p: -11.1° (c=0.27, chloroform)
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[0055] Mel ting point: g@@[err]c

El ementary Analysis fof=Clerr]H err] FNO

Galcd. (%9 C 69.55: H 6. 81; N 6.76

Found (% C 69. 45; H 6.67, N 6. 70 [
(c=0.830. chloroform [err]H-NVMR (CDCl [err
0.98=1.34 (2H. m, 1.52 (3H d. J=7Hz). 1. 64 1.
J=66Hz). 5.24 (1 H m. 7.40 (5H,

]lerr]: +143.61[err]
rr]

H m. 4:.58 (1 H dm

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
1p-NMR (CDC1;) & ppm: |
1.36 (3H, t, J=7Hz), 1.4-1.92 (2H, m), 3.74-4.02
(1H, m), 4.36 (2H, q, d=7Hz), 4.94 (1H, dm,
J=62Hz).;.78.54..(1H, :5) . ‘
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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m - 1-2. M xed Anhydrlde?wbthod [0056] In 50 m of THR were di ssol ved
4.19 g of 2-fluorocycl @&t opanecarboxylic acid (cis-trarRs” m xture) and 4.07
g or triethylam ne, and the solution was cooled to -10[err]C. To this was
added a solution of 4.73 g of ethyl chlorolormate in 20 ml of THF and the
m xture was stirred for 10 mnutes. To the solution was then added dropw se
a solution of 4.88 g of (R -(+)-[err]-nethylbenzylamne in 30 M of THF at
that tenperature, and the mixture was stirred at roomtenperature for 15
hours. The sol vent was renoved under reduced pressure, and the residue was
extracted with benzene. The extract was washed successively with a 10%
citric acid aqueouMedtling ®oink:1N190410dr*Bydr oxi de -aqueous sol ution

[¢)p: +26.0° (c=0.76, chloroform)

Elementary Analysié for C;gH,,F,N,0;
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

E

‘{=)=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, énd 120 ml 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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and water and dried o gﬁ\anhydrous sodi um sul f at e. ThgggpIVent was renoved
under reduced pressurei¥and the re- T
REPLACEMENT SHEET

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
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SU|t|ng pale yel 'ow oi subst ance was purlfled by sil¥ktpa gel col um
chr omat ogr aphy usi ng a~# xed sol vent of benzene and etWd acetate as an
eluent to each of the title conpounds (2a) and (2b). REFERENCE EXAVPLE 2

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 (1H, s), 8.62 (1H, )
) 1566, 1513

. REFERENCE EXAMPLE. 25.

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

- {17b):

The ester (1l6b) (588 mg) and 10 ml of concen-
tratéd hydrochloric acid were mixed aﬁd 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 tltled 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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(+)-cis-2-Fluorocycl opgmpanecarboxylic acfd (3a): [008% In 15 m of
concentrated hydrochl ofiit acid were di ssol ved 530 ng ot**t he ami de conpound
(2a) as prepared in Reference Exanple 1, and the solution was heated at 100
to 110[err]C for 5 hours while stirring. To the reaction m xture was.added
20 M of water, and the m xture was extracted with ethyl acetate. The
extract was then extracted with a sodi um hydrogencar bonat e aqueous sol ution
and this aqueous extract was washed with ethyl acetate. The aqueous extract
was adjusted to a pH of 5 with concentrated hydrochloric acid and extracted
with ethyl acetate. The extract was dried over anhydrous sodi um sul fate,
and t he sol vent ma%HrHMBvé@DGﬂgérGrppmsed pressure to yield the title

conpound (3a) as a palq yellQW @4, m), 3.9-4.2 (1H, m), 5.08 (1H, dm,
| J=65Hz)},-7.72 (1H, s), 8.62 (lH, .s) '
IR veay om-l: 3448, 3334, 1725, 1656, 1596,
1566, 1518
(—)—S—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)—l—t—butoxycarbonyl-
3-(t-butoxycarbonylamino)pyrrolidine was dissolved
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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[[err]][err]: -23. 13[enﬁ$(c 1. 020, chloroform [ er
[err] ppm O ERI0-1. 42 (1H, m, 1.60-2.10 (2H3
J=65Hz), 12.0 (1 H, s) REFERENCE EXAMPLE 3 (+)-cis-2
- Fl uor ocycl opr opanecar boxylic acid (3b): [0058] In 30 ml of concentrated
hydrochloric acid were dissolved 1.65 g of am de conmpound (2b) as pr epar ed
in Reference Exanple 1, and the solution was heated at 100 to 110C for 5

hours while stirring. The pH of the reaction

| H NVR (CDCl [err])
, 4.82 (1H, dm

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. (i): C 53.40; H 4.48; N 14.65
Found (%$): C 53.28; H 4.08; N 14.54
'H-NMR (NaOD)) & ppm: |
1. 47 1.58 (1lE, m), r 1.67-1.78 (2H, m), 2.07- .
2.11 (1H, m), 3. 28-3.44 (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-is 3400, 1728, 1635, 1605, 1518,

1433, 1350, 1308

- EXAMPLE 8

(+)-5—-Amino—7-{3-(S)—amino-1-pyrrolidinyl]-6,8-difluoro-
1-(1,2-cis—-2-fluoro-l-cyclopropyl)—-4-oxo-1,4- dlhydro—
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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m xture was adj usted begween 8 and 9 with sodi um hydroggrcar bonate and t hen
washed wi th chl orof orm%“iFhe pH of the aqueous |ayer ma§“ddjusted to 4 with
concentrated hydrochloric acid and extracted with ethyl acetate. The
extract was dried over anhydrous sodium sulfate, and the sol vent was.
renoved under reduced pressure to give the title com pound (3b) as a pale
yel l ow oil . [[err]][err]: +21.56[err] (c=1.113, chloroform

HNW (CDCl[err]) [err] ppm 1.0-1.42 (1H, m, 1.56-1.98 (2H,
m, 4.76 (1H, dm J=66Hz), 11.32 (1H, s) REFERENCE EXAWVPLE 4

therein, followed by stirring at room temperature for 30
minutes. The reaction mixture was evaporated to dryness
S under reduced pressure, and the residue was dissolved in
25 ml of acetonitrile. To the solution were added
160 mg of the carbdxylic acid (17b) and 400 mg of
- triethylamine, and the mixture was heated -under reflux
ieme--ot .= .. for 12 hours.. :The.reaction;mixtune¢washevappn§ted_to
| drynegs under reduced pressure, énd 1IN hydrochloric acid
Lol 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 soéiﬁm sulfate, and the solvent was
‘removed under reduced preésure ' 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,4H,,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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(+) cis-1-(t- But oxycar benyl am no) - 2- quorocycIopropane.ﬁ,a) [0059] In 5
m of t-butanol were dif$sol ved 200 ng of the carboxylic¢=acid (3a) as
obtained in Reference Exanple 2, 603 ng of di phenyl phosphoryl azi de, and 203
ng of triethylam ne, and the solution was heated under reflux for 4.5
hours. After renoving the solvent under reduced pressure, the residue was
extracted with chloroform The extract was washed successively with a 10%
citric acid aqueous solution, a 2% sodi um hydroxi de aqueous sol ution and
wat er, and dried over anhydrous sodium sulfate. The sol vent was renoved
under reduced pressure, and the residue was subjected to silica gel colum

chronat ogr aphy usi rig;-NMror (@f eluent to obtain the title conpound
(4a) as colorless crystals ti P0|nt 73 err

2.12 (lH, m)’ 3-29—3032 (lH' m)' 3.48—3052(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
wes 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 remeved 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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[[err]][err]: +65. S57[erg (c=0.610, chloroform Peg ] H-NVR |
(CDA[err]) [err] ppm & 0.6-1.3 (2H, m), 1.467{9H. s), 2.48-2.74
(-1H. , 4.62 (1H dm J=65Hz), 4.6-5.1 (1H. broad) REFERENCE EXAMPLE 5
(-)-cis-1-(t-Butoxycarbonyl am no)-2-fl uorocycl opropane (4b): [0060] To 6

m of t-butanol were added 265 ng of the carboxylic acid (3b) as obtained
I n Reference Exanple 3, 800 ng of diphenyl phosphoryl azi de, and 270 ng of

triethyl am ne.

The solution was allowed to react and worked up in the

ethyl 1l-acetyl-l-cyclopropanecarboxylate having a
5oiling point of 70 to 71°C/2 to 3 mmHg. |
1H-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—bromoacetyl l—cyclopropanecarboxylate, which was
then, w1thout further purlflcatlon, dissolved in 200 ml
of ethanol. To .the solutlon_were 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 continued 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

This Sheet Has Been Rep

w0 -



same’ manner. as in Refe?egce Exanmple 4 to obtain t he ti¥te conpound {4b).

Mel ting Point:

63 C & [[err]][err]: -60.27 (c=0. 740 chlorof orn

[err]H-NMR (CDCl[err]) [err] ppm

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, d, J=7.2Hz), 3.5 (1H, d, J=18Hz), 3.8
(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, aﬁd 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

”‘___”’_",_,_’———-—‘=
et Has Been Replaced

" - -



- 10 -
(1H, dm J=65Hz), 4

~

. 66x1.3 (2H, ), 1.46 (9H s). 2.4852.74 (lH m. 4.58
“l (1H broad) REFERENCE EXAVPEE 6

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'
e 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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( ) - Ethyl -2-(1(. 2- ci s- 228l uor ocycl opr opan- 1- yI)an1nonevhxlene] 3-0Xo-3-(2.4
. 5- trlfuorophefylIorop|0ﬂate (5a): [0061] Ethyl

2-4 5-trifluorobenzoyl acetate (234 ng), 2 m of ethyl orthofornate and 4
m of acetic anhydride were m xed and the m xture was heated at 110 to
120[err]C for 2 hours while stirring. The sol vent was renoved under reduced
pressure. and the residue was dissolved in 10 ml -of dichloronethane. [0062]
Compound (4a) as obtained in Reference Exanple 4 (167 ng) and 5 m of
trifluoroacetic acid were mxed and the m xture was stirred at room
tenperature for 20 minutes and concentrated to dryness under reduced
pressure (the rGampaund) GMak: trifl uoroacetate was used without
purification). The residue was dissolved in 10 i of dichloroneth- ane and
cooled to -10[err] Xa-MMRoOjeDELy) & ppik ny of triethylanmine in 10 nl of

di chl or onet hane was added dropw se thereto.
0-6_10 (4H’ m)' 1040 (ZH' S),‘ 1.53 (BH' d,

J=7.2Hz), 2.99 (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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Thereafter, the above prepared di chl oromet hane sol uti omyas added dropw se
to the mxture, followEd by stirring at room tenperaturé€” overni ght. The
sol vent was evaporated to dryness under reduced pressure, and the residue
was subjected to silica gel columm chromatography using a ni xed sol vent of
benzene and ethyl acetate (21 by volune). A yellow oily substance was
obtained fromthe eluent after renoval of the solvent. The product was
recrystallized fromdrisopropyl ether-n-hexane to yield the title conpound

(5a) as colorless crystals. , Mel ting Point 69-70[err]C, [err]
-10. 29[ err] (Cé%mggghdcw5ggglorn) REFERENCE EXAMPLE 7 :

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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(+) Et hyl -2-[(1, 2-ci s- 2-{Iuorocyc|opropan 1-vl ) am nomegthyl enel - 3- oxo-3-(2, 4
, 5- trlfluorophenvl)prophonate (5b): [0063] Ethyl o
2 4,5-tifluorobenzoyl acetate (337 ng), 2 m of ethyl orthoformate, and 4 mni
of acetic anhydri de were m xed, andthe m xture was heated at 110to 120C
for2 hours while stirring. The solvent was renpved under reduced pressure.
and the residue was dissolved in 10 m of dichloronethane. [0064] Conpound
(4b) as obtained in reference Exanple 5 (240 ng) and 5 m of
trifluoroacetic acid were mixed and the mixture was stirred at room
tenperature for | hour, followed by concentration under reduced pressure
(the anmine triflbeyeroavsier ccandingectani mhbet uralkedinen). The meksitduse was
di ssolved in 10 m of dichloroethane, and the solution was cooled to
-10[ err] C. ‘A suRgt i extoshct®d nghoeet r tdmes amitd | ehl®ngfaym, and the
di chl or onmet hane was added thereto dropw se: and the above- prepared '
di chl or onet han@rgaindq o aRer f uivasier vaghed t ¥itle M xtsrturasedonwsedpum

stirring at roomtem .
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
LD I 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,
d, J=5.6' Hz), 3.24 (1H, g, J=7.2Hz), 3.6-4.0
(1H, m), 4.6-5.1 (1H, br. d), 7.28 (5H, s)
Elementary gAnalysis for C,qH,gN,0,:
Calcd. (%):C 72.12; H 8.92; N 8.85
Found (%): C 71.63; H 9..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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perature overni ght Thegsplvent was renpved under reduqqq pressure and the

resi due was subjected & silica gel colum chromatograpKy using a ni xed
sol vent of benzene and ethyl acetate (2:1 by volune). A yellow oily
subst ance was obtained fromthe eluent after renoval of the solvent..
Recrystal lization fromdiisopropyl ether-n-hexane gave the title conpound
(5b) as colorless crystals. Melting Point: 69-70[err]C fTerr]:
+12. 09 (c=0.645, chloroform REFERENCE EXAMPLE 8
(+)-6,7-Difluoro-1-(1. 2-cis-2-fluorocycl opropvl) -4-oxo-1
4- di hydr oqui nol i ne- 3- car boxyl ate (6a):

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 71.867 H.9.36; N 8.68"

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

To 30 ml of ethanol were added J650 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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[0065] In 15 m of anhygyous di oxane were dissol ved 18ﬁ\ng of Conmpound (5a)
as obtained in Referengs Exanpl e 6, and 200 ng of 60% §®di um hydri de were
added to the solution, followed by stirring at roomtenperature for 2 days.
The reaction m xture was added to a 10% citric acid agueous sol ution,
fol lowed by concentration under reduced pres- sure. The residue was
extracted with chloroform and the extract was dried over anhydrous sodi um
sul fate. The sol vent was renoved under reduced pressure. The residue was
purified by silica gel preparative TLC using benzene-ethyl acetate (1:2 by
vol une) as a developing solvent to yield the title conpound (6a) as :
col orl ess crysimahfier as aWevd.ng Phe NNMR23be2d3{aeroff Compouhdsr R4b) and
+27.20[err] (c=0.610, chloroforn) [err]H-NMR (CDCl [err]) [err] ppm
(24a) were in complete agreement w1th each other.

Compound (24) | o -
E-NMR (CDC1l;) § ppm:
0.4—1.0 (4H, m)’ 1,42 (gH' S), 2-71 (lH, d'

J=10.2Hz), 2.92 (1H, dd4, J=10.8 & 3.6 Hz), 3.0l

e - (1H, ‘d, J=10:2Hz),~3.33 -(LH; :4d,F=10+8:8~5 4~
| Hz), 3.5-3.9 (1H, m), 5.0-5.4 (1H, br, @) .

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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1.20 (3H, t. J=THz). 1/841.9 (2H ). 3.28-3.56 (1H, :nﬁ\4.42 (2H. q.
J=7Hz), 5.11 (1H, dm 3%B3Hz), 7.60 [err]H dd, J=11Hz & 7%&) 8.28 (1H.
dd, J=10Hz & 11Hz), 8.58 (1H. S)

REPLACEMENT SHEET

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):

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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REFERENCE EXAMPLE -9 (o~ Ethy
6, 7-di fl uoro-1- (1. 2-ci $#2-fl uor ocvcl opropyl ) - 4- oxo- 1. 4 a¥hvdrOU|noI|ne 3-ca

r-boxvl ate (6b): = [0066] In 15 m of anhydrous di oxane were di ssol ved 267ny
of Conpound (5b) as obtained in Reference Exanple .

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 (l2a)

-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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7, and 200 ng of 6096§g§iun1hydride were added theretgfyand the m xture was
stirred-at roomtenperature for 2 days. The reaction m*ture was added to a
10%citric acid aqueous .solution, followed by concentration under reduced
pres- sure. The residue was extracted with chloroformand dried over.
anhydrous sodium sul fate. The sol vent was renoved under reduced pressure,
and the residue was purified by silica gel preparative TLC using
benzene-et hyl acetate (1:2 by volune) as a devel oping solvent to yieid the
title conpound (6b) as colorless crystals. Mel ti ng Poi nt L
226-227[err] C - [err]: -31.36[err] (c=0.610, chloroform - .
[err]H-NMR (CDCl[err]) [err]q ppm EXAMPLE 131.22 (3H, t, J=7Hz), 1.5-1.9
(2H, m, 3.26-3.52 (1H, m, 4.40 (2H, g, J=7Hz), 5.10 (1H dm J=63Hz),

7.58 (1 H, ddsyﬁfﬁésﬂg &£ 7 ehpolindd (Rbald) dd, J=10Hz & 11Hz), 8.55 (1 H, s)

.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—chlorb—7—fluoro—l—(l,2—cis—2—fluoro—l—
¢yclopropyl)—-4-oxo—-1,4-dihydro—1,8—naphthyridine-3-
carboxylate (29a) '

A mixture of 1 g of ethyl 2,6-dichloro—5;f1uoro—
nicotinoylacetate iﬁ?), 5 ml of ethyl ofthoformate, 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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REFERENCE EXAMPLE 10 f%)-6.7-Difluoro-1-(1.2-cis . A

-2-fluorocycl opropyl ) -¥%+xo- 1. 4- di hydr oqui nol i ne- 3- carBoxyllc acid (7a):
FO067] In 15 m of concentrated hydrochloric acid were dissolved 106 ng of
the ester (6a) as obtained in Reference Exanple 8, and the sol ution was
heated at 1 00 to 110[err]C for 2 hours while stirring. To the reaction

m xture were added 1 5 m of water, and the precipitate was coll ected by
filtration to obtain the title conpound (7a) as colorless crystals.

Mel ting Point: 265-27[err]C. [err]: +3.66[err] (c=0.383, acetic acid)

dichloromethane, énd 2.0 g of triethylamine 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
tsa:ﬁ:;a .. dried .over ‘anhydrous -sodium :sulfate..: ::The .solvent..was
removed ﬁnder' reduced pressure. The residue was
ST subjected to column chrqmatography”usingGSO~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.§ colorless oil.
1g-NMR (CDC13) &, 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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[err]H-NVR (CDCl [err]) » rr] ppm 1.75-1.982H, m, 3.58 (1H,

, 5.18 (1H, dm J=64Mz), 7.82 (1H, dd, J=12Hz, & 7Hz)+" 8.37 (1H, dd,
J=18Hz & 8Hz), 8.94 (1 , S) REFERENCE EXAMPLE 11
(-)-6.7-Difluoro-1-(1.2-cis-2-fluorocycl oprooyl ) -4-oxo-1. 4-di hydr oqui nol i ne
-3-carboxylic acid (7b):- [0068] In 10 m of concentrated hydrochloric acid
wer e di ssolved 150 ng of the ester (6b) as obtained in Reference Exanple 9,
and the solution was heated at 110[err]C for 2 hours while stirring. To the
reaction m xture were added 20 m

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;. HI 3,263 M:8.52515%. = .
1H-NMR (CDCl,) & ppm:

T T 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

{+)-Ethyl 8-chloro—-7- fluoro—l {1l,2- —cis—-2-fluoro—-1-
cyclopropyl)—4-oxo-1,4-dihydro-1, 8—naphthvr1d1ne 3-
carboxylate (29b):

A mixture of 1.0 g of éthyl 2,6-dichloro-5-

fluoronicotinoylacetate (27), 3 ml of ethyl ortho-
formate, and 6 ml of acetic anhydride was heated at
120°Cc for 1.5 hours while stirring. The reaction
mixtﬁre 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—fluorocyc16propane (4b) was .dissolved
therein. The solution was stirred at room temperaturé

.
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of wat er, and t he n1xtuﬁ¢ was extracted with chloroforﬁT\The extract was
dri ed -over anhydrous s&dfrum'sul fate, and the solvent was renoved. under
reduced pressure. The residue was recrystallized fromethanol to yield the

title com pound (7b) as colorless crystals. Mel ti ng Point- .
261-264[err]C [err]: -4.08 (c=0.343, acetic acid) [err] H NWR
(CDC[err]) [err] ppm 1.75-1.95 (2H, nm, 3.58(1H m, 5.18 (1

H dm J=64Hz), 7.82 (1 H, dd. J=12Hz &7Hz), 8.37 (1H dd, J=12Hz & 8 Hz),
8.94 (1H's) EXAMPLE 1

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 ggl 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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7 [ 3- (S) t - But oxycar bongham no-1 -pyrrolidinyl]-6- quor (1
.2-Ci s-2- quorocycIopro )-4-0x0-1 .4- dlhydrqu|noI|nev 3 carboxylic acid
C8a) [ 0069] Seventy n1II|granB of the carboxylic acid (7a) as obtained in
Reference Exanpl e 10, 150 ng of (S)-3-(t- butoxycarbonyl am no)pyrrolidine,
200 ng of triethylamne, and 20 ml of acetonitrile were m xed, and the
m xture was heated under reflux for 4 hours. The sol vent .was renoved under
reduced pressure, and to the residue was added a 109%citric acid aqueous
solution followed by extraction with chloroform The extract was dried
over anhydrous sodium sul fate, and.the sol vent was renoved under reduced
pressure. The residue was recrystBEEEZEH_ELEKEHEEEL_ﬁcetate to obtaln t he
t|tIe conmpound (8a) as yellow crystals.
(-)-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

=&i.is .o . 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)

Sheet Has Been Replaced

- L



Nbltlng Poi nt: 236- 239Farr] C [err]: +1.0[err] (c2)200. ch[oroforny
[err]H—NNR (CDCI[err]) S . '

“perr] ppm

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.
ITIO. -uLL L. .gggghj“-Vol.f 31,.1p.1598._L1988)),, and ~:the: solutlon was-. ..
stirred at room temperature for 20 minutes, followed by
S o evéporation.-to ‘dryness under-- reduced - pressure. - The
residue was dissolved in 20 ml bf-acetonitrile, and 150
‘mg of Compound (30a) and 2 ml of trieﬁhylamine 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 (31la) as.a colorless crystal.
Melting Point: 255-258°C

[a)p: -14.52° (c=0.413, 0.1N NaOH)
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S o12- 1. 4r§ 7 (2H M. 1.46 (9H, s), 1.7-A39 (1 H
2.0-2.36 (1 H m), 3.3-%% (5H, ). 4.2-4.4 (1H, m). 568 (1 H dm J=68Hz),
6:68 (1H, d, J=7Hz), 7.84 (1H d. J=14Hz), 8.46 (1H. s)

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):

ECTORE SR - 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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7-[3-(S)-t-Butoxycar borpgham no- 1-pyrrolidinyl]-6-fluorgsd -(1,2-cis-2-f1
uor ocycl oproyl ) - 4- oxo- £¥74- di hydr oqui nol i he- 3- car boxyl¥ic acid (8b):
[0070] The carboxylic acid as obtained in Reference Exanple 11 (7b) (112
mg), 200 ng of (S)-3-(t-butoxycarboxy- |am no)pyrrolidine, 220 ng of
triethylamne, and 15 ml of acetonitrile were m xed, and the m xture was
heat ed under reflux for 4 hours. The solvent was renoved under reduced
pressure, and to the residue was added a 10%citric acid aqueous sol ution,
foll owed by extraction with chloroform  The extract was dried over

anhydr ous sodium sul fate, and the sol vent was renoved under reduced

pressure. The resigmgmgaga&gcmmgugg&gzggffqun géfyluq§etate to yield the
title 24728-2"2735s '
- Calecd. (%): C 56.31; H 5.51; N 8.21

Found (%): C 56.16; H 5.48; N-8.21

In 10 ml of trifluoroacetic acid was dissolved
200 mg of Compbund (33b), and the solution was sﬁifred
for 30 minutes. The reaction mixture was evaporated to

e dryness--under*-reddced~~pressure7meand-4@he~ 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

1

- residue was:recrystallized from aqueous ammonia-ethano
té. obtain 140 mg of the titled compound (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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conpound (8b) as yellcwyvyystals Melting Point: 242-243[err]C
[err]: 4.0[err] (c=0.448% chl oroform [err] H NWMR (GDCI[err]) [err]
ppm 1.0-1.7 (2H m, 1.40 (9Hs), 1.6-1.8 (1 H m, -2.1 (1
H m, 3.3-3.9 (5H M, 4.2-4.5 (1 H m, 5.00 (1 H dm J=68Hz), 6 58 (1
H d, J=7Hz), 7.72 (1 H d, J=14Hz), 8.32 (1 H s) EXAWLE 3
7-13-(S)-Am no- 1- pyrrolldlnyl] 6-fluoro-1-(1.2-cis-2-fluorocycl oproyl)- 4 oX
0- 1, 4- di hydr oqui nol i ne- 3-carboxylic acid
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
pressure, and the residue was dissolved in 10 ml of
dichloromethane.

In 5 ml of trifluoroacetic acid was dissolved

propane (4b),- and the solution was stirred for 20
minutes; - followed by evaporation to -dryness- under-
reduced pressure. The residue was suspended in 20 ml of
dichloromethane, and 5 ml of a dichloromethane solution
containing l500 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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[0071] In 10 m of trifdworoacetic acid were dlssolved;GQ ng of the
carboxylic.acid (8a) as#ebt ai ned in Exanple 1. After sf+rr|ng for 20
m nutes, the reaction m xture was evaporated under reduced pressure to
dryness. To the residue were added 5 ml of water, and was further added a 1 -
N sodi um hydroxi de aqueous solution to dissolve the resi due. The pH of the
aqueous | ayer was adjusted to 7.5 with.1 N hydrochloric acid, foll owed by
extraction with chloroform The extract was dried over anhydrous sodi um
sul fate, and the solvent was renoved under reduced pressure. Recrys-
tallization of the residue fromethanol yielded the title conmpound as
colorless crystals. Mel t i ngQREPERENCESERBBPREr B2 [err]:
-31.35[err]r (c=0.370, 1 N NaOH aqueous sol ution)

{(-)-Ethyl 6,7-difluoro—-1—-(1,2-cigs—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
et e 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 m, 1.68-1.80

[err]H N (CDCI[err])rﬁgrr] ppm 1.52-1. 68$

(1H, m. 2.05-2.15. (1Ff 3.13-3.22 (1H m, 3.25-3.45 (2H, n), 3.45-3.65
(3H m, 5.12 (1 H dm J 65Ft) 6.58 (1 H d, J=7Hz), 7.58 (1 H d,
J=14Hz), 8.29 (1H- s) EXAMPLE 4

7-[3-(s]-Am no-I-pyrrolidinyl]-6-fluoro-1- (1 2-Cci s-2- quorocycIopropyI) 4-0

X0-1, 4-di hydr oqui nol i ne- 3-carboxylic acid [0072] To 10 m of
trifluoroacetic acid were added 80 ng of the carboxylic aC|d (8b) as
obtained in Exanple 2. After

1H—NMR (CDCl,) & 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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stirring for 20 minutegmythe reaction mxture was evapghated to dryness
under reduced pressure’*To the residue were added 5 M *gt water, and was
further added a 1 N sodi um hydroxi de agueous solution to dissolve the
resi due. The pH of the aqueous |ayer was adjusted to 7.5 with 1IN.
hydrochloric acid and foll owed by extraction with chloroform The extract
was dried over anhydrous sodium sul fate, and the solvent was renoved
t herefrom under reduced pressure. Recrystallization of the residue from
et hanol gave the title conpound (9b) as col orless crystals. Mel ti ng
Pot nt: 236-240 C . [err]: +23.72 (c=0.413,1 N NaOH aqueous sol ution)
[err] HNVR (CDebheehkxakted und@®¥ reduced predswbe]l. 48d( BHe MesilifEddvag 7
(1H, m. 2.07-2.15 (1H, m, 3.15-3.22 (1H, m. 3.37-3.47 (2H m, 3.52-3.58
(2H. n). 3.58-3is6ol¥Ed mMin Schlorbfiorttin J=GHE) .s616€ib6AH. wis Jwddhed
7.61 (1H, d, J=14Hz). 8.30 (1H. s)

successively 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 'chrOmatog;aphy 'ﬁsing "chlorofo;m—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 reéidue was
added 100'm1 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
.sulfjate, and the solvent was evaporated to obfain the
titied compound (45j as a colorless oil.
'B-NMR (CDCl3) § 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,
ﬁ), 3.38 (1H, dd, J=6.7Hz, & 8Hz), 4.48 (2H, s)/

7.28 (S5H, 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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- 13- REFERENCE. EXAMRER. 12 (-) - Et hyl £
2-[[1.2-Cis-2-f|uoro-fﬁ&yclopropyl)aninoI-nethylenel-3ﬁ5x0-3(3-chlor0-2,4,5
-trifluorophenyl]-propionate (10a): [0073] Ethyl
3-chloro-2,4,5-trifluorobenzoyl acetate (1.5 g). 6 m of ethyl- orthoformate,
and 10 m of acetic anhydride :

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 mlxture was heated under reflux
for 24 hours. To the reaction mixture was added drop—'
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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were m xed, and the m yyre was heated at 110 to 120[epr}C for 1.5 hours

-----

while stirring. The reaecti on m xture was con- centrated® o dryness under
reduced pressure, and the residue was dissolved in 5 m of dichloronethane.
[0074] Seven milliliters of trifluoroacetic acid was cooled with ice, and
480 ng of (+)-cis-1 -(t-butoxycarbonylam no)- 2-fluorocycl opropane (4a)

wer edi ssol vedt herein. The solution was stirred at roontenperature for 20

m nutes, followed by evaporation under reduced pressure to dryness. The
~residue was suspended in 10 nml of dichloronethane, and 3 nml of
triethylam ne were added thereto under ice-cooling. After stirring for 20
m nutes, the aBbee-exepackd wischweshednesneressbvalyorvikl &4dB¥ tgrdium,
and the m xture was stirred for 1 hour._ The reaction m xture was washed
with water andhyfre#ieer aguagusousokvtiem And aMaterme 38hvedtriads e @Hved
under reduced pressure. The residue was subjected to flash col um

chr omat ogr aphy 288Y6F Vs @AWy efitd@tinzeneThRd SadMeRtet YRS (Fheny

vol une) as an eluent. The solvent was renoved under reduced pressure, and
the residue waSVRARSEAEEHit h dil sopropyl etherto obtain

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 concentrated. 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)
1g-NMR (CDC1,;) & ppm: |
1.07 (3H, 4, J='7H_z), 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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620 nmg of the title co ,;und (10a). Mel ting Poi ntg788-100[err] C
[err]): -6.66[err] (c= chloroform i :
HemMam/Nmymsforqu]WeH]GHeH]MIHH

Cal cd. (% C 49. 26; H 3. 31; N 3.83

Found (% C 49. 39; - H 3. 22; N 3. 86 [err]H—NNR (CDCI[err]) [err]
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, 1:2.5, each q, :

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 starting 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).

S
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J=THz),

4.78 (1H, dm Q§§5Ft), 7.13 (1H, ddd, J=5.9, 8 & 9.5Hz), 8.20,
8.25 (1 H 1:2.5, each*#’ J=14HZ) REFERENCE EXAMPLE 13+
(+#)-2-[[1, 2-ci s-2-Fl uor-o-1-cycl opr opyl ) am nol net hyl enel - 3- oxo- 3- (3-chl oro-2
.4,5-trilfluorophenyl)propionate (10b): [0075] Ethyl

3-chloro-2,4,5-trifluorobenzoyl acetate (1.5 g),6 m of ethyl orthofornmate,
and 10 m of acetic anhydride were m xed, and the m xture was heated at 110
to 120[err]C for 1.5 hours while stirring. The reaction m xture was con-
centrated to dryness under rediuced pressure, and the residue was dissol ved

in 10 m "of dichloronethane. [0076] Ten milliliters of trifluoroacetic acid
were ice-cooled, and 1.12 g of (-BERERENCE:EXMMBLEc3#bonyl ani no)-2-fl uor-

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 dryneés .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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ocycl opropane (4b) wergndi ssol ved.therein. After stirrfhg at room
tenperature for 20 m nidfes, the nmixture was evapo- rated to dryness under
reduced pressure. The residue was suspended in 20 m of dichloronethane,
and 2.0 g of triethylam ne were added to the suspensi on under ice-copling.
The above- prepared dichl oronet hane sol ution was then added thereto,
followed by stirring for 1 hour. The reaction m xture was washed with water
and dried over anhydrous sodium sul fate. The sol vent was renoved under
reduced pressure. The residue was subjected to flash colum chro-
mat ogr aphy which was eluted with_a nm xed sol vent of_ benzene and et hyl
acetate (4:1 by volune). The sol RERERBNGH,EXAMBLE 395 renoved under
reduced pressure. The residue was washed with diisopropyl ether-n-hexane to
obtain 1.74 g 0f)cEYsYh| 6. dfdiftuorot+i— ﬁbagngag zrﬁguoro —1-cyeiliong Poi nt :
99- 100[err]C oropvi)r8-methy¥ofcoxd-1eéndghgdreqgna 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=10Bz), 8.54 (1H, d, J=3Hz)
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Calcd. (%9 C 49.26: *H 3.31: N 3.83 e
Found (% C 49. 41: H 3. 60: N 4. 06 ' [ err] H NVR (CDG [err]) [err]
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, 1:2.5, each q. J=7Hz), 4.78 (1H, dm
J=65Hz), 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 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,

T-xi .:ohn. .. . the precipitated crystals -were zcollected--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=15Hz); 8.82 (1H, 4, 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]pyrrolidine,.
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 R

o HIIIIIHIHIHIIHIIIllld



D

'f'
A
§.
-
\
(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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REFERENCE EXAMPLE 14 ) -Ethyl 8-chloro-6.7-dtfl uoro-£>

-(1,2-cis-2-fluoro-1 -&jcl ooropyl ) - 4- oxo- 1. 4- di hydr oqui*fiol i ne- 3- car boxyl at e
(11 a): [0077] In 77 mM of anhydrous di oxane were dissolved 620 ng of
Compound (10a) as prepared .in Reference Exanple 12. and 80 ng of 60% sodi um
hydri de were added to the solution, followed by stirring at room
tenperature for 1 hour Ethyl acetate was added to the reaction m xture, and
the m xture was washed successively with a 10%citric acid agueous sol ution
and water. The organic |ayer was dried over anhydrous sodiumsulfate, and
t he sol vent was renoved

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 washe§ success—
ively with a 10% citric acid aqueous solution and water.
Thgf organic layer was dried over anhydrous 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,

“““-———————____;E_E_
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therefron1under reducedNpressure. The residue was. washEd wi th n-hexane to
obtain 551 ng of the ti#le conpound (11la) as colorless*® crystals :
Melting Point 181-184[err]C [err]: 45.1[err] (c=1.18. chloroform
El ementary Analysis for CJerr]Herr]CIF[err]NJerr]: )
Calcd. (% C52.12; H 3. 21; N 4. 05

Found (%9 C 52. 09 H 3. 33 N 4. 01 “[err]H-NVR (CDO [err]) [err]

ppm

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

7-[4-(S)~BAmino-2—(S)-methyl-1-pyrrolidinyl]-6-fluoro—-1-
(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 triethylamipe were added

\
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i.40 (3H, t, J=7TH2), 1/ﬁ 1.9 (2H, M. 4.08 (1H m, 4133 (2H, q, J=7TH2),
4.90 (1H, dm J=65Hz)." 8! 24 (1H, dd. J=10 & 11 Hz) REFERENCE EXAMPLE 15
(-)-Ethyl 8-chloro-4.7-difluoro-1 -(1.2-cis-2-fluoro-1 _
-cycl oropyl ) - 4- oxo- 1. 4- di hydr oqui nol i ne- 3-car boxylate (11 b): [0078] In 10
m of anhydrous di oxane were suspended 560 ng of 60% sodi um hydri de havi ng
been washed twi ce with anhydrous.- n-hexane. The suspension was added to a
solution of 1.70 g of Conpound (10b) in 20 -m of anhydrous di oxane,
followed by stirring at roomtenperature for 2 hours. The sol vent was
‘renmoved under reduced pressure, and,
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 made 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).

Melting 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_(57bl '

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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O 1 N hydrochloric acigmwas added to the residue. The gpecipitated crystals
were col lected by filtF¥dation, washed suc- cessively witH water and di et hyl
et her, and dried under reduced pressure to obtain 1.44 g of the title
conpound (11 b) as colorless crystals. Melting Point 174[err]C

[err]: -45.3[err] (c=1.05, chloroform _ '
HeWMam/NMymsforqu]WeH]OHeH]MImH

Calcd. (%9 C 52.12; H3. 21; .05

Found (% C 51. 80: H3. 45; N 4. 15

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-1-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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[err]l—l—NIVR(CDCI[err])rﬁerr] ppm : 140(3Hf’1\ J=7HZ), '1.4-1.9
(2H, m, 4.08 (1 H mM%™.39 (2H, q. J=7HZ). 4.90 (1 H*dm J=65Hz). 8.24
(1 H dd. J=10 & 11 Hz) IR(KBr); [err]cnferr]: 3100. 2998. 1731. 1638,
1614. 1470, 1317 REFERENCE EXAMPLE 16 (+)-6-Chloro-6.7-difluoro-1 ~(
.2-cis-2-fluoro-1 -cycl oprooyl)-4-oxo-1. 4-di hydroqui nol i ne- 3- car boxylic
acid (12a): ' [0079] The ester (1lla) (540 ng), 5 m or concentrated
hydrochl oric acid, 'and 5 mM of acetic acid were n xed, and
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the m xture was heated:ﬁn 120- 130 C for 2 hours whil e 3T$rr|ng To the
reaction mixture were added 50 nl of water, and the precfpitated crystals
were collected by filtration, washed succe35|vely with water and di et hyl
et her, and dried under reduced pressure to obtain 420ng of the title
conpound (12a) as colorless crystals. Melting Point: 170-171 [err]C
[err]: +30.4[err] (c=0.54, chloroforn) :

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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REACTION SCHEME

F ° COOH : F . N>H_CH3
: ;l e —— .
1 2a,2b
F  COOH .
\ 7‘ NHBoc
% * |
HN\H *—" *’v!*
HM'H
Jar3b |  4a,4b
0
2 F COOEt
F COOEt ,
F F \\ . ——
] ' " NH F
* *
5a,5b KA
0
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Elerrentary Anal ysis for;"@[err]H[err]CI F[err]qurr] f'\
Cal cd. . (99 C 49.16: +# 2.22: N 4.4
Found(% C 49. 21, H 2. 49; N427 [ err] H NVRH{-cBaH-err)—er+r|—

ppm 1.3-2.0 (2H, m), 4.12-4.34(1H m, 4.95 ( =63
8.27 (1H, dd, J=8 & 8Hz), 8.87. 8.89 (1H. each s, split 151"1 lted
EXAMPLE 17 "” I
. o - |
0 | F. COOEt 0
FKI&COzEt - m | choost
F X F ' Cl \ F N

F
*'f"*v',:* cl *'V’*
AN N

10a,10b | | a1
mCOOH . mcoorl
- |
Cl * . a *
NH
12a,12b 2 13a,13b
o  NOz g : -
NOz O £ .
F COEt mcoost .
F o . F NH F
* % o :
HNMH  143,14b
_ Nozg | NHz o
F. COOEt _ F COOEt
YN E FA N ¢ >
* * F * %
15a,15b H\VH ) H‘Y7‘H 16a.16b
NH2 o - | NHz g
F COOH F COOH
F Nl - N 'NI |
Foo Q - F
F I
*M* NH2 ' }'Im’-{
17a,17b | 18a.18b
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(=)-8-Chloro-6, 7-di fl uog®d-1- (1. 2-cis-2-fluoro-1 £
.i'"'

cycl oyropyl ) - 4- oxo-1. 4-di*hydr oqui nol i ne- 3- carboxylic ac
eSter(11b)-(1.40 g) and 10 nl of concentratedhydrochl ori C T ShLet¥BE Been Repla
m xedandt hem xture was heated at 110[err]C for 2.5 hours u QT‘%
the reaction mixture were added 50 nl of water, and the prgmummlﬂﬁm
crystals were collected by filtration, washed with water a r,
-and dried under reduced pressure to obtain 1.16 g of the title conpound

(12b) ad colorless crystals. Mel ting Point: 177-182[err]C
[err]: -26.8[err] (c=0.90, chlorofor

| )
Bl ement aryoAfb¥phedoly derrlerengbeesoeierr: [BrCHzCO ccoost]

CHs ~H -H
@i‘CHNHz H3C H3C
19 ' 20
%Nm o NH? < < NHBoc
O"™N ’ | N N
.-H _H : . "L
<0 =0 0
21a,21b - 22a,22b | 23a,23b
- %NHBOC -
N7 -
H 24a,24b

25
. 0O
F COOH
— - l
N7 N7 £
* Ci *]vl* '
HzN H\H 26



Calcd. (%9 C 49.16; Ay
Found (% C 49 28; 2. 40; N 4. 66 [err] H-NI\7R et
ppm ©1,3-2.0 (2H. m, 4.12-4.34 (1 H. m, 4.95
J=63Hz), 8.27 (1 H dd. J=8 & 8Hz). 8.87.8.89 (1 H each s,
EXAMPLE 5 (+)- 7[3(8) Am no-1 -pyrrolidinyl].8-chl ro6f|u
1.2-cis-2-fluoro-1-cyclopropyl)-4-oxo-1.4-di hydroqui noline-

{2.22; N4 41

? o o
- 0 FuZ l COOEt -
~ COOEt
m AN N —
Cl” S N"~¢cL. N F
27. | | AN 28a,28b

0 0
Foz COOEt . CooH
X — 20y
CLoSNANN .

F CLSNAN
* * . : b
29a.29b PI'VPJI lV»’:* 30a,30b

| 2~ COOH
— < [ |

31a,31b H\H

Fo AN -COOH JH NHBoc .
e




3 -.carboxylic acid (13a)/™ [0081] Fi ve mII|I|ters of tritluoroacetie—aecid

were cooled with ice, ﬁﬁ" 230 mg of 3-(S)-1-t-butoxycar Hﬁ@ﬁﬁeeﬁ{a@heeg'ﬁgﬁrda
t

yCar bonyl am no) pyrrolidine were dissolved therein, follo
roomtenperature for 20 minutes. The reac- tion mxture m&
I

dryness-under reduced pressure, and the residue was diss

acetonitrile. To the solution were added 170 ng of the carboxylic acid

(12a) and 400 ng of triethylam ne, followed by refluxing for 6.5 hours. The

reaction m xture was evaporated to dryness under reduced pressure, and to

the resi due was added 1 N hydrochloric acid. The m xture was washed with

chloroform The pH of the aqueous |l ayer was adjusted to 12 with a 1 N

sodi um hydr oxi de agyeous solution and washed w tj (ﬂ&@bgéornl The pH of the
or id and extracted

aqueous Iay?r S read ed to 7.6 wi t
wi th chloro ekt st-WBS_dLLQd_O¥§ bus _sodi um sul fate, and
r F | OAc N F '
c *
A
35 36b
0"
F ] COOEt
F N7
OME*WF*
37b HH
Me COOgt
=2Ti§ M COCH Me NHBoc
O —————-
Nk | 0N T oAy —
Ph N
Fh Sen
42 43 L4
Me NH2 Is
Me  NHCO. N Me  NH2
o —— H\Q VAR
| en L o | L
| 46a,46b 45a,45b
Me NHBoc Me  NHBoc
*—{* * %
- —_
N N
oS H
47a,47b 39a,39b
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t he sol vent was evapora{l’e\d The residue was recrystalli/Zad-{fromaqueous

crystals. Mel ting Point: 214-217[err]C (with deconpo as Been Replaced

[err]: +120.8[err] (c=0.475, 0.1 N NaCH aqueous sol ution) "u)"”
El enentary Analysis for Cferr]Herr]C F[err]N[err]qerr] 1/

Calcd. (% C 51.98: H 4. 36; N 1

found (%9 C 52.07: H 4. 71: N 10. 72 [err] H- NVR (NaOD) [err]

ppm

ammoni a- et hanol . to obta¥# 138 ng of the title conpound (1 .@ai as_col or| ess

o

F@:COOH F COOE F COOEt
e o

F F o F Fo T F F N
Me Me ' Me N F

48 49 | 50b A

-0
F l COOE r

F FP NN
Me x ' ' F
v o

51b 52b

COOH '
BocHN ' COOH .
}KC — HzN\kC'
v «
Me * | Me +

S3b 54b
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.28 (1H, dm J=27Hz). ;$\69 1.78 (2H m. 3.39-3.42 (1M\m, 3.51-3.61 (3H,
n) 3.69-3.72 (1H, m), %713-4.17 (1H m). 4.99 (1H dm*JI=70Hz). 7.72 (1H,
¢ J=14Hz) . 8.41“8—45—éihL_eagb_§ split, 1:1)

Iy lllll mm

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
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EXANPLE 6 (-)-7-[3- (Snnﬂm1no 1 pyrrolldlnyl] 8- chIorozSﬁquoro-
-(1.2- - 4- 0xo0-1 4-di hvdroqui rf&¥i ne-

=

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)—aminé—i—pyrroiidinyl]—8—

_
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[0082] Five n1II|I|ters.cﬁ trifluoroacetic acid were coﬁf%d with ice, and
230 of 3=Sjy=t=butoxycar bonyl - 3- (t - but oxy- carbonylan1ﬂo)pyrrold|ne wer e
dl"SSO| ved thﬁm“rm"mluiwﬁﬂmy stirring at roomtenperature for 20 ninutes.
The reaction orated to dryness under reduced.pressure“ and
the residue whs Yissol™ved in 15 m of acetonitrile. To the sol ution were
added 170 ng of the carboxylic acid (1 2b) and 400 ng of triethylam ne, and
the m xture was heated under -reflux for 6.5 hours. The reaction m xture was
evapor at edt o dryness under reduced pressure. A 1IN hydrochloric acid was
added to the residue, and the m xture was washed with chloroform The
aqueous | ayer wehlayarofleara-pr(ae 2rcisTi-E1 RoNoRis LePF9RYd it oxo~
aqueous sol ution, and the aqueous | ayer was adjusted to_a pHaof 7.6 with

hydr ochl ori ¢ acﬂdﬁmﬂ}QM@F%&FéH°&FPR‘@MQ§ﬁ§QﬁYﬂ1Qhea§%@wacﬂﬁ&%s%ﬂ#%@réver

anhydrous sodium sul fate, and the sol vent., was evap-
azaspiro[2,4Jheptan—-5-yl]- 8—chloro—6-f1uoro~l (1,2-cis-

2—fluorocyclopropyl)—4—oxo—1,4—d1hyd:oqu1nol;ne-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—(l,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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or at-ed. The re5|due"

recrystalllzed fron1aqueous amﬁﬁnla et hanol to give

&

is8 ny of the title cofdound (13b) as col orl ess crystais Mel ting
Poi nt 247-252[err]C (wnth deconposi tion) Jerr] :94.7[err] (c=0.378,
0.1 N NaOH aqueous sol ution) El ement ary

MMymsforqu]WeH]GHeH]MeH]qu]Wew]o

Calcd. (% C 50. 82; H 4.52; N 10.46 . :
Found " C 50.97; H 5. 14, N 10.42 - [err] HNVR (NaOD) [err]
ppm " S

ABSTRACT OF THE DISCLOSURE

.Nl—(I,2—cis-2-halogenocydopropyl)-substituted
pyridonecarboxylic acid derivatives represented by
formuia (I) and the salts thereof are disclosed. . These
compounds have patent antibacterial activities égainst a
wide variety of infectious bacteria, and are useful as
antibactérial agents by oral or parenteral administra-

tion.
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1. SEﬁfdmﬁJ:ﬂHzL_kl 73-4. 80 (2H m, 2.15-2.19 (1H, : 3?@@'&2‘2 ;LH?
n . é§k3 50 (1H m. 3:58-3.62(1 H m, 3.85-3.88 (2H, n) 4.16-4. 20
(1H, ot ed) = GSFE) 7.76(1H, d, J=14Hz), 8.54, 8.44(1H, each s,

spl |t“' Ii EXAMPLE 18 (-)-Et hyl .
2-1[( 0- 1- cyclooropyl)an1no|nethylenel 3-oxo-3-(2,3,4,5-tetra
fl uoro- 6- n|trophenyl)prop|onate [ 0083] Ethyl

2,3,4,5-tetrafl uoro-6-nitrobenzoyl acetate(1.5 g), 6 nm of ethyl

orthoformate, and 10 m of acetic anhy-
OPTICALLY ACTIVE PYRIDONECARBOXYLIC ACID DERIVATIVES

FIELD OF THE INVENTION

This invention relates to an antimicrobial
compound useful as human and veterinary medicines, £ish
‘medicines, agricultural.chemicals, and antiseptics.

BACKGRQUND OF THE INVENTION

Quinqloné derivatives having a condensed
pyridonecarboxflic acid skeleton afe known as synthetic
antimicrobial agents ;nd to provide potent antimicrobial
compounds on substitution of the l-position the?eof with
a cyclopropyl group.

It is further known that the 1l-cyclopropyl-
quinolone derivatives having introduced a fluoriqe.atom
to the 2-position of the cyclopropyl group in a cis-
configuration with the pyridonecarboxylic acid moiety
also exhibit potent antimicrobial activity as discloséd
in JP-A-87-12760 (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 .
—?i,- - quinolone derivatives having a cis-fluorocyclopropyl
Tl Y e ;. This is the replacement sheet

group at the l-position is shown below.

Date: 2 G}KN %

REPLACEMENT SHEETS SG

REPLACED SHEETS  SG “HT Description : paged..l. to paged (&>
\Q{)escription : paged ...)... to paged s : & Claim(s) : paged {28to paged (9€
JJdClaim(s)  :paged (9b, to paged §.9§...._ , O Drawing(s) : paged....to paged.....
[] Drawing(s) :paged ........ to paged .......... Abstract paged(.jto paged (o
\[JAbstract  :paged ! (eﬁ to pagcd 129

T - DATE OF RECEIPT .20 .‘!.E!q .....




dride were m xed, and the m xture was heated at 1206C for 2 hours. The
reaction m xture was concentrated to dryness, and the residue was di ssol ved
in 10 m of dichioronethane. [0084] Ten nilliliters'of trifluoroacetic acid
were cooled with ice, and 1.1 g of (+)-cis (t-but oxycar bonyl am no) -.
2-fluorocycl opropane (4a) were dlssolvedzihere The sol ution was stirred
at roomtenperature for 20 minutes, followed by evaporating to dryness
under reduced pressure. The residue was suspended in 20 m of

di chl oronet hane, and 2.0 g of triethylam ne were added thereto under
ice-cooling, followed by stirring for 20 m nutes. The above-prepared

di chl o- ronethane solution was then added thereto, followed by stirring for
30 minutes. The reaction-m xture was washed with water and dried over
anhydrous sodium sul fate. The solvent was rengved under reduced pressure.
The residue was subjected to flash coEunn chrnnat Q&@ghy usi ng benzene as
an eluent. The fractions of the conpo / e nbi ned, and the

sol vent was renoved under redwd‘\ﬁ_ebs 4 resi due-was washed with
n-hexane to yield SN | N £

Quinolone derivatives having a  cis-halogeno-
cyclopropyl group, inclusive of a'cis-fluorocyclop;opyl
group, at the l-poéition 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 méiety, the halogeno-
cyclopropane-.;ing of itself provides two enantiomers
sttributed to . the steric _relationship between the
pyridonecarboxylic acid moiety and the halogen atom with

respect to the cyclopropane ring as illustrated below;

]
y R 0 o R
= COOH and HOOC ' N x!
2 |
RETTATINT x2 2 \N“~A~R?
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1.57 g.of crystals of the title conpound (14a). Mel ting Point:

99-100[err]C

[err]: -10.3[err] (c=1.25. chloroform

El ementary Anal ysis for qHHHMH]HHHNMH]qHH

Cal cd. (%

C 45.70: H 2.81: N 7.10

Found (% C 45. 60: H3.01:. N7.03 3 [err]H-NVMR (CDCl[err]) [erﬂ

ppm

1.10 (3H, t. J=7Hz). 1.2-1.55 (2H, m), 2.88-3.16 (1H m),

4.09 (2H, q. J=7Hz), 4.45 (1H, dm J=63Hz), 8.29

wherein R, R?, 1, xl, 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 stereoiéomerism at the 7-positioned substituent
of the pyridonecarboxylic acid moiety, such quinolone
derivatives contain four kinds of .diasteromers. With
mixtures of the diasteromers, it is difficult to specify
the excellent species and to supply'them as medicines.

SUMMARY OF THE INVENTION

In the light of the aforesaid situation, the
inventors have made extensive efforts to obtain the
single isomers of 1—(l,2-cis-2-fluorocyclo§ropyl)-

substituted quinolone derivatives within the diastereo-

- mers thereof. And they have succeeded in obtaining each

of the enantiomers of a cis—2-f1uofoc§clopropyamine as a
pure isomer. | As a result of further investigaéions,
they have also succeeded in synthesizing each of the
enantiomers of a quinolone derivative which are
attributed only to the steric configuration of the
fluorocyclopropane ripg by _startiﬁg from the above-
described amine.

The success of obtaining the eﬁantioméric
quinolone derivatives useful as an intermediate has made
it possible to synthesize an optically active quinolone

derivative compriéing one kind of diastereomer by
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(1H. d, J=14Hz)

1482

IR(kBr): [err] cnferr]: 3454 1734, 1626. 1566, 1521,

reacting with a single isomer of the amine at
introduction of a cyclic amiﬁo group to the 7-position.
Each of these diastereomers was provéd more potent in
antimicrobial activity as compared with the correspond-
ing quinolone derivatives substituted with a mere cyclo-
propyl group and, in addition, highly safe with mafkedly
improved selective toxicity. The present invention has
.been compieted based on these findings.

This invention relates to an N;—(1,2-cis-2-

halogenocyclopropyl)-substituted pyridonecarboxylic acid

derivative represented by formula (I):

R0
X'~ COOH

. (I)
RESASN

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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- 17- REFERENCE EXAMPLE 19 (#)-Ethyl 2-[[1,2-cis-2-fluoro-1
-cycl opr ooyl ) am nol net hyl enel - 3-0ox0-3-(2, 3,4,5
-tetrafl uoro-6-nitrophenyl) propi onate

or a nitrogen atom; X! and X2, which may be the same or

different, each represents a halogen atom; and X3

reprgsents a halogen atom, an alkyl group ha&ing 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 that 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. - |
Specifically implicit in the compounds repre-
sented by formula (I) and salts thereof are those
wherein R? is a cyclic amino group which ma&“be substi-
tuted; those wherein R? is a 4- to 7-membered cyclic
aminé group wﬁich may be substituted with a hydroxyl
group, an alkyl group.having from l.to 6 carbon atoms,
or a substituted or unsubstituted amino group; those
wherein ﬁz 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-aminopyrrolidiny1
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
prgsent invention include 7—[3-(S)ramino—l—pyrrolidin-

yl}-6-£fluoro-1-(1,2-cis-2-fluorocyclopropyl)-4-oxo-1,4-

‘This Sheet Has Been
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[ 0085] "Ethyl 2,3,4,5-tetrafl uoro-6-nitrobenzoylacetate (1.5 g), 6 m of
ethyl orthoformate, and 10 nml of acetic anhy- dride were mxed, and the

m xture was heated at 110 to 120[err]C for 1 hour while stirring. The
reaction mxture was concentrated to drygess and the residue was

di ssolved in 10 m of dichl oronethane. 086] Ten mlliliters of
trifluoroacetic acid were ice-cooled, and 1.10 g of
(-)-cis-1-(t-butoxycarbonyl am no)-2-fluor-. ocycl opropane (4b) were

di ssolved therein, followed by stirring at roomtenperature for 20 mnutes.
The reaction mx- ture was evaporated to dryness under reduced pressure,
and the resi dudikgdeogpinaddnerzcanbasykichl acddet hdmd.3- (%) tamino-1-
suspensi on were added 1.8 of triethylanm ne under ice coollng, fol |l oned by
stirring for 2(prﬁmle§myglrnech%qqqn%-masoa%éd(@hé -sierfbiereerglo-

di chl or onet hane sol ution, followed, by stlrrlng for_2 hours._The reaction
mxture was weRHRRY I T4rouezl- ﬁﬁ@‘?’é@ﬂ%’éﬁ’ hﬂﬁyarﬁﬁ§b§€5&i1&ﬁ’1 Af%ds e 7 The

o 1 ash col uml ETABHAPOSr AFAF PTG Al eR R Beo sk BaR LARS TS L PORE of

the 1-{(1,2-cis-2-fluorocyclopropyl)-4-oxo-1l,4-dihydro-
guinoline-3-carboxylic acid, 5-amiﬁo-7f[3-(S)-amino-l-
pyrrolidinyl}-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-prrolidinyl]—8-chloro—6-fluor04ij(1,2—cis—2-
fluorocyclopropyl)-4-oxo—l,4—dihydroéuinoline—3-
carboxylic acid, 7-[3-amino-4-methyl-l-pyrrolidinyl]-6-
flugro—l-(l,2-cis-2—fluorbcyclopropyl)—B—methoxy—é-oxd—
1,4-dihydroquinoline-3-carboxylic acid, 7—[4—(8)—amino—
2-({S)-methyl-l-pyrrolidinyl]-6-fluoro-1-(1,2-cis-2-
fluorocyclopropyl)—8—methy1—4-oxo—1,4—dihydroquinoline-
3-carboxylic acid, 5—amino-7-[7—amino-5-azaspiro[2,4]—
heptan—s—yl]—s,8rdifluoro—l;(1,2fcis—2—fluprocyclo-
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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product (14b) were conbi ned, and the solvent was renoved under reduced
pressure. The residue was washed with n-hexane to yield 1.50 g of crystals
of the title conpound (14b). Mel ting Point 98-100[err]C [err]
-10. 1[err] (c=2.09, chloroform .

El ementary Anal ysis for qaﬂHwH]FMHUWHquH]

Calcd. (% C 45.70; H 2. 81; N 7.10

Found (% C45.77, H 3. 38: N 7.18 [ err] H NVR (CDCI[err]) [err]

ppm
atom or a chlorine atom; and X? preferably represents a

fluorine atom. R represents a2 substituted or unsub-
stituted amino group; a hydroxyl group, a thiol group,
or a hydrogen atom, preferably an unsubstituted amino
group, a methylamino group, or a hydrogen atbm.
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,
thiomofpholine, 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.substituents,
such és a polar gfoup (e.g., a substituted or unsubsti-
tuted amino group,_a'substitutea or unsubstituted amino-
alkyl group, a 5—substituted—2—oxo-l,3—dioxol—4—ylmethy1
group, a hydroxyl group) and a straight chain, branched,
or cyclic alkyl group havihg .up to 6 carbon atoms.
Preferred of the polar groups are_an'unsubstituted amino
group, an aminomethyl group, a l-aminoethyl group, and a
hydroxyl group. Preferred of the alkyl group are
methyl, ethyl, propyl, gem-@imethyl and gem-diethyl
groups and further, these gem-alkyl groups may prefef—

ably form a cyclopropane or cyclobutane ring which is.
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1.10 (3H t, J=7Hz). 1.2-1.5 (2H, n), 2.88-3.12 (1 H. m, 4.09'(2H. d,
J=7THz). 4.45 (1 H. dm J=63Hz), 8.30 (1H. d, J=14Hz)
IR(KBr):[err]cnferr]: 3454 1695, 1638. 1554, 1515 REFERENCE EXAMPLE 20
(+) - Et hyl
6,7,8-trifluoro-1-(1, 2-ci s-2- f 1 uor o- 1- cyé?opropyl) S-nitro-4-oxo-1, 4- dlhydr
qu|noI|ne 3-carboxylate (15a): [0087] In 20 m of anhydrous dloxane were
suspended 580 ng of 60% sodi um hydride having been washed tw ce with’
n- hexane. The suspension was added to a solution of 1.90 g of Conpound
(14a) in 20 nl of anhydrous di oxane. _ _

bonded through a spiro-union to the c¢yclic amine

skeleton. The cyclic amino group further includes a
bicyclic amino group composed of crosslinking to 4- to
7-membered cyclic amino groups.

Illustrative gxamplés of these cyclic amino
groups, particularly containing the second amino moiety,

are shown below;

6 R12. o

RY_ ¥ 13 -
s L T e [
RZ’/N *  HaN7% *R"

R7,

) x

RS-N>_JN—' R&N ] N- N@—_

Rg* * . ' . *

wherein R?>, RY, R®, RS, which may be the same or
different, each_ represents a hydrogen atom 'or- an alkyl
group having frpm'l to 6 carbon atoms; R’, R8, and RY,
which may be the same or different, each represents a
hydrogen -atom or an alkyl group having from 1 to 6
carbon atoms, prcvidea that the case wherein R?7, R8, and
R? each represents é hydrogen atom and the case wherein

__________________;
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The m xture was stirred at roomtenperature for 1 hour, and the solvent was
renoved fromthe reaction m xture under reduced pressure.. To the residue
was added 0.1 N hydrochloric acid. The crystals thus fornmed were coll ected
by filtra- tion, washed successively with water and diethyl ether, and

dri ed under reduced pressure to obtain 1.%5 g of the title conpound (15a)
as colorless crystals. Melting Point: 172-176[err]C [err]:

+10. 7[err] (c=1.12. chloroferm '

El enentary Analysis for ([err] H[err] F[err] N[err] gerr]

Cal cd. (¢ Cc4
Found (%/() C 48§29and #?2 e]asc%x rgp§e§ents a hydrogen atom and R® repre-

sents an alkyl group having from 1 to 6 carbon atoms are
‘excluded; R® and R!, which may: be the same or
different, each represents a hydrogen atom or ae alkyl
group having from 1 to 6 carbon atoms; R!2? and R13,
which may be 'thé ‘'same or aifferent, each represents a
“hydrogen atom or an alkyl group having from 1 .'to 6
carbon atoms, or they may be connected to each other to
form a 3- to 6-membered ring composed of methylene
chains; and the asterisk indicates an asymmetric
center. |

Examples of Fhese cyclic amino groups are 3-
aminopyrrolidinyl, 3—methy1aminop;rrolidinyl, 3-4i-
methylamihopyrr’olidinyi, 3—ethylaminbpyrro.1idinyl, 3-
'propyléminopyrrolidinyl, ' 3-isopropylaminopyrrolidinyl,
3—amino-4—methyipyrrolidinyl, .3-am.ino-5-methylpyrrol-
idinyl, 3-amino-4, S-dimethylpyrrolidinyl , 3—-methylamino-
4-methylpyrrolidinyl, 3-methylamino-5-methylpyrrolidin-
yl,. 3-methylamino-—4,S—dimethxlpyrrolidinyl, 3-dimethyl-
amino-4-methylpyrrolidinyl, 3-dimethylamino-5-methyl-
pyrrolidinyl, 3-dimethylamino-4,5-dimethylpyrrolidinyl,
3—methy1piperzinyl,. 4-methylpiperazinyl, 3,4—d:'i.methyl—
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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[err] H NMVR (CDCI[er]) [err] ppm 1.36 (3H, t, J=7Hz). 1.4-1.92

;
(2H, m. 3.80-4.08 (1 H m. 4.34 (2H, q, J=7Hz). 4.99 (1 H dm "J=63Hz).
8.55 (1H, s) |R(KBr): [err] cmerr]: 3454 1734. 1626, 1566. 1521 1482 .
REFERENCE EXAMPLE 21 (-)-Ethyl 6.7.8-trjfluoro-1 -{(1.2-cis-2-fluoro-1
-cycl opropyl ) -5-nitro-4-oxo-1.4-di hydro nol i ne- 3- car boxyl ate (15b):

yl, 3-methy1amin6methylpyrrolidinyl, 3-(l-amino)e£hyl-
pyrrolidinyl, 3-(1-methy1amino)ethflpyrrolidinyl, 3—{1-
ethylamino)ethylpyrrolidinyl, 3-(l-amino)propylpyrrol-
idinyl, 3-(l-methylamino)propylpiperizinyl, 3-amino-
pyrrolidinyl, 3-amino-4,4-dimethy1pyr£olidiﬁyl, 7-amino-
5-azaspiro[2,4]heptan-5-yl, 8—amino—6-azaspiro[3,4]:]
octan-6-yl, 3,4—diazabicycio[3,2,1]octan—3—y1, 9-meth!£3
3,9-diazabicyclo[3,2,1]octan-3-yi, and 9-ethyl-3,9-
diazabicyclo[3,2,1]octan-3-yl.

The structure of the cyclic amino group at the
7-position have great influences on antimicfobial activ-
ity, toxiciﬁy, oral absorption, and physical properties
such as water soiubility. For’ ingtance, it is known
that quinolbneé substituted by 3-aminopyrrolidinyl
groups have strong.antimicrbbial spectra against a broad
range of microorganisms covering Gram-positive to Gram-
negative bacteria. Some quiﬁolone derivatives of this
type, however, are .suséeptible to metabolism or only
show low ﬁater—solubility.

3—Aminopyr;olidiny1 groups having a spiro ring
at the carbon atom adjacent to the amine group thereof
-provide quinolone derivatives exhibit improved oral
absorption rate and improvéd.in vivo stability against
metabolism while retainiﬁg potent antimicrobial

activity. The compounds of this type have also been
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[0058] In 10 m of anhydrous di oxane wer e suspended 440 ng of 60% sodi um
“hydride having been washed twi ce
' REPLACEMENT SHEET

11

proved less causative of convulsion which is known as a

.side effect of quinolone type synthetic antimicrobials.

Further, 3—-aminomethylpyrroXYidinyl groups in
which an amino group is bonded to a pyrrolidinyl group
via a carbon atem provide quinolone derivatives exhibit-
ing enhanched antimicrobial activity against Gram-
positive baéteria. in particular, the quinolones of
this type in which the carbon atom linking the amino and
pyrrolidinyl groups is substituted with one or two alkyl
group(s) were found to exhibit impfoved oral absorption
rate, safety, and water solubility over those without
such substituent(s). .

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

Examples of cyclic amino groups having substi-
tuents other than' an amino group are 3-hydroxy-
pyrrolidinyl, 3-mercaptopyrrolidinyl, 3-hydroxy-4-
methylpyrrolidinyl, 3-mercapto-4-methylpyrrolidinyl,
morpholino, thiomorpholino, 2-methylmorpholino, 2-
methylthibmorpholino, 2,6-dimethylmorpholino, 2,6-di-
methylthiomorpholino, 2,2-dimethylmorpholino, and 2,2-
dimethylthiomorpholino groups.

The cyclic amind-'group is bonded to the 7-

position of the ‘pyridonecarboxylic acid skeleton prefer-
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- 18 - wth n-hexano. The suspension was added to a solution of 1.45,g of
Compound (14b) in 20 m of anhydrous di oxane, followed by stirring at room
tenperature for 30 mnutes. The solvent was renoved fromthe reaction _
m xture under reduced pressure. To the residue was added 0.1 N hydrochloric
acid, and the forned crystals were col | edfed byfiltration, washed
successively with water and diethyl ether, and dried under reduced pressure
to obtain 1.18 g of the title com pound (15b) as colorless crystals.
Melting Point 171-175 C

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 in the form
of an isomeric mixture with a 1-(1,2-cis-halogenocyclo-
propyl)qﬁinolone derivative, the resulting quinolone
derivative should be a mixture of diasteromers 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 necessary that only one of the isomers of
the starting amine should be reacted. }

The functional group of Ehe cyg1i¢ amino group
at the 7-position such- as amino, hydroxy and thiol
groups may be protected by a conventional protective
group prior to. the substitution with the quinolone
skeleton. The examples of such protective groups
include alkoxycarbonyl groups such as t-butoxycarbonyl
group,.2,2,2-trichloroethoxycérbonyl group and the like;
aralkyloxycarbonyl groupé such as benzyloxycarbonyl
group, p-methoxybenzyloxycarbonyl group, p-nitrobenzyl-
oxycarbonyl group and thé like; acyl groups such as
acetyl group, methoxyacetyl group, trifluorocacetyl
group, chloroacetyl group, pivaloyl group, fomyl group,

benzoyl group ahd the like; alkyl or aralkyl groups
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[err]: -11.1[err] (c=0.27, chloroform -
El enentary Anal ysis for qmﬂHMH]HHHNMH]QHH
Cal cd. (% C 48. 14 H 2. 69: N 7.49

Found (% C 48. 44; H 3.17; N 7.48 [err]H-NVR (CDCl [err]) [-err]
ppm 1.36 (3H, t, J=7Hz). 1. 48 92 (2H, m, 3.74-4.02 (1 H m.
4.36 (2H. q, J=7Hz), 4.94 (1 H dm J=62Hz), 8.54 (1H, s) | R(CKBr) :

[err]cnierr]: 1731. 1626, 1566, 1485, 1323, 1275

such as t-butyl group, bénzyl group, p-nitrobenzyl
group} p-methoxybenzyl group, triphenylmethyl gfoup and
the like; ethers such as methoxymethyl group, t-butoxy-
methyl group, 2,2,2-trichloroethoxymethyl group, tetra-
hydrofuran-2-yl group and the 1like; silyl groups such
as trimethylsilyl group,' isopropyldimethylsilyl group,
t-butyldimethflsilyl group, t-butyldiphenylsilyl group,
tribenzylsilyl group and the 1like.

The l,2—cis-2—halogehocyclo§ropyl group at the
N,-position is described below. Introduction of a
halogen atom to the cyclopropyl group particularly a
fluorine atom, brings aboﬁt an effect’ to reduce
lipophilicity 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, introduction of the 1,2-cis-2-halogeno-
cyclopropyl Qroup yielﬁs quinolones having reduced
toxicity while retaining excellent antimicrobial activ-
ity as Eompared with the corresponding 1-cyclopropyl-
quinolones. The halogen atom to be introduced includes
fluorine and chlorine atoms, with a fluorine atom being
preferred. |

It is particularly pfeferable tﬁat the halogen
atom and the pyridonecarboxylic acid moiety are cis with
respect to the cyclopropane ring. Irrespective of

—_—
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REFERENCE EXAMPLE 22 (+)-Ethyl 5-am no-6,7,8-trifluoro-1

-(1, 2-cis-2-fluoro-1-cycl opropyl)-4-oxo-1, 4-di hydr oui nol i ne- 3-car boxylic
acid (16a): (0089] The nitro conpound (15a) (1.60 g), 6 m of Raney

ni ckel, and 200 m of ethanol were m xed, ,and the m xture was shaken f.or
2.5 hours in a hydrogen atnosphere. The éﬁtalyst was renoved by filtration
through Celite. and the filtrate was concentrated under reduced pressure.
The residue was subjected to silica gel colum chromatography using

chl orof orm as an eluent The fractions of product (16a) were conbi ned, and
t he sol vent was remqved therefromunpder reduced Bressure. The resi due was

recrystal lized f hakbe o5t e ARINR) 8FCbRe Bas| stegepdeameTsapras

" not, the quinolone derivatives of formula (I) have
enantiometric paifs ascribed to the cis-z-halogénocyclq-
propyl m&iety' at the l-position as illustrated below.
Potent activity and high safety were observed in either

of these enantiomers.

and

-

The pyridonecarboxylic acid derivatives accord-

ing to the present 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 éalts, e.g., hydrochlorides, sulfates,
nitrates, hydrobromides, hydroiodides, and phosphates;
and organic acid salts, e.g., acetates, methane-
sulfonates, .benzehesulfonates, toluenesulfonates,
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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paie yell ow crystals. . Mel ting Point'190-191[err]C .[err]:
+26.0[err] (c=0.76. chloroform
El ementary Analysis for Cerr]Herr]Flerr]Nerr]Jerr]
Calcd. (%9 C52.33; H3.51; NB8.14 _ .
Found (%  C 52.13 H 3.95; N 8.13 1Perr]H-NVR (CDO[err]) [err] ppm
1.39 (3H, t, J=7Hz). 1.4-1.8 (2H, m, 3.60-3.88 (1 H m, 4.38 (2H. q,
J=7THz), 4.87 (1 H dm J=63Hz), 6.8-7.1 .
alkaline earth metal salts,  e.g., magnesium salts and
calcium salts; ammonium salts, triethylamine salts, N-
methylglucamates, - and 'tris(hydroxymathyl)aminomethane
salts._ | o
Some  of these free acids and salts may exist as
a hydrate.. |
Esterification of the carboxylic acid moiety of
the pyridonecarboxylic acid derivatives of formula (I)
gives compounds useful as synthesis intermediates or
pro-drugs. For example,_ alkyl esters, benzyl esters,
alkoxyalkyl ésters, pﬁenylaklyl esters and phenyl esters
are useful as synthesis interpeaiates. Esters which are
-easily severeh in the body'%o form free caébpxylic acids
are useful as pro-drugs. Examples of such esters are
aceto#&ﬁethyl estersé pivaloyloxymethyl esters, etﬁoxy—
carbonyloxy esters, chlorine esters, dimethylaminoethyl
" esters, 5-indanyl esters, phthalidinyl esters, and oxo-
alkyl esters (e.g., 5-substituted-2-oxo-1,3-dioxol-4-yl-
methyl estérs and 3-acetoxy-2-oxobutyl esters).
A process for synthesizing the pyridone-
carboxylic acid derivatives of formula (I) is illustrat-
ed below, takihg the compound wherein A=C-H; R=H;

'X1=x2=F; and R3=Et (ethyl group, hereinafter the same)

for instance.
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(2H, m, 8.37 (1 H, s) |R(KBr): [er] cnferr]: 3436, 1683. 1653,

1557, 1461, 1284 REFERENCE EXAMPLE 23 (-) Et hyl

5-am no-6,7.8-trifluoro-1-(1.2-cis-2-fluoro-1-cyclopropvl)-4-oxo-1.4-di hvdr
ooui nol i ne- 3-carboxylate (16b): [0090] The nitro conpound (15b) (1.6Q Q).

3 m of Raney nickel, and 120 m of etha®8l were nixed, and the m xture was
shaken for 4.5 hours in a hydrogen atnosphere. The catalyst was renoved by
filtration through Celite, and the filtrate was concentr@t ed under reduced
pressure. The resi.due was qybjected to silica gel CQOH ogr aphy

FmCOOR acid or , m F
F alkali *L::j*
k(;ﬂ 7 HVH
H H ' a, oy 4

6a, 6b - . . _l R-H

4
choon
: . acid or A -
Q 00R3 : > R N F
F C alkali *k<;ﬂ*
” Nl - ANV

F ' IIIa, IIIb _ |
*H * - : removal of

H protective group

IIa, IIb
. : 0 v
. F COOH
acid or 2 ]

. alkali R N~ F
’ *k:;j*

simultaneous removal of _ H\H

. protective group Iva, IVb

wherein RY has the same meaning as R? or a cyclic amino
group having the same structure as R2. but being
protected.

Aﬁ optically active 1-(1l,2-cis—-2-fluoro-
cyclopropyi)—s,7—difluor6-i,4—dihydro-4-oxoquinoline—3—
carboxylic acid ethyl ester (6a) or (6b) is hydrolyzed
under acidic or élkaline conditioﬁs 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 é desired compound (IIIa) or (IIIb). - If
necessary, a protective group is removed from the

resulting compound under proper conditions selected
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usi ng chioroforn1as an eluent. The fractions of product (16b) were
conbi ned, and the sol vent "was renoved under reduced pressure. The residue
was recrystallized fromethanol to obtain 620 ng of the title conpound (1
6b) as pale yEIIOM/crystals, Nblting7Point: 191-193[err]C [err]:
-25.9[err] (c=0.65, chloroform '
El enentary analysis for Cerr]JHerr]Flerr]Nerr]derr]
Calcd. (%9 C 52. 33: H 3.51: N 8. 14
Found (% C 52. 16; H 3.54; N 6. 08
according to the protective group to ‘obtain a .desired
compound (IVa) or (IVb).

The substiﬁution reaction with the cyclic amine
can be éarried out in. a solvent such as dimethyl
sulfoxide, pyriaihe, acetohitrile and 3-methoxybutanol,
at a temperature' of from room temperature to 150°C,
preferably from 40 to 120°C, for 0.5 to 5 hburs, usually
from 0.5 to 2 hours.

Alternatively; the compound (6a) or (6b) is
reacted with a cyclic amine under the same conditions as -
recited-above, and the resuiting compound (IIa) oi (IIb)
‘as -is produced is then hydrolyzed under acidic or
alkaline conditions énd, if 'necessary, a ﬁrotective
‘group is removed,_tp obtain a desired compound (IIIa) or
(IIIb) or (IVa) or (IVb). - N

The optically active cis-z—fluorocyclopropyl—
amine can be synthesized as follows. 2-Fluorocyclo-
prbpanecarboxylic acid 1is reacted with (R)—(+)—-a-
methylbenzylamine to yield N-[l-(R)—phenylethyl]—l,2-
cis—fluorocyclopropanecarboxamide. The reaction can be
carried out in ﬁetrahydrofuran in the'presenge of N,N-
carbonyldiimidazole. ' The rgactioﬁ.may also Be effected
in accordance with a mixed anhydride procedure, in which

the carboxylic acid is dissolved in an éprotic solvent

and reacted with a halogenoformic ester in the presence
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18

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 solvent to be used in the mixed
anhydride procedure is not particularly limited énd
includes ethers, e.g., diethyl ether, diisopropyl ether,
tetrahydrofuran, 1,4-dioxane, and 1,2-dimethoxyethyane;
halogenated' hydrocarbons, e.g., dichloromethane,
chloroform, 1l,2-dichloroethane, and 1,%1,2,2-tetra-
chloroethane; aromatic hydrocarbons, e.g., benzene,
toluene, and xylene; and aliphatic hydrocarbons, e.g.,
pentane, hexane, heptane, and cyclohexang. Commonly

'emﬁloyed of them is tetrahydrofuran or cﬁloroform. The
water contained 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, p-
nitrophenyl and benzyl esters.

The base to be ﬁsed may be either an organic or
an inorganic. The inorgéniq'base includes alkali metal
hydroxides, carbonatés and hydrogencarbonates, e.9.;,
lithium hydroxide, sodium hydroxide, potassium

hydroxide, 1lithium carbonate, sodium carbonate,
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-19-
J=THz) .

H dm J=63Hz),

[err]H-NVMR (CDCl [err]) [erf] ppm 1.39 (3H. t,
1.4-1.8 (2H, m, 3.60-3.88 (1 H nm, 4.38 (2H. q. J=7Hz). 4.87 (1
6.8-7.1 (2H, m. 8.38 (1 H. s) |R(KBr): [err] cnferr]:

3436, 1683, 1653, 1593, 1464, 1284 REFE%ENCE EXAMPLE 24

potassium carbonate, sodium hydrogencarbonate, and

potassium hydrogencarbonate. The organic base includes

trialkylamines, e.g., triethylamine’, tripropylamine,

tributylamine, N,N-diisopropylethylamine; dialkyl-

anilines, e.g., diethylaniline and dimethylaniline; ahd
heterocyclic compounds, e.g., N-methylmorpholine,
pyridine, énd N,N-dimethylaminopyridine.

Separation of the carboxamide into optical
isomers can be éffedted~ by known techniques, such as
silica gel column chromatogfaphy under normal pressure
or under pressure, preparative thin layer chromato-
graphy, and high performance 1liquid chromatography
(HPLC). Separation into optical isomers. can also Se
performed by other separation techniques 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 hydrolysié. The reaction can
be carried out by dissolving the carboxamide in, for
example, concentrated hydrochloric acid, followed by

heating. .The hydrochloric acid may be replaced with

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

acid and a lower alcohol, may be used.
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5-Am no-6.7.8-trifluoro-1 -(1;2-cis¥2-fluoro-l -cyclopropvf]-4-oxo-1

4- di hydr oqui nol i ne-3-carboxylic acid (17a): [0091] The ester (16a) (750

ng) and 10 m of concentrated hydrochloric acid were m xed and the m xture

was heated at 100[err]C for 2 hours while stirring. To the reaction m,xture

was added 20 ml of water, and the pred|ﬂ%%ued crystals were collected by

filtration to obtain 610 ng of .the title conpound (17a) as col orl ess

crystal s. Mel ting Point: 297-300[err]C

El ementary Analysis for Cerr]Herr]Flerr]Nerr]Jerr]

Calcd. (%9 C 49.38; H 2. 55; N 8. 86
to a protected cis-l-(t-butoxycarbonylamino)-2-fluoro-
cyclopropane. The reaction can be carried out
conveniently by use of diphenylphosphorylazide, 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 according to the present
"invention can then be obtained by reacting this isomer
with the cyclic amine as described above.

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

The dose of the pyridonecarboxylic acid
derivatives for use as human medicines ranges from 50 mg
to 1 g, preferably from 100 mg to 300 mg, per day for
‘adult. The dose for use as veterinary medicines
generally ranges from 1 mg to 200 mg, preferably 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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Found (% C 49. 43; H2.91; " NB8.84 . [err]H-NVMR (DVBSO-d[err])
[err] ppm 1.4-2.1 (2H m, 3.9-4.2 ( H mM, 508 (1 H dm
J=65Hz), 7.72 (1 H s), 8.62 (1 H s) |R(KBr): [err]cnierr]: 3448;

3334, 1725, 1656, 1596, 1566, 1518 REFERENCE EXAMPLE 25

5-Am no-6.7,8-trifluoro-1
-(1, 2-cis-2-fluoro-1-cycl opropyl) - 4- oxo- 1 4- dlhydrqu|noI|ne 3-carboxylic

acid (17b):

tion (therapeutic use or preventive use, etc.), the kind

and size of the animal, the kind of pothogenic

organisms, and the symptoms. The daily dose rec1ted
above may be divided into 2 to 4 doses per day. If
necessaiy, the daily dose may be sometimes deviated from
the above-recited range. .

The pyridonecarboxylic acid derivatives of this
invention are active against a wide variety of micro-

organisms causing various infectious diseases and

. capable of curing or alleviating and/or preventing the

diseases caused by such phthogenes.
Illustrative examples of bacteria or bacterium-
like microordanisms on which the pyridonecarboxylic acid

derivatives of the inqention afe efféctive are Staphylo-

- coccus sSp., 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 pathogenes
include folliculitis, furuncle, carbuncle, erysipelas,
phlegmon, lymphangitis/lymphadenitis, £felon, sub-

cutaneous abscess, spiradenitis, acne conglobata,

_—
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[0092] .The ester (16b) (588 ng) and-10 m of concentrated hydrochloric acid
were m xed andthe m xture was heated at 100 to 110[err]C for 2 hours while
stirring. To the reaction m xture were added 20 mM of water, and the

precipitated crystals were collected by Biltration to obtain 514 ng of the

title conpound (17b) as col orl ess crystals. Mel ti ng Poi nt _
295-300[err] C El enentary Anal ysis for
Cerr]JHerr]Flerr]Nerr]Jerr] : Cal cd.
(%9 C 49.38; H 2. 55; N 8. 86 : Found
0 . X 2.81; N 8. 88 errJ]HNVR (COC [err err m
(% C 49. 4% in?ect%ous aé%eroma, peglangl abséess,[ m;gkadengtff,

superficial secondary infections after traﬁma, burn or
surgery trauma, pharyngolaryngitis, *acute bronchitis,
tonsillitis, chronic bronchitis, bonchiectasis, diffuse
panbronchiolitis, secondafy infections of chronic
respiratory 'diseéses, pneumonia, pyelonephritis,
cystitis, prostatitis, epididymitis, gonococcal
urethritis, non-gonococcal urethritis, cholecystitis,
‘cholangitis, bacillary dysentery, enteritis, adnexitis,
intrauterine infections, Bartholinitis, blepharitis,
hordeolum, dacryocystitis, tarsadenitis, keratohelcosis,
otitis media, sinusitis, paradentitis, pericoronitis
circumcoronitis, gnathi;is,l peritonitis, éndqcarditis,
. septicemia, meningitis, and skin infectious.
Examples of susceptible micréorganisms causing
veterinary infectious diseases include those of fowl,'

such as Escherichia sp., Salmonella sp., Pasteurella

spl, 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 coryza,
staphylococcal infections, and mycoplasmal diseases;
"those of swin, such as colibacillosis, malmonelosis,

pasteurellosis, haemophylus infection, atrophic rhintis,
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1.4-2.1 (2H, m, 3.9-4.2
8.62 (1H. s) IR [e
1518 EXAMPLE 7

(-)-5-Am no-7-[3-(S)-am no-1-pyrrolidinyl]-6.8-difluoro-1-(1.2-cis-2-f]uoro
- 1- cycl opropyl ) - 4- oxo- 1. 4- di hydr oqui nol i 3-carboxylic acid (18a):

[0093] Five miIliliters of trifluoroacetic acid were cooled with ice, and
230 mg of 3-(S)-1-t-butoxycarbonyl-3-(t-butox- ycarbonyl am no)pyrrolidine
were di'ssol ved therein, followed by stirring at roomtenperature for 30

m nutes. The reac-
exduadative epidermitis, and mycoplasmal diseases;

(1H n), 5.08 (1 H dm J=65Hz). 7.72 (1H. s),
rr] cnierr]: 3448, 3334, 1725, 1656, 1596. 1566,

'_those for cattle, such 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 cystitis; and
those of cats, such as hemorrhagic pleuritis, cystitis,
chronic rhiniti, haemopﬁylus infection, kitten diarrhea,
and mycoplasmal diseéses.

The compound of. the present invention can be
formulated into antimicrobial preparations in an
appropriate dose form according to administration route
;selected by th'conventional preparation me£hods. The
dose form for oral administration -includes tablets,

_ﬁowders, granules, capsules, solutions, syrups,
elixiers, and oily or aqueous suspensions. - Injections
may contain, in addition to the active ingredient,
stabilizers, antiseptics, and solubilizing agents. The
solution which may contain such excipients is put in a
container and further, the solution may be subjected to
lyophilization or the likg heahs. to prepare solid
preparations _which can be dissolved on use. = The
containef may contain either a single dose or several
doses. |

\
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tion m xture was evaporated to dryness under reduced pressure, and the
‘residue was dissolved in 25 m of acetonitrile. To the solution were added
160 nmgy of the carboxylic acid (17a) and 400 ng of triethylanmine, and the

m xture was heated under reflux for 12 hours. The reaction m xture was
evaporated to dryness under reduced pres@fre, and 1 N hydrochloric acid was
added to the residue. After washing the mxture with chloroform the
aqueous | ayer was adjusted to a pHof 12 with a 1 N sodi um hydroxi de
aqueous ‘solution, followed by washing with chloroform The aqueous | ayer
was then adjusted to a pH of 7.6 with hydrochloric acid, followed by
extraction with chlorof JI9%e TROTER: (LR%~ BXSednady B89BinaRkyatéan sirlude

sul fate, and the sol.vent was renoved under reduced gressure. The residue .

was recrystalli2& Wﬁ%ﬂﬂ%@ue%ﬁ%psﬂﬁﬁﬁpélet SYPobt APHPERENNG rof A
L4 SoporPoun ol A SRR, MG PO

sol ution) In the preparation of solid preparations, the
active ingredient may be ‘mixed with appropriately
selected pharmaceutically acceptable excipients, such as
fillers, extenders, binders, disintegrators, dissolution
accelerators, wetting égents, and lubricants.

Liquid preparatiohs include solutions, sus-
pensions, and emulsions. They may contain excipients,
such as suspension stabilizers and emulsifiers.

The compound of the 'présent invenéion can be
administered to animals orally either dgrectly or as
admixed td feedstuff, or its solution 'may be given
either directly or as admixed to water or feedstuff.
The compound'may also be administered 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, solutions, and
injections, by commonly employéd'preparation methods.

Formulation .Examples are given below for

illustrative purposes 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.celluloée 3.0.mg
Mégnesium stearate _ o 1.5 mg
total: 150.0 mg
FORMULATION EXAMPLE 2
Solution:
Compound of Example 7 _ l tol0g
' Acetic acid or sodium'hydroxide ' 0.5 to 2 g
Ethyl p-hydroxybenzoate | . 0.1 g
Purified water 88.9 to 98.4 ¢
' | | total: 100 g
FORMULATION EXAMPLE 3

Powder for Admi;ture with Feedstuff:

. Compound of Example 6 ' 1l to iO g
Corn starch . 98.5 to 98.5 g
Light anhydrous silicié 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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- 20 -

El ementary Anal ysis for

Cerr]Herr]Flerr]Nerr]Jerr] Cal cd.
(%9 C 53.40: H 4. 48; N 14. 65 ) Found
(%9 C53.28: H4.08: N 14. 54 26 [err]H-NVMR (NaCD)) [err] ppm

1.47-1.58 (1H m)., 1.67-1.78 (2H ). 2.07-2.11 (1 H, n), 3.28-3.44 (1 H
m, 3.48-3.52(1H, n), 3.60-3.66

present invention is hot deémed to be limited thereto.
Reference Examples describe the syntheses of optically
active skeletons from an optically aetive cis-2-fluoro-
cyclopropanecarboxylic acid.

Antimicrobial activity of the optically active
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 1 below in terms of minimum ihhibitory concentra-.

tion (MIC: ng/m?).

REFERENCE EXAMPLE 1

N-{l-(R)—Phenylethvll-l,2-cis-2-f1uorocyclopropane-
carboxamide (2a, 2b):

1-1. Carbonxldllmldazole Method:
One gram of cis-2- f1uorocyclopropanecarboxyl1c

acid was dissolved in 30 ml of tetrahydrofuran (THF),
and 1.78 g of N,N'-carbonyldiimidazole was ‘added there-
to, and the mixture was stirred at room temperature for
1 hour. To the solution was added 1l.45 g of (R)—-(+)-a-
metﬁylbenzylamiqe, and_tpe'stirring was continued for 2
hours. The solveht was removed under reduced 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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1H n). 3.71-3.78 (2H. n), 4.92 (1 H, dm J=72Hz). 8.18 (1 H, s) | R

[err]cnferr]:3400.1728, 1635, 1605, 1518, 1433, 1350, 1308

(+)-5-Am no-7-[3-(S)-am no-1-pyrrolidinyl]-6.8-difuoro-1

-(1.2-cis-2-fluoro-1 -cycl opropyl) -4-oxo0- 1. 4-di hydroqui nol i ne- 3-caboxylic

acid (18b): [0094] Five mllilters of tr#f1 uoroacetic acid were cool ed

with ice, and 230ng of 3-(S)-1-t-butoxycarbonyl-3-(t-butox-

ycar bonyl am no) pyrrol i di ne were di ssolved therein, followed by stirring at

roomtenperature for 30 mnutes. The reac- : -
pressure. From the residual viscous oily substance,
each stereocisomer was isolated by HPLC under conditions
shown below. Each isomer was recrystallized from diiso-
propyl ether to yield the titled compound (2&) or (2b).

BPLC Conditions:

Column: Nucleosil 50-5 (20 mm ID x 250 mm 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,,H,,FNO:
Calcd. (%):C 69.55; "H 6.81; N 6.76

Found (%): C 69.31; H 7.01; N 6.65
[a)p: +61.96° (c=0.965, chloroform)

1H-NMR (CDCl;) & ppm: _
0.92-1.34 (2H, m), 1.50 (3H, 4, J=7Hz), 1.50-
1.96 (1H,.m), 4.68 (1H, dm, J=64Hz), 5.14 (1H,
m), 7.40 (5H, s)

Physiochemical Properties of Compound (2b}:

Melting point: 102°C
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tion mxture was evaporated to dryness under ‘'reduced pressure, and the

resi due was dissolved in 25 m of acetonitrile.- To the solution were added
160 ng of the carboxylic acid (17b) and 400 ng of triethylamne, and the

m xture was heated under reflux for 12 hqurs. The reaction m xture was
evaporated to dryness under reduced preséﬂﬁe, and 1 N hydrochloric acid was
added to the residue. After washing the m xture with chloroform the
aqueous | ayer was adjusted to a pH of 12 with a 1N sodi um hydroxi de aqueous
solution, followed by washing with chl oroform The aqueous |layer was then
adjusted to a pHof 7.6 wth hydrochloric acid, followed by extraction with
chlorof orm The ext BElEmersa ignhxyg&saﬂ@ydc 4swd)igumsulfate, and t he

sol vent was renoved under reduced pressure. e residue was recrystallized
from aqueous anmoni a- et Raktd ¢ ol bbt & $9%S5ry & &8l i N & chpound (18b) as
colorless crystals. Melting Point 214-217[err]C Jerr]:

31.3[err] (c=0.268, 0.1 RowadH whueSudS%diiti Fh)6-87; *N 6.7
[a]y: +143.61° (c=0.830, chloroform)
lg-NMR (CDC1l;) & ppm:

0.98=1.34 (2E, m), 1.52 (3H, d, J=7Hz), 1.64-

1.96 (1H, m), 4.58 (1H, dm, J=66Hz), 5.24 (lH,

m), 7.40 (5H, m)

1-2. Mixed Anhydride Method:

In 50 ml of THF were dissolved 4.19 g of 2-
fluorocyclopropanecarboxylic acid (cis-trans mixture)
and 4.07'g of tr}ethylamine, and the solution was cooled
to -10°cC. To Ehis.was added a solution of 4.73 g of
ethyl chloroformate in.20'm1 of THF and the mixture was
stirred for 10 minutes. To the solutian 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 room temperature for 15 hours.
The solvent was removed under reduced pressure, and the
residue was extracted with benzene. The extract waé
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

e L N
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El ementary Anal ysis for QHHHMH]HHHNMH]QQTH 1/2H err] QG
Calcd. (%9 C 52. 18; H 4. 64; N 14. 3

Found (% C 52.22; H 4.93; N 14. 23. [err]H—NNR (NaQD) [err]
ppm 1.48-1.58 (1 H m,, 1. 6%6} 79 (2H. . 2.06-2.12 (1 H m,
3.29-3.32" (1 H m. 3.48-3.52(1H, n). 3. 64 (1 H m 3.70-3.78 (2H, m.

4.92 (1 H dm J=72Hz), 8.19 (1 H s) IR [err] cm([err]: 3490, 1716
1635, 1521, 1437, 1356, 1305
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 110°C for 5- 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

“ aqueouis solution and this aqueous extract was washed
with ethyl acetate. The aqueoﬁs extract was adjusted to
a pH of 5. with concentrated hydrochloric acid and
extracted with ethyl acetate. ‘The extract was dried
over anhydrous sodium sulfate, and the solvent was
removed under reduced pressure to &ield the titled

compound (3a) as a pale yellow oil.

[alys —-23.13° +(c=1.020, chloroform)
D

1g-NMR (CDC1;) & ppm:
1.0-1.42 (1H, m), 1.60-2.10 (2H, m), 4.82 (lH,

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

_—
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REFERENCE EXAMPLE 26 Synthesis of Optically Active
7- Am no- 5-azaspiro-[ 2. 4] heptane: 1)
5-[(1R) - Phenyl et hyl ] - 4, 7- di oxo- 5-azaspi ro[ 2. 4] heptane (19): [0095] To 10.4
g of ethyl acetoacetate were added 15 g of 1.2-di bronoethane, 23 g of,
~ potassium carbonate and 150 m of N N-djpethylformanm de (DVF), and the

m xture was stirred at roomtenperature #ge 2 days.. Any insol uble matter
was renoved by filtration, and the filtrate was evaporated to dryness under
reduced pressure. To the residue was added water and the m xture was
extracted with chloroform The chl oroformextract was dried over anhydrous

' REFERENCE EXAMPLE 3

(+)-cis—-2-Fluorocyclopropanecarboxylic acid (3b):

In 30 ml of concent;ated hydtochloric acid was
dissolved 1.65 g of amide compound (Zb) as prepared in
Reference Example l,.and the'solution was heated at 100
to 110°C for 5 hours while stirring. The pH of the
reaction mixture was adjusted between 8 -and 9 with
sodium hydrogencarbonate and then washed with
chloroform. The pH of aqueous layer was adjusted to 4
with-concentrated-hydrochloric acidland extracted with
ethyl acetate. The extract was dried over anhydrous
sodium sulfate, and the solvent .was removed under
reduced pressure to give the titled compound (3b) as a
pale'kellow oil.

[a]y: +21.56° (c=l.ll3,.chloroform)

1H-NMR (CDCl;) § ppm:
1.0-1.42 (1H, m), 1.56-1.98 (2H, m), 4.76 (lH,

dm, J=66Hz), 11.32 (1lH, s)
REFERENCE EXAMPLE 4

(+)-cis-1-(t-Butoxycarbonylamino)—-2-fluorocyclopropane

(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
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sodi um sul f at e,

resulting pale

and the solvent was renoved under reduced pressure. The
yel l ow oi |y substance was subjected to distillation under

reduced pressure to obtain 7.5 g of ethyl 1
-acetyl - 1-cycl opr opanecar boxyl ate having a boiling point of 70 to 71 .
[err]C 2 to 3 nmHg. [erﬂ++NMQ(CDO%%rH) [err] ppm '1.30

(3H. t. J=7THz),

1.48 (4H s), 2.49 (3H s). 4.24 (2H q, J=7Hz) [0096] In

200 m of ethanol were dissolved 35.7 g of the above obtai ned conpound, and
40 g of brom ne were added dropwi se to the solution at roomtenperature

whil e stirring.

After the stirring was continued at roomtenperature for-2

hours, the excegefdusifar aﬁdStheussI.verﬁfm eremovindg kheersolrkiedunder
pressure to obtain ethyl |-brompacetyl-1 -cy- clopropanecarboxylate, which
was then, w thoxeduas eer@n&BSﬂrGat i d;rhe dizesidue | Wm0 extohcdedhnoritio

t he solutlon

chloroform. 'The extract was washed successively with a

10% citric acid aqueous solutioh, a 2% sodium hydroxide

aqueous solution and water, and dried owver anhydrous

sodium sulfate. The solvent was removed under reduced
pressure, and the 'reéidue wos subjected to silica gel
column chromatography using chloroform as an eluent to
obtain the titled'compound (4&) as a colorless crystal.
Melting Point: 73°C
'[a]D: +65.57° (c=0.610, chloroform)
lH-NMR (CDC1l;) & ppm:
~ 0.6-1.3 (2H, m), 1.46 (9H, s), 2.48-2.74 (1H,
m), 4.62 (1B, dm, J=65Hz), 4.6-5.1 (1H, broad)

REFERENCE EXAMPLE 5

(—)—cis-l-(t—Butoxycarbonylamino)-2-fluorocyclopropane

{4b):

In 6 ml of t-buténol 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 the titléd_compound (4b).
Melting Point: 63°C

{a]p: —-60.27 (c=0.740, chloroform)
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lg-NMR (CDC1l;) & ppm:
0.66-1.3 (2H, m), 1.46 (9H, s), 2.48-2.74 (1H,
m), 4.58 (1E, dm, J=65Hz), 4.6-5.1 (1E, broad)

REFERENCE EXAMPLE 6

=)=-BEthyl-2- 1'2—cis42-fluoroc clopropan-1l-vl)amino—-.

{=)-Ethyl-2-[(1,2-cis-2-fluorocyclopropan-1-yl)amino—
methzlene|—3-oxo-3-(2,4[S-trifluoroghenzl)grogionate

(ba): .
Ethyl 2,4,5-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 dichloromethane.

Compound (4a) as obtained in Referendé Example 4
(167 mg) and 5-ml of trifluoroacetic acid vere mixed and
the mixture _was stirred at room temperature for 20
minutes and concentrated to dryness under reduced
pressure (the reéulting 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. Thereafter, the above
prepared dichloromethane solution was added dropwise to
the mixture, followed by stirring. at room temperature’
over-night. The solQent was evaporated to dryness under
reduced pressure, and the residue was éubjected to

-
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- 21 - were sinultaneously added dropwise 33 g of R (+)-1

- phenyl et hyl am ne and 27 g of triethylam ne over a period of 1 hour while
stirring under ice-cooling. After the addition, the reaction tenperature
was raised to roomtenperature, and the stirring was continued at room

~ tenperature for 2 days. Any insoluble matter was renmoved by filtration, and
et hanol was renoved fromthe.filtrate under reduced pressure. The reS|due
was dissolved in 300 mM of ethyl acetate, and the solution was washed
successively with 1 N hydrochloric acid, a saturated sodi um
hydrogencarbonate ueous, sol ytion, .and saturated sodi um chl orj de agueous

sol ution in thi $XE I%he COLFMR CREQRA RRY e #S3NGr %nWﬁ%@i&sgbﬁ$%ﬁ)
e cubj ected [‘%fi%%%ew‘;‘%'é St %%‘%Smﬁ“%ﬁd : “EpLpBR i 1 1 Ore blows
retnanpy © O 061y B LRAGL " WL bbEL EndE ALY Q;%eg)e Gerd®' 2ELEE” the
removed of the solvent. The product was recrystallized
from diisopropyl ether-n-hexahe to yield the titled

compound (5a) as a cdlbrless crystals.

Melting Point: 69-70°C |
[alp: -10.29° (c=1.088, chloroform)
REFERENCE EXAMPLE 7

{+)-Ethyl-2-[(1,2-cis—-2-fluorocyclopropan-1-vyl)amino-

methzlene|-3-oxo-3-(2;4,5 trifluorophenyl )propionate
(5b):

Ethyl 2,4,5-trifluorobenzoylacetate (337 mg), 2
nml ‘of ethyl'ogthoformate, 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 reéidue-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 temberature for 1 hour,
followed by concentration 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 of triethylamine in 10 ml of dichloromethane was

_———’./_—/’.
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Melting Point: 98-103[err]C [err] HNVR (CDCl [err]) [err] ppm

1.62 (3H. d, J=7.2Hz) 3.5 (1H(1 d. J=1BHz), 3.9 (1H d, J=18Hz). 5.82 (1H

g, J=7.2Hz). 7.36 (5H s) 2) '

5-[ 1R) - Phenyl et hyl ] - 7- hydr oxyi m no- 4- oxo-5- azaspi r o[ 2. 4l hept ane (20):

[0097] To 3.35 g of Conpound (19) were added. 1.6 g of hydroxyl am ne

hydrochloride, 2.3 g of triethylamne. and 80 m of ethanol, and the

m xture was stirred at roomtenperature for 2 hours. The sol vent was

removed under reduced pressure, and chlorof ormwas added to the residue.
ssi,vely . with a 10%citric acid aqueous sol ution

Th t
and a satur al od SO0t RRFRFP I ARHEBRS SO, SHPEE CPERRRESAage higso-

dried over anhyqﬁg%ﬁéne solution was further added to the mixture,
followed by stirring at room temperature over-night.
The soivent was removed under.reduced pressure, and the
residue was subjected to silica gel column chromato-
graphy using a mixed solvent of benzéne ana efhyl
acetate (2:1 by volume). 'A yellow oily substance was
obtained from the eluent after the removal of solvent.
Recrystallization from diisopropyl ether-n-hexane gave
. the titled compound (5b) as a colorless cryséal.
Melting Point: 69-70°C
[u]D:~+12.09 (c=0.645, chlorbform)
' REFERENCE EXAMPLE 8

-6,7-Difluoro-1-(1,2-cis-2-Ffluorocyclopropyl)-4-oxo-
l,4-dihydroquinoline-3-carboxylate (6a):

In 15 ml of anhydrous dioxane was dissolved 180
mg of Compound (5a) as obtained in Reference Example 6,
and 200 mg of 60% éodiuﬁ hydride was added to the
solution, followed by stirring at room temperature fér 2
days. The reaction mixture ﬁas added to a 10% citric
~acid aqueous solﬁtion, followed by concentration under
reduced préssure. The residue was extrécted with
chloroform, and the extract was dried over anhydroué

sodium sulfate. The solvent was removed under reduced

pressure. The residue was purified by silica gel
This Sheet Has Been Rep _ |
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sodi um sul fate. The sol vent was renoved under reducedpressure to obtain
3.59 of the title conmpound (20) as colorless crystals. Mel ting Point:
188-194[err] C [err]H-NVMR (CDCl[err]) [err] ppm 1.2-1.4
(2H, m, 1.53 (3H d, J=7.2Hz & 2H, m, 8 (1H d, J=18Hz); 4.16 (1H: d,
J=18Hz), 5.63 (1H q, J=7.2Hz), 7.32 (5H"s)" 3) 7-Am no-4-0x0-5-[(

R) - Phenyl et hyl ] - 5-azaspiro[ 2, 4] heotane (21 a. 21 b: [0098] To 150 m of
met hanol were added 3.5 g of Conpound (20) and 7.5 m of Raney ni ckel, and
catal ytic reduction

preparative TLC u51ng benzene-ethyl acetate (1:2 by
volume) as a developing solvent to  yield the titled
- compound (6a) as a colorless crystal. :
Melting Point: 231-232°C
[alps +27.20° (c=0.610, chloroform)
lH-NMR (CDC1,) § ppm:
1.20 (3H, t, J=7Hz), 1.6-1.9 (2H, m), 3.28-3.56
.(1H, m), 4.42 (2H, g, J=7Hz), 5.11 (1lH, dm,
J=63Hz), 7.60.(1H, dd, J=11Hz & 7Hz), 8.28 (1lH,
dd, J=10Hz & llHz), 8.58 (1H, s)

REFERENCE EXAMPLE 9

(-)-Ethyl 6,7-difluoro-1-(1,2-cis~2-fluorocyclopropyl)-
4-oxo-l‘4-dihzdroguinoline—3-carboxxlate (6b):

In 15 ml of' anhydrous dioxane was dissolved 267

mg of Compound (5b) as obtained in Reference Example 7,
and 200 mg of 60% sodium hydfide was added thereto, and
the mixture 'was stirred at room.temberature for 2 days.
The reaction mixture was added to a 10% citric acid
aqueéus solution, followed by concentration under
reduced pressure. The residue was’ ektracted' with
chloroform and dr{ed 6ver anhyﬁrous 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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was carried out at roomtenperature for 12 hours. After the catal yst was
renoved by fitration. the solvent was renoved fromthe filtrate under
reduced pressure. The residue was subjected to a 100 g silica gel columm
eluted with a m xed sol vent of 5% net hangl /chl orof orm which was to yield
1.0 g of the title conpound (21 b) from Re earlier fraction and 0.8 g of
the title conmpound (21a) fromthe later fraction, each as a colorless oily
substance. Conpound (21 b): [0099] [err]H- NVR (CDCl[err]) [err] ppm
0.8-1.4 (4H,nm, 1.52 (3H, d, J=7Hz). 2.87 (1 H, dd, J=10, & 3Hz). 3.3-3.9

(2H m,

4.27 (2H,. br. s), 5,4 1. H q..J=7TRz), 7.29 (5N, s
( sdlvent_%o ylefd(the tgtled cahpound éGb) ag a colorless
crystal. ' '
Melting Point: 226-227°C *

[a]p: -31.36° (c=0.610, chloroform)

lE-NMR (CDC1;) & ppm:
1.22 (3H, t, J=7Hz), 1.5-1.9 (2H, m), 3.26-3.52
(18, m), 4.40 (2H, g, J=7Hz), 5.10 (1H, dm,
J=63Hz), 7.58 (1H, dd, J=11Hz & 7Hz), 8.26 (1H,
dd, J=10Bz & 1lHz), 8.55 (1H, s)

- REFERENCE EXAMPLE 10

(+)-657-Difluoro-1-(l,2-cis-Z-fluorocyclogrbpyl)-4—oxo-
1,4-dihydroguinoline~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 hdurs whilé st;rring. 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
| [a]p: +3.66° (c=0.383, acetic acid)
1H-NMR (CDCl;) & 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 (1lH,

dd, J=18Hz & 8Hz), 8.94 (1lH, s)
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Compound (21a): 0100 err]H-NVR (CDCl [err]) [err] ppm

0.gP1.3 (gH, %), %.40 %ZL, s%, 1.53 (3H, d, J=7.2Hz), 2.99 (1H, dd, J=12.8.
& 7.2Hz), 3.15-3.45 (2H. m. 5.52 (1 H q, J=7.2Hz), 7.30 (5H, s) 4)
7-Anino-5-[(1R)-PhenYIethyl]-5-azasmlwﬂ§94]heptane (22a. 22b): [0101] To
- 50 m of anhydrous tetrahydrol uran were Tadded 1.0 g or Conmpound (21b) and
-500 ng of lithium alum num

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 .(sb) 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 tﬁe mixture was
extracted with chloroform. The extract was dried over
anhydrous sodium sulfate, and the solvent was removed
under reduced pressure. The residue was rgcrystallized
from ethanol to yield the titled compound (7b) as a
colorless crystal.
Melting Point: .261-264°C '
{e]p: —-4.08° (c=0.343, acetic acid)
'B-NMR (CDC1,) & 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 (1H,
dd, J=12Hz & 8 ﬁz), 8.94 (lH s)

'EXAMPLE 1

7-[3—(S)-t-Butoxvcarbonylamino—l-pyrrolidinyl]-6—fluoro—
l—(l,2—cis-2—f1uorocyclopropyl)—4—oxo-l,4—dihydro—
quinoline-3-carboxylic acid (8a):

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

butoxycarbonylamino)pyrrolidine, 200 mg of triethyl-
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hydride, and the m xture was refluxed for 17 hours. After cooling, 0.5 mi
of water. 0.5 m of a 15% sodi um hydr oxi de aqueous solution, and 1.5 m of
wat er were successively added to the reaction m xture in this order,
followed by stirring. well at roon1tenpeéﬁture for 30 m nutes. Any .

I nsol uble matter was renoved by filtrati and t horoughly washed with
tetrahydrofuran. The filtrate and the washing were conbi ned and dried. The
sol vent was renoved under reduced pressure to obtain 940 ng of the title
conpound (22b) as a pale yellow oily substance. In the sanme manner. 755 ng
of the title congound (22a) were obtained from 800 ng of Conpound (21a).
Conpound (22b): 2P$B82] 34 r kA VR PEDCRTREPRItTELR] YaRR mixed, and 'the

mixture was heated under reflux for 4 hours. The
solvent was removed under reduced pressure, and to the
residue was added a 10% citric acid aqueéus ‘solution,
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 ethyl acetate .to obtain the titled
compound (8a) as a yellow crystal.
Melting Point: 236-239°C
fa)p: +1.0°(c=0.200, chloroform)
1H-NMR (CDCl;) & ppm:
l..2-1.7 (2H, m), 1.46 (9H, s), 1.7-1.9 (1H, m),
2.0-2.36 (1H, m), 3.3-4.0 (S5H, m), 4.2-4.4 (1lH,
m), 5.06 (1H, dm, J=68Hz), 6.68 (1H, 4, J=7Hz),
7.84 (1H, d, J=14Hz), 8.46 (1H, s) |
 EXAMPLE 2

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

The carboexylic acid as obtained in Reference
Example 11 (7b) (112 mg), 200 mg of (S)-3—-(t-
butoxycarboxylamino)pyrrolidine, 220. mg of Eriethyl_
amine, apd 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 e#tract was
dried over anhydrous sodium sulfate, #nd the solvent was
removed under reduced preésure. The residue was
recrystallized from ethyl acetate to yield the titled
coﬁpound (8b) as a yellow crystal. '

Melting Point: 242-243°C

[a]p: -4.0°(c=0.448, chloroform)

1H-NMR (CDCl,) § ppm:
1-0_107 (ZH' m)' 1.40 (9H’ S)' 106-108 (lH, 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 (lH' d’ J=14HZ)’ 8.'32 (lH' S)

EXAMPLE 3

7—[3-(§)-Amino-l—pyrrolidinvlj-G—fluoro—l—(l,Z-cis—Z—
fluorocyclopropyl)-4-oxo-1,4-dihydroquinoline—~3~
carboxvylic acid .(%9a):

In 10 ml of trifluorocacetic acid was dissolved
80 mg of the carboxYlic acid (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 1N 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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.1 (4H, m, 3.24 (1H, q, J=6.6Hz), 3.
nd (22a): [0103] [err] H NWVR (CDd [
m, 1.36 (3H, d, J=6.7Hz), 308-2
J=6.7Hz), 3.6-3.9 (1 H,

0.2-0.8 (4H, m1.35(3H d,: J 66Hn

I-
3
~
N
0
o
T
=)

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
[alp: —31.35°'(c=0.370, 1N NaOH aqueous solution)
1B-NMR (CDC1;) & ppm:
1.52-1.68 (2H, m), 1.68-1.80 (1H, m), 2.05-2.15
(12, 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
(1H, 4, J=7Hz), 7.58 (1H, 4, J=14Hz), 8.29-(1H,
s) |

EXAMPLE 4

7=[3- ine idi -6—fluoro-1-(1,2-cis-2-
fluorocyclopropyl )—-4-oxo-1, 4~ dlhvdroqulnollne -3-

-carboxylic acid (9a):

In 10 ml of trifluoroacetic acid was added 80 mg

of the carboxylic acid (8b) as  obtained in-Examplé 2.

"After stirring for 20 minutes, the reaction mixture was

evaporated to dryness under reduced pressure. To the

residue was added.5 ml of water, and was further added a

- 1N sodium hydroxide aqueous solution to dissolve the

residue. The pH 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

R ——
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m, 7.28 (5H. br. s) 5) 7- ' .

But oxvcar bonyl ani no) -5-[ (1R) - phenylethyl] 5-azaspiro[ 2. 4] hept ane (23a.
23b): [0104] To 20 ml of anhydrous tetrahydrofuran were added 764 ng of
Compound (22b) and 1.3 g of Boc-ON [ Boc- ON,

2-(t- Butoxycarbonyloxy|n1no] 2- phenylacéﬂonltrlle [err]

under - reduced pressure. Recrystallization of the
residue from ethanol gave the titled compound (9b) as a |
colorless crystal. _ _ :
Meltihg.Point: 236-240°C |
[alp: +23.72 (c=0.413, 1N NaOE aqueous solution)
1E-NMR (CDC1l;) § ppm: |
1.55-1.69 (2H, m), 1.69-~1.77 (1H, m), 2.07-2.15
(1, m), 3.15-3.22 (1H, m), 3.37-3.47 (2H, m),
3.52-3.58 (2H, m), 3.58-3.66 (lH, m), 5.13 (1H,
dm, J=65Hz), 6.62 (l1H, &, J=7Hz), 7.61 (1lH, d;
J=14Hz), 8.30 (1H, s)
REFERENCE EXAMPLE 12

_{=)-Ethyl 2-[[1,2-cis—-2-fluoro—l-cyclopropyl)amino]-
methylene]—-3-oxo-3-(3-chloro-2 Lﬁls-trlfluorophenyl)—
proplonate (10a):

Ethyl. 3- chloro-2 4,5~ trlfluorobenzoylacetate
(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 conéenfrated to dryness wunder reduced
pressure, and the residue was dissolved in 5 ml of
dichloromethane.
| Seven milliliters of' trifluorocacetic acid was
cooled with ice, and 480 mg of (+)-cis-l1-(t-butoxy-
carbonylamino)—2-f1ﬁor6cyclopropane (4a2) was dissolved

therein. The solution was stirred at room'temperature
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and the m xture was stirred at roomtenperature for 4 hours. Ethyl acetate
was added to the reaction m xture, and the m xture was washed twice with a
1 N sodi um hydroxi de aqueous solution and then once with water, followed by
ex- traction with a 10%citric acid aqugaus sol ution. The aqueous extract
was ‘washed once with ethyl acetate, and a 15% sodi um hydr oxi de aqueous

sol ution was added to the aqueous | ayer under cooling to make it al kali ne.

The m xture

for 20 minutes, followed by evapofation under reduced
pressure to dryness. The residue was suspended in 10 ml
of dichloromethane, and 3 ml of tfiethylamine was added
-thereto under ice-cooling. . After stirring for 20
minutes, the above-prepared dichloromethahe solution was
added thereto, 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 pressuie. The residue was subjected td
flash - column chromatogiaphy. using a mixed solvent of
-benzene and ethyl acetate (Sil by'volume) as an eluent.
The solvent was removed under reducéd pressure, and the
residue was washed with diisopropyl ether to obtain 620

ﬁg of the titled compound (10a)..

]

Melting Point: 98-100°C _
[alp: —-6.66° (c=0.998, chloroform)

Elementary Analysis for C;gH,,ClF,NOj:
Calcd. (%): C 49.26; H 3.31; N 3.83

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

lH-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,
1:2.5, each g, J=7Hz), 4.78 (1, dm, J=65Hz),
7.13 (1H, ddd, J=5.9, 8.6, & 9.5Hz), 8.20, 8.25
(1H, 1l:2.5, each d, J=14H3Z) _
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was extracted threetines with chloroform andthe organic |ayerwas washed
wth a saturated sodi um chi ori de aqueous solution and then dried. The

sol vent was renoved under reduced pressure, and the residue was subjected
to silica gel columm chromatography (silica gel: 20 g; eluent:

chl or of or met hanol =20: 1, 10:1) to obtain %%0 ny of the title conpound
(23b). This conmpound was allowed to stand to crystallize, foll owed by
washi ng with n-hexane. The title conpound (23a) was obtained in the sane
manner. Conpound (23b) (colorless @ﬁljwbltlng Poi nt :

103- 105[err] C [err]: - 15.2[er =1. ;

+)=2-{[1,2-cis-2-Fluoro-l-cyclopropyl)aminojmethylenel-

3-ox0-3-(3~chloro-2,4,5- trlfluoroghenzl)grogionate
(10b):

Ethyl 3—chloro-2,4,S—trifldorobenzoylacetate

(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 cohcéntrated to dryness under reduced
pressure, and the residue was dissolved in 10 ml of

dichloromethane.
Ten milliliters of trifluoroacetic acid were
ice-cooled, and 1.12 g of (—)-cis—l—(t—butoxycarbonyl—
amino)-2-fluorocyclopropane (4b) was dissélved therein.
After stirring at room temperature for 20 minutes,- the
mixture was gvaporated 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
_dichloromethane solution was then added thereto,
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 solvent of.
benzene and ethyl acetate (4:1 by volume) The solvent
I —

This Sheet Has B laced

enmo | I i 0

&b

Date:



[err]H—NNR (CDCl[err]) [err] ppm 0.4-0.9 (4H, m, 1.36 (3H d,
J=7.2Hz), 1.44 (9H, s), 2.42 (2H, AB q. J=10.2 Hz), 2.79 (2H, d, J=5.6 Hz).
3.24 (1 H g, J=7.2Hz). 3.6-4.0 (1’ H m, 4.6-5.12 (1 H br. d), 7.28 (5H

S) ‘ El enentary Anal ysis for :
Cerr]Herr]Nerr](Jerr]: 44 Calcd. (%9 C
72.12: H 8. 92: N 8. 85 Found (% C

71. 63: H 9.07: N 8.64 Conpound (23a) (colorless crystals):

of the eluent was removed under reduced pressuré. The
residue was washed with diisopropyl ether-n-hexane to
obtain 1.74 g of crystals of the titled compound (10b).
Melting Point: 99-100°¢
[alp: +6.70° (c=0.895, chloroform)

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

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

1E-NMR (CDC1l;) § 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,
1:2.5, each q, J=7Hz), 4.78 (lH{ dm, J=65Hz),
7.13 (1H, 444, J=5.9, 8.6, & 9.5Hz), 8.20, 8.25
(1H, 1:2.5, each d, J=14H3Z)

REFERENCE EXAMPLE 14

(+)-Ethyl 8-chloro-6,7-difluoro-l1-(1,2-cis-2-fluoro-l1-
cyclopropyl)-4~oxo-1l,4~dihydroquinoline—-3~carboxylate
(1la): :

In. 7 ml of anhydrous dioxane was dissolved 620

mg of Cdmpound (10a) as prepared in Reference Example
12, and 80 mg of 60% sodium hydride was-added to the
solution, followed by stirring at room temperature for 1
hour. 'Ethyl acetate was added to the reaction mixture,
and the. mixture 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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[0106] Mel'ting Point: 94-97[err]C [err]: +47.6[err] (c=0.89.

chl orof orm [erir]H-NMR (CDCl [err]) [err] ppm 0.4-0.9 (4H
m, 1.33 (3H, d. J=6.6Hz). 1.40 (9H. s),. 2.29 (1H d. J=9Hz), 2.44 (1H, dd,
J=10.8 & 3.6Hz). 2.77 (1H d, J=9Hz). 2.88 (1H dd. J=10.8 & 5.3Hz) 3.22
(1H g. J=6.6Hz), 3.6-3,9 (1H mM. 4.7-5.45(1H. br. d). 7.27 (SH. s)

El enentary Anal ysis for qmﬂHMHUWmHQeH]

Calcd. (%9 C 72.12: H 8.92: N 8

Found (% C 71. 86; H 9. 36; N 8.68

solvent was removed therefrom under reduced pressure.
The residue was washed with n-hexane to obtain 551 mg of
the titled compound (1lla) as a colorléss crystal.
Melting Point: 181-184°C
[a]p: +45.1° (c=1.18, chloroform)

Elementary Analysis for C,5H; ,C1F,NO,:
Calcd. (%): C 52.12; H 3.21; N 4.05

Found (%$): C 52.09; H 3.33; N 4.01

1H-NMR (CDC1;) & ppm:
1.40 (3H, t, J=7HZ), 1.4-1.9 (2H, m), 4.08 (1H,
m), 4.39 (28, g, J=7HZ), 4.90 (1H, dm, J=65Hz),
- 8.24 (1H, 4&d, J=10 & 11 Hz)

REFERENCE EXAMPLE 15

. {=)—-Ethyl 8-chloro-6 7-d1fluoro-i— l,2-cis-2-fluoro-1-
cyclopropyl)—4-oxo-1, 4—dlhydroqu1n011ne-3 —carboxvlate

(11b):

In 10 ml of anhydrous dioxane was suspended

560 mg of 60% sodium. hydride having been washed twice
with anhydrous n-hexane. The suspension was added to a
solution of 1.70 g of Compound (10b) 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 wasladded to the
residue. The precipitated crystals were collected by

filtration, washed successively with water and diethyl

_

This Sheet HasB

[}

9 0 NOV 1998

Date:



46

ether, and dried under reduced pressure to obtain 1.44 g
~of the entitled compound (1llb) as a colorless crystal.
Melting Point: 174°C e
[elp: =45.3° (c=1.05, chloroform)

Elementary Analysis for C;5H;3C1F,NO,:
Calcd. ($): C 52.12; H 3.21; N 4.05

~Found (%): C 51.80; H 3.45; N 4.15
1H-NMR (CDC1;) § 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 (1H, dm, J=65Hz),
8.24 (1H, dd, J=10 & 11 Hz) |

X

IR(KBr); V.., cm~*: 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— -carboxvylic
acid (l2a):

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

hydrochloric acid, and 5 ml of ﬁcetic acid were mixed,
and the mixture was heated at 120-130°C for 2 hours
while stirring. To the reaction mixture was added 50 ml
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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- 23- 6) 7-t-Butoxvcarbonvl am no-5-azaspiro(2.4]heptane (24a. 24b) [0107]
To 30 M of ethanol were added 650 ng of Conpound (23b) and 500 ng of 50%
hydrat ed pal | adi um on- carbon, and catal ytic reduction was effected under
heating at a pressure of 4.2 atm After 6_hours, the catal yst was renoved
by filtration, and the solvent was renov&d under reduced pressure. To the
oily residue was added ethyl acetate, followed by extracting twice with a
10%citric acid aqueous solution. The aqueous extract was made al kal i ne
with a 15% sodi um hydr oxi de aqueous sol ution and then extracted three tines

wth ch[orofornbblgﬁaﬂﬂfgofornlI@&e titled compound (12a) as a color-

.less crystal.

Melting Point: 170-171°C
{a]ps +30.4° (c=0.54, chloroform)

Elementary Analysis for C;3H,ClF4NO,:
Calcd. (%): C 49.16; H 2.22; N 4.41

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

1H-NMR (CDCl;) § 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 & B8Hz), 8.87,
8.89 (1H, each s, split 1:1)

REFERENCE EXAMPLE 17

(-=)-8-Chloro—-6,7-difluoro-1-(1,2-cis—-2- flhoro-l-
cyclopropyl)~4-oxo-1,4- dlhydrogulnol1ne-3-carboxyllc
acid (12b)

The ester .(1lb) (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
stirring. 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 1.15 g of the
titled compound (12b) as a colorlgss crystal.
Melting Point: 177-182°C

[u]D: -26.8° (c=0.90, chloroform)

R —
ect Has Been Replaced

s | ['[1

9 o NOV 1958

Date:



was washed wth water and dried. The solvent was renoved under reduced
pressure to yield 440 ng of the titled conmpound (24b) as a crude product .
The titled conmpound (24a) was obtained in the sanme manner as above. The NWR
spectra of Conpounds (24b) and (24a) were in conplete agreenent with each
ot her Conpound (24) [0108] [err]HNWVR (&8C [err]) [err] ppm

0.4-1.0 (4H, m, 1,42 (9H, s), 2.71 (1 H, d, J=10.2Hz), 2.92 (1 H, dd, J=1
0.8 & 3.6 Hz), 3.01 (1 H d, J=10.2Hz), 3.33 (1 H, dd, J=10.8 & 5.4 Hz),
3.5-3.9 (1H, m, 5.0-5.4 (1 H, br, d)

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

Found (%): C 49.28; H 2.40; N 4.66
‘H-NMR (CDCl;) & 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) |
EXAMPLE 5

-8—chloro—6—-fluoro-l1—

(1,2-cis-2-fluoro-l-cyclopropyl)—-4-oxo-1,4-dihydro-
. guinoline-3-carboxylic acid (13a):

Five milliliters of trifluoroacetic acid was -
cooled with ice, and 230 mg of 3-(S)-1-t-butoxycarbonyl-
3-(t—butoxycarbbnylamino)pyrrolidine was dissolved
therein, followed by stirring at room temperature for 20
minutes. The reaction mixture was evaporated to dryness
under reduced pressure, and the residue was dissolved in
15 ml of acetonitrile. To tﬁe .solution were added
170 mg of the carboxylic acid {12a) and 406 mg.of tri-
ethylamine, followed by refluxing for 6.5 hours. The
reaction ﬁixture was evaporated to dryness under reduced
pressure, and to the residue was added 1N hydrochloric
acid. The mixture was washed with chloroform. The pH
of the agueous layer was'adjusted'to 12 with a 1N sodium
hydroxide aqueous solution and waéhed-with chloroform.

The pH of the aqueous layer was readjusted to 7.6 with
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EXAMPLE 9 . :

7-(7-t-But oxvcarbonvl am no-5-azaspoi ro[ 2. 4] hept an- 5-vl - 8-chl oro- 6-f | uor o- 1-
(1 ,2-cis-2-fluoro-1 -cvcl ooroyvl)- 1.4-di hvdro-4-oxoqui nol i ne-3-carboxylic
acid (25bb): [0109] In 0.6 m of acetonitrile weredissolved 160 ng of
8-chloro-6,7-difluoro-1 -(1,2-cis-2-fludkd-1-cyl opropyl)-1, 4-di-

hydr o- 4- oxoqui nol i ne- 3-carboxylic acid (12b), 150 ng of the am ne conpound
(24b), and 0.5 m of triethylam ne, and the sol ution was heated under
reflux for 5 hours. After cooling, the precipitated colorless crystals were
collected by filtration. The sqlvent _of the nother |iquor_was_renoved under

reduced pressur¥IEarhIoRic cdcdfe 3RQ M¥trAE®DyVith| @hlRrrofeERar at The

TLC usi ng a devel opi ng sol ven f chl orof orrm net hanql (5:1 by volu . The
purifiedgprodwﬁxE#%th s grie over anhydrous so(iué sulfate, agg)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 decomposition)
[a]lp: +120.8° (c=0.475, 0.1N NaOH aqueous solution)
Elementary Analysis for C,,H;,ClF,N;03-1/2H,0:
Calcd. (%): C-+51.98; H 4.36; N 10.70
Found (3): C 52.07; E 4.71; N 10.72 -
1H-NMR (NaOD) § ppm:
1.28 (1H, dm, J=27Hz), 1.69-1.78 (2K, 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 (1E, 4, J=14Hz), 8.44, 8.45 (1H, each s,
split, 1:1)
EXAMPLE 6

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

Five milliliters of trifluoroacetic. acid was
coolgd with ice, and 230 mg of 3-(S)-t-butoxycarbonyl-3-
(t—butoxycarbonylamino)pyrfolidine was dissolved there-
in, followed by stirring at room temperature for 20
minutes. The reaction mixﬁure was evaporated to dryness

under reduced pressure, and the residue was dissolved in
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above-obt ai ned crystals were conmbined to give 255 ng of the title conpound

(25bb) .

pprm

Melting Point 213-218[err]C [err]H-NVR (CDCl [err]) [err]

0.6-1.0 (6H, n), 1.45 (9H.-s), 7.99 (1 H, d, J=1 3.1 Hz),

8.74, 8.78 (each 0.5H, s) EXAMPLE 10
(-)- 7- (7- Ami no- 5- azaspi r o[ 2. 4] hept an- 5- yi9 - 8chl or o- 6- f | uor o- 1- (1 .
2-cis-2-fluoro-1-cyooropyl)-1 .4- dlhydro- 4-"oxoaui nol i ne-3-carboxvlic acid

(26bb) :

15 ml of acetonitrile. To the solution were added

170 mg of the carboxylic acid (12b) and 400 mg of

triethylamine, and the mixture was heated under reflux
for 6.5 hours. The reaction mixture wés evaporated to
dryness under reduced.prgssure._ A 1IN hydrochloric acid
was added to the residue, and the mixture was washed
with chlordfdrm._ The aqueous layer ‘was adjusted to a pH
of 12 with a 1IN sodium hydroxide aqueous solution, and
the aqueous layer was adjusted to a pH of 7.6 with
hydrochloric acid and.exﬁracted with chloroform. The
extract was dried over anhydrous sodium sulfate, and the
solvent was evaporated.'_The résidue was recrystallized
from aqueous ammoniafethanol to give 158 mg of the
titled compound (13b) as aicolorless c:ystai;
- Melting Point:, 247-252°C (with decomposition)
_ta]D: -94.7° (c¥0.378, 0.1N HaOH aqueous solutioﬁ)
Elementary Analysis for'cl7H15C1F2N3O3¥H20:
Calcd. (%): C 50.82; H 4.52; N 10.46
Found (%): C 50.97; H'5.14} N 10.42
1H-NMR (NaOD)-§ ppm:
1.32 (1H, dm, J=27H;)7 1.73-1.80 kZH, m), 2.15—.
2.19'(1H, m), 3.19-3.22 (1H, h), 3.45-3.50 (1H,
m), 3.58-3.62 (1lHE, m), 3.85-3.88 (2H, h), 4.16-
4.20 (1B, m), 4.99_(1H, dm, J=63Hz), 7.76 (1lH,
d, J=14Hz), 8.54, 8.44 (1H, each s, split, 1:1)
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(0110] To 255 ng of the Boc-conpound (25bb) as obtained in Exanple 9 were
added 0.5 m of anisole and 10 ml of trifluoroacetic acid under
i ce-cooling. After warmng to roomtenperature, the m xture was stirred for
30 m nutes. The solvent was renoved under. reduced pressure, a 1 N sodium
hydr oxi de aqueous sol uti on was added t 0 e residue adjusting a pHof 11 to
12. The al kal i ne aqueous solution was washed twice with chloroform The
aqueous | ayer was adjusted to a pH of about 7 with toncentrated
_hydrochloric acid and a 10% citric acid aqueous solution and extracted
three times with chloroform The BEFERENCEAEXAMPIE] 1§ th water and dried
over anhhydrous sodiumsul fate. The solvent was renoved under reduced

pressure, and tﬂg*%&_\iﬂ:@[ BELj 2-ops-9 L1 Y6811 1L80616p98byl )amino] -
et hanol - concentsg ERBPO3SoXx6HPN] 2, 3 D4 PHTEE FrdFZuBBoIb-hiEr apound

(26bb) as col or i Tla): NETtlng Point:. 1Z/- I40[err Wi
deconposi tion) err|. - .20 (c=0.24, 1 N NaCH)
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

da;u;.;"1  120°C for 2 hours. The reactibn:mixture.was.concentrat-
ed to dryness,- and the residue was dissolved in 10 ml of
dichloromethané. “

Ten milliliters of trifluoroacetic acid was
cooled with ice, and 1.1 g of (+)—cis-l—(E-butoxycarbdn—
ylamino)-2-fluorocyclopropane (4a) was dissolved there-
in. The solution was stirred at room temperature for 20

t;minutes, ‘followed by evaporating to dryness under
reduced pressure. The residue was susﬁended in 20 ml of
dichloromethane, and Z.ﬁ g of triethylamine was added
'thereto_under ice—boo;ing, followed by stirring for 20
minutes., The above-prepared dichloromethaﬁe solution
was then added thereto, followed by stirring. for 30
minutes. The reaction mixture was washed with water and
dried over énhydrous sodium sulfate. The solvent was
removed under reduced pressure. The residue was
subjected to flash column chromatography using benzene
as an eluent. The fractibns of the -compound (l4a) were
combined, and the solvent was rémoved under reduced

_—
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HmmMMyAmhwwforquH{HHNwH]qHHFHHHG 1/4H err] QO
Calcd. (%9 C 55.08: H 4.50 N 10
Found C 54. 86: H 4. 80: N 10. 03 EXANPLE 11 Synthesis of

Compound ( 26ab)

(0111] Conpound (26ab) was obt ai ned fron1Cbnpound (12a)

and Conpound (24b) in the same manner as Sdescri bed

pressure. The residue was washed with n-hexane to yield
1.57 g of crystals of the titled compound (1l4a).

Melting Point: 99-100°C -

falp: -10.3° (c=1.25, chloroform5

Elementary Analysis for C;gH,;F:N,0
Calcd. (%): C 45.70; H 2.81; N 7.10

Found (%):*C 45.60;-H.3.01;.N.7.03 : .
lH-NMR (CDC1l;) & ppm: .
1.10 (3H, t, J=7Hz), 1.2-1.55 (2H, m), 2.88-3.16
(1H, m), 4.09 (2H, g, J=7Hz), 4.45 (1H, dm,
J=63Hz), 8.29 (1H, &, J=14Hz)
IR(KBr): Vmax cm-l: 3454 1734, 1626, 1566, 1521,
1482 |

REFERENCE EXAMPLE 19

(+)-Ethyl 2-[[(1,2-cis-2-fluoro~l-cyclopropylj}amino]-
methylene]-3-ox0-3-(2,3,4,5-tetrafluoro-6-nitrophenyl)—
propionate (14b):

Ethyl 2,3,4,S-tetrafluoro-s-nitrobenzoylaéetate

(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
mixtureiwas concentrated to dryness, and the residue was
dissolved in 10 ml of dichloromethane.

Ten milliliters of trifluoroacetic acid was

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

- \
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53

amino)-2-fluorocyclopropane (4b) was dissolved therein,
£ollowed 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 dichloromethéne. To the.suépension was added 1.8 g
of triethylamine under ice-cooling, followed by stirring
for 20 minutes. To the mixture was added the above-
prepared dlchloromethane solutlon, followed by stirring
for 2 hours. The reactlon mixture was washed with water
and dried over anhydrous sodium sulfate. The solvent
was reﬁoved under reduced pressure, and the residue was
subjected to flash column'chromatdgraphy using benzene
as an eluent. The fractions of the product (14b) were
combinéd, "and the solvent was removed under reduced
pressure. The resiéue was #ashed with n-hexane to'yield
1.50 ¢ of crystals of the titled compound (1l4b).
Melting Point: 98-100°C
[elp: -10.1° (c=2.09, chloroform)

Elementary Analysis for C,5H;;F5N,0,
Calcd. (3): C 45.70; H 2.81; N 7.10

Found (%): C 45.77; H 3.38; N 7.18

1H-NMR (CDCl;) § ppm:
1.10 (3H, t, J=7Hz), 1.2-1.5 (2H, m), 2.88-3.12
(1H, m), 4.09 (2B, q, J=7Hz), 4.45 (1H, dm,
J=63Hz), 8.30 (1H, d, J=14Hz)

This Sheet Has Been R

B T

Date: 9 g NOV 13%



I n Exanpl es 9 and 10. Mel ting Point: 123-128[err]C (with

deconposi tion)

[err]21.5[err] (c=0.1 95, 1 N NaCOH)

El ementary Anal ysis for qHHHMHHWHquHHﬁHHG UZ{HHO

Cal cd.

(9

C 54. 49; H 4.57: 10 03

IR(KBT): Vmax cm-l: 3454 1695, 1638, 1554, 1515

REFERENCE EXAMPLE 20

~Ethyl 6,7,8-trifluoro-1-(1,2-cis-2-£luoro-l-cvélo-
Qrogzl)-5-nitro-4-oxo-l,4-dihvdroguinoline-3-carboleate
{15a):

In 20 ml of anhydrous dioxane was suspended 580
mg of 60% sodium hydride having been washed twice with
n-hexane... . The .s.uspénsion . was aﬁded to a solution of
1.90 g of Coméound.(14a).in-20 ml of anhydrous dioxane.
The mixture was'stirr;d at room temperature for 1 hour,

and the solvent was removed from the reaction mixture

-undé: reduced pressure. To the residue was added 0.1N

hydrochloric acid. The crystals thus formed were
collected by filtration, washed successively with water
and diethyl ether, and driediundér reduced pressure to
obtain 1.65 g of the titled cqmpound (15a) as a
colorless crystal.

Melting Point: 172-176°C

(alp: +10.7° (c=1.12, chloroform)

Elerﬁentary Analysis for C,zH,,F,N,0,
Calecd. (%): C 48.14; H 2.69; N 7.49

Found (%): C 48.29; H 2.78; N 7.20
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Found (9 C 54. 33; H 4. 73: N 9.81 - EXAMPLE 12 Synt hesi s of
Conpound (26ba) ~ [0112]. Conpound (26ba) was synt hesi zed fron1Cbnpound (1
2b) and Cofrpound (24a) in the same manner as de- scribed in Exanples 9 and
10. Mel ting Point: 121-127[err]C (mnth deconp03|t|on) [err]:

-21. 1] err] (c 0.275, 1 N NaOH)

IH-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 (1H, s) '
IR(KBI): Vmax cm-l: 3454 1734, 1626, 1566, 1521
1482 o

REFERENCE EXAMPLE 21

-)}—-Ethyl 6,7 8—tr1fluoro—1¥ l,2-cis-2-fluoro-l-cvclo-

grogxl)—S-nltro- —-ox0-1,4- dlhydrogulnol1ne—3-carboxylate

{15b):

In 10 ml of anhydrous dloxane was suspended 440
mg of 60% sodium hydride ha?ing been washed twice with
n-hexane. The suspension was added to a solution of
1.45 g of.Csmpound (14b) in 20 ml of anhydrous dioxane;
followed . by stirrihg at room temperdture for 30 minutes.
The solvent was removed from the reaction mixture under
reduced pressure. To the residue was added 0.1N
hydrochloric -acid, and the Fformed crystals were
collecsed by filtfation, 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. o

Melting Point: ifl-l75°c
[aly: —11;1°-(c=0;27, chloroform)l
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HmmMMyAmhwwforquH{HHNwH]qHHFHHHG 1/2H err QO
Calcd. (%9 C 54. 49; H 4.57; N 10.
Found( % 54. 77, H4. 43 N-9. 86 EXANPLE 13 Synt hesi s of

Compound ( 26aa) [0113] Conpound (26aa) was synthesized from Conpound
(12a) and Conpound (24a) in the sane nand%i as in

Elementary Anélysis for C,gH,oF4N,05
Calcd. (%): C 48.14; H 2.69; N 7.49
Found (%): C 48.44; H 3;17; N-7.48 .
lH-NMR (CDCl;) § ppm: |
1.36 (3H, t, J=7Hz), 1.4-1.92 (2H, m), 3.74-4.02
(1H, m), 4.36 (2H, q, J-7Hz), 4.94 (1H, dm,
J-62Hz),'8 54 .(1H, s) - . | ;
IR(KBr): vpax cm-lz 1731, 1626,.1566, 1485, 1323,
~ 1275

REFERENCE EXAMPLE 22

-Ethyl 5-amino—-6,7,8-trifluoro-1-(1,2-cis—2-fluoro-1-

czclogrogzl)é4—oxo-l,4-dihxdroguinoline-3—carboxxlic

acid (16a):

The nitro compound (155) {(1.60 g), 6 ml of Raney
nickel, and 200 ml of ethanol were mixed, and the
mixture was shaken for 2.5 hours in a hydrogen
_étmosphere. The catalyst was removed by £filtration
through Celite, and thé filtraté was conéentrated under
reduced pressure. The residue was subjected to siliéa
gel column chromatography using chloroform as an elﬁent.
The fractions of prddﬁct (16a) were combined, and the
solvent was .removed.'thefefrqm under reduced pressure.
The residue was recrystéllized from ethanol to obtain
770 mg of the titled compound (l.6a) as a pale yellow'

crystal.
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Exanpl es 9 and 10. Mel ting Point 126-145[err]C (with deconposition)

[err]:

+ 186.6[err] (c=0.22B, 1 N NaOH)

El ementary Analysis for err]Herr]Nerr]Jerr]Ferr]d-3/4H err] O

Cal cd.

(% C 53. 91, H 4. 64, N 9. 93

Found (% C 53. 80; H 4. 47; N 9. &7 REFERENCE_EXANPLE_Z?

Melting Point: 190-191°C

[alp: +26.0°.(c=0.76, chloroform)

Elementary Analysis for Cy5H) FyN,Oy
Calcd. (%): C 52.33; H 3.51; N 8.14
Found (%): C 52.13; H 3.95; N 8.13"

1H-NMR (CDCl;) § 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 (1H, dm,
J=63Hz), 6.8-7.1 (2H, m), 8.37 (1lH, s)

| IR(KBr): vmax cm-1: 3436, 1683, 1653, 1557, 1461,
‘1284

REFERENCE EXAMPLE 23

5

(-)-Ethyl 5-amino-6,7,8-trifluoro-1-(1,2-cis-2-fluoro-1-
cyclopropyl)—4-oxo-l,4-dihydroquinoline—-3-carboxvlate

(16b): ] _
. The nitro compound (15b) (1.60 g), 3 ml of Raney

nickel, and 120 ml of ethanol were mixed, and the
mixture was shaken for 4.5 hours in a hydrogen étmos—
phere. The catalyst was removed by filtration through

Celite, and the filtfate was concentratéd under reduced

pressufe. The residue was subjected to silica gel
column chromatography using chloroform as an eluent.
The fractions of product (l6b) were combined, and the

solvent was removed under reduced pressure. The residue

-_
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(-)-Ethyl 8-chloro-7-fluoro-1 -(1.2-cis-2-fluoro-1

-cycl opropyl ) -4-oxo- 1. 4-di hydro- 1. 8- naoht hyri di ne- 3- car boxvl ate (29a)
[0114] A m xture of 1g of ethyl 2,6-dichloro-5-fluoro-nicotinoylacetate
(27), 3 m of ethyl orthoformate, and 6 m of acetic anhydride was heated
at 120[err]C for 1 hour while stirring. ¥8Be reaction m xture was evapor at ed
to dryness under reduced pressure, and the residue was dissolved in 10 ni
of dichl oronethane. [0115] Ten mlliliters of trifluoroacetic acid were
cooled with ice, and 750 ng of (+)cis-1-(t-butoxycarbonylan no)-

2-f | uor ocycl opreasngectes tatnddieds drmelt behghol the cb¥aili BRoVeRst bEr adad
roomtenperature for 20 mnutes, followed by evaporation to dryness under
reduced pressureitTaé cempduadwflebyspendetale 3@ Ulowicdistd0r onet hane,
and 2.0 g of triethylam ne was added thereto under ice-cooling. To the

suspensi on was furtjeltafdgedoline abpye~pygpered di chl eromet hane sol ution
foll owed by stirring at rdomtenperature for 30 m nutes.

[alp: =25.9° (c=0.65, chloroform)

Elementary analysis for C;gH,;,F,N,0,
Calcd. (%): C 52.33; H 3.51; N 8.14

Found ($): C 52.16F :H 3.54; N"8.08 ~i7 2
1H-NMR (CDCl;) & ppm:
'1.39 (38, t, J=7Hz), 1.4-1.8.(2H, m),.3.60-3.88
(1€, m), 4.38 (2H, q, J=7Hz), 4.87 (1H, dm,
J=63Hz), 6.8-7.1 (2H, m), 8.38 (1H, s)
IR(KBr): Vmax cm-l: 3436, 1683, 1653, 1593, 1464,
1284

REFERENCE EXAMPLE 24

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

(l7a):
'The ester (16a) (750 mg) and 10 ml of concen-

trated hydrochloric acid were.mixed and the mixture was
heated at. 100°C for 2 hours while stirring. To the
reaction mixture was added 20 ﬁl of water, and the
precipitated crystals were collected by filtration to
obtain 610 mg of the titled compound (17a) as a

colorless crystal.

Melting Point: 297-300°C

-



(0116] The reaction.m xture was washed with water and dried over anhydrous
sodi um sul fate. The sol vent was renoved under reduced pressure. The residue
was subjected to col um chromat ography using 50 9 of silica gel using.

chl orofformas an eluent to yield 1.29 g of ethyl _

2- (2. 6-dichl oro-5-fluoronicotinoyl)-3-(1>cis-2-fluoro-1 -cycl opropyl)acr-
ylate (28a) as a colorless oil. [err]HHNMR (CDCl [err]) [err] ppm

1.06 (3H, t. 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 Hz)
[0117] In 25 m of =ElymemwtsryliAnalhysierforli S54H 20529 of Conpound (28a),

and 300 ng of 60% sodi um hydri de were added to the solution, followed by
stirring for 1 hour. Th&CateRti bh) niC 4K -S8aH Brent 8 86 under reduced

Found ($): C 49.43; H 2.91; N.8.84
1H-NMR (DMSO-dg) § ppﬁ:
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)
e IR(KBr): Vmax .cm-l: 3448, 3334,° 1725, 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-dihydroquindline-3-carboxylic acid

(17b): :
The ester (16b) (588 mg) and 10 ml of concen-

trated 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 _(l7bj as a
colorless crystal. |

Melting Point: 295-300°C

Elementary Analysis for C,;HgF,N,0,
Calcd. (%): C 49.38; H 2.55; N 8.86

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

// .
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60

lE-NMR (CDC1;) & ppm:
]..¢4"'2.l (2H' m)l 3.9—4-2 (lH' RI)' 5.08 (lH' dm'
J=65Hz), 7.72 (1H, s), 8.62 (1lH, s)

IR: vpax cm-1: 3448, 3334, 1725, 1656, 1596,
1566, 1518 |

EXAMPLE 7 _ _

-)-5-Amino~7-[3-(S)—-amino-1-pyrrolidinyl]-6,8-difluoro-
1-(1,2-cis-2-fluoro-l-cyclopropyl)}—-4-oxo-1,4-dihydro—-
guinoline—-3-carboxylic acid (18a):

Pive milliliters of ¢trifluorcacetic. acid was

cooled with ice, and 230 mg of 3-(S)-l-t-butoxycarbonyl-
3-(t-butoxycarbonylamino)pyrrolidine was dissolved
therein, followed by stirring 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 (l7a) and 400 mg of
triethylamine, and the mixture was heated under reflux
for 12 hours. The reaction mixture was eﬁaporated to
dryness under reduced pressure, and 1N hydrochloric acid
was added to the residue. After washing the mixture

with chloroform, the aqﬁeous layer was adjusted to a pH

" of 12 with a 1IN sodium hydroxide aqueous solution,

followed by washing with chloroform. The aqueous layer

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

_
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pressure, and to the residue was added 0.1 N hydrochloric acid.-The
precipitated crystals were collected by filtration and washed successively
with water and diethyl ether to obtain 860 ng of the title conpound (29a)
as colorless crystals. Mel ting Point 184-185[err]C [err] -
-1.26[err] (c=0.793. chloroforn) 61

El enentary Anal ysis for qmﬂHMH]HHHNMH]QHH

Calcd. (%9 C 51.16: H 3. 37; N 8

foilowed by extraction with chlofoform. The extract was
dried over anhYdroﬁs‘sodium sulfate, and the solvent was
- removed under reduced preséure. * The residue was
recrystallized from agqueous ammonia-ethanol to obtain
128 mg of the titled. compound (l1l8a) as a coiorless
crystal. | |
Melting Point: 224;230°Cﬁ"
{alp: -4.72° (c=0.888, 0.1N NaOH agueous solution)

Elementary Analysis for C,,H,,F;N,0,
Calcd. ($): C 53.40; H 4.48; N 14.65

Found (%): C 53.28; H 4.08; N 14.54

1H-NMR (NaOD)).G ppm:
1.47-1.58 (1R, m), ; 1.67-1.78 (28, m), 2.07-
2.11 (1H, m), 3.28-3.44 (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: Vgayx cm-1: 3400, 1728, 1635, 1605, 1518,

1433, 1350, 1308

EXAMPLE 8

(+)-5-Amino—7—[3—(§)—amino—l—pyrrolidinyl]-6,8—difluoro—
l—gl,2—cis—2-fluoro—l—cyclopropyl)-4-oxo—l,4—dihydro—
quinoline-3-carboxylic acid (18b):

Five milliliters of trifiuoroacetic acid was
cooled with ice, and 230'mg of 3-(S)-1-t-butoxycarbonyl-

3-(t-butoxycarbonylamino)pyrrolidine was dissolved

~________-~______;
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Found( % C 51:12: " H 3. 26; N 8.52 [err] H-NWR (CDCI[err]) [err] ~

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

4.40 (2H, q, J=7Hz), 5.02 (1H, dm J=65Hz). 8.43 (1 H, d. J:?FE); 8.66(1 H

s) REFERENCE EXAMPLE 28 (+)-Ethyl 8-chloro-7-fluoro-1
-(1.2-¢cis-2-fluoro-1 62

-cycl opropyl ) - 4- oxo- 14-di hvdr o- 1. 8- naphthyrldlne 3- carboxylate (29b) :

therein, followed by stirring at room temperature for 30
minutes. The reaction mixture was evaporated to dryneés
uﬂder reduced pressure, énd 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
—~w--.. --  for 12 hours. The reaction mixture. .was..evaporated. to
dryness under reduced pressure, and.1N hydrochloric acid
-l . was added to the .residue.. After washing._the :mixture
with chloroform, the agqueous layer was adjusted to a pH
of 12 with a 1N sodium hydroxide aqueous solution,
followed by washing with chloroform. The agueous la&er
was then adjusted to a pH of 7.6 with hydrochloric acid,
followed by extraction with chloroform;. The extract was
dried over anhydroué soéium sulfate; and the solvent was
‘removed under -reduced pressure. The residue was
recrystaliized from aqueous ammonia-ethanol to obtain 68
mg_of the titled compound (18b) as a colorless cryst;l.
Melting Point: 214-217°C _
[aly: +31.3° (c=0.268, 0.1N NaOH aqueoﬁs solution)
Elementary Analysis for C17H17F3N403-1/2H20:
Calcd. (%): C 52.18; H 4.64; N 14.32
Found (%): C 52.22; H 4.93; N 14.23
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[0118] A mi xture of 1.0g of ethyl 2,6-dichloro-5-fluoronicotinoylacetate
(27), 3 mM of ethyl ortho-formate, and 6 m of acetic anhydride was heated
at 120 C for 1.5 hours while stirring. The reaction m xture was evapor at ed
to dryness under reduced pressure, and the residue was dissolved in 10 m
of dichl oromethane. [0119] Ten millilitefd of trifluoroacetic acid were
cooled with ice, and 750 ng of (-)-cis-1 -(t-butoxycarbonyl am no)- '
2-fl uorocycl opropane (4b) were di ssol vedtherein. The solution was stirred
at roomtenperature for 20 mnutes, followed by evaporation to dryness
under reduced pressuip: ' S, suspended in 30 m of

di chl or onet hane, and %Ngi%e(ol{a?jr?gf am ne were added thereto under

i ce-cooling. To the suspkné8eh.S58s(1H;tnpy adliedethe78bqed,pmypaneds-

di chi oronet hane solution, and the m xture was stirred at roomtenperature

for 30 minutes. [0120] T2el2ehLE; om) pi Xt 28e3wa2 \(aHphent)yi Bh4eaBes2qng,dried

over anhydrous sodium sul fate. The .solvent was evaporated, and the residue
was purified by col um on}ondi@raphy (ZEagmbp 3.20-3L78ca2He! mand4,92

chl orof orm as an
(1, dm, J=72Hz), 8.19 (1lH, s)

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

1356, 1305~ o
REFERENCE EXAMPLE 26

_ Sznthesis of Optically Active 7-Amino-5-azaspiro-[2,4]-
heptane:

1) S5-[(1IR)-Phenylethyl]-4.7-dioxo-5-azaspiro[2,4]-
- heptane (19): .

To 10.4 g of ethyl acetoacetate were added 15 g
of l,z—dibrqmoethane, 23 g of potassium éarbonate, and
150 ml of N,N—dimethylformamjde (DMF), and the mixture
wés 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 with chloroform. The chloroform.

~ extract was dried over.ahhydrous sodium sulfate, and the,
solvent was  remoVed under reduced pressuré. The
‘resulting pale yellow oily' subsﬁanqe was subjected to

distillation under reduced pressure to obtain 7.5 g of
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eIUent to obtain 1.29 g of ethyl '
2-(2.6-dichloro-5-fluoronicotinoyl)-3-(1,2-cis-2-fluoro-1
-cycl opropyl)acrylate (28b) as a colorless oil. [0121] Conpound (28b) (1.29
g) was reacted in the sanme nanner as for Conpound (28a) to obtain 936 ng of
the title conmpound (29b) as col orl ess crﬁﬁal S. Mel ti ng Poi nt
183-185[err] C [err]: +1.12[err] (c=1.07, chloroform
El enentary Analysis for Clerr]Herr]Flerr]Nerr](err]
Calcd. (%9 C51.16; H 3.37; N 8.52 :
Found (% C51egglyl|-| g—gwetyqlglq.-g:yclopropanecarboxylate having a
boiling point of 70 to 71°C/2 to 3 mmHg. '
1B-NMR (CDCl3) & ppm: | . |
1.30 (38, t, J=7Hz), 1.48 (4H, s), 2.49 (3H, s),
4.24 (2H, q, J=7Hz) |
In 200 ml of ethanol was dlssolved 35.7 g of the
milloT.oiu above obtained compound,:and..40.g- ‘of bromine-:was added
dropwise to the solution at room temperature while
o R 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-bromo.acetyl-—l-cyclopropanecarboxylate*’,’ which was
then, withi)ut further: purification, dissolved in 200 ml
of ethanol. To .the sblutio;'w’ere simultaneously added
dropwise 33 .g of R-(+)—l—phen§lethylamine and 27 g of
triethylamine over a period of 1 hour while stirring
under. ice-c_ooling. After the addition, the reaction
- temperature was _raised to room temperature, and the
stirring was continued at roém temperature for'_2 days.
Any insoluble matter was removed by_filtration, and
ethanol was. removed from the filtrate undef reduced
pressure. The residue was dissolved in 300 ml of ethyl’
acetate, and the solution was washed succedsively with
1IN hydrochloric acid, a saturated sodium hydrogen-
carbonate aqueous solution, and a saturated sodium
\
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REFERENCE EXAMPLE 29 (-)-8-chloro-7-fluoro-1

(1. 2-cis-2-fluoro-1-cycl opropyl ) - 4- oxo- 1, 4- di hydr o- 1, 8- napht hyri di ne-3-carb
oxylic acid (30a): [0122] A m xture of 800 nmg of Conpound (29a) and 15 mi
of concentrated hydrochloric acid was heated at 100[err]C for 1.5 hour's
while stirring. Water was added to the ré®tion nixture, and the
precipitated crystals were collected by filtration to yield 610 ng of the
title conpound (30a) as colorless. crystals. . Mel ting Point:
215-219[err]C [err]: -20.65[err] (c=0.910, chloroform

chloride aqueous solution in this order. The organic
layer was dried over 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 compopnd (19) as a coldrléss'crystal.
Melting Point: 98-103°C -~ |
1H-NMR (CDCl3) & ppm: -
1.62 (38, d, J=7.2Hz), 3.5 (1H, 4, J=18Hz), 3.9
(1#, 4, J=18Hz), 5.82 (1H, q, J=7.2Hz), 7.36
(5H, s)

2)A4§-[(lR)-Phenylethyl]-7-hydroxyimino-4-oxo—5-aza-
spirof2,4 Jheptane (20): .
To 3.35 g of Compound (19) were added 1.6 g of

hydroxylamine hydrochloride, 2.3.g of triethylémine, and
80 ml.of ethanol, gna the mixture was stiired at room
temperature for 2 hoﬁrs. The éolvent was removed under
reduced pressure, and chloroform was added to the
residﬁe. The mixture was washed successively with a 10%
citric acid aqueous solution and .a saturated sodium
chloride aqueous solution. . The organic layer was dried
over anhydrous sodidm sulféte. .The solvent was removed
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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REFERENCE EXAMPLE 30 (+)-8-chloro-7-fluoro-1 -( 1 .2-cis-2-fluoro-1

-cycl opropyl) - 4- oxo- 1, 4-di hydro- 1. 8- napht hyri di ne- 3-carboxylic acid (30b):
[0123] A m xture of 870 ng of Conmpound (29b) and 20 ml of concentrated
hydrochl oric acid was heated at 100[err]C for 2 hours while stirring. Water
was added to the reaction m xture, and tréﬁprecipitated crystals were
collected by filtration to yield 715 ng of the title conpound (30b) as
colorless crystals.

15-NMR (CDCl3) § ppm:
1.2-1.4 (2H, m), 1.53 (3H, 4, J=7.2Hz & 2H, m),
3.8 (1H, 4, J=18Hz), 4.16 (l1H, d, J=18Hz), 5.63
(1B, q, J=7.2Hz), 7.32 (SH, s)

3) 7—Amino-4-oxo—5—[(lR)-Phenylethyl]—S-azaspiro[2,4]-'
heptane (21la, 21b):

To 150 ml of methanol were added 3.5 g of

Compound (20) and 7.5 ml of Raney nickel, and catalytic
e e reduction was .carried out at room .temperature. for 12
hours. After the céfﬁlyst 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 (21b) from the earlier fraction land
0.8 g of the titled -compoﬁnd (21a) from the later
fraction each as a colorless oily substance.
Compound (21b): |
1g-NMR (CDCl3) § ppm:
0.8-1.4 (AH, 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 (5H, s)
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Compound (2la):
15-NMR (CDCl3) § ppm:
0.6-1.3 (4H, m), 1.40 (2H, s), 1.53 (3H, d,
J=7.2Hz), 2.99 (1H, dd, J=12.8, & 7.2Hz),
 3.15-3.45 (2H, m), 5.52 (1H, g, J=7.2Hz), 7.30
(5H; s) | | '

-Amlno-s— 1R)-Phenylethyl]-5-azaspiro[2,4]heptane
(22a, 22b):

. To- 50 ml of anhydrous tetrahydrofuran were added

1.0 g of Compound (21b) and 500 mg of llthlum aluminum
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 reuction mixture in this
order, followed by stirring well at room temperature for
30 minutes. Any insoluble matter was femoVed by
filtration and thoroughly washed .uith tetrahydrofuran.
The filtrate and the washing were combined and dried.
Thé.solvent'was removed under reduced pressure to obtain
940 mg of the titled compound (22b) as a pale yellow
oily substance. In the same manner, 755 mg of the
titled compound (22a) was obtained from 800 mg of

Compound (2la).

\
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[err]: +22-34[err] (c=0.555, chloroform 7-[4-(S)-Am no-2-(S)-net hyl -
-pyrrolidinyl]-6-fluoro-1-(1, 2-cis-2 '
-fluoro-1-cvcl opropyl) - 4-oxo- 1, 4-di hydr o-

1, 8- naohhyrit hyri di ne- 3-car boxylic acid égla):

Compound (21b):
IH-NMR (CDCl3) & ppm: |
0.2-0.8 (4H, m), 1.35(3H, d,. J=6.6Hz), 1.6-2.0
(2B, br. m), 2.2-3.1 (44, m), 3.24 (1H, q,
J=6.6Hz), 3.5-3.9 (1H, m), 7.28 (5H, br. s)
Compound (22a):
1H-NMR (CDC13)" 6-ppms.:.. ..
0.3-0.9 (4H, m), 1.36 (3H, d, J=6.7Hz), 1.8-2.2
(28, m), 2.2-3.2 (4H, -m), 3.24 (1H, g, J=6.7Hz),
3.6-3.9 (1H, m), . 7.28 (SH,.br."s)

5) 7-(t-Butoxycarbonylamino)-5-[ (1R)-phenylethyl]-5-
azaspiro(2,4]heptane (23a, 23b):

To 20 ml of anhydrous.tetrahydrofuran were added

764 mg;of Compound (22b) and 1.3 g of Boc-ON [Boc-ON; 2-
(t-Butoxycarbonyloxyimino]-2-phenylacetonitrile
CN

/ _
(CH3) 3;COCOON=C ], and the mixture was stirred at
. /' \ ' ' '

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

hydroxide aqueous solution was added to the aqueous
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[0124] In 15 m -of trifluoroacetic acid were dissolved 300 ng of

4-(S)-am no-1 -t-butoxycabonyl-2-(S)-ethylpyrro- |lidine (32) (cf. Terry
Ronson, et al., J. Med. Chem. Vol. 31. p.1598 (1988)). and the sol ution
was stirred at room tenperature for 20%?runes. fol |l owed by evaporation to
dryness under reduced pressure. The residue was dissolved in 20 m of
acetonitrile. and 150 ng of Conpound (30a) and 2 ml of triethylamne were
added to the solution, followed by refluxing for 30 m nutes. The reaction
m xture was evaporated to dryness under .reduced pressure, and hydrochloric
acid was added layéhe undsirduecoTbrg nita umakead twaableadl el chive ofmdburEhe
aqueous |l ayer was adjusted to a pH of 13 withl sodium hydroxi de and washed
with chIorofornwaﬁheeQQneohedlayhreaastémpastwdtho ehpbirofofm amasd the
extracted wth chloroform The organic | ayer was dried over anhydrous

sodi um sul f at e, oxg@nife delyeont was reashed uwdsh reduakhmeedursodium
Recrystal |l ization.of the residue from aqueous anmoni a- et hanol yielded 150
ng of the titl echbopbdadaquenas sokwtion cgndcrfhem| dried. The solvent

was removed under reduced préssure, and the residue was
subjected to silica gel column chromatography (silica
- EEe gel: 20 o; eluent: chloroform:methanol=20:1;-.10:1) to
obtain 690 mg of the titled compound (?3b).- This
ST compound was allowed -to stand to crystallize;. followed
by washing with n-hexane. The titled oompound (23a) was
obtained in the same manner.

Compound (23b) (colorless crystal):

Meltlng Point: 103-105°C

[alp: -15 2° (c=1.475, chloroform)

1E-NMR (CDC1;) § ppm:
0.4-0.9 (4H, m), 1.36 (3H, 4, J=7.2Hz), 1.44
(98, s), 2.42 (2H, AB q, J=10.2 Hz), 2.79 (2H,
d, J=5.6 Hz), 3.24 (1H, q, J=7.2Hz), 3.6-4.0
(1, m), 4.6-5.1 (1H, br. d4), 7.28 (5H, s)

Elementary qAnalysis for C,gH, N,0,:
Calcd. (3): C 72.12; H 8.92; N 8.85
Found (%): C 71.63; H 9.07; N 8.64

Compound (23a) (color;ess crystal):
Meltihg Point: 94-97°C

[a]lp: +47.6° (c=0.89, chloroform)

D
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Mel ting Point: 255-258[err]C [err] -14.52[err] (c 0.413 , 0. 1N hbc}b
.HHWMMyAMMBMforquH{H]HHHNMH]QHﬂlﬂmHH]O

Cal cd. (99 C55. 36; H5. 06; N 15.19 -
Found (% C 55.09; H 5. 40; N 15_04 EXAMPLE 15

(-)-7[3-(R-[1-(9)- Ani noet hyl - 1- pyrrolldlﬂyl] 8-chl or o- 6- fluoro-1 -(1
. 2-ci s-2-fluorocycl opropyl) - 4- oxo-

lE-NMR (CDC1;) § ppm:
' 0.4-0.9 (4H, m), 1.33 (3H, 4, J=6.6Hz), 1.40

(98, s), 2.29 (1H, d, J=9Hz), 2.44 (1H, d4,

J=10.8 & 3.6Hz), 2.77 (1H, d, J=SHz), 2.88 (1H,

dd, J=10.8 & 5.3Hz), 3.22 (1H, q, J=6.6Hz), 3.6~

3.9 (18, m), 4.7-5.2 (1R, br. d), 7.27 (5H, s)
Elementary aAnalysis for CjgH,gN,0,:

Caled. (%): C 72.12; H 8.92; N 8.85

Found (%): C 71.86; H-9.36; N 8.68 -

6] 7-t-Butoxxcarbonxlamlno-s-azg_p;ro[2 4)heptane (24a,
24b)

.To 30 ml of ethanol were added 650 mg of

Compound (23b) and 500 mg of 50% hydrated’ palladlum—on—
carbon, and catalytic reduction was effected under
heatiqg at a pressure of 4.2 atoms. After 6 hours, the
catalyst was removed by filtration, and the solvent was
removed under reduced pressure. To the oily residue was
added ethyl acetate, followed By extracting twice with a
10s citfic acid aqueous solution. The agueous extract
was made alkaline with a 15% sodium hydroxide aqueous
solution and then extracted three times with chloroform.
The chloroform layer was washed with water and dried.
The solvent was removed under reduced pressure to yield

440 mg of the titled.compound (24b) as a crude product.

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

_—
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1. 4-di hydroqui nol i ne- 3-car boxylic acid (34b): [0125] A m xture of 159 ny
of (-)-8-chloro-6,7-difluoro-1-(1 .2-cis-2-fluoro-1-cycdopropyl)-4-oxo-1

. 4-i hydroqui noline- 3-carboxylic acid (12b). 160 ny of

3 (R-{1-(S)-t- butoxycarbonylan1noethyl]girrolidine (cf. JP-A-61-311992).
400 ng of triethylamne, and 20 m of tonitrile was heated under refl ux
for 12. hours. The reaction mxture was concentrated under reduced
pressure, and the residue was dissolved in chloroform The organic sol ution
was washed successively wth a 10%citric acid aqueous sol ution and water,

and dried over aaRndrous byl Suhat ﬁmT@pé@&yaenéfw@amﬁmaas 26t nd

the residue was recrystallized fromethyl acetate-isopropyl ether to yield

220 ng of (-)-7{k4afRwelrt- (R domplete agreement with each other.
but oxycar bonyl am noet hyl ] - 1- pyrrolldlmw% 8-chloro-6-fluoro-1 -(1

. 2-Ci s- 2- quorocémpounHoQOgyl) 4o0x0-1 . d|hydrqu|n» ol i ae- 3- carboxylic
aC|d (33b).

1H-NMR (CDCl;) § ppm: :
0.4-1.0 (48, m), 1,42 (9K, s), 2.71 (1K, 4,
J=10.2Hz), 2.92 (1H, dd, J=10.8 & 3.6 Hz), 3.01
<ot o (1H, @, J=10:2Hz),-3.33 (1H; dd, 3=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-l1-(1l,2-cis-2-fluoro-l-cyclopropvl)-
l,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)—l;4-dihydro-4—oxoquinoline—3—carboxylic acid
(12b), 150 mg of the amine compound (24b), apd 0.5 ml of
triethflamine, and the'solution was heated under reflux
for 5 hours. After cooling, the precipitated colorless
crystals were collected by filtration. The solvent of
the mother llquor 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 volume). - The purified product and the above-
obtained crystals wefe.combihed to give 255 mg of the

titled compound (25bb).

Melting Point: 213-218°C
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Melting Point: 189-193[err]C Te ] -205[err] (c=0.985, chloroform
Elenentary Analysis for Cerr]Herr]CFerr]Nerr]Jerr] _
Calcd. (% C 56.31: H 5. 51; N 8. 21 _ _ .
Found C 56. 16: H 5. 40: N 8.21,4,[0126] In 10 m of triffuoroacetic
acid were dissolved 200 ng of Conpound 833b)'and the solution was stirred
for 30

‘1g-NMR (CDCl;) & ppm:
0.6-1.0 (6H, m), 1,45 (9H, s), 7.99 (1H, d,

J=13.1Hz), 8.74, 8.78 (each 0.5H, s)
EXAMPLE 10

(=)-7—-(7-Bmino-5-azaspiro(2,4}heptan-5-vl}-8-chloro-6-
£luoro-1-(1l,2-cis—-2-fluoro—-l-cvlcopropyl)-1, 4-d1hydro-4-
oxoqu1nollne~3—carboxy11c acid (26bb):

e .. To 255 mg:‘of..the Boc-compound:{25bb):.as::obtained
in Example 9 were added 0.5 ml of anisole and 10 ml of
- trifluoroacetic acid under. ice-cooling. - After -warming
to room temperature, the mixture was stirred for 30
minutes. The solveﬁt was removed under reduced
-pressuré, a 1N sodium hydroxide agueous solution was
added to the residue adjusting a pH of 11 to'12. The
- ' alkaline Jaqueous solution ﬁas washed twice with
chloroform. The aqﬁeous layer was adjusted to a pH of
about 7 with concentrated hydrochloric acid and a 10%
citric acid_aQueous solutioh'and extracted three times
with chloroform. The extract was washed with water and
dried over anhydrous sodium sulfate. The solvent was
removed under reduced pressure,'and the_resulting solid
was recrystallized ffom ethanol—concéntrated aqueou$
ammonia to,obiain 142 mg of the titled compound (26bb)
as a colorless crYstal. ' |
Melting Point: 127414050.(with decomposition)

[a]y: —199.2° (c=0.24, 1N NaOH)
D .
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m nutes. The reaction m xture was evaporated to dryness under reduced
pressure, and the residue was dissolved in a 1IN sodi um hydroxi de agueous
sol ution and washed with chl oroform The aqueous | ayer was adjusted to a pH
of 7.4 with hydrochloric acid and extr ed with chloroform The organic
| ayer was dried over anhydrous sodium sulfate, and the sol vent was
evaporated. The residue was recrystallized from aqueous ammoni a- et hanol to
obtain 140 ng of the title conpound (34b) as colorless crystals.
‘Mel ting Point: 204-207[err]C [err]: -160.0[err] (c=0.605, 0.1N NaCH)

: Elementary Analysis for C,qH,;4N;0,F,C1l-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 Comgound (26ab) \
Compound (Zsab) was obtained from Compound (léa)
ST - and: Compound - (24b) in theﬂsame-manheruas.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,9H, gN303F,C1-1/2H,0:
Calcd. (%): C 54.49; H 4.57; N 10.03

Found (%): C 54.33; H 4.73; N 9.81

EXAMPLE 12

Synthesis of Compound (26a)

Compound (26a) was syntheéized from Compound
- (12b) and Combound (24a) in the same manner as described
in Examples 9 and 10.
Melting Point: 121-127°C kwith decomposition)
[alp: -21 1° {c=0.275, 1N NaOH)

Elementary Analysis for C19H18N303F2C1 1/2H20.
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
(l2a) and Compound (24a) in the same manner as in

Examples 9 and 10.

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

{alps +186.6° {c=0.228, 1N NaOH) ™ "~ "

Elementary Analysis for. C,gH,gN;03F,C1-3/4H,0:
Calcd. (%): C 53.91; H 4.64; N 9.93
Found-(%): C 53.80; H 4.47; N 9.82

REFERENCE EXAMPLE 27

2—-cis-2-fluoro-l1-
3..

=)=Ethyl 8-chloro-7-fluoro-1-(1
cyclopropyl)-4-oxo-1,4-dihydro-1,8—-naphthvridine-—

carboleate (2%a)
A mixture of 1l g of ethyl 2,6- d1chloro—5 -fluoro-

nicotinoylacetate (27), 3 ml of ethyl orthoformate, and
" 6 ml of acetic anhydride was heated at 120°C for 1 hour
while stirring. The reaction mixture was evaporated to
.dryness under reduced pressure, and the residue was
dissolved in 10 ml of dichloromethane..

Ten milliliéers of trifluéroacetic. acid was
cooled with ice, and 750 mg '6f (+)-cis—-1-(t-butoxy-
carbonylamino)-2-fluorocyclopropane (4a) was dissolved
therein. The solution was stirred at room temperature
- for 20 minutes, followed by e&aporation to dryness under
reduced pressure. The residue was suspended in 20 ml of

.\
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El ementary Analysis for JerrJ]Herr]ClFlerr]Nerr]Jerr].Herr]O
Caled. (% C 53.09: H 5. 38; 9.77

Found (% C 53. 20: H 5.17, N 9. 66 REFERENCE EXAMPLE 31 Et hyl

2- (3-acetoxy-2.4,5-trifluorobenzoyl)-3-(JL, 2-cis-2-fluoro-1-cycl oropyl)acryl
ate (36b): [0127] A m xture of 1.0 g of” et hyl
3-acetoxy-2,4,5-trifluorobenzoyl acetate (35) (cf. JP-A-87-175485). 6 ml of
et hyl ' '

dichloromethane, and 2.0 g of triethylamine. was added
thereto under ice-cooling. To the suspénsion was
further added the above-prepared- dichloromethane
solution, followed by stirring at room temperature for
30 minutes. | |
The reaction mixture was washed with water and
TRt E e dried over anhydrous:sodium_sulfate:n-fTheusolvent.was
removed under.-reduced_ pressure. The residue was
- ' lsubjected to column chromatography using 50 ‘g-of - silica
gel using chloroform as an eluent to yield 1.29 .g of
ethyl 2—(2,G—dichloro-54fluoronicotinoyl)—3—(1,2—cis-2-
“ fluoro—l-cyclopropyl)acrylate (28a) és a colorless oil.
1H-NMR (CDC1,) § ppm:
1.06 (3H, t, J=7Hz), 1.1-1.6 (2H, m), 2.86-3.18
"(1E, m), 4.05 (2H, q, J=7Hz), 4,78 (1H, dm,
J=63Hz), 7.36 (1H, 4, J=7Hz), 8.31 (lH, 4, J=14
H-z) '
In 25 m; pf. anhydrous dioxane was dissolved
1.29 g of Compound (Zéa),_ and 300 mg of 60% sodium
hydride was added to the solution, followed by stirring
‘for 1 hour. The reactidn mixture was concentrated under
reduced pressure, and to the residue was added 0.1N
hydrochloric acid. The precipitafea crystals were

collected by filtration and washed successively with

Thls Sheet Has Been R

s Hllllll I Illl ll! llll

Date:



orthoformate. and 6 m of acetic anhydride was heated at 12[err]C for 3
hours under stirring. The reaction mxture was evaporated to dryness under
reduced pressure, and the residue was dissolved in 10 m of

di chl oronet hane. [0128] In 5 m of triflgproacetic acid were dissol ved’
467mg of (-)-cis-l-t-butoxycarbonylanino-f—fluorocyclopropane (4b), and the
solution was stirred for 20 minutes, followed by evaporation to dryness
under reduced pressure. The residue was suspended in 20 m of

di chl oronet hane, and S ml of a dichl oronethane solution containing 500 ny
of triethylarnm néates andediwthiydi sethewr b0 ahtisin | 860cog oy, thel Itdwiddy
stirring for 10 mnutes. To the solution was added the above-prepared

di chl or onet hane SOPRPRRGA (29a) A8 Ai RPLPElRes sriysted.at room tenperature
for 16 hours. The reaction m xture was washed successively with a 10%
citric acid aqueous MeltingnPahdtwatk84-IBE°0rgani c | ayer was dried over
anhydrous sodium sul fate, foll owed by evaporation under reduced pressure to
obtain 1.25 g of thelelnt eod@duberd3BB3, chloroform)

Elementary Analysis for Cy4H;;F,N,04
Calcd. (%): C 51.16; H 3.37; N 8.52

_Found (%): “C.51.12;. H:3.267.N.8.5% .5
lH-NMR (CDCl;) § ppm:
SR 1.41 (3H, t, J=7Hz),.1.4-1.84 (2H, m), 3.50 (1H,
m), 4.40 (2H, q, J=7Hz), 5.02 (1H, dm, J=65Hz),
8.43 (1H, d, J=7Hz), 8.66 (1H, s)

REFERENCE EXAMPLE 28

+ —Eth-l 8—chloro—7-fluoro—1— 1,2-cis-2-fluoro-1-

czclogrogzl)-4-oxo-l,4-dihzdro-l,8-naghthyridine-3-

carboxylate (29b): T

A mixture of 1.0 g of ethyl 2,6-dichloro-5-
fluoronic?tinoylacetate (27), 3 ml of ethyl ortho-
formate, and 6 ml of acetic anhydride. was heated at
120°C for 1.5 hours while stirring. The reaction
mixture was evapérated to dryness under . reduced
pressure, and the residue was dissolved in 10 ml of
dichloromethane.

Ten milliliters of trifluorocacetic acid was
cocled with icg, and 750 mg of (-)-cis-l-(t-butoxy-
carbonylamino)-2-fluorocyclopropane (4b) was dissolved

therein. The solution was stirred at room temperature
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REFERENCE EXAMPLE 32 (-): Et hyl -

6, 7-di fluoro-1-(1. 2-cis-2-fluoro-1-cycl opropyl) -8 -nethoxy -4

- 0X0- 1, 4- di hydr oqui nol i ne- 3-carboxylate (37b): [0129] In 40 m of dioxane
wer e dissolved 1.25 g of Conpound (36b),7 and 440 ng of potassium carbonate
and 10 m of water were added thereto, #31'1 oved by stirring at room
tenperature for 19 hours. The reaction mxture was neu- tralized with
hydrochl ori ¢ acid, concentrated under reduced pressure, and extracted with
chloroform The_extract ,was dried_qver anhydrous sodjum sul fate, and the
sol vent was renbRBd2@nBdputeduc£Qliowed by eNaPoratirr tRsdaysessyamder 40
‘M of anhydrous dioxape. and 300 n% of 60%6sodiun1Q¥dride %Qd,l m of ethyl
i odi de wer eaddet®{RHEPet BreESHFBned he residue was suspended in 30 ml of

dichloromethane, and 2.0 g of triethylamine was added
thereto under ice-cooling. To the suspension was
further added the above-prepared dichloromethane
solution, and the mixture was stirred at room
temperature for 30 ﬁinutgs. |

The reéction mixture was wéshed with water and
dried over anhydroﬁsfsodium_sulfate« - The solvent was
evaporated, and the residue ﬁas purified by column
chromatography using 50 g of silica gel_énd chloroform
as an eluent to obtain 1.29 g of ethyl 2-(2,6-dichloro-
5-fluoronicotinoy1)-3—(1,Zicis-2—fluoro-l—cycldpropyi)—
acrylate (28b) as a coloriess oil.

Compound (28b).(1.29 g) was reacted 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]lp: +1.12° (c=i.07, chloroform)

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

Found (%): C 51.39; H 3.24; N 8.49
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by stirring at roomtenperature for 24 hours. The reacti.on m xture was
concentrated under reduced pressure, and the residue was extracted with

chl oroform washed with water, and dried over anhydrous sodi um sulfate. The
sol vent was evaporated. The residue wasqgecrystallized fromisopropyl "ether
to obtain 235 ng of the title conpound Z§7b) as color- less crystals.
Melting Point 163-64[err]C [err]: -22 9[err] (c=0.490, chloroform
[err]HNVR (CDCl [err]) [err] ppm ° _ 1.40 (3H, t, J=7Hz). 1.3-1.8
(2H, m, 3.7-4.0 (1 H m. 4.10 (3H, d. J=2Hz), 4.38 (2H, q. J=7Hz), 4.85
(1 H dm J=63Hz), 8.02 (1 H dd, REFERENQE SEXAMPLE8295 (1 H s)

~}-8-chloro-7-fluoro-1-(1, 2-cis-2-fluoro-l-cyclo-

Erogzl]-4-oxo-1,4-dlhzdro—1,8-naghthzrldzne—B-carbolelc
acid (30a):

A mixture of 800 mg of Compound (2%9a) and 15 ml

of concentrated hydrochloric acid was heated at 100°C
'for.l.S hours while stirring. Water was added to the
reaction .mixture,:.and..the;;precipitatedh:czystalsr_were.
collected by filtration to yield 610 ﬁg of the titled
compound (30a) 'as a ‘colorless crystal.- -

Melting Point: 215-219°C

[alp: -20.65° (c=0.910, chloroform)
REFERENCE EXAMPLE 30

(+)-8-chloro-7-fluoro-1-(1,2-cis-2-fluoro-l-cyclo-
propyvl)—4-oxo-1,4-dihvdro-1l,8-naphthyridine-3-carboxvlic
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 gdded to the
reaction mixture, and the precipitated grystals_ were
collected by filtration to yield 715 mg of the titled
compound (30b) as a colorless crystal.

Melting Point: 218-220°C

{alp: +22.34° (c=0.555, chloroform)
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HeWMamerymsforqu]WeH]HeH]MIHH
Calcd. (%9 C 56. 31, H 4.13: N 4.10

Found (% C 56. 62; H 4.18: N 4.11 REFERENCE EXAMPLE 33-1 o
(+)-cis-4-Anino-l-benzvl-3-nethy| 2- oxoggrrolldlne (45): [0130] A m xture
of 5.13 g of ethyl |-benzyl-3-nethyl X0- 3-pyrrolidinecarboxylate (42.
cf. JP-A-62-4284), 40 m of 50% ethanol, and 2 g of sodi um hydroxide was
stirred at roomtenperature for 42 hours. To the reaction nlxture

EXAMPLE 14

—-6-fluoro-1-

(lz2—cis-2—fluoro-l-cxclogrogyl)-4-oxo-l,4-dihzdro-l,8-

naphthyridine-3-carboxylic acid (31a):-

In 15 ml of trifluoroacetic acid was dissolved
300 mg of 4—(S)—amino-l-E-butoxycarhonyl-z-(S)—methyl—
pyrrolidine (32)' (cf.- Terry Ronson, et al., J. Med.
T S gggth“ Vbl. 31, p.l598 .(1988)),7 and--ther;splution-.was
stirred at room temperature for 20 minutés, followed by
- evaporation--to dryness under - reduced ‘-pressure. - The
residue was dissolved in 20 ml of acetonitfile, and 150
mg of Compound (30a) and 2 ml of triethylamine were
added to the solution, followed by refluxing - for 30
minutes.l The reaction mi#ture'was evaporated to dryness
under reduced pressure, and hydrochlofic acid was added
to the residue. The miXturé-was washed with chloroform.
The aqueous.layef was adjusted to a pH of 13 with sodium
hydroxide and washed with chloroform. The aqueous layer
was adjusted to a pH of 7.5 and extracted with
chloroform. The organic layer was dried over anhydrous
sodium sulfate, and :ﬁﬁe solvent was removed under
reduced pressure. Recrystallization of the residue from
agueous ammonia-ethanol yielded 150 mg of the titled
compound (3la) as a co;brless crystal.
Melting Point: 255-258°C

[a)p: -14.52° (c=0.413, 0.1N NaOH)-
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wer e added 100 m of water, and the m xture was washed with chloroform The
aqueous |l ayer was neutralized with hydrochloric acid and extracted with
et hyl acetate. The extract was dried over. anhydrous sodium sul fate. The
sol vent was evaporated to obtain-3.40 g f ([err])-1 )
-benzyl - 2- oxo- 3- pyrrol i di necar boxylic agld (43) as. colorless crystals.
[0131] Conpound (43) (3.40 g).4.45g or di phenyl phosphoryl azi de. 1.9 g of
triethylamne. and 50 m of |-butyl alcohol were m xed and the m xture was
heat ed under reflux for 12 hours. The.reaction m xture was concentrated
under reduced pressuemetithey qriyLhie 288 € 5ROkYAdol M 2 Pform The
sol uti on was washed successi vely mnth a 10%c 1r%8
Calcd. (%): C 55.36; H 5. 06, N 15 19

Found (%): C 55.09; H 5.40; N-15.04

EXAMPLE 15

chlorg-ﬁ-fluoro-l-(l,2—cis-2-fluorocxclogropyl)—4-oxo-
_ 1,4-dlh2droguinoline-3-carboxxlic acid (34b):
P A mixture.. of -159.:img - of-. {~)~8~chloro-6,7- -

difluoro—l-(l,2-cis—2—f1uoro-1-cyclopropy1)-4—oxo-1,4-
dihydroquinoline-3-carboxylic, acid~ (12b);: 160..mg of 3-
(R)-[1-(S)—t-butoxycarbonylaminoethyl]pyrrolidine (cf.
JP-A-61-311992), 400 mg of triethylamine, and 20 ml of
acetonitrile was heated under reflux for 12 hours. The
reaction mixture. was. concentrated under reduced
pressure, and ﬁhe residﬁe was dissolved in chloroform.
The organic solution was washed sucéessively with a 10%
citric aéid.aqﬁeous solution and water, and dried over
anhydrous sodium sulfate. The solvent was evaporated,
and the residueﬁwas,recrfstallized from ethyl acetate-
isopropyl ether to yield 220 mg of (-)-7-[3-(R)-[1-(S)-
| t—butoxycarbonylaminoethyl]—lfpyriolidinyl]-8-¢hloro—6—
fluoro—l-(l,2-cis—2¥f1u6ro—l—cyclopropyl)-4—oko~l,4-
dihydroquinoline—3-carboxyliq acid (33b).
Melting Point: 189-193°C

falp: —-205° (c=0.985, chloroform)
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Elementary Analysis fo: p24H28c1p2N305
Calcd. (%): C 56.31; H 5.51; N 8.21

Found (%): C 56.16; H 5.48; N-8.21

In 10 ml of trifluoroacetic acid was dissolved
200.mg of Compound (33b),.and the solution was stirred
for 30 minutes. The reaction mixture was evaporated to
dryness- under- reduced -pressurevnuand-ubhe. residue -was

dissolved in a 1N sodium hydroxide aqueous solution and

‘washed with chloroform. The aqueous Iayer 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 évaporéted. The
residue was' recrystallized from ;quéous ammonia-ethanﬁi
t&n obtain 140 mg of‘_the ‘titled compound (34b) as a
colorless crystal. | -

Melting Point: -204- 207°C

[alp: -160.0° (c=0.605, 0.1N NaOH)

Elementary Analysis for C19H2001F2N303-H20:
Caled. (%): C 53.09; H 5.38; N 9.77

Found (%): C 53.20; H 5.17; N 9.66

REFERENCE EXAMPLE 31

)

Ethyl 2- (3—acetoxy-2 4, 5 trifluorobenzoyl)-3-(1,2-cis—-2-
fluoro-l—qyclopropyl)acrvlate (36b):

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

trifluorobenzoylacetaté (35) (cf. JP-A—87-175485), 6 ml

Sheet Has Been Replaced

i e

9 0 NOV 9%

Date:



aqueous solution, a 2% sodi um hydroxi de aqueous solution, and water and
dr.ied over anhydrous sodiumsulfate. The sol vent was evaporated, and the
residue was purified by silica gel colum chronat ography using

chl or of orm met hanol (97.5:2.5 by volung% as an eluent to obtain 1.76. g of
([err])-cis-1 -benzyl -4-t-butoxycarbonylam no- 3- net hyl - 4- oxopyrro- |idine
(44) as a colorless oil. [0132] In 15 mM of trifluoroacetic acid were

di ssolved 1.76 g of Conmpound (44). After 1 hour, the solution was con-
centrated under reduced pressure. To the residue were added 100 m of

wat er, and the of xethplwas thasoemakie,h arehzeénal ©fe axpleinsahhydrideswas
adjusted to a pH of 12 with sodi um hydroxi de and extracted with chl orof orm
The organic | ajkeated datedl20%€¢ of0wdrdushewdsunusdetat stiamdnghe sollhent
was evaporated to obtain the title conpound (45) as_a colorless oil.

[err] HNMR (CDZ§a8%39n [Bixtuppnwas evaporated to dryness under reduced

pressure, and the residue was dissolved in 10 ml of
dichloromethane.
In 5 ml of trifluoroacetic acid was dissolved
e 467 mg of (-)=cis-l-t-butoxycarbonylamino=2-=fluorocyclo-
propane (4b), - and the solution was stirred for Zb
B minutes; £followed by evaporation to dryness- under
reduced pressure. The residue was Suspended in 20 ml of
dichloromethane, and 5 ml of a dichloromethane solufion
containing 500 mg of triethylamine was added dropwise
thereto under ice-cooling, followed by stifring for 10
minutes.;fTo the solution was added the above-prepared
dichloromethane solution, and the mixture was stirred at
room temperature for 16 hours. The feaction mixture was
washed successively; with a 10s citric acid aqueous
solution and water. The organic layer was dried over
anhydrous sodium sulfate, followed by evaporation under
reduced pressure to obtain 1.25 g of the titied compound

(36b).
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1.25 (3H, d, J=7Hz), 1.44 (2H s). 2.16 (1H dt. J=7Hz), 2.83 (1H, dd,
J=6.7Hz. & 8Hz), 3.14 (1H, nm. 3.38 (1H dd,” J=6.7Hz. & 8Hz), 4.48 (2H, s).
7.28 (SH, s) REFERENCE EXAWMPLE 33-2 optical Resolution of cis -4-Amno-1
-benzyl -3 -nethyl -2-oxopyrrolidine (45)8 [0133] In 40 m of
di chl or onet hane were di ssolved 4.17 g of %bnpound (45) and 3.3 nml of
pyridine, and a solution of 7.7 g of (S)-Np-toluenesul fonylprolyl chloride
in 50 m of dichlomrethane was added thereto dropw se, followed by stirring
for 4 hours.

REFERENCE EXAMPLE 32

-)=-Ethyl 6,7-difluoro-l-(1l,2-cis-2-fluoro-l-cyclo-

grogzl)—8-methoxz-4-oxo-1,4-d1hzdrogu1nollne 3-
carboxylate (37b):

In 40 ml qf dioxane was dissolved 1.25 g of

Compound.-(36b), and 440 mg of potassium carbonate and 10
ml of water were added thereto, followed by stirring. at
room temperature-for 19 hours. -:The reaction mixture was
neutralized with hydrochloric acid, concentrated under
reduced pressure, and extrécted with chloroform. 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 dioxanei_and 300 mg
of 60% sodi:um hydride and 1 ml of ethyl_iodide. were
added therééb, followed by.stirring at room temperature
for 24 hours. The reaction mixture was concentrated
under reduced pressure, and the regidue was extracted
with chloroform, washed with water, and dried over
anhydrous sodium sulfate. The solvent was evaporated.
-The residue was recrystallizgd from isopropyl ether to
obtain 235 mg of the titled compound (37b) as a
colorless crystal.
Melting Point: 163-64°C.

{alp: -22.9° (c=0.490, chloroform)
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[0134] The reaction m xture was washed successively with 1IN hydrochloric
aci d, a saturated sodi um hydrogencar- bonate aqueous sol ution, and water,
and dried over anhydrous sodium sul fate. The sol vent was evaporat ed under
reduced pressure, and the residue was jected to silica gel colum °
chromat ography using ethyl acetate as an eluent to isolate the isoners.
Each of the-isoners was recrystallized fron1ethy| acetate to obtain 3.3 g
and 3.6 g of cis-1 -benzyl -

3-nmet hyl -4[ (S) - N- p-t ol uene- sulfonylprolylanino}2-oxopyrro|idine (46a) and

(46Db), respectlvelw. 10135] Rf (silica gel TLC, ethyl
acetate): O. W
1040 (BH' t' J 7H2)' 103-108 (2H' m)’ 307—4-0

(18, m), 4.10 (38, &, J=2Hz), 4.38 (2H, q,
J=7Hz), 4.85 (lH, dm, J=63Hz), 8.02 (1H, 44,
J=9Hz, & 8.5Hz), 8.55 (1lH, s)
Elementary Analysis for C, H,,F;NO,
Calcd. (%): C 56.31; H 4.137; N 4.10 -
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 l-benzyl-3-methyl-
2-oxo-3-pyrrolidinecarboxylate (42, cf. JP-A-62-4284),
40 ml of 50% ethanol, and 2 g of sodium hydroxiae 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  agueous layer
was neutralized with hydrochloric acid, extracted with
ethyl acetate. The extract was dried over anhydrous

- sodium sulfate. The solvent was eyaporated to obtain
3.40 g of (#%)-l-benzyl-2-oxo-3-pyrrolidinecarboxylic
acid (43) as a colquess crystal.

Compound (43) (3.40 g), 4.45 g of diphenyl-
phosphorylazide, 1.9 g.of triethy;amine, and 50 ml of t-
butyi alcohol were mixed and the mixture was heated

under reflux for 12 hours. The reaction mixture was
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[err]: -87.3[err] (c=0.735, chlorofornm Conmpound (46b): [0136] Rf (silica

gel TLC, ethyl acetate): 0.61 Melting Point 175-177[err]C [err]:
-148.6[err] (c=0.665. chloroform REFERENCE EXAMPLE 33-3
85 '

concentrated unde; reduced pressure; and the residue was
dissolved in chloroform. The solution was washed
successively with a 10% citric acid aqueous solution, a
2% sodium hydroxide aqueous solution, and water and
dried over anhydrous.sodium sulfate. - The solvent was
evaporated, and the residue was purified by silica gel
column chromatography using chloroform-methanol
(97.5:2.5 by volume) as an eluent to obtain 1.76 g of
(t)-cis-1-benzyl-4-t-butoxycarbonylamino-3-methyl-4-
| oxopyrrolidine (44) as a colorless oil.
In 15 ml of trifluoroacetic 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.m1 of water; and the mixture was washed with
benzene. The aqueous layer was adjusted to a pPH of 12
- with sodium hydroxide and extracted with chloroform.
The organic layer was dried over anhydrous sodium
sul;‘ate, and the solvent was evaporated to obtain the
titied compound (45) as a colorless oil.
1H-NMR (CDC1;) $§ ppm:.
1.25 (3H, d, J=7Hz), 1.44 (2H, s), 2.16 (1H, dt,
J=7Hz), 2.83 (1H, dd, J=6.7Hz, & 8Hz), 3.14 (1lH,
m), 3.38 (1H, 44, J=6.7Hz, & 8Hz), 4.48 (ZH, S),

7.28 (5H, s)
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(+)-cis-1-Benzyl - 3-t - but oxycar bonyl am no- 4-met hyl pyrrolidine (47a): [0137]
A mxture of 3.23 g of Conpound (46a) and 50 m of concentrated

hydrochl ori ¢ acid was heated under reflux for 5 hours, followed by
concentration under reduced pressure. To _the residue was added a 1 N sodi um
hydr oxi de aqueous sol ution, and the sol uBfon was extracted wi th chl orof orm
The organic | ayer was dried over anhydrous sodium sulfate, and the sol vent
was evaporated to obtain 1.48 g of Conpound (45a) as a colorless oil.

[0138] The product was dissolved in 10 m of tetrahydrofuran, -and the

sol ution was added dropwi se to a REFBRERCENERAMBLE @30f |ithium al um num
hydride in 50 ml of tetrahydrofuran. The m xture was heated under refl ux
for 24 hours. Te fie:aue@@sldmandﬂl&feaﬁ-a;%ﬁiﬁ%ﬂi% 19-fb e Rfy vaLer

under ice-cool i %o
was renoved by |Itrate wer e added <1.92 g of Boc-ON,
foll owed by stirring forIr2440 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-toluenesulfonylprolyl

e chloride in 50 ml of dichloromethane.was added thereto
dropwise, followed:by stirriné for 4 hours.

- " The reaction mixture was washéd -successively
with 1N hydrochloric dcid, 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 eluenf to isolate the isomers. Each of .the isomers
was recrystallized from ethyl'acetafe to obtain 3.3 g
and .3.6 g of cis-l-benzyl-3-methyl-4-[(S)-N-p-toluene-
sulfonylprolylamino]-2-oxopyrrolidine (46a) - and (46b),
respectively. .

Compound {(46a):

REf (silica gel TLCé ethyl acetate): 0.69
Melting Point: 162°C
[alp: -87.3° (c=0.735, chloroform)
Compound (46b):

REf (silica gel TLC; ethyl acetate): 0.61°
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hours. The reaction m xture was concentrated under reduced pressure, and
the residue was extracted with chloroform The extract was washed
successively with a 5% sodi um hydr oxi de aqueous sol ution and water, and
dried over anhy- drous sodium sulfate. The sol vent was then evaporated
[0139] The residue was purified by silica8gel colunm chromatography using
chl orof ormnethanol (1:0 to 9:1 by vol- une) as an eluent to obtain 1.76 g
of crystals. To the product was added n-hexane, and the m xture was stirred
t hereby precipitating the df conpound. The crystals were collected by
filtration. and the ;i e con L This proce- dure was
repeated twi ce. One %ﬁ%giﬁ P Fgra%z§o¥9?he [err] conmpound was obt ai ned
fromthe filter cake[gpg 1.@43950f(§h§ 885}, Cahh¥raebiri§ title conmpound:
(47a) fromthe nothe I quor
. REFERENCE EXAMPLE 33-3

-cis-1-Benzyl-3-t
pyrrolidine (47a):
A mixture of 3.23 g of Compound (46a) and 50 ml

—~butoxycarbonylamino-4-methyl-

of concentrated hydrochlorlc acid as heated under reflux
.for .5 hours, followed by concentnation under " reduced
pressure. Té the residue was added a iN _sédium
hydroxide aqueous- éélution, and the solution was
extracted with 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 .dissplvéd. 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 under reflux
for 24 hours. To the reaction mixture was added drop-
wise 10 ml of water under ice-cooling, and, after
stirring for 30 minutés, any insoluble matter was
- removed by fiitration. To the filtrate was added 1.92 g
of Boc-ON, followed by stirring for 24 hours. The

reaction mixture 'was concentrated under reduced

pressure, and the residue was extracted with chloroform.
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88

The extract was washéd successively with a 5% sodium
hydroxide aqueous solution and water, and dried over
anhydrous sodium sulfate. ° .The solvent was then
evaporéted. |

The residue was pnrified by silica gel column
chromatography using chioroform—methanol (1:0 to 9:1 by

. volume) as an eluent to.obtain_1.76.g of. a erystal. To
the product was added n-hexane, and the_ mixture was
stirred thereby precipitating a d4¢ componnd. The
crystals were collected by filtration, and the filtrate
was 'concentratedu | This procedure was repeated twice.
One hundred mllllgrams of the d¢ compound was -obtained
from the fllter cake and 1.61 g of the titled optlcally'
.active compound (47a) from the mother liquor.
Melting Point: 48-52°C.
[alp: +27.2° {¢c=2.33, chloroform)
'1H-NM3 (CDC1l;) & ppm: ‘

1.07 (38, 4, J=7Hz), 1.43 (%H, s), 1.78-2.02

(ZH, m), 2.62 (2H, 4, J=5ﬁz), 2.84—3,10 (1H, m),

3.55 (26, s), 3.5-3.8 (1H, m), 4.8-5.2 (1H,

broad), 7.23 (5H, s) ' |
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[err]: +27.2[err](c=2.33, chloroform

Mel'ting Point: 48-52[err]C

[err]HHNVMR (CDCl [err]) [err] ppm 1.07 (3H, d, J=7Hz). 1.43 (9H
s), 1.78-2.02 (2H, m, 2.62 (2H, d, J=5Hz), 2.84-3.10 (1H, m, 3.55 (2H,
s). 3.5-3.8 (1H, m, 4.8-5.2 (1H, broad)89 7.23 (5H, s) REFERENCE EXAMPLE

33-4

‘REFERENCE EXAMPLE 33-4

(-)-cis-1-Benzyl- -3~ t-butogycarbq;ylamino-4-methvl-

pyrrolidine (47b):

In the same manner as for the synthesis of

Compound (47a) but starting with 3.52 g of Compound
(46b), 1.72 g of the titled éompound-(47b) wés obtained.
Melting Point: 57-61°C
[alps -31.21° =
| REFERENCE EXAMPLE 33-5

cis-3-t-butoxycarbonylamino—4-methylpyrrolidine (3%a),
{(39b):

Compound (47a) (1.61 g),'1.5 g 6f 5% palladium-
on-carbon, and 80 ml of ethanol were mixed, and
catalytic reduction was carried out for 5 houi's while
irradiatiné the. mixture with an infrared lamp in a
hydrogen atmosphere at a pressure of 4 atoms. After the
reaction, the cafalyst was removed by filtration, and
the filtrate was concentrated to obtain 1.09 g of a
crude product as a colorless oil. The product
solidified as a carbohate on standing, which was. used |
without purification.

In the same manner as .for the sfnthesis of
Compound (39a), 1.1 g of Compound (39b) was obtained as

a colorless o0il from 1.70 g of Compound (47b).

-
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(-)-cis-l-BenzyI-3-t-butoxycarbonylanino-4-nethy1pyrro|idine (47b): [0140]
In the sane manner as for the synthesis of Conpound (47a) but starting with

3.52 g of Conpound (46b), 1.72 g of the title conpound -(47b) were obtai ned.
Melting Point 57-61[err]C [err]: -31.21 [err] REFERENCE EXAMPLE 33-5

cis-3-t-butoxycarbony|anino-4-nethy|oyrr3pidine (39a), (39Db):

REFERENCE EXAMPLE 34

Ethyl 2-(2,4,5-trifluoro-3-methylbenzoyl)-3-(1,2-cis—2-
fluoro-l-cyclopropyl)acrylate (50b):

A mixture of 710 mg of ethyl 2,4,5-trifluoro-3-

methylbenzoylacetate (prepared from 2,4,5-triflucro-3-
methylbenzxoic acid (48), cf. JP-A-62-215572), 6 ml of
ethyl orthoformate, and 6 ml of acetic. anhydride..was
heated 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-l-t-butoxycarbonylamino-2-fluorocyclo-
propané (4b), and the solution was stirred for 30
minutes, followed by evaporation to dryness. under
reduced pressure. The residue 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
adaed thereto, followed by allowing to stand overnight.
The reaction mixture was washed 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 compoupd (50b) as

a'pale'yellow crystal.
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[0141] Conpound (47a) (1.61 g). 1.5 g of 5% pal |l adi um on-carbon, and 80 ni
of ethanol were m xed, and catalytic reduction was carried out for 5 hours
while irradiating the mxture with an infrared lanp in a hydrogen

at nosphere at a pressure of 4 atm After the reactian, the catal yst was
renoved by filtration, and the filtrate Vs concentrated to obtain 1.09 g
of a crude product as a colorless oil. The product solidified as a
carbonate on standing, which was used wi thout purification. [0142] in the
same manner as for the synthesis of Conpound (39a); 1.1 g of Conpound (39b)
were obtained as a colorless oil fREFERENCE) BXAMBIRI@Bd (47b). REFERENCE

EXAVMPLE 34
(=)-Ethyl 6.7-difluoro-1-(1,2-cis-2~-fluoro-l-cyclo-

propyl)-8-methyl- 4-oxo-l,4-d1hxdrogu1nollne 3-
carboxylate (5l1b):

In 20 ml of anhydrous dioxane was dissolved 600

mg ofgCompound (50b), and a suspension of 100 mg of 60%
sodium hydride having been washed with n-hexane in a
—— e 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 1l0% citric éqid aqueous
solution waé added thereto, fdllowéd by concentration
under reduced pressure. The precipitated crystals were
céllected by filtration; washed successively with water,
a small amount of ethanol, ahd diethyl ethet to obtain
! T 480 mg of the titled ,éompopnd {51b) as a colorless
crystal.’ ' -
" Melting Point: 230-231°C
[a)p: -80.0° (c=0.350, chloroform)
1E-NMR (CDC1,) § ppm:
1.40 (3H, t, J=7Hz), 1.1-1.7 (2H, m), 2.71 (3H,
a, J¥3.3Hz), 3.77-3.98 (1H, m), 4.38 (2H, q,
J=7Hz), 4.85 (2H, dm, J=64Hz), 8.12 (1H, dd,
J=10Hz), 8.54 (1H, d, J=3Hz)
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Et hyl 2-(2.4.5-trifluoro-3-nethyl benzoyl)-3-(1, 2-cis-2-fluoro-1

-cycl opropyl )acrylate (50b): [0143] A m xture of 710 ng of et hyl
2.4.5-trifluoro-3-nethyl benzoyl acet ate (prepared from
2.4,5-trifluoro-3-nethyl- benzxoic acid %% cf. JP-A-62-215572), 6 nml of
ethyl orthoformate, and 6 ml of acetic a ydrlde was heated at 120[err]C
for 2 hours while stirring. The reaction m xture was evaporated to dryness
under reduced pressure, and the residue was dissolved in 10 m of

di chl oronet hane. [0144] In 5 m of trifluoroacetic acid were dissol ved
580nmy of (-)-cis-1-t-butoxycarbonyRERERENCEf EKRMBLECBEpr opane (4b). and the
solution was stirred for 30 minutes, followed by evaporatlon to dryness

under reduced pigiggrq_ﬁi@qda¥341
dlchloronethanemeq SRRAY (mpcr 3

I ce- coollng (Szb): | =
A mixture of 480 mg of the ester compound (51b)

and 10 ml of concentrated hydrochloric acid was heated
at 120°C for 75 minutes while stirring. After cooling,
the precipitated crystals.were:collecte&wby€filtration
and washed with water and ethanol to obtain 380 mg of
the titled compound (52b) as a colorless cryétal.
Melting Point: 204°C
[alp: —60.0° (c=0.100, chloroform)
IH-NMR (CDC1;) & ppm:
1.3-1.9 {(2H, m), 2.80 (3H, d, J=5.8Hz), 4.1-4.4
(1%, m), 4.15 (1H, dm, J=64Hz), 8.17 (1H, dd,
J=16Hz), 8.82 (1H, d, J=4Hz), 14.2 (1H, s)

EXAMPLE 16

-)-6-[3-(R)-{1-(S)-Aminocethyl)-1-pyrrolidinyl]—6-
fluoro—l—(l,2-cis-z-f1uoro-l-cyclopropyl)—8—methvl-4-.
oxo-1,4-dihydroquinoline—3-carboxylic acid hydrochloride

(54b):

A mixture of 198 mg of Compound (52b), 350 mg of
3-(R)~[1—(S)-t-butoxycarbonylaminoethyl]pyrrolidine,
5 ml of dimethyl sulfoxide, and 1.5 g of triethylamine
was heated at 110 to 120°C for 5 hours while stirring.
The reaction mixture was evaporéted to dryness under

reduced pressure. The residue was dissolved in chloro-
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Af ter stirring for 10 mnutes. the aboVe-prepared di chl or onet hane sol ution -

was added thereto, followed by allowing to stand overni ght. The reaction

m xture was washed with waler and dried over anhydrous sodium sul fate. The

sol vent was evaporated and the residue was crystallized from n-hexane to

obtain 787 ng of the title conpound (5055 as pale yel l ow crystal s

REFERENCE EXAMPLE 35 (-)-Ethyl 6.7-difluoro-1-(1

. 2-ci s-2-fluoro-1-cycl opropyl)-8-nethyl - 4- oxo- 1. 4-di hydr oqui nol i ne- 3- car box

yIate (51 b): [0145] In 20 m of anhydrous di oxane were dissolved 600 nyg

of Conpound (5@yrm cawd athespeldsitdonofwaklGvaghed with a 10% citric acid
aqueous solution 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)-
[l-(S)-t-butoxycarbonylaminoethyl]pyrrolidinyl]—6,7—
difluoro-8-methyl-4~dihydroquinoline-3-carboxylic acid
'(53b) as a pale yellow powder.

1E-NMR (CDCl;) & ppm:

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

m), 2.52 (33, s), 1.9-2.7 (3H, m), 3.2-4.2 (6H,

7.-77 (1H, 4, J=13Hz), 8.70 (lH, d, J=3.5Hz)

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

Melting Point: 149-153°C

[alp: —34.4° (c=0.168, 1N HC¢)
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. 60% sodi um hydri de having been washed with n-hexane in a small anount of
anhydrous di oxane was added to the solution. The m xture was stirred at
roomtenperature for 1 hour, and 10 ml of a 10%citric acid aqueous
sol ution was added thereto, followed by Bgncentration under reduced
pressure. The precipitated crystals were“Collected by filtration. washed
successively with water, a small anount of ethanol, and diethyl ether to
obtain 480 ng of the title conmpound (51 b) as col orl ess crystal s.
Mel ting Point: 230-231[err]C [err]: -80.0 (c=0.350, chloroform
[err]HHNVMR (COCl [err]) [err] ppm ' EXAMPLE.¥P (3H, t, J=7Hz), 1 .1-1.7.
(2H, m, 2.71 (3H. d. J=3.3Hz), 3.7.7-3°98 (I H m, 4.38 (2H q, J= 7FE)
4.85 (2H, dm J564kEho-8-13-Ghinodd-atakirh| 28 g-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-(l,2—cis¥2—fludro-l—cyclopropyl)-4;oxo-l,4-di-
hydroquinoline—3-cafboleic acid (17b), 100 mg of 7-t-
butoxycarbonylaﬁino—s—azaspiro[2,4]heptane'(24b), 300 mg
.of friethylamine, and 20 ml of acetonitrile was heated
under reflux for 23 hours. |

The reaction mixture was evaporated to dryness
.under reduced pressure, and the residue was dissolved in
100 ml of chlorofofm. ‘The solution was washe§ success-
ively with a 10% citric acid aqueous solution and water.
Thg' organic layer was dried over anhydrous sodium
sulfate, and the. solvent was evaporated. The residue
was recrystailized from acetohitrile to obtain 120 mg of
5—amino~7-[7—t;butoxycarbonylamino—s—azaspiro[2,4]—
heptan-S—yl]-G,B—difluoro—l-(l,2-cis-2—fluoro-l-c&clo-,
propyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid
(55bb) as é yellow needle-like crystal.

Melting Point: 250-253°C

1g-NMR (CDC1l;) & ppm:
0.6'—0-8 (2H, m), 008—1-00 (ZH’ m), lo45 (gH’ S)’
1.3-1.8 (2H, m), 3.2-3.4 (1H, m), 3.6-3.9 (3H,
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REPLACEMENT SHEET

95

m), 3.9- 4 3 (28, m), 4.85 (lH, 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), apd the solution was stirred
for 30 minutes, folloﬁed by evaporation to dryness under
reduced pressure. The residue ﬁas ~dissolved in
hydrochloric acid and lthe 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 ammdniﬁ—ethanql to obtain 65
mg of the titled compound.(ssbb) as a .yellow crystal.
Meltiné Point: 213-217°C
[alp: -96.7° (c=0.120, DMF)
EXAMPLE 18

7-[4—(S)-Amino-2—1$)—methyl—l—pyrrolidinvl]—6—flubro-l—
(1,2-cis-2-fluoro-l-cyclopropyl)-4-oxo-1,4-dihvdro-1,8—
naphtyridine-3-carboxylic acid (31b):

In 15 ml of trifluoroacetic 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 pfessure. The residue was
dissolved in 20 ml of anhydrous acetohitrile, and 150 mg

of Compound (30b) and 2 ml of triethylamine were added
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- 30- REFERENCE EXAMPLE 36

(-)-6.7-Difluoro-1-(1, 2-ci s-2-fl uoro-1- cyclopropyl) 8- net hyl - 4- oxo- 1. 4-di hy
dr oqui nol i ne- 3-carboxylic acid (52b): [0146] A m xture of 480 ng of the
ester conpound (51b) and 10 m of- concenggated hydrochl oric acid was heat ed
at :

to the solution, followed by refluxing for 15 minutes.
The reaction mixture was evaporafed to dryness under
reduced pressure, add IN hydrochloric-acid was added to
the residue. The mixture was Qashed with chloroform.
The aqueous layer was made alkaline with 1N sodium
hydroxide agueous 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 ammoniafethénol to yield 130
mg of the titled compoﬁnd (31b).

Melting Point: 247-255°C (ﬁith decomposition)

[alp: +120° (c-D 950, 1N NaOH) '

Elementa y Analysis for C17H18F2N403 1/4H,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-1- cvcloprole)-
Z;p;pgr21ny1—4-oxo—gu1nollne 3 carboxylic acid (57b)

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 reducéd pressure and the residue was
- recrystallized from ethanol to yield 72 mg of the titled

~compound (57b) as a yeliow crystal.
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120[err]C for 75 mnutes while stirring.'After cooling, the precipftated

crystals were collected by filtration and washed with wat er and et hanol
to obtain 380 ng of the title conpound (52b) as colorless crystals.

Mel ting Point 204[err]C [err] -§9.0[err] (c=0.100. chloroform
[err]H-NVR (CDCl [err]) [err] ppm 1.3-1.9 (2H, m, 2.80 (3H
d. J=5.8Hz), 4.14.4 (1H, m, 4.15 (1H dm J=64Hz), 8.17 (1H, dd, J=16Hz),
8.82 (1 H d, J=4Hz), 14.2 (1 H ) EXAMPLE 16 '

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-
methoxx—4-oxo-1!4—dihxdroguinoline-3-carboleic-acid

BFz-chelate (38b):

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

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)ea-fluoro;S-
methoxy-4-oxo-l,4~dihydquuinoline-3—carboxylic acid
(40ba) is 6btained. And further, by the reaction of the
aming cdmpound (24b) and the chelate comound (38b), 7-
(7—amino-5-azaspiro[2;4]heptan—s-yl)-6—f1uoro—8—methoxy-
4-oxo-l,4-dihydroquinoline—3-¢arboxylic acid (41bb) is

obtained.
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(-)-6-[3-(R-(1-(S)-Am noethyl )-1-pyrrolidinyl]-6-fluoro-1-(1.2-cis-2-fluor
0- 1-cycl opropyl ) - 8- net hyl - 4- oxo- 1. 4-di hydroqui nol i ne acid

hydr ochl ori de (54b): (0147] A m xture of 198 ng of Conpound (52h). 350
nmg of 3-(R)-[1-(S)-t-butoxycarbonyl am ng ethyl]pyrroI|d| ne, 5 m  of

di et hyl sul foxide, and 1.5 g of triethﬁ m ne was heated at 110 to

120[er]C for 5 hours while stirring. The reaction m xture was evapor at ed
to dryness under reduced pressure. The residy s dissolved in chloroform
and t he sol utj on wag wdshegd_with % L0% ci t)ri d pqueoug sdl utjioal-anf
then with watles | enfi—¢fi-ed |er famhlydy pes|sodi unp suj Taje /;Dmr’ﬁlvent
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8- net hy- di hydr oqui nol i ne- 3-carboxylic acid (53b) Ias a pale yell ow powder.

[err]HHNMR (CDCl [err]) [err] ppm : 1.24 (3H d, J=7Hz) 1.45
(9H, s), 1.2-1.9 (2H m, 2.52 (3H, s), 1.9-2.7 (3HmM, 3.2-4.2 (6H m,
4.73 (1H, d, J=8Hz). 4.98 (1 H dm Jz5Hz), 7.77 (1 H, d, J=1 3Hz),
8.70 (1 H, d. J=3.5Hz) [0149] To 110 of Conpound (53b) were added 5
m of concentrated hydrochloric acid, and the m xture was stirred at
room tenperature for 10 m nutes, followed by evaporation to dryness under
reduced pressure. The residue was recryst allized from et hanol - di et hyl
ether to obtain 62 ng o | 54 rystals. _.
Mel ting Point 149- 153[erP]1?:% ‘thle ““’eﬁpﬁ %%?%T%‘Srfs%%gg?%dai?‘ fegail
HJerr]) and with reference to specific embodiments thereof, it

will be apparent to one skilled in the art that various
changes and modifications can be made therein without

departing from the spirit and scope thereof.
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EXAMPLE 17

5- Ami no- 7- (7- am no- 5-azasoi ro[ 2. 4] hept an-5-yl )-6. 8-di fl uoro-1-(1. 2-ci s-2-fl
uoro-1.-cycl opropyl) - 4- oxo- 1. 4- dhydr oqui nol i ne- 3- car.boxyl i c acid
(56b) [0150] A m xture of 100 ng of 6 )-5-amno-6,7,8-trifluoro-=1
-(1,2-cis-2-fluoro-1 -cycl opropyl) - 4- oxot@04- di - hydr oqui no-

| i ne- 3-carboxylicacid REACTION SCHEME

(17b), 100ngof 7-t - but oxycar bonyl am no- 5- azaspi r o[ 2, 4] hept ane (24b), 300ng of

triethyl am ne, and 20 m of acetonitrile was heated under reflux for 23
hours. . [0151] The reaction m xture was evaporated to drynessunder
reduced pressure, and the residue was dissgived I n 100 mM of

chl oroform The solution was washed succes ely with a 10%citric acid
aqueous sol Fi onCoosy wat er. The CH3

: —_— F CONH s
H H * * ——

1 HVH 23 2p

F COOH

F NHBo
* x® C
AT R

Ga.,Gb 7a 7b
Q 0
F COOH . F COOH
Q‘m A Qm F
NHBoc M | NH2 *M* |
8a,8b | | 9a,9b
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organi c | ayer was dried over anhydrous s
evaporated. The residue was recrystalliz
120 ng of

5-am no-7-(7-t- butoxycarbonylan1no 5-aza
(1.2-cis-2-fluoro-1

-cycl opropyl) - 4- oxo- 1. 4- di hydr oqui nol i ne-
Mel ti ng Point:

needl e-1i ke crystals. _
[err]H-NVMR (CDCl [err]) [err] ppm

and the sol vent was
fromacetonitrile to obtain

odi um sul f at e,
ed

?LBI:Lr o(2, 4] heptan-5-yl]-6, 8-di fluoro

3-carboxylic acid (SSbb) as yell ow,
250- 253[err] C

0.6-0.8 (2H. n), 0.8-1.0

(2H, m, .1.45 (9H. s), 1.3-1.8 (2H, n),3234(1Hn)3639(3H,n)'.
3.9-4.3 (2Hy M, 4.85 (1 H dm J=6@Hz), 4.7-5.0 (1 H broad), .8.51 (1
H s) In 5 m of trifl EOQBtd were di ssolwved 128 of
Conpound | G82Ebe sol ution stiffred for 30 i EQ%
by evapora to dryness™under e eur pxessure. THrer@std 4 _dilssol ved
i n hydrodhl ori cFacid and the solQliti on wg$ washed with chl onof of'm Fhe
aqueous Iayeq4 was adjusted to a pH of 7. 4W*tract ed with Cl *
HN\H
10a,10b Na,11b
0 .
chom-l COOH
—_— |
F N™
Cl % * Ct -ls-
HN\NH
NHz
NOz 0
NOz O | .
F COzEt COOEt
F F —
F F ) F _
F - *NH F¥
HNVH 14a,14b
NOz2 0 NHz o -
F COOE F COOE
! —_—
15 Hl \H
a15b 16a,16b
NHz o NHz g
COOH F COOH
[ —— Ny Nl
F ~N F
F *’VT* Q F *}W*
H\H NH2 H
17a,17b 18a,18b
I —
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chl oroform The extract was dried over anhydrous sodium sul fate, and t he

sol vent was evapor at ed under reduced pressure. The residue was
recrystallized from agueous anmmoni a-et hanol to obtain 65 ng of the title
conpound (56bb) ~as yellowcrystals. 102 :

CH3COCH2COO0Et — CH3COC COOEt __...[BrCHZCOL(-ZfOOEt}

| %O ' NWOH -

CHs ~H _ ~H .
@t c*@ =0

| | 20

<\_3§NH2 <Z_*SNH2 ' Q[j'gNHsoc
LS — L —

~H _ -
H3C)\© H3C’k© HIC" O

21a.21b 22a,22b 23a,23b
. %NHBOC
— .
N .
H  24a,24b

m m
Z>>=O
(@)
|®)
@)
xI
Zz M
ZS
mnm O
(@)
Q
€I

cl *‘V'*
H2N HN\H 26

t sheet

This Sheet Has Been Rep.

HIIIIINIHHH!HIHIII e

Date:



- 31 - Mel ting Point: 213- 217[err] C [err]: - 96. 7[err] (c=0.120.
DMF) EXAMPLE 18

103 .
. - 0 o -
0 ' F Z i COOEt
F COOEt — | ' -
CL SNl - | - N f‘;
27 . ANH 28a,28b
0
A COOEt FoZl COOH
| —_— | |
N N
F CI NN
%* * ‘. %* F-)!-
29a,29b H H S HIUH 30a,30b
O ’ .
Rz «-COOH
- } > I I :
>* *
31a, 31b Me "IN
0
F COOH yH NHBoc
| 3
F N7 e * Me a
Ci *bl* N :
12 BVH Ho 32

_ ' ' . 0
Me F COOH Me F COOH
BocHN HzN_ |
. FKC’ H'&" _' N ~N E

HNMH

34b
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7-[4-(S)-Am no-2-(S)-nmethyl -1-pyrrolidinvl]-6-fluoro-1-(1,2-cis-2-fluoro-1-
cycl oyropyl ) -4-oxo-1, 4-di hydro- 1 .8-naphtyridi ne-3-carboxylic acid (31 b):
[0153] In 15 m of trifluoroacetic acid were dissolved 300 ng of

4-(S)-am no-1 -t-butoxycarbonyl-2-(S)-nethylpyrro- lidine (32), and the
solution was stirred at roomtenperature for 20 m nutes; followed by
evaporation to dryness under reduced pres%ﬁ?e. The residue was di ssol-ved in
20 m of anhydrous acetonitrile, and 150 ng of Conpound (30b) and 2 m of
triethylamne were added to the solution, followed by refluxing for 15

m nutes. The reaction m xture was evap- orated to dryness under reduced
pressure, and 1 N hydrochloricacid was added to tEp residue. The m xture -
was washed with chl gtof orm The aqueous Iﬁger was nadeoatfaline with 1 N
sodi um hydr oxi de agygous sol ution and washey '

F 6(0[0) f——— . |
F OAc N F '
OAc . - | : *H *
35 - - 36b
F2
..-’B\'O
' i F CO
- I
’ OMe* ")
OMexk—is  3gp
M c00E - Me COOH Me NHBoc
Ph N N
. Ph
42 43 44
Ts
':‘Z__SNHZ Me NHCO\(N7 Me N2
P S - | N
45 - 46a,46b 45a,45b
Me NHBoc : Me NHBoc
fz—j? _ . *t—j?
' o C T ———
N N
\en H
47a,47b 39a,39b
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chl oroform The aqueous |ayer was adjusted to a pH of 7 and extracted with
chl oroform” The organic |ayer was dried and the solvent was evaporated. The
resi due was recrystallized from aqueous ammoni a-et hanol to yi.eld 130 ng of
the title conmpound (31b). Melting Point 247-255[err]C (with

deconposi tion) [err]: +120 (c=0.950,12d5 N NaCH)

El ementary Anal ysis for (err] H[err] F[err] N err] Qerr] 1/4H[err] O

Calcd (% C 55. 36; H5. 06; N 15. 19

Found (% C 55. 50; H 5. 25; N 14 97

F]:::[COOH COOEL J:;:I)kT(COOEt
F F ]:;:[
. Me F

*

48 | - 50b A

F COOEt o F COOH
F N g ' F’ N“ ¢
Me *Ivl* e o |

51b | . 52b
COOH COOH
BocHN% HzN
i ' Me -4-
53b | S4b
.NHz 0 | NHz O
F | COOH __» F@(uj,CQOH
F N | .
F N7 N
i *M* % F -<-l<7Fl'-,e
17b : 55b _NHBOC HWH -

Fu COOH | " F I COOH
I .
i:y N7 ¢ | . £>*;:T NP
HN F *lvl* - 2 F *]v’*
H\H HzN HNH

57b 56b
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REFERENCE EXAMPLE 37 8.7-Difluoro-1 -(1.2-cis-2-fluoro-1
-nethewuu4 oxo- 1, 4- d|hvdrqu|noI|ne 3-carboxylic acid

BF[err] [0154] A mi xture of 230 ng of the ester conpound
7 a '
(37b) H

rofluoric acid was heated at 110[err]C with

stirring*fof 2" hours After cooling, prei %ltated crystals were collected
by filtration and washed with water to-yi dPd 210 ng of colorless crystals
of the title conmpound. Mel ting Point: 281-271 [err]C [0155] By the
reaction of cis-3-t-butoxycarbonyl am no-4-nethyl pyrrolidine (38a) and the. -

chel at e conpound (38b),
WHAT IS CLAIMED IS:

| 1. An N;~(1l,2-cis-2-halogenocyclopropyl)-
substituted pyridonecarboxylic acid -derivative repre-

sented by formula (I):

, Rl 0O
X = COOQOH
RZ\A, N’ | (I)

wherein R! represents a substituted or unsubstituted

amino group, a hydroxyl grcup} 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 n1trogen 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 halogen 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 that the case wherein R! is a

hydrogen atom and R? is a piperazine or 4-alkyl-
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7-(ci s-3-am no-4-nmet hyl pyrrolidinyl)-8-fluoro-8-nethoxy-4-oxo-1, 4-di hydroqu
i nol i ne-3-carboxylic acid (40ba) is ob- tained. And further, by the

reaction of nd (24b) and the chel ate conpound (38b).
7-(7-am no- H‘ Wt%ﬂﬂlheptanSyl) 6-f1 uor o- 8- net hoxy- 4- oxo- 1
, 4- di hydr oq ylic acid (4%%b) is obtained.

substituted piperazine residue is excluded, or a salt

. thereof.

2. A compound as claimed in ¢laim 1, wherein R2
is a 4- to 7-membered cyclic émino 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, whereiﬁ R2
is a pyrrolidone, piperidine pipergzine,' diazabicyclo-
heptane or diazabicyclooctane residue; or a salt there-
of.

4. A compound as cla;med in claim i, wherein R2
is a cyclic amino gfdué comprising- a si;gle stereo-
isomer; or a salt thereof. '

5. A combound as claimed in claim 4, wherein R2

' is a 3-aminopyrrolidinyl group; or a salt thereof.

6.- A compound as claimed in claim 4, wherein R2
is a 7—amino-5-azaspirOI2,4]heptan;s—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 1is 7-[3-(S)—amino-l-pyrrolidinyl]-6-f1uoro-1—-
(1,2-cis-2-fluorocyclopropyl)-4-oxo-1,4-dihydroquinol-

ine-3-carboxylic acid, 7-[3~(S)-amino-l-pyrrolidinyl]-8-
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108
chloro~6-fluoro-1-(1,2-cis-2-fluorocyclopropyl)—-4-oxo-
1,4-dihydroquinoline-3-carboxylic dcid, 7-([7-amino-5-
azaspiro[2,4)heptan-5-yl}-8-chloro~6~-£luoro~1-(1,2-cis-
2—fluorocyclopropyl)—4—oxo-l,4-dihydroquinoline—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, 74[4-(5)—amino-2;
(S)-methyl—l-pyrrolidinyl]-G-fluoro—l-(1,2-cis-2—f1uoro-
cycloproPyl)-4~oxo—L,4-dihydro—1,8-naphtﬁyridine-3-
carboxylic acid, 7-[3-(R)-[1-{S)-aminoethyl])-l-pyrrol-
idinyl)-8-chloro-6-fluoro-1-(1,2~cis~2-fluorocyclo-
prdpyl)—4—oxo—1,4-dihjdroquinoline-3-carboxylic acid, 7-
[3-amino-4-methyl-1l~-pyrrolidinyl}-6-fluoro-1-(1,2-cis-2-
fluorocyclbpropyl)—8—methoxy-4—oxo-l,4—diﬁydr§quinoline
3-carboxylic aéid, 7;[4—(S)—amiﬁo-z—(é)-methyl—l—prrol-
idinyl]-s-fluoro-l—(1,2-ci§*2-fluorocyclopr0pyl)-8-
methyl~4-oxo-1,4~dihydroquinoline-3-carboxylic acid, 5-
amino—?—[7—amino—5—azaspiro[2,4]heptan—s—yl]—6,8-di-
fluoro-1-(1l,2-cis-2-fluorocyclopropyl)-4-oxo-1,4-di-
hydroquiholine—B—carboxylic acid; or a salt thereof.

9. An antibacterial agent comprising, as an
active ingrédient, at least one Nl-(l,z-cis-z—halogeno—
cyclopropyl)-substituted pyridonecarboxylic acid deriva-
tive represented by formula (I) or a salt thereof as claimed

in claim 1.
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OPTICALLY ACTIVE PYRIDONECARBOXYLIC ACID DERIVATIVES
ABSTRACT OF THE DISCLOSURE

N3-(1l,2-cis-2-halogenocydopropyl)-substituted
pyridonecarboxylic acid derivatives represented by
formula (I) and the salts thereof are disclosed. These
compounds have patent antibacterial activities against a
wide variety of infectious bacteria, and are useful as
antibacteriai agents by oral or parenteral édministra-j

tion.
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REPLACEMENT SHEET

sl 2-3-55?1999-
OPTICALLY ACTIVE PYRIDONECARBOXYLIC ACID DERIVATIVES

Description

{0001] This invention relates 1o antimicrabial compounds useful as human and veterinary medicines, fish medlcmes

" agricuitural chemicals, and antiseptics.
{0002] Quinclone derivatives having a condensed pyndonaearboxyllc acid skeleton are known as syntheuc antimi-
-crobial agents and to provide potant antimicrobial compounds on subsntutlon of the 1-position thereof with a cyclopropyl
group, as disclosed in GB-A-2 188 317. :
[0003] ' 1t is further known that the 1-cyclopropyiquinolone derivatives having introduced a fluorine atom to the 2-po-
sition of the cyclopropyl group in a cis-configuration with the pyridonecarboxylic acid moiety aiso exhibit potent anti-
microbial activity as disciosed in EP-A-191 185. They are thought to have not only potent antimicrobial activity but
improved safety. One example of the quinolone derivatives havmg a cis-fluoracyclopropyl group at the 1-posmon is
shown below.

0
-F COOH-

AF

{0004] Quinclone derivatives having a cis-ha!ogeno—cyclopropfl group, inclusive of a cis-fluorocyclopropyl! group, at
the 1-position as stated above possess excellent antimicrobial activity and safety. In these compounds, even when
they have an a chiral substituent at the 7-position of the pyridonecarboxylic acid moiety, the halogenc-cyclopropane
ring of itself provides two enantiomers attributed to the steric relationship between the pyridonecarboxyiic acid mmety
and the halogen atom with respect to the cyclopropane ring as illustrated below;

CH3~N N

R o | o
XA e COOH  a.na  HOOC X
_ 1,
RISAANNT 2 X2 AT RS

. S

wherein R!, R2, A, X!, and X2 are hereinafter defined. These quinolone derivatives are applicable as medicines as -
long as they are racamates. On the other hand, when there is a chiral substituent in 7-position of the pyridonecarboxylic
acid moiety, such quinolone derivativas contain four kinds of diastereomers. With mixtures of the diastereomers, it is
difficult to specily the excellent species and to supply them as medicines,

{0005] in the light of the aloresaid situation, the inventors now obtained the single isomers of 1-(1,2-cis-2-fluorocy-
clopropyl)-substituted quinolone derivatives within the diastereomers thereof. And they have succeeded in obtaining
sach of the enantiomers of a cis-2-fluorocyciopropylamine as a pure isomer. As a result of further investigations, they
have aiso succeeded in synthesizing each of the enantiomers of a quinolone derivative which are attributed only to
the steric configuration of the fluorocyclopropane ring by starting from the above-described amine.

[0006] The success of obtaining the enantiomeric quinolone derivatives useful as intermediates has made it possible
to synthesize an optically active quinolone derivalive comprising one kind of diaslereomer by reacting with a single
isomer of the amine at intraduction of a cyclic amino group to the 7-position. Each of these diastereomers was proved
more potent in antimicrobial activity as compared with the corresponding quinolone derivatives substituted with a mere
cyclopropyl group and, in addition, highly sale with markedly improved selective toxicity.

[0007] This invention relates to N,-(1,2-cis-2-halogenacyclopropyl)-substituted pyridonecarboxylic acid derivatives
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(1)

wherein R1 represents an amino group, a methylamino group, a hydroxyl group, a thiol group, or a hydrogen atorn; F2
rapresents a 4-, 5- or 7-membered cyclic amino group having at least one substituent selected from a hydroxyl group,
an alkyl group having from 1 to 6 carbon atoms, a polymethylene group having from 2 to 5 carbon atoms which together
with the ring atom to which it is attached forms a spiro unit, an aminoalkyl group or an amino group, and which cyclic
armino group may contain a bridging unit to form a bicyclic amino group and may contain at least one hetero atom
selected from a nitrogen atom, an oxygen atom and.a sulfur atom in its ring, or A2 represents a cyclic amino group

represented by formula
RS .
RS A or RN | -
Ra\ N- - *Rn

peN*

wherein R R%, RS, RS, R19, and R, which may be the same or different, represent an aikyl group having 110 & carbon
atoms or a hydrogen atom; A represents C - X or a nitrogen atom; X! and X2, which may be the same or different,
each represents a halogen atom; and X? represents a halogen atom, an alky! group having from 1 {o 6 carbon atoms,
an atkoxyl group from 1 to 6 carbon atoms, a cyano group, a trifluoromethyl group, or a hydrogen atom, or a sait or
ester thereof.

. [0008] Specificaliy preferred compounds represented by formula (I) are those wherein F2 is a substituted pyrrolidine,
di-azabicycioheptane or diazabicyciooctane residue; those wherein R is a cyclic amino group comprising a single
sterecisomer; those wherein F2 is a 3-aminopyrrolidiny! group; those wherein fR is a 7-amino-5-azaspirof2,4]-heptan-
5-yl group; and those wherein X2is a flucrine atom. More specifically, the compounds according to the present invention
include 7-{3-(S)-amino-1-pyrrolidin-yl}-6-fluoro-1-(1,2-cis-2-fluorocyclopropyl)-4-oxo-1,4-dihydroquinoline-3-carboxyl-
ic acid, 7-{3-(S}-aminc-1-pyrrolidinyl]-8-chloro-6-fluoro-1-(1,2-cis-flucrocyclopropyl)-d4-oxo-1 4-dihydroquinoline-
3-carboxylic acid, 7-{7-amino-5-azaspiro[2,4Jheptan-5-yi]-8-chioro-6-fluoro-1-(1,2-cis-2-fluorocyciopropyl}-4-oxo-
1.4-dihydroquinoline-3-carboxylic acid, S-amino-7-{3-(S)-amino-1-pyrrolidinyl}-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-1-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}-aminoethyl]-1-pyrrolidi-
nyl}-8-chloro-6-fluorc-1-(1,2-cis-2-fluorocyclopropyi)-4-oxo-1 .4-dihydroquinoline-3-carboxylic acid, 7-{3-amino-4-me-
thyl-1-pyrrolidinyl}-6-fluore-1-(1,2-cis-2-fluorocyciopropyl)-8-methoxy-4-oxo-1 .4-dihydroquinoline-3-carboxyiic acid, 7-
{4-(S)-amino-2-(S)-methyl-1-pyrrolidinyl]-6-fluoro-1-(1 .2-cis-2-fluorocyclopropyl)-8-methyl-4-oxo-1,4-dihydroquino-
line-3-carboxylic acid, S-amino-7-{7-amino-5-azaspiro{2,4}-heptan-5-yi]-6,8-difluoro-1-(1 .2-cis-2-fluorocyclopropyl)-
4-ox0-1,4-dihydroquinoline-3-carboxylic acid, and salts thereof.

[0009] In formula (1), when X3 represents a halogen atom, X! and X? each preferably represents a fluorine atom or
a chlorine atom:; and X2 preferably represents a fluorine atom. R1 represents preferably an unsubstituted amino group,
a methylamino group, or a hydrogen atom.

[0010] R2 represents preferably a 5-membered cyclic amino group. The cyclic amino group may further contain
oxygen atomys), sulfur atom(s)and/or nitrogen atom(s), as in oxazolidine, thiazolidine, imidazolidine and pyrazolidine
residues. Of these cyclic amino groups preferrad is a pyrrolidine residue. The cyclic amino group may have substituents,
such as a polar group (e.g.. a substituted or unsubstituted amino group, a substituted or unsubstituted aminoalky!
group, a 5-substituted-2-oxo-1,3-dioxol-4-ylmethy! group, a hydroxyl group) and a straight chain, branched, or cyclic
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atkyl group having up to 6 carbon atoms. Preferred of the polar groups are an unsubstituted amino group, an aminome-
thyl group, a 1-aminoethyl group, and a hydroxyl group. Preferred.of the alkyl groups are methyl, ethyl, propyl, gem-
dimethyl and gem-diethyl groups and further, these gem-alky! groups may preferably form a cyclopropane or cyclob- .
utane ring which is 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.

[0011] lllustrative examples of these cyclic amino groups, particularly containing the second amino moiety, are shown
below: ' . ’ ' '

RSI R: - | .. R‘IZ

. ' 13 | :
e e
_'RA’N*_ '_ | o R S *Rﬁ

7\
RS—N@N— | N-1 N-

wherein R3, R4, RS, RS, which may be the same or different, represent a hydrogen atom or an alkyl group having from
1 to 6 carbon atoms; R® represents a hydrogen atom oran alkyl group having from 1 to 6 carbon atoms; R1? and R17,
which may be the same or different, represent a hydrogen atom or an alky! group having from 1 to 6 carbon atoms;
R2 and R13, which may be the same or different, represent a hydrogen atom or an alky! group having from 1 to &
carbon atoms, or they may be connected to each other toform a 3-to 8-membered ring composed of methylene chains;
R' is hydroxy or amino and the asterisk indicates an asymmetric center. - )
[0012] Examples of these cyclic amino groups are 3-amincpyrrolidinyl, 3-methylaminopyrrolidinyl, 3-dimethylami-
nopyrrolidinyl, 3-ethylaminopyrrolidinyl, 3-propylaminapyrrolidinyl, 3-isopropylaminopyrrolidinyl, 3-amino-4-methylpyr-
rolidinyl, 3-aminoc-5-methylipyrrolidinyl, 3-amino-4,5-dimethylpyrrolidiny!, 3-methylamino-4-methyipyrrolidinyl, 3-meth-
ylamino-5-methyipyrrolidinyl, 3-methylamino-4,5-dimethyipyrrolidinyl, 3-dimethylamino-4-methylpyrrolidinyl, 3-dimeth-
ylamino-S-methylipyrrolidinyl, 3-dimethylamino-4,5-dimethylpyrrolidinyl, 3-aminomethylipyrrolidinyl, 3-methylami-
nomethyipyrrolidinyl, 3-(1-amino)ethylpyrrolidinyl, 3-(1-methylamino)ethylpyrolidinyl, 3-(1-ethylamino)ethylpyrrolidi-
nyl, 3-(1-amino)propylpyrrolidinyl, 3-aminopyrrolidinyl, 3-amino-4,4-dimethylpyrrolidinyl, 7-amino-5-azaspiro[2,4]hep-
- tan-5-yl, 8-amino-6-azaspiro[3.4]octan-6-yl, 3,4-dlazabicyclof3,2,1]octan-3-yl, -3-yi, S-methy!-3,9-diazabicyclo(3,2,1]
octan-3-yl, -3-y), and 9-ethyl-3,9-diazabicyclof3,2, 1]octan-3-yl.
[0013] The structure of the cyclic amino group at the 7-position greatly influences the antimicrobial activity, toxicity,
oral absorption, and physical properties such as water solubility. For instance, it is known that quinolones substituted
by 3-aminopyrrolidiny! groups have strong antimicrobial spectra against a broad range of microorganisms covering
Gram-positive to Gram-negative bacteria. Some quinolone derivatives of this type, however, are susceptible to metab-
olism or only show low water-solubility.
[0014] 3-Aminopyrrolidinyl groups having a spiro ring at the carbon atom adjacent to the amine group thereof provide
quinolone derivatives which 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 proved less causative of con-
vuision which is known as a side effect of quinolone type synthetic antimicrobials.
[001S] Further, 3-aminomathylpyrrolidinyl groups in which an amino group is bonded to a pyrrolidinyl group via a
carbon atom provide quinolone derivatives exhibiting enhanced antimicrobial activity against Gram-positive bacteria.
In particular, the quinolones of this type in which the carbon atom linking the amino and pyrrolidinyl groups is substituted
with one or two alkyl group(s) were found to exhibit improved oral absorption rate, salfety, and water solubility over
those without such substituent(s).
[0016] Examples of cyclic amino groups having substituents other than an amino group are 3-hydroxypyrrolidinyl,
3-mercaplopyrrolidinyl, 3-hydroxy-4-methylipyrrolidinyl and 3-mercapto-4-methylpyrrolidinyl.
[0017] The cyclic amino group is bonded to the 7-position of the pyridonecarboxylic acid skeleton preferably at the
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sitrogen atom of the cyclic amino group. As a matter of courss, it may be bonded at another atom. . .

‘0018] The stereoisomerism of the cyclic amine moiety at the 7-position is explained below. In case an asymmatric
éyclic amine is reacted in the form of an isomeric mixture with a 1-(1,2-cis-halogenocyciopropyljquinolone derivative,
the resulting quinolone derivative should be a mixture of diasteromers based on the steric relation with the 1,2-cis-
2-halogenccyclopropyl group at the 1-position. In these cases, therefore, it is necessary that only one of the isomers
of the starting amine should be reacted. e _ ' , s
[foo19] The functional group of the cyclic amino group at the 7-position such as amino, hydroxy and thiol groups may
be protacted by a conventional protactive group prior to the substitution with the quinolone skeleton. The examples of
such protective groups include alkoxycarbonyl groups such as t-butoxycarbonyi group, 2,2,2-trichioroethoxycarbonyl
group and the like; aralkyloxycarbonyl groups such as benzyloxycarbonyl group, p-methoxybenzyloxycarbonyi group,
p.nmgbenzyloxycatbonyl group and the like; acyl groups such as acetyl group, methoxyacety! group, triflucroacetyl
group, chloroacetyl group, pivaloyl group, formyl group, benzoyl group and the like; alky! or aralkyl groups such as t-
butyl group, benzyl group, p-nitrobenzyi group, p-methoxybenzyl group, triphenyimethyl group and the like; ethers such
as methoxymethyl group, t-butoxymethyl group, 2,2,2-trichioroethoxymethyl group, tetra-hydrofuran-2-yl group and
the fike; silyl groups such as trimethyisilyl group, isopropyidimethyisilyl group, t-butyldimethyisilyl group, t-butyldiphe-
nylsily! group, tribenzyisilyl group and the like. : .
(0020] Thel ,2-cis-2-halogenocyclopropyl group atthe N,-position is described below. Introduction of a halogen atom
to the cyclopropyl group, particularly a fluorine atom, brings about an effect to reduce lipophilicity 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, introduction of the 1,2-cis-2-halogenocyciopropy! group yields quinolones having reduced toxicity
while retaining excellent antimicrobial activity as compared wittrthe corresponding 1-cyclopropylquinoiones. The hal-
ogen atom to be introduced includes fluorine and chiorine atoms, with a fluorine atom being preferred.

[0021] ltis particularly preferable that the halogen atom and the pyridonecarboxylic acid moiety are cis with respect
to the cyclopropane ring. Irrespective of whether the 7-cyclic amino group has sterecisomers or not, the quinolone
derivatives of formula (I) have enantiomeric pairs ascribed to the cis-2-halogenocyciopropyl moiety at the 1-position
as illustrated below. Potent activity and high safety were observed in either of these enantiomers.

] l and

! [0022] The pyridonecarboxylic acid derivatives according to the present invantion 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 saits, e.
g.. acetates, methanesulfonates, benzenesulfonates, toluenesulfonates, citrates, maleates, fumarates, and lactates.
[0023] The salts of the carboxyl group may be organic or inorganic and include aikali metal salts, e.g., lithium salts,
sodium salts, and potassium saits, alkaline earth melal salls, e.g., magnasium salts and calcium salts; ammonium
" salts, triethylamine salts, N-methyiglucamates, and tris(hydroxymethyl)aminomethane saits.
[0024] Somse of these free acids and saits may exist as a hydrate.
[0025] Esterification of the carboxylic acid moisty of the pyridonecarbaxylic acid derivatives of formula (1) gives com-
pounds useful as synthesis inlermediates or pro-drugs. For example, alkyl esters, benzyl esters, alkoxyalkyl esters,
phenylalkyl esters and phenyl esters are useful as synthesis intermediates. Esters which are easily severed in the
body to form free carboxylic acids are useful as pro-drugs. Examples of such esters are acetoxymethyl esters, pival-
oyloxymethyl esters, ethoxy-carbonyloxy esters, chlorine esters, dimethylaminoethy! esters, S-indany! esters, phtha-
lidinyl esters, and oxo-alkyl esters {e.g., S-substituted-2-oxo-1,3-dioxol-4-yl-methyl esters and 3-acetoxy-2-oxobutyl
esters).
{0026} A process for synthesizing the pyridonecarboxylic acid derivatives of formula (1) is illustrated below, taking
the compound wherein A=C-H: R1=H: X'=X2=F: and R3=E! (ethyl group, hereinaiter the same) for instance.
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wherein R4 has the same meaning as R? or a cyclic amino group having the same structure as F2 but being protected.
[0027] An optically active 1-(1,2-cis-2-flucrocyclopropyl}-6.7-difluoro-1 ,4-dihydro-4-axoquinoline-3-carboxylic acid
ethyl ester (6a) or (6b) is hydrolyzed under acidic or alkaiine conditions to give a free carboxylic acid derivative (7a)
or (7b). The free acid (7a) or (7b) is reacted with a cyclic amine R4-H to obtain a desired compound (lita) or (liib). it
necessary, a protective group is removed from the resuiting compound under proper conditions selected according to
the protective group to obtain a desired compound (IVa) or (1Vb). ' .

{0028] The substitution reaction with the cyclic amine can be carried out in a solvent such as dimethy! suifoxide,
pyridine, acetonitrile and 3-methoxybutancl, at a temperature from room temperature to 150°C, preferably from 40 to
120°C, for 0.5 to 5 hours, usually from 0.5 to 2 hours.

[0028] Alteratively, the compound (6a) or (b} is reacted with a cyclic amine under the same conditions as recited
above, and the resulting compound (la) or (lIb) is then hydrolyzed under acidic or alkaline conditions and, if necessary,
a protective group is removed, to obtain a desired compound (ltia) or (litb) or (Iva) or (1vb).

{0030] The optically active cis-2-fluorocyclopropylamine can be synthesized as follows. 2-Fluorocyciopropanecar-
boxylic acid is reacted with (R)-(+)-c-methylbenzylamine to yield N-[1-(R)-phenylethyl}-1,2-cis-fluorocyclopropanecar-
boxamide. The reaction can be carried out in tetrahydrofuran in the presence of N N-carbonyidiimidazole. The reaction
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 of a base at low temperatures and then reacted
with the benzylamine to obtain the carboxamide. The resuiling carboxamide can be separated into each isomer by
chromatographic techniques.

[0031] The aprotic solvent to be used in the mixed anhydride procedure is not particularly limited and includes ethers,
e.g., diethyl ether, diisopropyl ether, tetrahydrofuran, 1,4-dioxane, and 1,2-dimethoxyethane; halogenated hydrocar-
bons, e.g., dichloromethane, chioraform, 1,2-dichioroethane, and 1.1,2,2-tetrachloroethane; aromatic hydrocarbons,
e.g.. benzene, toluene, and xylene; and aliphatic hydrocarbons, e.g., pentane, hexane, heptane, and cyclohexane.
Commonly emplayed of them is tetrahydrofuran or chloroform. The water contained in the solvent to be used is usually
removed beforehand.

[0032] The halogen atom in the halogenoformic ester is nommally a chiorine atom. The halogenoformic ester includes
methyl, ethyl, 2,2,2-trichloroethyl, phenyl, p-nitrophenyl and benzyl esters.

[0033] The base to be used may be either organic or inorganic. The inorganic base includes alkali metal hydroxides.



. 38- [err'] ) REPLAQEMENT-_SHEET;

<

- REPLACEMENT ghigr

|23 sepmo

carbonates and hydrogencarbonates, e.g., lithium hydroxide, sod_ium hydroxide, potassium hydroxide, lithium carbon-

.' "ate, sodium carbonate, potassium carbonate, sodium hydrogencarbonate, and potassium hydragencarbonate. The
organic base includes trialkylamines, e.g.. tristhylamine, tripropylan.ﬁne. tributylamine, N,N-diisopropyiethylamine; di-
alkytanilines, e.g., diethylaniline and dimethylaniline; and heterocyclic compounds, e.g.. N-methylmorpholine, pyridine,
and N, N-dimsethylaminopyridine, : _ ' : : _ : .

 0034] Separation of the carboxamide into optical isomers can be effected by known techniques, such as silica gel
column chromatography under normal pressure or under pressure, preparative thin layer chromatography, and high
performance liquid chromatography (HPLC). Separation into optical isomers can aiso be performed by other separation
techniques generally empioyed, such as recrystallization and reprecipitation.
[0035] The thus separated opticaily active carboxamide can be led to an optically active cis-2-fluorocyclopropane-
carboxylic acid by hydrolysis. The reaction can be carried out by dissolving the carboxamide in, for example, concen-
trated hydrochioric acid, followed by heating. Thé hydrochioric acid may be replaced with sulfuric acid or nitric acid. A
. solvent, such as acetic acid and a lower aicchol, may be used. _

[0036] . The resulting carboxylic acid can be converted at once by Curtius reaction in the presence of t-butancl to a

" protected cis-1-{t-butoxycarbonylamino)-2-flucrocyciopropane. The reaction can be carried out conveniently by use of
diphenyiphosphorylazide, but the synthesis of the intermediate azide compound is not limited thereto, and general
methods of synthesis can be applied. oL N _ :
[0037] The resuiting optically active cis-2-fluorocyclopropyiamine derivative can be used for obtaining a quinoions
derivative having a cis-flucrocyclopropyl group at the 1-position as a single isomer, The quinolone derivative according
to the present invention can then be obtained by reacting this igomer with the cyclic amine as described above.

- > [0038] The pyridonecarboxylic acid derivatives according to the present invention exhibit potent antimicrobial activity

" and thus can be used as human and veterinary medicines, fish medicines, agricultural chemicals, and food preserva-
tives. . .
[0035] The dose of the pyridonecarboxylic acid derivatives for use as human medicines ranges from 50 mgto1g,
preferably from 100 mg to 300 mg, per day for adults. The dose for use as veterinary medicines. generally ranges from
1 mg to 200 mg, preferably from 5 mg to 100 mg, per kg of body weight per day, though more o less varying depending
on the purpose of administration (therapeutic use or preventive use, etc.), the kind and size of the animal, the kind of
pathogenic 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 sometimes deviate from the above-recited range.
{0040] The pyridonecarboxylic acid derivatives of this invention are active against a wide variety of microorganisms

* causing various infectious diseases and capable of curing or alleviating and/or preventing the diseases caused by such

* pathogenes. T _

" {0041] Iflustrative examples of bacteria or bacterium-like microorganisms on which the pyridonecarboxylic acid de-

" rivatives of the invention are effective are Staphylococcus sp., Streptococcus pyogenes, Streptococcus Haemolyticus,
enterococci, Sireptococcus pneumoniae, Peptostreptococcus sp., Neisseria gonorrhogae, Escherichia coli, Citrobacter
sp., Shigella sp., Klebsiella pneumoniae, Enterobacter sp., Serratia sp., Proteus sp., Pseudomonas aeruginosa, Hae-
mophilus influenzae, Acinaetobacter sp., Campylobacter sp., and Chlamidiae.

[0042] Examples of diseases caused by these pathogenes include folliculitis, furuncle, carbuncle, erysipelas, phleg-
mon, lymphangitisfymphadenitis, lelon, subcutaneous abscess, spiradenitis, acne conglobata, infectious atheroma,
perianal abscess, mastadenitis, superficial secondary infactions after trauma, bum or surgery trauma, pharyngolaryn-
gitis, acute bronchitis, tonsiliitis, chronic bronchitis, bronchiectasis, diffuse panbronchiolitis, secondary infections of
chronic respiratory diseases, pneumonia, pyelonephritis, cystitis, prostatitis, epididymitis, gonococeal urethritis, non-
gonococcal urethritis, cholecystitis, cholangitis, bacillary dysentery, enteritis, adnexitis, intrauterine infections, bartho-
linitis, blepharitis, hordeolum, dacryocystitis, tarsadenitis, keratoheicosis, otitis media, sinusitis, paradentitis, pericoro-
nitis circumcoronitis, gnathitis, peritonitis, endocarditis, septicemia, meningitis, and skin infections.

[0043] Examples of susceptible microorganisms causing veterinary infectious diseases include those of fowl, such
as Escherichia sp., Saimonelia sp., Pasteurslia sp.. Haemophilus sp., Bordeteila sp., Staphylococcus sp., and Myco-
plasma sp. Specific examples of veterinary diseases caused by these microorganisms inciude colibacillosis, pullorum
disease, avian paralyphosis, fowl chlera, infectious coryza, staphylococcal infections, and mycoplasmal diseases:
those of swin, such as colibacillosis, saimonellosis, pasteurellosis, haemophylus infection, atrophic rhinitis, exudative
epidermitis, and mycoplasmal diseases; those for cattle, such as colibacillosis, saimoneliosis, hemorrhagic septicemia,
mycoplasmal diseases, bovine contageous plauropneumonia, and bovine mastesis: those of dogs, such as coliform
sepsis, saimonellosis, hemorrhagic septicemia, pyometra, and cystitis; and those of cats, such as hemorrhagic pleuritis,
cystitis, chronic rhinitis, haemophylus infection, kitten diarthea, and mycoplasmal diseases. '

" {0044] The compound of the present invention can be formulated into antimicrobial preparations in an appropriate
dose form according to the administration route selacted by the conventional preparation methods. The dose form for
oral administration includes tablets, powders, granules, capsules, solutions, syrups, elixiers, and oily or aqueous sus-
pensions. Injections may contain, in addition to the active ingredient, stabilizers, -anlisep(ics. and solubilizing agents.
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The solution which may contain such exclpcants is put in a container and further, the solution may be sub]ected to
lyophilization or the like means to prepare solid preparations which can be dissolved on use. The container may contain
gither a single dose or several doses. ]
{o045] Dose forms for external admmlstrauon include solutions, suspensions, emuisions, ointments, gels, creams,
lotions, and sprays.

[0046] in the praparation of solid preparations, the active mgredlent may be mixed with appropriately selected phar-
maceutically acceptable excipients, such as fillers, extenders. binders, dlsmtegrators. dissolution accelerators, wetting
agents, and lubricants. '
{0047] Liquid preparations include solutions, suspensions, and emulsions. They may contam excipients, such as
suspension stabilizers and emulsifiers.

. [o048] The compound of the present invention can’ be administered to animals orally either directly or admixed to

{eedstuff, or its solution may be given either directly or admixed to water or feedstuﬂ The compound may also be
administerad non-orally by, for example, injection.

fo049] The compound of the invention can be formulated into praparations for animals, such as powders, fine gran-
ules, solubilized powders, syrups, solutions, and injections, by commonly employed preparation methods.

[0050] Formulation Examples are given below for illustrative purposes.

FORMULATION EXAMPLE 1
Capsule: .
Compound of Example 8 100.0 mg.
Com starch 23.0mg
Caicium carboxymethyl celiulose 225mg
Hydroxyprepyimethyl cellulose 30mg
Magnesium stearate 1.5mg
total: - 150.0 mg
FORMULATION EXAMPLE 2
Solution: '
Compound of Example 7 " 1to10g
Acetic acid or sodium hydroxide 0S5to2g
Ethyl p-hydroxybenzoate - O1g
Purifled water 88.9t0 984 g
total: _ 100g
FORMULATION EXAMPLE 3
Powder for Admixture with Feedstuff:
Compound of Example 6 ' 1t010g
Corn starch 98.5t10985¢g
Light anhydrous silicic acid 0.5g
total: 100 g

[0051] The present invention is now illustrated in greater detail by way of the following Examples and Reference
Examples. Reference Examples describe the syntheses of optically active skeletons from an optically active cis-2-fluor-
ocyclopropanecarboxylic acid.

{0052] Antimicrobial activity of the optically active compounds prepared in Examples was evaluated in accordance
with the standard method specified by Nippon Kagakuryoho gakkai, and results obtamed are shown in Table 1 below
in terms of minimum inhibitory concentration (MIC: ug/ml).




Cl ai s Clainms for the fol l.ow ng Contractrng States AT BE "CH, DE, FR

GB, IT, LI, NL, SE 1. An- . =

N err]-(1, 2. cis-2- hal ogenocycl opropyl) subst i tut ed pyr| donecar MACEM&NT@HEET
deri vative represented byforrrula(l) [err]

.,_,,3 . - REPLACEMENT SHEET

REFEHENCE EXAMPLE 1 | - o o . 2_?3 SEP 1999' '

C1-1, Carbonm«mrdazole Method:

{0053] One gram of cis-2-flucrocyciopropanecarboxylic acrd was dissolved in 30 ml ot tetrahydmfuran (THF), and
1.78gof N, N'-carbonyidiimidazole was added therato, and the mixture was stirred at room temperature for 1 hour. To
the solution was added 1.45 g of (R)-(+)-c-methylbenzylamine, and the stirring was continued for 2 hours. The solvent

" was removed under reduced pressure, and the residue was extracted with chioroform. The extract was washed suc-
cessively with a 10% citric acid aqueous solution and water and dried over anhydrous sodium sutfate. The solvent was
removed under reduced pressure. Fromythe residual viscous oily substance, sach sterecisomer was isolated by HPLC
under conditions shown below. Each i isamer was recrystallized from diisopropy! ether to yneld the title compound (22)
or (2b). HPLC Conditions:

Column: - Nucleosil 50-5 (20 mm 1D X 250 mm L) (senshu Pack SSC Silica, 782-IN, produced by Senshu
. Kagaku)

Solvent: - ethyl acetate-THF (9:1 by volume)

Flow Rate: 9.0 mi/mtin

Retention Time: 11 mins, for Compound (2a)
: - 13 mins. for Compound (2b)

Compound (2a):

[o054] Melting Doint: 108°C

Elementary Analysis for C,oH,,FNO

Caled. (%) | C69.55;" | H6.81; N6.76
Found (%) § C68.31; H7.01; N 6.65

[ep: +61.96° (c=0.96S, chloroform)
TH-NMR (CDCly) 5 ppm: _
0.92-1.34 (2H, m), 1.50 (3H, d, J=7Hz), 1.50-1.96 (1H, m), 4.68 (1H, dm, J=64Hz), 5.14 (1H, m), 7.40 (5H, 5)
Physiochemical Properties of Compound (2b);

.[005§5] Meilting point: 102°C

Elementary Analysis for Cy4H4FNO

Caled. (%) | C69.55; | HE81; | N676
Found (%) i C69.45; | H6.87: | NB.70

[edo: : +14361° {c=0.830, chloroform)
1H-NMR (CDCl3) 5 ppr:
0.98=1.34 (2H. m), 1.52 (3H, d, J=THz), 1 64-1 .96 (1H, m), 4.58 (1H dm, J—SGHZ) 5.24 (1H, m), 7.40 (SH,
m)

1-2. Mixed Anhydride Method;

[0056] In 50 mi of THF wera dissolved 4.19 g of 2-flucrocyclopropanecarboxylic acid (cis-trans mixture) and 4.07 g
of triethylamine, and the solution was cooled to -10°C. To this was added a solution of 4.73g of ethy! chioroformate
in 20 ml of THF and the mixture was stirred for 10 minutes. To the solution was then added dropwise a solution of 4.88
g of (R)-(+)-c-methyibenzylamine in 30 m| of THF at that temperature, and the mixture was stirred at room temperature
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 sadium sulfate. The solvent was removed under reduced pressure, and the re-
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; sumng pale yellow oily substance was purified by silica gel column chromatography using a mtxad soivent of benzene
‘and ethyl acetate as an sluent to each of the title compounds (2a) and (2b).

W

_ (+)~cts—2-Fluorocvclogroganecarboguc acid laa)

{0057] In 15 ml of concentrated hydrochloric acid were dissolved 530 mg of the amide compound (2a) as prepared
in Reference Example 1, and the solution was heated at 100 to 110°C for 5 hours while stirring. To the reaction mixture
was added 20 ml of water, and the mixture was extracted with ethyl acetate. The axtract was then extracted with a
sodium hydrogencarbonate aqueous solution and this aqueous extract was washed with ethyl acetate. The aqueous
extract was adjusted to a pH of S with concentrated hydrochloric acid and extracted with ethyl acstate. The extract

. was dried over anhydrous sodium sulfate, and the solvent was removed under reducad pressure to Yield the title

compound (3a) as a pale yellow oil,
[cdp: <23.13* {e=1.020, chicroform)
- 1H-NMR (CDCl3) 3 ppm:
1.0-1.42 (1H, m) 160-2 10 (2H, m) 482 (1H, dm, J=65Hz), 12.0 (1H, s)

REFERENCE EXAMPLE 3

+}-cis-2 Fluorocyclopropanecarboxylic acid 3b);

{0058] [n 30 mi of concentrated hydrochioric acid were dtssolved 1.65 g of amide compound (2b) as prepared in

Reference Example 1, and the solution was heated at 100 fo 110°C for 5 hours while stirring. The pH of the reaction
mixture was adjusted between 8 and 9 with sodium hydrogencarbonate and then washed with chioroform. The pH of
the aqueous layer was adjusted 1o 4 with concentrated hydrochioric acid and extracted with ethyl acetate. The extract
was dried over anhydrous sodium suifate, and the soivent was removed under reduced pressure to give the title com-
pound (3b) as a pale yellow oil. '

[edg: +21.56° (¢=1.113, chioroformn)

1H-NMR (CDCl3) 5 ppm:

1.0-1.42 (1H, m), 1.56-1.98 (2H, m), 4.76 (1H, dm, J=66Hz), 11.32 (1H, s)

REFERENCE EXAMPLE 4

(+)-cis-1-(t-Butoxycarbonylamino)-2-flucrocyclopropane (4a):

[0059] In 5 mi 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 reflux for 4.5
hours. After removing the solvent under reduced pressure, the residue was extracted with chloroform. The extract was
washed successively with a 10% citric acid aqueous solution, a 2% sodium hydroxide aqueous solution and water,
and dried over anhydrous sodium suffate. The solvent was removed under reduced pressure, and the residue was
subjected to silica gel column chromatography using chioroform as an eluent to obtain the title compound (4a) as
colorless crystals.

Melting Point: 73°C

[a]p: +65.57° (c=0.610, chloroform)

TH-NMR (CDCly) 5 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}

AEFERENCE EXAMPLE S

(-)-cis-1-{t-Butoxycarbonylamino)-2-fluorocyclopropane (4b):

[0060] To & mi of I-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 the title compound (4b).

Melting Point: 63°C

{a]p: -60.27 (c=0.740, chioroform)

TH-NMR (CDCl.) § ppm:

TSHE
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REFERENCE EXAMPLE 6

(-)-Ethyi-24(1 .Zcis-z-ﬂuowlonman-l-yl)aminomethvlene|-3-0:0'3-(2.4.s-triﬂuorophenyl]grogionate (Sa):

{oos1] Ethyl 2.4,5-trifluorobenzoylacetate (234 mg). 2 ml of ethyl orthoformate, and 4 mi of acetic anhydride were
mixed and the mixtura was heated at 110 to 120°C (or 2 hours while stirring. The solvent was removed under reduced
pressure, and the residue was dissolved in 10 mi of dichioromethane.
{0062] Compound (4a) as obtained in Reference Example 4 (167 mg) and 5 mi of trifluorcacetic acid were mixed
and the mixture was stirred at room temparature for 20 minutes and concentrated {0 dryness under reduced pressure
(the resulting amine triflucroacetate was used without purification). The residue was dissolved in 10 mi of dichlorometh-
ane and cooled to -10°C. A solution of 230 mg of triethylamine in 10 ml of dichioromethane was added dropwise thereto,
Thereafter, the above prepared dichioromethane solution was added dropwise to the mixture, followad by stirring at
room temperature overnight. The solvent was evaporated to dryness under reduced pressure, and the residue was
subjected to silica gel column chromatography using a mixed soivent of benzene and ethyl acetate (2:1 by voluma).
A yellow oily substance was obtained from the eluent after removal of the solvent. The product was recrystallized from
diisopropyl ether-n-hexane to vield the title compound (5a) as colorless crystals. -

Melting Point: §9-70°C*

[cedo: ~10.29° (c=1.088, chioroform)

REFERENCE EXAMPLE 7

{0063] Ethyl 2,4,5-trifluorobenzoyiacetate (337 mg), 2 mi of ethyl orthoformate, and 4 mi of acetic anhydride were
mixed, and the mixture was heated at 110 to 120°C for 2 hours while stirring. The soivent was removed under reduced
pressure, and the residue was dissoived in 10 ml of dichloromethane.
[0064] Compound (4b} as obtained in reference Example 5 (240 mg) and 5 mi of trifluoroacetic acid were mixed and
the mixture was stirred at roorn temperature for | hour, foliowed by concentration under reduced pressure (the amine
triflucroacetate was used without purification). The residue was dissoived in 10 ml of dichloroethane, and the solution
was cooled to -10°C. A solution of 230 mg of triethylamine in 10 mi of dichloromethane was added thereto dropwise,
and the above-prepared dichloromethane solution was further added to the mixturs, followed by stirring at room tem-
perature overnight. The solvent was removed under reduced pressure, and the residue was subjected to silica gel
column chromatography using a mixed sotvent of benzene and ethyl acetate (2:1 by volume). A yellow oily substance
was obtained from the eluent after removal of the solvent, Recrystallization from diisopropyl ether-n-hexane gave the
title compound (Sb) as coloriess crystals.

Melting Point: 68-70°C :

[e]p: +12.09 (c=0.645, chioroform)

REFERENCE EXAMPLE 8

(+)-6,7-Difluoro-1-(1.2-¢cis-2-fluorocyciopropyl)-4-oxo-1, 4-dihydroguinoiine-3-carboxylate (6a):

{0065] in 15 mil of anhydrous dioxane were dissolved 180 mg of Compound (5a) as obtained in Reference Example
8, and 200 mg of 60% sodium hydride were added o the solution, followed by stirring at room temperature {or 2 days.
The reaction mixture was added to a 10% citric acid aqueous solution, followed by concentration under reduced pres-
sure. The residue was extracted with chioroform, and the extract was dried over anhydrous sodium suffate. The solvent
was removed under reduced pressure. The residue was purified by silica gel preparative TLC using benzene-ethyl
acetate (1:2 by volume) as a developing soivent lo yield the title compound (6a) as colorless crystals.

Melting Point: 231-232°C

[eo: +27.20° (c=0.610, chioroform)

TH-NMR (CDCl,) 5 ppm: .

1.20 (3H, t, J=7Hz). 1.8-1.9 (2H, m), 3.28-3.56 (1H, 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 & 11Hz), 8.58 (1H, s)
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.\-Ethyl 6,7-difluoro-1-(1.2:cis-

-lopropyl)-4-0x0-1,4-dih

uinoling-3-carboxylate (6b):

[{0088] In1S ml of anhydrous dioxane wers dissolved 267 mg of Compound (5b) as obtained in Reference Example
7, and 200 mg of 60% sodium hydride were 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 pres-
sure. The residue was extracted with chioroform 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 solvent to yield the title compound (8b) as colorless crystals. =~ =

Melting Point; 226-227°C ' _

{cdp: -31.36° {c=0.610, chioroform)

TH-NMR (COClL) s ppm;. .

. 1.22(3H, t, J=7Hz), 1.5-1.8 (2H, m), 3.26-3.52 (1H, m), 4.40 (2H, q, J=7Hz2), 5.10 (1H, dm, J=63Hz), 7.58

(1H., dd, J=11Hz & 7Hz), 8.26 (1H, dd, J=10Hz & 11Hz), 8.55 (1H. s)

REFERENCE EXAMPLE 10

[0067] In 15 mi of concentrated hydrochioric acid were dissolved 1 06 mg of the ester (6a) as obtained in Reference
Example 8, and the solution was heated at 100 to 110°C for 2 hours while stirring. To the reaction mixture were added
15 mi of water, and the precipitate was coliected by filtration to obtain the title compound (7a) as colorless crystais.

Meiting Point: 265-270°C : .

[o]p: +3.66° (c=D0.383, acstic acid)

1H-NMR (CDCls) 5 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=18Hz & BHz), 8.94 (1H, s)

REFERENCE EXAMPLE 11

[0068] in 10 ml of concentrated hydrochioric acid were dissolved 150 mg of the ester (8b) as obtained in Reference
Example 9, and the solution was heated at 110°C for 2 hours while stirring. To the reaction mixture were added 20 mi
of water, and the mixture was extracted with chioroform. The extract was dried over anhydrous sodium sulfate, and
the solvent was removed under reduced pressure. The residua was recrystallized from ethanol to yieid the title com-
pound (7b) as colorless crystals. -

Melting Point: 261-264°C

[a]p: ~4.08° (c=0.343, acetic acid)

1H-NMRA (CDCly) 3 ppm:

1.75-1.95 (2H, m), 3.58 (1H, ), 5.18 (1H, dm, J=64Hz), 7.82 (1H, dd, J=12Hz & 7Hz), 8.37 (1H. dd, J=12Hz

& B8 Hz),8.94 (1H 5) :

EXAMPLE 1

7-{3-{S)-t-Butoxycarbonylamino-1-pyrrolidinyt]-8-fluoro-1-(1 .2-cis-2-fluorocyclopropyi)-4-0xo-1 4-dihydroquinoline-
3-carboxylic acid (Ba):

{0069] Seventy milligrams of the carboxylic acid (7a) as obtained in Reference Example 10, 150 mg of (S)-3-(t-
butoxycarbonylamino)pyrrolidine, 200 mg of triethylamine, 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 residue was added a
10% citric acid aqueous solution, followed by extraction with chioroform. The exiract was dried over anhydrous sodium
sulfate, and the solvent was removed under reduced pressure. The residue was recrystallized irom ethyl acetate 1o
obtain the title compound (8a) as yellow crystals.

Melting Point; 236-239°C

[a]p: +1.0°(c=0.200, chioroform)

TH-NMRA (CDCl,) 3 ppm:

N



2. A cerrpound as. clai rred in claim 1, V\/nerer n a 4l i d| ne, . . .'
di azabi cycl ohept ane, -or -a di azabi cycl ooct ang. Rﬁﬁ@i\@g Sﬁ%ﬂé salt thereof.
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1.2-1.7 (2H, m).146(9H s), 1.7-1.9 (TH, m), 2.0-2.36 (1H, m), 3.3-4.0 (SH, m), 42-44(1H m). 5.08 (1H,
dm, J=68Hz), 6.68 (1H. G, J-7Hz) 7.84 (1H, d, J=14Hz), 8.46 {1H, s)

EXAMPLE 2

[&(Skt-autogcarbonzlammod :ggrrolrdmgl]-é-ﬂuoroﬂ (1 2-cis-2-11 uorﬂclagrogvl)-&oxoq .4-dihydroquinoiine-
wmllc acid (8b):

[0070] The carboxylic acid as obtained in Reference Exémple 1 (7b) (112 mg), 200 mg of (S)-3-(t-butoxycarboxy-
iamino)pyrrolidine, 220 mg of triethylamine, and 15 mi of acetonitrile were mixed, and the mixture was heated under
reflux for 4 hours. The solvent was removed under reduced pressure, and to the residue was added a 10% citric acid
aqueous solution, followed by extraction with chioroform. The extract was dried over anhydrous sodium sulfate, and
. the solvent was removed under reduced pressure. The residue was recrystallrzed from ethyl acetate to yield the title .

compound (Bb) as yellow crystals.

Melting Point: 242-243°C

- [ofp: ~4.0° (c=0.448, chioroform)

1H-NMR (CDCly) § ppm:

1.0-1.7 (2H, m), 1.40 (9H, s), 1.6-1.8 (1H, m), 1 9-2.1 (1H, m), 3.3-3.9 (5H m), 4.2-4.5 (1H my), 5.00 (1H,

dm, J=68Hz), 6.58 (1H, d, J=7Hz), 7.72 (1H, d, J=14Hz), 8.32 (1H, s)

EXAMPLE 3

(0071] in 10 mi of trifluoroacetic acid were dissolved 80 mg of the carboxylic acid (8a) as obtained in Exampile 1.
After stirring for 20 minutes, the reaction mixture was evaporated under reduced pressure to dryness. To the residue
were added 5 mi of water, and was further added a 1N sodium hydroxide aqueous solution to dissolve the residue.
The pH of the aqueocus layer was adjusted to 7.5 with 1N hydrochloric acid, followed by extraction with chioroform,
The extract was dried over anhydrous sodium suifate, and the solvent was removed under reduced pressure. Recrys-
tallization of the residus from ethanol yielded the title compound as colcrlass crystals.

Melting Point: 248-252°C

[odp: -31.35° (¢=0.370, 1N NaOH aqueous solution) -

TH-NMR (CDClg) 5 pprm:

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 (1H, d, J=7THz), 7.58 (1H, d, J=14Hz), 8.29 (1H, s)

- EXAMPLE 4

clopropyl)-4-oxo-1 .4-dihydroguiholine-3—carboglic acid

-6-fluoro-1-{1.2-cis-2-fluor

- '[0072] To 10 ml of trifiluoroacetic acid were added 80 mg of the carboxylic acid (Bb) as obtained in Example 2. After
stirring for 20 minutes, the reaction mixture was evaporated to dryness under reduced pressure. To the residue were
added 5 ml of water, and was further added a 1N sodium hydroxide aqueous solution to dissolve the residue. The pH
of the aqueous layer was adjusted to 7.5 with 1N hydrochloric acid and followed by extraction with chioroform. The

" extract was dried over anhydrous sodium suifate, and the solvent was removed therefrom under reduced pressure.
Recrystallization of the residue from ethanal gave the litle compound (9b) as colorless crys(als

Melting Point: 236-240°C
{clp: +23.72 (c=0.413, 1N NaOH aqueous solution)
'H-NMR (CDCly) 3 ppm:
1.55-1.69 (2H, m), 1.69-1.77 (1H, m), 2.07-2.15 {1H, m), 3.15-3.22 (1H, m). 337-347 (2H, m), 3.52-3.58
(2H, m), 3.58-3.66 (1H, m), 5.13 (1H, dm, J=65Hz), 6.62 (1H, d, J=7Hz), 7.61 (1H, d; J=14Hz), 8.30 (1H. s)
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REFERENCE EXAMPLE 12

[-)-Ethyi 2-[11.2-cis-2-fluoro-1
10a):

{0073] Ethyl 3-chloro-2,4,5-trifluorobenzoylacetate (1.5 g), § mi 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 con-
centrated to dryness under reduced pressurs, and the residue was dissoived in 5 mi of dichloromethane.

[0074] Seven milliiters of trifluoroacetic acid was caoled with ice, and 480 mg of (+)-cis-1 -(t-butoxymrbonylammo)-
2-flucrocyclopropane (4a) were dissolved therein. The solution was stirred at roomtemperature for 20 minutes, followed

‘by evaporation under reduced pressure to dryness. The residue was suspended in 10 ml of dichloromethane, and 3
mi of triethylamine were added thereto under ice-cooling. After stirring for 20 minutes, the above-prepared dichio-
romethane solution was added thereto, and the mixture was stirred for 1 hour. The reaction mixture was washed with
water and dried over anhydrous sodiurn sulfate. The solvent was removed under reduced pressure. The residue was
subjected to flash column chromatography using a mixed soivent of benzene and sthyl acetate (5:1 by volume) as an
eluent. The solvent was removed under reduced pressure, and the residue was washed with diisopropyl ether to cbtain
620 mg of the title compound (10a).

Meilting Point: 98-1 00°C
[a)p: -6.66° (c=0.898, chloroform)

Elementary Analysis for C45H2CIF4NQ4:

Caled. (%) | C49.26; | H3.31; N383
Found (%) | C49.3%;- | H322 N 3.86

TH-NMR (CDCly) § ppm:
0.95. 1.08 (3H, 1:2.5, each t, J=THZ), 1.0-1.5 (2H, m), 2.8-3.15 (1H, m), 4.03, 407 (2H, 1:2.5, each q,
J=7Hz), 478 (1H, dm, J=65Hz), 7.13 (1H, ddd, J=5.9, 8.6, & 9.5Hz), 8.20, 8.25 (1H, 1:2.5, each d, J=14H2)

REFERENCE EXAMPLE 13

{+)-2-[[1,2-cis-2-Fluoro-1 -cvcloprogzl)amino]methylenel-3—9_xo-3-(3-chloro-g44.S-tfiﬂuorophenyllgmgionate {(10b):

{0075] Ethyl 3-chloro-2,4,5-trifluorobenzoylacetate (1.5 g), 6 ml of ethyl orthoformate, and 10 mi 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 con-
centrated to dryness under reduced pressure, and the residue was dissolved in 10 mi of dichioromethane.
{0076] Ten milliliters of trifluoroacetic acid were ice-cooled, and 1.12 g of (-)-cis-1-(t-butoxycarbonyiamino)-2-fluor-
ocyclopropane (4b) were disscived therein. After stirring at room temperature for 20 minutes, the mixture was evapo-
rated to dryness under reduced pressure. The residue was suspended in 20 ml of dichioromethane, and 2.0 g of
triethylamine were added to the suspension under ice-cooling. The above-prepared dichloromethane solution was then
added thereto, followed by stirring for 1 hour. The reaction mixture was washed with water and dried over anhydrous
sodium sulifate.. The solvent was removed under reduced pressure. The residue was subjected to flash column chro-
matography which was eluted with a mixed solvent of benzene and ethyl acetate (4:1 by voiume). The solvent of the
eluent was removed under reduced pressure. The residue was washed with diisopropyl ether-n-hexane to obtain 1.74
g of crystais of the title compound (10b).

Meilting Point: 89-100°C

[a)o: +6.70° (c=0.89S, chioroform)

Elementary Analysis for CygH;2CIF4NO4:

Calcd. (%) i C 49.26; H 3.31: N 3.83
Found (%) { C 49.41: H 3.60: N 4.06

'H-NMR (CDCl,) 8 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, 1:2.5, each q.
J=7Hz), 4.78 (1H, dm, J=65Hz), 7.13 (1H, ddd, 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 14

Ethyl 8-chioro-6.7-difluoro-1

[(0077]. In77ml of anhydrous dioxane were dxssolved 620 mgot Compound (10a) as prepared in Reference Example
12, and 80 mg of 60% sodium hydride were added ta the solution, followed by stirring at room temperature for 1 hour,
Ethyl acetate was added to the reaction mixture, and the mixture was washed successively with a 10% citric acid
aqueous solution and water. The organic layer was dried over anhydrous sodium sulfate, and the solvent was removed
therefrom under reduced pressura, The residue was washed with n-hexane to obtain 551 mg of the title compound
{11a) as colorless crystals. . .

Melting Point: 181-184°C

[odp: +45.1° (c=1.18, chioroform)

Elementary Analysis for Cyghi4oCIF4NO;:

Caled. (%) : C52.12; H 3.21; N 4.05
Faund (%) | C 52.09; H3.33; N 4.01

1H-NMR (CDCly) 5 ppri:
1.40 (3H, 1, J=7HZ), 1.4-1.9 (2H, m), 4.08 (TH, m), 4.39 (2H, q, J=THZ), 4.90 (1H dm, J=65Hz), 8.24 (1H,

. dd, =10 & 11 Hz)

REFERENCE EXAMPLE 15

{-)-Ethyl 8-chioro-8,7-difluoro-1 ~(1,2-cis-2-fluoro-1-cyclopropyi}-4-oxo-1 A-dihydroguinoline-3-carboxylate (11b): .

[0078] In 10 mi of anhydrous dioxane were suspended 560 mg of §0% sodium hydride having been washed twice
with anhydrous n-hexane. The suspension was added to a solution of 1.70 g of Compound (10b) in 20 mi of anhydrous "
dioxane, followed by stirring at room temperature for 2 hours. The solvent was removed under reducad pressure, and-
0.1N hydrochloric acid was added to the residue. The precipitated crystais were collected by filtration, washed suc-
cessively with water and diethyl ether, and dried under reduced pressure to obtain 1.44 g of the title compound (11b)
as colorless crystals

Melting Point: 174°C

[alp: -45.3° (c=1.05, chioroform)

Elementary Analysis for C;5H;,CIF4NO;:

Caled. (%) i C52.12; H3.21; N 4.05
Found (%) i C 51.80; H 3.45; N 4.15

1H-NMR (CDCly) § ppm:
1.40 (3H, t, J=7HZ), 1.4-1.9 (2H, m), 4.08 (1H, m), 4.39 (2H, q, J=7HZ), 4.90 (1H dm, J=65Hz), 8.24 (1H,
dd, J=10 & 11 Hz) ~
IR(KBr); Ve, el 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 (12a);

(0079} The ester (11a) (540 mg), 5 ml of concentrated hydrochléhc 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 were added 50 ml of water, and

- the precipitated crystals were collected by filtration, washed successively with water and diethyl ether, and dried under

reduced pressure lo obtain 420 mg of the title compound-(12a) as colorless crystals.
Melting Point; 170-171°C
[«lp: +30.4° (c=0.54, chloroform)
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Elementary Analysis for Cy3H;CIF3NO;:

Caicd. (%) | C49.16: | H2.22: | N4.41
Found (%) | C49.21; | H2.49; N 4.27

TH-NMR (CDCl;) 8 ppm: ' -
1.3-2.0 (24, m), 412—434(1H m) 4,95 (1H, dm. J-GSHZ) 8.27 (1H, dd J=8 & 8Hz), 8.87, 8.89 (1H, each
s, split 1:1} .

REFERENCE EXAMPLE 17

[0080] The ester (11b) (1.40 g) and 10 mi of concentrated hydrochloric acid were mixed and the mixture was heated -
at 110°C for 2.5 hours under stirring. To the reaction mixture were added 50 mi of water, and the precipitated crystais
were collected by filtration, washed with water and diethy! ether, and dried under reduced pressure to obtain 1.16 g of
the title compound (12b) a$ colorless crystals.

Melting Point: 177-182°C

[clp: -26.8° {¢=0.90, chioroform)

Elementary Analysis for C,3H;CIFaNO3:

Caled. (%) | C48.16; -] H2.22;. | N 441
Found (%) | C49.28; | H2.40; | N 466

1H-NMR (CDCly) 5 ppm:
1.3-2.0 (24, m), 412—434(1H m), 4.95 (1H, dm, J=63H2), 8.27 (1H, dd, J..B&BHz) 8.87, 889(1H each
s, split 1:1)

EXAMPLE 5

(+)-7-[3-(S}-Aming-1 gzrrohdmyll-a-chloro-s-ﬂuorod (1,2-crs-2—ﬂuoro-1 -cyclopropyi)-4-oxo-1.4-dihvdroquinoline-
3-carbogkc acid (13a)

[0081] Five milliliters of trifluoroacetic acid were cooled with ice, and 230 mg of 3-(S)-1-t-butoxycarbonyi-3-(t-butox-
yecarbonyiamino)pyrrolidine were dissolved therein, followed by stirring at room temperature for 20 minutes. The reac-
tion mixture was evaporated to dryness under reduced pressure, and the residue was dissolved in 15 mi of acetonitrile.
To the solution were added 170 mg of the carboxylic acid (12a) and 400 mg of triethylamine, followed by refluxing for
8.5 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 hydrochioric acid and extracted with chioroform. The extract was dried over anhydrous sodium sulfate, and
the solvent was evaporated. The residue was recrystallized {rom aqueous ammonia-ethanol to obtain 138 mg of the
title compound (13a) as colorless crystals.

Melting Point: 214-217°C (with decomposition)

[a)o: +120.8° (c=0.475, 0.1N NaOH aqueous solution)

Elementary Analysis for C,7H,gCIFaN304:1/2H,0:

Caled. (%) C 51.98: H 4.36; N 10.70
Found (%) C 52.07; H4.71; N 10.72

"H-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 (1H, d, J=14Hz), 8.44, 8.45 (1H, each s, split, 1:1)
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7-[3-(S)-amino-1 -pyrrolidiny]-6-fluoro-1-(¢1f |
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-pyrrol i-diEXMALES, 8- di f | uoro-1- (1 , 2-cis-2-fl.uorocycl opropyl) 4- oxo- 1
4 di hydr O.Cll'lls.n -Amino-1-pyrrolidinyl)-8-chiorg-6-flugro-1-(1. 2-c|s-2-ﬂuoro-1-cvclog pyl)-4-oxo-1,4-dihydroquinoline-

3-carbo lic acid (130):

[0082] Five milliliters of triflucrocacetic acid were cooled with ice, and 230 mg of 3-(8)-t—butoxycarbonyl—3—(t-butoxy-
carbonylamino)pyrrolidine were dissolved therein, followed by stirring at room temperature for 20 minutes. The reaction
mixture was evaporated to dryness under reduced pressure, and the residue was dissoived in 15 ml of acetonitrile. To .
the solution were added 170 mg of the carboxylic acid (12b) and 400 mg of triethylamine, and the mixture was heated
under refiux for 6.5 hours. The reaction mixture was evaporated to dryness under reduced pressure. A 1N hydrochioric
acid was added to the residus, and the mixture was washed with chloroform. The aqueous layer was adjustedtoapH -
of 12 with a 1N sodium hydroxide aqueous solution, and the aqueous layer was adjusted to a pH of 7.6 with hydrochioric
acid and extracted with chioroform. The extract was dried over anhydrous sodium suifate, and the soivent was evap-

. orated. The residue was recrystallized from aqueous ammoma-ethanol to give 158 mg of the title compound (13b) as

" colorless crystals. .
: Melting Point: 247-252°C (with decomposition)

[odp: -94.7° (c=0.378, 0.1N NaOH aqueous solution)

Elementary Anaiysis for Cy7H,gCIF,N305:-H,0:

Caled. (%) C 50.82; H 4.52; N 10.46
Found (%) C 50.97; HS.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, B.44 (1H,

each s, split, 1:1)

REFERENCE EXAMPLE 18

fooss] Ethyl 2,3,4,5-tetrafluoro-6-nitrobenzoylacetate (1.5 g), 6 mi of ethyl orthoformate, and 10 ml of acetic anhy-
dride were mixed, and the mixture was heated at 120°C for 2 hours. The reaction mixture was concentrated to dryness,
and the residue was dissolved in 10 ml of dichioromethane.
foos84] Ten milliliters of trifluorcacetic acid were cooled with ice, and 1.1 g of (+)-cis-1 -(t-butoxycarbonylammo)-
. 2-fluorocyciopropane (4a) were dissolved therein. The solution was stirred at room temperature for 20 minutes, followed

by evaporating to dryness under reduced pressure, The residue was suspended in 20 mi of dichloromethane, and 2.0
g of triethylamine were added thereto under ice-cooling, followed by stirring for 20 minutes. The above-prepared dichlo-
romethane 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 (14a) were
combined, and the solvent was removed under reduced pressure. The residue was washed with n-hexane to yield
1.57 g of crystals of the titie compound (14a).

Melting Point: 99-100°C

ladg: -10.3% (¢=1.25, chiorolorm)

Elementary Analysis for C,gHq,FsN,Og

Caled. (%) i C 45.7Q: H 2.81: N7.10
Found (% C 45.60: H 3.01; N 7.03

tH-NMR (CDCl) & ppm:
~ 1.10(3H, 1, J=7Hz), 1.2-1.55 (2H, m), 2.88-3.16 (1H, m), 4.08 (2H, q, J=7Hz), 4.45 {1H, dm, J=63Hz), B.29
{1H, d, J=14H2)
IR(KBr): v, cM°': 3454 1734, 1626, 1568, 1521, 1482



I|ne 3- carboxyllc aci d;

7-[4-(9S)-

.Iopropyl
7-[3-(R)-

e REPLACEMENT SHEET
am no-2-(9)- nethyl-l-pyrrolldlnyl] - feoro—d—il2-
)-4-0x0-1, 4-di hydro- . -~ 1,8 naphth T_f. 1000 ke CEMENT i Y

sk 2- quoro

%é‘i

[1-(9)-ani noethyl ]-1- yrrolldlny]q8- '1,2-cis- 2§
Iuorocyclopropyl) -4- 0x0- 1, 4-di hyd- i c aci d;
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. 2-ci s- 244l P : ¥ 4124 dWsirafiuoro-6-nitrophenvijpropionate
drqu|nou, £- oXYy ;. or

5-am no-7-[ 7- am no- 5- azasp|r0[2 4] hept an-5-yl ] - 6 8- dlfluoro 1- (1 2-cis-2-fl
uor ocycl q9ees]pEihyl-24453eratluord-Salirbbpokoylacetate (1.5 g), 6 mi of ethyl orthoformate, and 10 mi of acetic.anhy- -

dride were mixed, and the mixture was heated at 110 to 120°C for 1 hour while stirring. The reaction mixture was -

concentrated to dryness, and the residue was dissolved in 10 mi of dichloromethane.

{00B6] Ten milliliters of trifluorcacetic acid were ice-cooled, and 1.10 g of (-)-cis-1 -(t-butoxycarbonylammorz-ﬂuor-'

acyclopropane (4b) were dissolved therein, followed by stirring at room temperature for 20 minutes. The reaction mix-
ture was evaporated to dryness under reduced prassure, and the residus was suspended in 20 ml of dichloromethane.
To the suspension were added 1.8 g of triethylamine under ice-cooling, followed by stirring for 20 minutes. To the
mixture was added the above-prepared dichloromsthane solution, iollowed by stirring for 2 hours. The reaction mixture

" was washed with water and dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure,

and the residue was subjected to flash column chromatography using benzene as an eluent. The fractions of the
product (14b) were combined, and the solvent was removed under reduced pressure. The residue was washed with
n-hexane to yield 1.50 g of crystalis of the title compound (14b)

Meiting Point: 98-100°C

{odp: -10.1° (=2.09, chiorotorm)

Elementary Analysis for Cyghly, FsN.Og
Caled. (%) i C45.70; | H281; | N7.10
Found (%) i C 45.77; H 3.38; N7.18

1H-NMR (CDCl;) & ppm: .
1.10 (3H. 1, 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)
' IR(KBr): vpax cm°1: 3454 1695, 1638, 1554, 1515

REFERENCE EXAMPLE 20

{+)-Ethvl 6,7 .8-trifluoro-1-(1 ,2-cis—2-ﬂuoro-1-cyclogrogyl)-s-nitrb«t-oxoﬂ 4-dihydroquinoline-3-carboxylate (15a):

{0087] In 20 ml of anhydroué dioxane were suspendéd 580 mg of 60% sodium hydride having been washed twice

with n-hexane. The suspension was added to a solution of 1.90 g of Compound (14a) in 20 mi of anhydrous dioxane.
The mixture was stirred at room temperature for 1 hour, and the soivent was removed from the reaction mixture under
reduced pressure. To the residue was added 0.1N hydrochioric acid. The crystais thus formed were collected by filtra-
tion, washed successively with water and diethyl sther, and dried under reduced pressure to obtain 1.85 g of the title
compound (15a) as colorless crystals.

Melting Point: 172-176°C

[alp: +10.7° (e=1.12, chloroform)

Elementary Analysis for C,gH;oF4N;Og

Caled. (%) i C 48.14; H 2.89: N7.48
Found (%) | C 48.29; H 278 N7.20

TH-NMR (CDCl,) 3 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
(1H, s) '
IR(KBr): v qe c°1: 3454 1734, 1626, 1566, 1521 1482

REFERENCE EXAMPLE 21

.4-dihydroquinoline-3-carboxylate (15by:

-)-Ethyl 6.7, 8-trifluoro-1-(1.2-¢is-2-fluoro- 1 -cyclopropyf)-5-nitro-4 -oxo- 1

[0088] (n 10 mi of anhydrous dioxane were suspended 440 mg of §0% sodium hydride having been washed twice
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7-[ 7- ani no-5- azaspi ro[2 4} hept an- 5- yI] chl ¢ro-6-fluoro-1} (L. 2-cis-2-fl _u0r
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d
. 2-Cis-2- m%l:ed y st? .\X;%Trg erRQé ure for 30 minutes, The solvent was removed from the reaction mixture under
' reduced prassure. To the residue was added 0. 1N hydrochioric acid, and the formed crystals were collactad by filtration,
washed successively with water and diethyl ether, and dried under reduced pressure to obtain 1.18 g of the title com-
pound (15b) as colorless crystals,
Meiting Point: 171-175°C
[edp: -11.1° {c=0.27, chioroform) -

- Elementary Analysis for CqgtyoF4N3O5

Caled. (%) i C 48.14; H269; N7.49
Found (%) i C48.44; H3.17; N 7.48

1H-NMR (CDClLy) 8 ppm:
1. 36(3H 1, J=7Hz), 1.4-1.92 (2H, m), 374-4 02 (1H, m), 4.36 (2H. q, J_.7Hz).494(1H dm, J-62Hz) 8.54
(1H. s)
: IR(KBr) Venax M1 1731, 1626, 1568, 1485, 1323, 1275

HEFEHENCE EXAMPLE 22_ .

(+)—Eth1l5-amino-6.7.8-triﬂuoro-1-(1 2-cis-2-fluoro-1 lopropyl)-4-oxo-1.4-dih uinoline-3-carboxylic acid (16a); -

[oo8g] The nitro compound (15a) (1.60 g), & mi of Raney nickel, and 200 ml of sthanol were mixed, and the mixture
was shaken for 2.5 hours in a hydrogen atmosphere. 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 (16a) were combined, and the solvent was removed therefrom
under reduced pressure. The residue was recrystallized from ethanol to obtain 770 mg of the title compound (16a) as
pale yellow crystals.

Melting Point: 190-181°C

[elp: +26.0° (c=0.786, chloroform) .

Elementary Analysis for CygH,aF4N2O4

Caled. (%) | C52.33; H3.51; N8.14
Found (%) | C5213 H3985 N8.13|

H-NMR (CDCly) 8 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 (1H, dm, J=63Hz), 6.8-7.1
{(2H, m), B.37 (1H, s)
IR(KBr): Vepax C°: 3436, 1683, 1653, 1557, 1461, 1284

REFERENCE EXAMPLE 23

1)-4-oxo-1.4-dihydroguinoline-3-carboxylate (16b):

[0090] The nitro compound (15b) (1.60 g). 3 mi of Raney nickel, and 120 mi of ethanol were mixed, and the mixture
was shaken for 4.5 hours in a hydrogen atmosphere. The catalyst was removed by filtration through Caelite, and the
filtrate was concentrated under reduced pressure. The residue was subjected 1o silica gel column chromatography
using chioroform as an eluent, The fractions of product {16b) were combined, and the solvent was removed under
reduced pressure, The residue was recrystallized from ethanal to obtain 620 mg of the tille compound (16b) as pale
yellow crystals.

Melting Point: 191-193°C

[e)p: -25.9° (c=0.85, chioroform)

-)-Ethyl 5-aming-8,7.8-trifluoro-1-(1,2-cis-2-fluoro-1-¢

Elementary analysis for C;gHq2F ¢N2O;

Caled. (%) { C52.33; H3.51; N8.14
Found (%) | C 52.16; H 3.5¢4; N 8.08
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1H—NMF! (CDC!;) 3 ppm:

©'1.39(3H, 1, J=THz), 1.4-1.8 (2H, m), 3so-aaa(m m), 4.38 (2H, g, J.7Hz) 487 (1H, am, J_oSHz).68-71
(2H, m). 8.38 (1H,5) _ |
IR(KBI): Vynax CTY: 3436, 1683, 1653, 1533, 1464, 1284

REFERENCE EXAMPLE 24

5-Amino-6.7 8-trifluoro-1-{1,2-cis-2-fluoro-1

{0091] The ester (162) (750 mg) and 10 mi of concentrated hydrochioric acid were mixed and the mixture was heated
_ at 100°C for 2 hours while stirring. To the reaction mixture was added 20 m| of water, and the precipitated crystals were
. collected by filtration to obtain 610 mg of the title compound (17a) as colorless crystals.

Melting Point: 297-300°C
Elementary Analysis for Cq3HgF4N,O5
Caled. (%) j C 49.38; H255 | NB8.86
Found (%) i C 49.43; H2891; N8.84
TH-NMR (DMSO-dg) § ppm:

1.42.1 (2H, m), 3.9-4.2 (1H, m), 5.08 (1H, dm, J=65Hz), 7.72 (1H, s), B.62 (1H, 5)
IR(KBN): Ve C1°1: 3448; 3334, 1725, 1656, 1586, 1566, 1518

REFERENCE EXAMPLE 25

S-Amino-8.7,8-trifluoro-1-(1,

[0092] The ester (16b) (588 mg) and 10 mi of concentrated hydrochioric acid were mixed and the mixture was heated
at 100 to 110°C for 2 hours while stirring. To the reaction mixture were added 20 mi of water, and the precipitated
crystais were collected by filtration to obtain 514 mg of the title compound (17b) as colorless crystals. '

Meiting Point: 295-300°C
Elementary Analysis for Cy3HaF4N2O4
Caled. (%) i C49.38; H 2.55; N 8.86
Found (%) i C 49.41; H2.81; N 888
1H-NMR (CDCly) & ppm:

1.4-2,1(2H, m), 3.9-4.2 (1H, m), 5.08 (1H, dm, J-SSHZ) 7.72 (1H, s), 8.62 (1H, s)
-~ IR: vax CMY: 3448, 3334, 1725, 1656, 1596, 1566, 1518

EXAMPLE 7

{-)-5-Amino-7-[3-(S)-amino-1-pyrrolidinyl]-6.8-difluoro-1-{1,2-cis-2-fluoro-1-cyclopropyl)-4-oxo-1.4-dihydroguinoiine-
3-carboxylic acid {18a):

[0083] Five milliliters of trifluoroacetic acid were cooled with ice, and 230 mg of 3-(S)-1-l-butoxycarbonyl-3-(-butox-
ycarbonylamino)pyrrolidine were dissolved therein, followed by stirring at room temperature for 30 minutes. The reac-
tion mixture was evaporated to dryness under reduced pressure, and the residue was dissalved in 25 ml of acetonilrile.
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 reaction mixture was evapdraled to dryness under reduced pressure, and 1N
hydrachloric acid was added to the rasidue. After washing the mixture with chloroform, the aqueous layer was adjusted
to a pH of 12 with a 1N sodium hydroxide aqueous solution, followed by washing with chloroform. The aqueous layer
was then adjusted 1o 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 préssure. The residue was recrystallized
{rom aqueous ammonia-ethanal to obtain 128 mg of the titled compound (18a) as colorless crystals.

Melting Point: 224-230°C

[edn: -4.72° (c=0.888. 0.1N NaOH aqueous solution)
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Elarhentary Analysis for Cy7H17F3N4O4
Caled. (%) | C53.40; | H4.48; | N14.65
Found (%) i C53.28; | H4.08: | N1454
1H-NMR (NaOD)) 5 ppm:

1.47-1.58 (1H, m), , 1.67-1.78 (2H, m) 207211 (1H, m), 328-344(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, 5) _
1R Vo T 3400, 1728, 1635, 1605, 1518, 1433, 1350, 1308

EXAMPLE 8

-+ S-Amino'7-3-$ amino-1-pyrroliinyl}-6.8-difluoro-1- 1;2-cis-2-ﬂuoro-1-'cyclopropyn-4—oxo-1.4-dihvdg uinoling-
3-carboxylic acid (18b): ' : T '

foos4] Five milliiiters of trifluorcacetic acid were cooled with ice, and 230 mg of 3-(S)-1-t-butoxycarbonyi-3-(t-butox-
y@rbonylammo)pyrrolldme were dissolved therein, followed by stirring at room temperature for 30 minutes. The reac-
tion 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 dryness under reduced pressure, and 1N
hydrochioric acid was added to the residue. After washing the mixture with chioroform, the aqueous layer was adjusted
toa pH of 12 with a 1N sodium hydroxide aqueous solution, followed by washing with chioroform. The aqueous layer
was then adjusted to a pH of 7.6 with hydrochioric acid, followed by extraction with chioroform. The extract was dried
over anhydrous sodium sulfate, and the soivent was removed Under reduced pressure. The residue was recrystalllzed
from aqueous ammonia-ethanol to obtain 68 mg of the title compound (18b) as colorless crystals.

Mefting Point; 214-217°C

{odp: +31.3° (c=0.268, 0.1N NaOH aqueous solutuon)

Elementary Analysis for CyzHy7F3N4O3-1/2H,0:

Caled. (%) | C52.18; | H484; | N14.32
Found (%) i C5222; | H4.83 | N1423

TH-NMR (NaOD) & ppm:
1.48-1.58 (1H, m), , 1.66-1.79 (2H, m), 2.08-2.12 (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: vax CrT1: 3490, 17186, 1635, 1521, 1437, 1358, 1305

REFERENCE EXAMPLE 26

Synthesis of Optically Active 7-Amino-5-azaspiro-[2,4]heptane:

1) 5-{(1R)-Phenylethyi]-4.7-dioxo-5-azaspirof2.4]heptane (19):

{0085] To 10.4 g of ethyl acetoacetiate were added 15 g of 1,2-dibromoethane, 23 g of potassium carbonate, and
150 mi of N.N-dimethyiformamide (DMF}, and the mixture was stirred at room temperature for 2 days. Any insoluble
matter was removed by fiitration, and the filtrate was evaporated to dryness under reduced pressure. To the residue
was added water. and the mixture was extracted with chloroform. The chioroform extract was dried over anhydrous
sodium sulfate, and the solvent was removed under reduced pressure. The resulting pale yeliow oily substance was
subjected to distillation under reduced pressure to obtain 7.5 g of ethyl 1-acelyl-1-cyclopropanecarboxylate having a
boiling point of 70 to 71°C/2 to 3 mmHg.
TH-NMR (CDCl,) § ppm:
1.30 (3H, t, J=THz), 1.48 (4H, s), 2.49 (3H, s), 4.24 (2H, q, J=7Hz2)

[0096] In 200 mi of ethanol were dissolved 35.7 g of the above obtained compound, and 40 g of bromine were 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 oblain ethyl l-bromoacetyl-1-cy-
clopropanecarboxylate, which was then, without further purification, dissolved in 200 ml of ethanol. To the solution
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were simultanecusly added dropwise 33 g of R-(+)-1-phenylethylamine and 27 g of triethylamine over a period of 1.
hour while stifring under ice-cooling. After the addition, the reaction temperature was raised to room temperature, and
the stirring was continued at room temperatura for 2 days. Any insoluble matter was removed by filtration, and ethanol.
was removed from the filtrate under reduced pressure. The residue was dissoived in 300 mi of ethyl acetate, and the
solution was washed succassively with 1N hydrochloric acid, a saturated sodium hydrogencarbonate aqueous solution,
and a saturated sodium chioride aqueous solution in this ordar, The organic layer was dried over anhydrous sodium
suifate, and the solvent was removed under raduced pressure. The residue was subjected to 200 g of silica gel column
which was eluted with 0 16 2% methanolic chloroform to obtain the title compound (18) as colorless crystals. '

Melting Point: 98-103°C

1H-NMR (CDCly) 5 ppm:

1.62 (3H. d, J=7.2Hz2), 3.5 (1H, d, J..18Hz). 2.9 (1H. d, J...18Hz) 5 82 (1 H, g, J=7.2Hz), 7.36 (SH, s)

" 2 5.I{1R)-Phenylethyl]-7-hydr |m|no_-4-oxo-5-azas iro[2,4lheptane {20):

{0097] To3.35 g of Compound (19) were added 1.6 g of hydroxylamine hydrochloride, 2.3 g of triethylamine, and 80
mi of ethanol, and the mixture was stirred at room temperature for 2 hours. The solvent was removed under reduced
pressure, and chioroform was added to the residue. The mixture was washed successively with a 10% citric acid '
aqueous solution and a saturated sodium chioride aqueous solution. The organic layer was dried over anhydrous
sodium sulfate. The solvent was removed under reducedpressurs to obtain 3.5 g of the title compound {20) as colorless

crystals.
: Metlting Point: 188-194°C

TH-NMR (CDCl3) 3 ppm:
1.2-1.4 (2H, m), 1.53 (8H, d, J-7 2Hz & 2H, m), 3.8 (1H, d, J=18Hz); 4.16 (1H, d, J=18Hz), 5 63 (1H, q.

d=7. 2Hz). 7.32.(SH, s)

3) 7-Aminc-4-oxo-5-[{1 R)-Phenyleth!!]-s-ansglrgj2,4]heotana (21a, 21b):

[0098] To 150 mi of methanol were added 3.5 g of Compound (20) and 7.5 mi of Raney nickel, and catalytic reduction
was carried out at room temperature for 12 hours. After the catalyst was removed by fiitration, the soivent was removed
from the filtrate under reduced pressure. The residue was subjected to a 100 g silica gel column eluted with a mixed
solvent of 5% methanol/chioroform which was to yisid 1.0 g of the title compound (21b) from the earlier fraction and
0.8 g of the title compound (21a) from the later fraction, sach as a colorless oily substance.

Compound (21b):

[009S] 1H-NMR (CDCl,) 5 ppm:
0.8-1.4 (4H, m), 1.52 (3H, d, J=7Hz), 2.87 (1H, dd, J=10, & 3Hz), 33-39 (2H, m), 4.27 (2H, br. s), 5.42
(1H, q. J=7Rz), 7.29 (5H, s)

Compound (21a):

[0100] 'H-NMR (CDCla)Sppm
_ 0.6-1.3 (4H, m), 1.40 (2H, s), 1.53 (3H, d, J=7.2Hz), 2.99 (1H, dd, J=12.8, & 7.2Hz), 3.15-3.45 (2H, m),
5.52 (1H, q, J=7.2Hz), 7.30 (5H, s)

4) %Argi_no-Sjﬁ R)-Phenvlethyl)-5-azaspiro[2.4]heptane (22a. 22b):

f0101] 7o 50 ml of anhydrous tetrahydrofuran were added 1.0 g of Compound (21b) and S00 mg of lithium aluminum
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 order, followed by stirring.
well at room lemperature for 30 minutes. Any insoluble matter was removed by filtration and thoroughly washed with
tetrahydrofuran. The filtrate and the washing were combined and dried. The solvent was removed under reduced
pressure to obtain 940 mg of the title compound (22b) as a pale yellow oily substance. In the same manner, 755 mg
of the title compound (22a) were obtained {rom 800 mg of Compound (21a).

Compound (22b):- - -

[0102] 'H-NMR (CDCly) 5 ppm:
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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, g, J=6.6Hz), 3.5-3.9

(1H, m), 7.28 (SH, br. )

CQmpound (22a)

{0103] 1H-NMR (CDC!:,) 3 pprn
0.3-0.9 (4H, m), 1.36 (3H, d, J—67Hz) 1 8—2 2 (2H, m) 22-32(4H m) 3.24(1H, q.J-s 7Hz), 3. 6-3 9 (1H,

m), 7.28 (5H. br. §)

‘{o104] To 20 mi of anhydrous tetrahydrdfuran were added 764 myg of Compound (22b)and 1.3 g of Boc-ON {Boc-
" ON; 2-(t-Butoxydarbonyloxy:mmo]-z-phenylacetomtnle _ _

)

CN

(CH,) yCOCOON=C P

and the mixture was stirred at room temperature for 4 hours. Ethyl acetate was added to the reaction mixture, and the
mixture was washed twice with a 1N sodium hydroxide aqueous soiution and then once with water, followed by ex-
traction 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 aqueaus: layer under cooling to make it atkaline. The mixture
was extracted thres times with chioroform, and the organic layer was washed with a saturated sodium chioride aqueous
solution and then dried. The solvent was removed under reduced pressure, and the residue was subjected to silica
gel column chromatography (silica gel: 20 g; eluent: chioroform:mesthanoc!=20:1, 10:1) to obtain 630 mg of the title
compound (23b). This compound was aliowed to stand to erystallize, followed by washing with n-hexane. The title
compound (23a) was obtained in the same manner.

C:ompdund (23b) (colorless crystals):

fo105] Melting Point: 103-105°C
{ag: -15.2° (c=1.475, chioroform)
1H-NMR (CDCly) 8 ppm:
0.4-0.9 (4H, m), 1.36 (3H, d, J=7.2Hz2), 1.44 (9H, s), 2.42 (2H, AB g, J=10.2 Hz) 278 (2H d, J=5.6 Hz),
3.24 (1H, q, J=7.2Hz), 3.6-4.0 (1H, m), 4.6-5.1 (1H, br. d), 7.28 (SH s)

Elementary Anaiysis for C,,HuNzoz:

Caled. (%) | C72.12; H8.92; N8.85
Found (%) | C71.63; H 9.07; N 8.64

Compound (23a) {colorless crystals):

{0108] Melting Point: 94-97°C
[elp: +47.8° (c=0.89, chloreform)
TH-NMR (CDCly) 3 ppm:
0.4-0.9 (4H, m), 1.33 (3H, d, J=6.6Hz). 1.40 (9H, s), 2.29 (1H, d, J=9Hz), 2.44 (1H, dd, J=10.8 & 3.6H2),
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 Analysis for C,gqHaaN,Oy:

Caled. (%) i C72.12: | H8.92, | N88s5
Found (%) | C71.86; | H9.36; | N8sgs
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S) 7-t-Butoxycarbonyiamino-5-azaspiro{2. 4lheptane (243. 24b)

[0107] To 30 ml of athancl were added 650 mg of Compound (23b) and 500-mg of 50% hydrated palladium-on-
carbon, and cataiytic reduction was effected under heating at a pressure of 4.2 atm. After 6 hours, the catalyst was
removed by filtration, and the soivent was removed under reduced pressure, To the oily residue was added ethyl
acetate, followed by extracting twice with a 10% citric acid aqueous solution. The aqueous extract was made alkaline
with a 15% sodium hydroxide aqueous solution and then extracted three times with chioroform. The chioroform layer -
was washed with water and dried. The soivent was removed under reduced pressure 1o yield 440 mg of the titled
compound (24b) as a crude product. The titlad compound (24a) was obtained in the same manner as above. The NMR
spectra of COmpounds (24b) and (24a) were in complete agreemem with each other.

Compound (24)
[0108] TH-NMR (CDCl,) & ppm:

0.4-1.0(4H, m), 1,42(9H, s), 2.71- (1H d J=10.2Hz), 292(1H dd, J=10.8 & 3.6 Hz), 3.01 (1H d, J=10.2Hz),
3.33 (1H, dd, J=10.8 & 5.4 Hz2), 3.5-3.9 (1H, m) 50-54(1H br, d)

EXAMPLE 9

1.4-dihydro-4-oxoquinoline-3-carboxylic acid (25bb):

{0109] in 0.6 micfacetonitrile were dissolved 160 mg of 8-chloro-8,7-difluoro-1-(1,2-cis-2-fluoro-1-cylopropyl)-1,4-di-
hydro-4-oxoquinoline-3-carboxylic acid (12b), 150 mg of the amine compound (24b), and 0.5 mi of triethylamine, and
the solution was heated under reflux for S hours. After cooling, the precipitated colotless crystais were collected by -
filtration. The solvent of the mother liquor was removed under reduced prassure, and the residue was purified by silica
gel preparative TLC using a developing solvent of chioroform-methanol (5:1 by volume). The purified product and the
above-obtained crystais were combined to give 255 mg of the mle compound (25bb).

Meiting Point: 213-218°C

1H-NMR (CDCly) 5 ppr

" 0.6-1.0 (6H, m), 1,45 (9H, s), 7.99 (1H, d, J=13,1Hz), 8.74, B8.78 (each 0.5H, s)

EXAMPLE 10

(-)-7-(7-Amino-5-azaspiro[2.4lheptan-5-yi)-8-chloro-6-fluaro-1-(1,2-cis-2-fluoro-1-cyicopropyi)-1.4-dihyero-
4-oxoquinoline-3-carboxylic acid (26bb):

[0110] To 255 mg of the Boc-compound (25bb) as obtained in Example 9 were added 0.5 mi of anisole and 10 ml of
trifluorcacetic acid under ice-cooling. After warming to room temperature, the mixture was stirred for 30 minutes. The
- solvent was removed under reduced pressure, 2 1N sodium hydroxide aqueous solution was added to the residue

adjusting a pH of 11 to 12. The aikaline aqueous solution was washed twice with chioroform. The aqueous layer was
adjusted to a pH of abaout 7 with concentrated hydrochioric acid and a 10% citric acid aqueous solution and extracted
three limes with chioroform. The extract was washed with water and dried over anhydrous sodium sulfate. The solvent
was removed under reduced pressure, and the resulting solid was recrystallized from ethanol-concentrated aqueous
ammonia to obtain 142 mg of the title compound (26bb} as colorless crystals.

Melting Point; 127-140°C (with decomposition)

[alp: -199.2° (c=0.24, 1N NaOH)

Elementary Analysis for CygiH,gN3O4F,Cl-1/4H,0:

Caled. (%) C 5s5.08; H 4.50: N 10.14
Found (%) C 54.86; H 4.80: N 10.03

EXAMPLE 11

Synthesis of Compound {26ab)

{0111] Compound (26ab) was ablained from Compound (12a)and Compodﬁd (24b) in the same manner as described
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Melting Point: 123-128°C (with decomposition) )
[odp: +21.5° (c=0.195, 1N NaOH)

in Examples 9 and 10.

Elementary Analysis for Cygi;gN3O,F,CI-1/2H,0:

Caicd. (%) €54.49; | H457; .| N10.03
Found (%) C54.33 | H473 N 8.81

EXAMPLE 12

Svrthesis of Compound (26ba)

{o112] Compound (26ba) was synthesized from Compound (12b) and Compound (24a) in the same manner as de-
scribed in Examples 9 and 10. : .

Melting Point: 121-127°C (with decomposition)

[odg: -21.1° (c=0.275, 1N NaOH)

o

Elementary Analysis for C,gH,gN3O3F,Cl-1/2H,0:

Caled. (%) { C54.49; H4.57; N 10.03
Found (%) C5477, | H443; |- N985

EXAMPLE 13-

Synthesis of Compound (26aa)

' fo113] Compound (26aa) was synthesized {rom Compound (12a) and Compound (24a) in the same manner as in
Examples 9 and 10. .

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

[o]p: +186.6° (c=0.228, 1N NaOH)

Elementary Analysis for CygH,gNaO3F,Cl-3/4H,0

Caled. (%) | C53.91; H464 = N9.93
Found (%) | C5380; H447: NO.82

REFERENCE EXAMPLE 27

1)-4-oxo-1.4-dihydro-1,8-na htﬁ ridine-3-carbo

-)-Ethyi 8-chioro-7-fluoro-1-(1.2-cis-2-fluoro-1-cyelo;

[0114] A mixture of 1 g of ethyl 2,6-dichioro-5-flucro-nicotinoylacetate (27), 3 mi of ethyl orthoformate, and 6 mi of

acetic anhydride was heated at 120°C for 1 hour while stirring. The reaction mixture was evaporated to dryness under

reduced pressure, and the residue was dissolved in 10 mi of dichloromethane.

[0115] Ten milliliters of trifluoroacetic acid were cooled with ice, and 750 mg of (+}-cis-1-(t-butoxycarbonylamino)-
- 2-flucrocyclopropane (42} were 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 dichioromethane, and 2.0 _

g of triethylamine was added thereto under ice-cooling. To the suspension was. further added the above-prepared

dichioromethane solution, followed by stirring at room temperature for 30 minutes.

[0116] The reaction mixture was washed with water and dried over anhydrous sodium suffate. The solvent was

removed under reduced pressure. The residue was subjected to column chromatography using 50 g of silica gel using

shioroform as an eluent to yield 1.29 g of ethyl 2-(2.6-dichloro-5-fluoronicotinoyl)-3-(1,2-cis-2-fluoro-1 -cyclopropyli)acr-

ylate (28a) as a colorless oil.

'H-NMR (CDCl,) 8 ppm:
1.08 (3H, t, 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 Hz) '

[0117] In 25 ml of anhydrous dioxane were dissolved 1.29 of Compound (28a), and 300 mg of 60% sodium hydride

were added lo the solution, followed by stirring for 1 hour. The reaction mixiure was concentrated under reduced
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pressure, and to the residue was added 0.1N hydrochloric acid.- The precipitated crystals were collected by fittration
and washed successively with water and diethyl ether to obtain 860 mg of the title compound (29a)as colorless crystals.
. Meiting Point; 184-185°C -
[ -1.26° (c=0.783, chioreform) -

Elementary Analysis for Cy4Hq;FNoO5

Caled. (%) | C51.16: | H3.37; | N852.
Found (%) i C51.12, | H3.26; | N&s2

1H-NMR (CDCl3) 5 ppm: o
© . 1.41 (3H, t, J=THZ), 1.4-1 84(2H m), 3.50 (1H. m), 4.40 (2H Q. J..7Hz) 5.02 (1H dm J-SSHZ) 8.43 (1H
d J_7Hz). 8. 66 (1H, s)

- REFERENCE EXAMPLE 28

{+)-Ethyl 8-chioro-7-fluore-1-(1,2-cis-2-flucro-1-cvelopropyl )%xdﬁ 4-dihydro-1,8-naphthyridine-3-carboxyiate
{29b); g e

{0118] A mixture of 1.0 g of ethy! 2,6-dichioro-5-fluoronicotinoylacetate (27), 3 mi of ethy! ortho-formate, and 6 ml of
acetic anhydride was heated at 120°C for 1.5 hours while stirring. The reaction mixture was evaporated to dryness
under reduced pressure, and the residue was dissolved in 10 ml of dichloromethane.
{o119] Ten milliliters of trifluoroacetic acid were cooled with ice, and 750 mg of (-)-cis-1 -(t-bumxycarbonylarmno}-
- 2-fluorocyclopropane (4b) were dissoivedtherein. The solution was stirred at room temperature for 20 minutes, followed
by evaporation to dryness under reduced prassure. The residue was suspended in 30 m! of dichioromethane, and 2.0
g of triethylamine were added thereto under ice-cooling. To the suspension was further added the above-prepared
dichioromethane solution, and the mixture was stirred at room temperature for 30 minutes.
{0120] The reaction mixture was washed with water and dried over anhydrous scdium sulfate. The solvent was
evaporated, and the residue was purified by column chromatography using 50 g of silica gel and chioroform as an
sluent to obtain 1.29 g of ethyl 2-(2,6-dichioro-S-fluoronicotinoyl)-3-(1,2-cis-2-fluoro-1-cyclopropyljacrylate (28b) as a
colorless oil.
[0121] Compound ({28b) (1.29 g) was reacted in the same manner as for Compound (28a) to obtain 936 mg of the
title compound (29b) as colorless crystals.

Meiting Point: 183-185°C

[cedp: +1.12° (¢=1.07, chioroform).

Elementary Analysis for Cy4H.,FaN205

Caled. (%) | C51.16; H3.37; NB.S52
Found (%) | ©€51.39: H3.24; NB8.48

REFERENCE EXAMPLE 29

{-)-8-chioro-7-fluoro-1-{1.2-cis-2-flugro-1-cyelopropyl)-4-oxo-1.4-dihydro-1,8-naphthyridine-3-carboxylic acid (30a):

[0122] A mixture of 800 mg of Compound (29a) and 15 ml of concentrated hydrochloric acid was healed 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 title compound (30a) as coloriess crystals.

Melting Point: 215-219°C

[alg: -20.85° (¢=0.910, chloroform)

BEFERENCE EXAMPLE 30

(+)-8-chioro-7-fluora-1-(1.2-cis-2-fluoro-1-cyclopropyl)-4-oxo- 1. 4-dihydra-1.8-naphthyridine-3-carboxylic acid (30b):

{0123] 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 1o the reaction mixture, and the precipitated crystals were collected by
filtration to yield 715 mg of the title compound (30b) as colorless crystals.
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[alp: +22.34° (c=0.555, chloroform) )

7-{4-(S)-Amino-2-(S)-methyi-1-pyrrolidinyl}-6-fluoro-1-(1,2-cis -2 -fluoro-1-cyciopropyl)4-oxo-1.4-dihydro- -
" '{.8-naphthyridine-3-carboxyiic acid (31a); : '
[0124]' In 15 mi of trifluoroacetic acid were dissoived 300 mg of 4-(S)-amino-1 -t-butoxycarbonyl-2-(S)-methyipyrro-
lidine (32) (cf. Terry Ronson, et al., J. Med. Chem., Vol. 31, p.1598 (1988)), and the solution was stirred at room
temperature for 20 minutes, followed by evaporation to dryness under reduced prassure. The residue was dissoived
in 20 mi of acetonitrile, and 150 mg of Compound (30a) and 2 mi of triethylamine were added to the solution, followed
by refluxing for 30 minutes, The reaction mixture was evaporated to dryness under reduced pressure, and hydrochloric . -
. acid was added to the residue. The mixture was washed with chioroform. The aqueous layer was adjusted to a pH of
" 13 with sodium hydroxide and washed with chioroform. The aqueous layer was adjusted to a pH of 7.5 and extracted
with chioroform. The organic layer was dried over anhydrous sodium sulfate, and the solvent was removed under
reduced pressura. Recrystallization of the residue from aqueous ammonia-ethanol yieided 150 mgof the title compound
(31a) as colorless crystais. ' '
Meiting Point: 255-258°C :
[cJp: -14.52° (c=0.413, 0.1N NaOH)

Elementary Analysis for Cy7H,aFaN4O5-1/4H,0
Calcd, (%) ; C55.36; HS5.086; N15.19
Found (%) C55.08; - “H540; - N15.04

EXAMPLE 15

1,4-dihydroguinoline-3-carboxylic acid (34b):

[0125] Amixture of 159 mg of (-)-8-chloro-8,7-difluoro-1-(1,2-cis-2-fluoro-1 ~cyclopropyl)-4-oxe-1,4-dihydroquinoline-
3-carboxylic acid (12b), 160 mg of 3-(R)-{1-(S)-t-butoxycarbonylaminosthyllpyrrolidine (cf. JP-A-61-311892), 400 mg
of triethylamine, and 20 ml of acetonitrile was heated under reflux for 12 hours. The reaction mixture was concentrated
under reduced pressure, and the residue was dissoived in chloroform. The organic solution was washed successively
with a 10% citric acid aqueous solution and water, and dried over anhydrous sodium sulfate. The solvent was evapo-
rated, and the residue was recrystallized from ethyl acetate-isopropyl ether to yield 220 mg of (=)-7-[3-(R)-{1-(S)-t-
butoxycarbonylaminoethyl]-1-pyrrolidinyi]-8-chlero-8-fluora-1-(1,2-¢is-2-fluoro-1 -cyclopropyl)-4-oxo-1,4-dihydroquin-
oline-3-carboxylic acid (33b). .

: Meiting Point: 189-193°C

[adp: -205° (¢=0.885, chioroform)

Elementary Analysis for CoqHaaCiFaN4Og

Caled. (%) i € 56.31; H5.51; NB.21
Found (%) i C56.16; . | H5.48: N8.21

[0126] In 10 ml of trifluoraacetic acid were dissolved 200 mg of Compound (33b), and the solution was stirred for 30
minutes. The reaction mixture was evaporated o dryness under reduced pressure, and the residue was dissolved in
: a 1N sodium hydroxide aqueous solution and washed with chloroform. The aqueous layer was adjusted o apH of 7.4
with hydrochloric acid and extracted with chioroform. The organic layer was dried over anhydrous sodium sulfate, and
the solvent was evaporated. The residue was recrystallized from aqueous ammonia-ethanol to oblain 140 mg of the
title compound (34b) as colorless crystals.

Meiting Point: 204-207°C

[a)p: -160.0° (¢=0.605, 0.1N NaOH)
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Elementary Analysis for C,gHCIFaNqC4-H0: _ | 23 5 EP 1999
Cakd. (%) | C53.09: | H538 | N9.77 | : ' '
Found (%) | C53.20; | HS5.17; | N9.68 L —

REFERENCE EXAMPLE 31

-2.4,5-trifluorabenzo Ii-

[0127] A mixture of 1.0 g of ethyl 3-acetoxy-2,4,5-trifluorobenzoylacetate (35) (cf. JP-A-87-175485), 6 ml of ethyl
ortheformate, and § ml of acetic anhydride was heated at 120°C for 3 hours under stirring. The reaction mixture was
svaporated to dryness under reduced pressure, and the residue was dissolved in 10 mi of dichloromethane.

.[0128] in S mi of triflucroacetic acid were dissofved 467 mg of (-}-cis-1-t-butoxycarbonylamino-2-fluorocyciopropane
{4b), and the solution was stirred for 20 minutes, followed by evaporation to dryness under reduced pressure. The.
residue was suspended in 20 ml of dichloromsthane, and S ml of a dichloromethane solution containing 500 mg of
triethylamine was added dropwise thereto under ice-cooling, followed by stirring 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 & 10% citric acid aqueous solution and water. The organic layer
was dried over anhydrous sodium sulfate, followed by evaparation under reduced pressure to obtain 1.25 g of the title
compound (36b). ' i

REFERENCE EXAMPLE 32

[0129] 1n 40 mi of dioxane were dissolved 1.25 g 6f Compound (36b), and 440 mg of potassium carbonate and 10
mi of water were added thersto, followed by stirring at room temperature for 19 hours. The reaction mixture was neu-
tralized with hydrochloric acid, concentrated under reduced pressure, and extracted with chioroform. The extract was
dried over anhydrous sodium sulfate, and the soivent was removed under reduced pressure. The residue was dissoived
in 40 mi of anhydrous dioxane, and 300 mg of 80% sodium hydride and 1 mi of ethyl iodide were added thereto, 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 suifate. The soivent was
evaporated, The residue was recrystallized from isopropyl ether to obtain 235 mg of the title compound (37b) as color-
less crystais. —

Meiting Point: 163-64°C

[ep: -22.9° (c=0.480, chioroform)

TH-NMR (CDCl,) & ppm:

1.40 (3H, t, J=7Hz), 1.3-1.8 (2H, m), 3.7-4.0 (1H, m), 4.10 (3H, d, J=2Hz), 4.38 (2H, q, J=7Hz), 4.85 (1H,

dm, J=63Hz), 8.02 (1H, dd, J=9Hz, & 8.5Hz), B.55 (1H, s) ' '

Elementary Analysis for CygH,4F3NO,

Caled. (%) i C 56.31; H4.13; N 4,10
Found (%) | C 56.62; H 4.18; N 4.11

REFERENCE EXAMPLE 33-1

-cis-4-Amino-1-benzyl-3-methvi-2-oxopyrrolidine (45):

[0130] A mixture of 5,13 g of ethyl 1-benzyl-3-methyi-2-oxo-3-pyrrolidinecarboxylate (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
were added 100 mi of waler, and the mixture was washed with chloroform. The aqueous layer was neutralized with
hydrochloric acid and extracted with ethyl acetate. The extract was dried over anhydrous sodium sulfate. The solvent
was evaporated to obtain 3.40 g of ()-1-benzyl-2-0x0-3-pyrrolidinecarboxylic acid (43) as.colorless crystals.

[0131] Compound (43){3.40 g}, 4.45 g of diphenylphasphorylazide, 1.9 g ol lriethylamine, and 50 ml of t-butyl alcohol
were mixed and the mixture was heated under reflux for 12 hours. The reaction mixture was concentrated under reduced
pressure, and the residue was dissoived in chloroform. The solution was washed successively with a 10% citric acid
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. 1-28 - : _ .
| aqueous solution. a 2% man and water and dried over anhydrous sodium sulfate. The
solvent was evaporated and the residue was purified by silica gel column chromatography using chloroform-methanol
(97.5:2.5 by volume) as an siuent to obtain 1.76.g of (i)-cxs-1 -benzyl-t—t-butoxycarbonylammo-a-methyl-4-cxopyrro-
lidine (44) as a colorless oil. -
[0132] In 15 mi of triflucroacetic acid were dissolved 1,76 g of Campound (44). After 1 hour, the solution was con-
centrated under reduced pressure. To the residue werse added 100 mi 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 soivent was evaporated to abtain the title compound
' (45) as a colorless oil. . . _
1H-NMR (CDCly) & ppm:
1.25 (3H, d, J=7Hz), 1.44 (2H, s), 216(1H dt.J.THz) 283 (1H dd, J=6.7Hz, & 8Hz), 3.14 (1H, m) 3.38
" (1H, dd, J=6.7Hz, & BH2), 4.48 (2H, 5), 7.28 (SH, 5)

REFERENCE EXAMPLE 33-2

Optical Resolution of cis -4 -Amino -1 -benzyi-3 -methyi -2-oxcpyrrolidine (45): -

" [0133] In40mi of dichloromethane were dissoived 4.17 g of Compound {45) and 3.3 mi of pyridine, and a solution

. of 7.7 g of (S)-N-p-toluenesulfonylprolyl chioride in 50 mi of dichloromethane was added thereto dropwise, fallowed
by stirring for 4 hours.
[0134] The reaction mixture was washed successuvely with TN hydrochioric acid, a saturated sodium hydrogencar-
bonate aqueous solution, and water, and dried over anhydrous sodium suifate. The soivent was evaporated under

. reduced pressure, and the residue was subjected to silica gel column chromatography using ethyl acetate as an eluent .

* toisolate the isomers. Each of the isomers was recrystallized from ethyl acetate to obtain 3.3 g and 3.6 g of cis-1-benzyl-
3-methyl-4-{(S)-N-p-toluene-sulfonyiprolylamino}-2-oxopyrrolidine (46a) and (46b), respectively.

Compound {46a):

_[0135] Rt (silica gel TLC; ethyl acetate) 069
Melting Point: 162°C
{a]p: 87.3° (c=0.735, chioroform)

Compound (46b): .

[o136] R (silica gel TLC; ethyl acetate): 0.61
Melting Point: 175-177°C
[cp: -148.6° (c=0.6685, chioroform)

REFERENCE EXAMPLE 33-3

(+)-cis-1-Benzyl-3-t-butoxycarbonylamino-d-methyipyrrolidine {47a):

[0137] A mixture of 3.23 g of Compound (46a) and 50 ml of concentrated hydrochloric acid was heated under reflux
for 5 hours, followed by concentration under reduced pressure. To the residue was added a 1N sodium hydroxide
aqueous solution, and the solution was extracted with chioroform. The organic layer was dried over anhydrous sodium
suifate, and the solvent was evaporated to obtain 1.48 g of Compound (45a) as a colorless oil.
[0138] The product was dissolved in 10 ml of tetrahydrofuran, and the solution was added dropwise to a suspension
of 2.0 g of lithium aluminum hydride in S0 ml of tetrahydrofuran. The mixture was heated under reflux for 24 hours. To
the reaction mixture were added dropwise 10 ml of water under icecooling, and, after stirring for 30 minutes, any
insoluble matter was removed by filtration. To the filtrate were added 1.92 g of Boc-ON, followed by stirring for 24
hours. The reaction mixture was concentrated under reduced pressure, and the residue was extracted with chloroform.
The extract was washed successively with a 5% sodium hydroxide aqueous soluuon and waler, and dried over anhy-
drous sodium sulfate. The solvent was then evaporated.
{0139] The residue was purified by silica gel column chromatography using chioroform-methanol (1:0 10 9:1 by val-
ume) as an eluent to obtain 1.76 g of crystals. To the product was added n-hexane, and the mixture was stirred thereby
- precipitating the d€ compound. The crystals were collected by filtration, and the filtrate was concentrated. This proce-
dure was repeated twice. One hundred milligrams of the d¢ compound was obtamed from the filter cake and 1.61 g of
the optically active title compound (47a) from the mother hquor
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. Maelting Paint: 48-52°C
(a)p: +27.2° (c=2.38, chioroform)
TH-NMR (CDCly) § ppm:
1.07 (3H, d, J=7Hz), 1.43 (9H, s), 1. 78 2.02 (2H, m). 2.62 (2H, d, J=5Hz), 2.84-3.10 (1H, m) 3 55 (2H s),
35-35(1H m), 4.8-5.2 (1H, broad), 7.23 (SH s) :

REFERENCE EXAMPLE 33-4

-)-cis-1-Benzyl-3-i-butoxycarbon iamino-4-methyipyrrolidine (47b):

{0140] [n the same manner as for the synthests ot Compound (47a) but stamng wnh 3.52 g of Compound (4Gb) 1.72
g of the title compound (47b) were obtained. _

Malting Point: 57-61°C o : -

[alg: -31.21° ' ' '

REFERENCE EXAMPLE 33-5

cis-3-t-butoxycarbonylaminé-4-methyipyrrolidine (39a), (Béb):

f0141] Compound (47a) (1.61 g), 1.5 g of 5% pailadium-ori-carbon, and 80 mi of ethanol were mixed, and catalytic
reduction was carried out for S hours while irradiating the mixture with an infrared lamp in a hydrogen atmosphere at
apressure of 4 atm. After the reaction, the catalyst was removed by filtration, and the filtrate was concentratedto obtain
1.09 g of a crude product as a colorless oil. The praduct sofidified as a carbonate on standing, wh«ch was used without
purification. ' - T

{0142] In the same manner as for. the synthesis of Compound (392); 1.1 g of Compound (39b) were obtained as a
colorless oil from 1.70 g of Compound {47b).

REFERENCE EXAMPLE 34 _
Ethyl 2-(2.4 5-triflucro-3-methyibenzoyl)-3-(1,2-cis-2-fluoro-1-cyclopropyllacryiate (S0b):

{0143] A mixture of 710 mg of ethyl 2,4,5-triflucro-3-methylbenzoylacetate (prepared from 2,4,5-trifluoro-3-methyl-
benzxoic acid (48), cf. JP-A-62-215572), 6 ml of ethyl orthoformate, and 6 mi of acetic anhydride was heated at 120°C
for 2 hours while stirring. The reaction mixture was evaporated to dryness under reduced pressure, and the residue
was dissolvad in 10 mi of dichioromethane.

{0144] in S mli of trifluoroacetic acid were dissoived 580 mg of (-}-cis-1-t-butoxycarbonylamino-2-fluorocyclopropane
{(4b), and the solution was stirred for 30 minutes, followed by evaporation to dryness under reduced pressure. The
residue was suspended in 20 mi 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 washed 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 title compound (S0b) as pale
yellow crystals: '

REFERENCE EXAMPLE 35

-)-Ethvi 6.7-difluoro-1-(1.2-cis-2-fluoro-1-

[0145] In 20 ml of anhydrous dioxane were dissolved 600 mg of Compound (50b), 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. The mixture was stirred at room temperature for 1 hour, and 10 mi of a 10% citric acid aqueous solution was
added theceto, followed by concentration under reduced pressura. The precipitated crystals were collected by filtration,
washed successively with water, a small amount of ethanol, and diethyl ether to oblain 480 mg of the title compound
(5ib) as colorless crystals. .

Melting Point; 230-231°C

[¢]g: -80.0° (c=0.350, chioroform)

TH-NMR (CDCl,) 8 ppm:

1.40 (3H, t, J=7Hz), 1.1-1.7 (2H, m), 2.71 (3H, d, J=3.3Hz), 3.7Z-3.98 (1H, m), 4. 38 (2H, q, J=7Hz), 4.85 .

(2H, dm, J=64HMz), 8.12 (1H, dd, J=10Hz), 8.54 (1H, d, J=3Hz)
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146] A mlxture of 480 mg of the ester oompound (51 b) and 10 mi of concentrated hydroohloru: acid was heated at
120°C for 75 minutes while stirring. After cooling, the precipitated crystais were collected by fi f'ltratcon and washed with
water and ethanol to obtain 380 mg of the title compound (52b) as colorless crystals. :

Melting Point: 204°C

[“lo- -60.0° (c=0.100, chloroform)

1H-NMR (CDClg) 3 ppm:
. * 1.3-1.9°(2H, m), 2.80 (3H, d, J=5. aHz). 4.1-4.4 (1H, m) 415 (1H dm, J=64Hz), 8.17 (1H, dd, J=16Hz),
‘8.82 (1H d, J=4Hz). 14.2 (1H, s)

| 7 4-dinydroquinoline-3-carboxylic acid hydrochioride (54b):

(01471 A mixture of 198 mg of Compound (52b), 350 mg of 3-(R)-[1 -(S)-t-butoxycarbanylammoethyl]pyrrolldme 5
mi of dimethyl sulfoxide, and 1.5 g of triethylamine was heated at 110 to 120°C for 5 hours while stirring. The reaction
_mixturs was evaporated to dryness under reduced pressure. The residue was dissolved in chioroform and the solution
was washed with a 10% citric acid aqueous solution and then with water and dried over anhydrous sodium sulfate.

The solvent was evaporated.

. {0148] The residue was subjected to preparatlve TLC which was developed with a mixed soivent of chioroform-
methanol (95:5 by volume) to obtain 110 mg of 7-{3-(R)-[1 ~(S)yt-butoxycarbonylaminoethyllpyrrolidinyi]-6,7-difluoro-
8-methyi-4-dihydroquinofine-3-carboxylic acid (53b) as a pale yellow powder.

1H-NMR (CDCly) 3 ppm:;
. 1.24 (3H, d, 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 (§H, m), 4.73 (1H,
d, J=BHz), 4.98 (1H, dm, J=65Hz), 7.77 (1H, d, J=13Hz), 8.70 (1H, d, J=3.5H2)
[0149] To 110 mg of Compound (53b) were added 5 ml of concentrated hydrochloric 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 title compound (54b) as yeliow crystals.
Meiting Point: 148-153°C
[alp: -34.4° (c=0.168, 1N HC¢)

EXAMPLE 17

1 ,Mhﬂmuinolineoa-c_arboglic acid (56b):

{0150] A mixture of 100 mg of (-)-5-amino-8,7,B-trifluoro-1-(1,2-cis-2-fluora-1-cyclopropyl)-4-oxo-1,4-di-hydroquino-
line-3-carboxylic acid {17b), 100 mg of 7-t-butoxycarbonylamino-S-azaspiro[2,4]heptane (24b), 300 mgof triethylamine,
and 20 mi of acetonitrile was heated under reflux for 23 hours.
{0151] The reaction mixture was evaporated to dryness under reduced pressure, and the residue was d|ssolved in
100 ml of chioroferm. The solution was washed successively with a 10% citric acid aqueous solution and water. The
arganic layer was dried over anhydrous sodium suifate, and the solvenl was evaporated. The residue was recrystallized
from acetonitrile to obtain 120 mg of 5-amino-7-{7-t-butoxycarbonylamino-5-azaspiro(2,4]heptan-5-yl|-6,8-difluoro-1-
(1.2-cis-2-fluoro-1-cyclopropyl)-4-oxo-1,4-dihydroguinoline-3-carboxylic acid (55bb) as yellow needle-iike crystals.
Melting Point: 250-253°C
TH-NMR (COCl;) 5 ppm:
0.6-0.8 (2H, m), 0.8-1.0 (2H, m), 1.45 (9H, s), 1.3-1.8 (2H, m), 3.2-3.4 (1H, m), 3.6-3.9 (SH m), 3.9-4.3
(2H, m), 4.85 (1H, dm, J=63Hz), 4.7-5.0 (1H, broad),-8.51 (1H, s)
{0152] In 5 mi of trifluoroacetic acid were dissolved 120 mg of Compound (55bb), and the solution was stirred for 30
minutes, {ollowed by evaporation to dryness under reduced pressurs. 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 soivent was evaporated under reduced
_ Pressure. The residue was recrystailized from aqueous ammonia-ethanol to abtain 65 mg of the title compound (56bb)
as yellow crystals. : -
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. Melting Paint: 213-217°C
[cdp: -96.7° (c=0.120, DMF)

EXAMPLE 18

{})4-0x0-1,4-dihydro- - _

1.8-naphtyridine-3-carboxylic acid (31b):

[0153] In 15 mi of triflucroacetic acid were dissolved 300 mg of 4-(S)-amino-1-t-butoxycarbonyl-2-(S)-methylpyrro-
lidine (32), and the solution was stirred at room temperature for 20 minutes; followed by evaporation to dryness under
reduced pressure. The residue was dissoived in 20 mi of anhydrous acetonitrile, and 150 mg of Compound (30b) and
2 mi of triethylamine wers added to the solution, followed by refluxing for 15 minutes. The reaction mixture was evap-
orated to dryness under reduced pressure, and 1N hydrochioric'acid was added to the residue. The mixture was washed
" with chloroform. The aqueous layer was made alkaline with 1N sodium hydroxide aqueous solution and washed with

chioroform. The aqueous layer was adjusted to a pH of 7 and extracted with chioroform. The organic layer was dried
and the solvent was evaporated. The residue was recrystallized from aqueous ammonia-ethanol to yieid 130 mg of
the title compound (31b). '

Meiting Point: 247-255°C (with decomposmon)

{alp: +120° (e=0. 950, 1N NaOH)

Elementary Analysis for Cy7H,aFaN4O3-1/4H,0
Caicd. (%) | CS55.35; HS06  N15.19
Found (%) { CS55.50; H525 . N14.97

REFERENCE EXAMPLE 37

8,7-Difluoro-1-(1.2-cis-2-flucro-1

(38b):

{0154] A mixture of 230 mg of the ester compound (37b) and 5 mi of 42% borofluoric acid was heated at 110°C with
stirring for 2 hours. After cooling, precipitated crystais were collected by fittration and washed with water to yieid 210
mg of colorless crystals of the title compound.
Melting Point; 281-271°C

[0185] By the reaction of cis-3-t-butoxycarbonylamino-4-methyipyrrolidine (38a) and the chelate compound (38b),
7-(cas-3-ammo~4-methylpyrrondmyl)«S-ﬂuoro—B-methoxy-&oxoﬁ 4~d|hydroqumol|ne-3-carboxylwc acid (40ba) is ob-
tained. And further, by the reaction of the amine compound (24b) and the chelate compound (38b), 7-(7-amino-5-aza-
spiro[2, 4]heptan-5-yI)-6-ﬂuoro-8-methcxy-4~oxo-1 ,4-dihydroquinoline-3-carboxylic acid (41bb) is obtained.
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Clalms for the following Contractlng States AT, 8E, CH, DE, FR GB, IT, LI, NL, SE

“1. An N1 2-c1s-2-halogenocyclopropyl)—subsmuted pyndonecarboxyllc acid denvatlve represented by {ormuia (I)

wherein R represents an amino group, a methylamino group. a hydroxyl group, a thiol group, or a hydrogen atom;
R2 represents a 4-, - or 7-membered cyclic amino group having at least one substituent selected from a hydroxyl
group, an alkyl group having from 1 to & carbon atoms, a polymethylene group having from 2 to 5 carbon atoms
which together with the ring atom to which it is attached forms a spiro unit, an aminoalkyl group or an amino group,
and which cyclic amino group may contain a bndgmg unit to form a bicyclic amino group and may contain at least
one hetero atom selected from a nitrogen atorn, an oxygen atom and a sulffur atomin its fing, or FR represents a
cyclic amino group represented by formula;

s RS

R3 L
£
R‘/N , R"

wherein R%, R4, RS, RS, R'%, and R, which may be the same or ditferent, represent an alkyl group having 110 6
carbon atoms or a hydrogen atom; 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 halogen atomn, an alkyl group having from 110 6
carbon atoms, an alkoxyl group from 1 to 6 carbon atomns, a cyano group, a triflucromethy! group, or a hydrogen
atom, or a salt or ester thereof.

2. A compound as. claimed in claim 1, wherein RZis a pyerolidine, diazabicycloheptane, or a diazabicyclooctane
_ residue; or a salt thereo!.

3. Acompound as claimed in claim 1, wherein R2 represents a cyclic amino group represented by formula:

RG Ru

RS 1% o3 _
5 ", N R N- R10NH 8 N
Rz;N % , R4 “or *R“

wherein R3, R4, RS, RS: R19, R, which may be the same or different, each represents an alkyl group of from 1 to
6 carbon atoms or a hydrogen atom: R'2 and R, which may be the same or different, each represents an alkyl
group of from 1 ta 6 carbon atoms or a hydrogen atom, or they may be connected to each other to form a polymeth-
ylene chain of 2 to 5 carbon atoms; R' represents an amino group or a hydroxy: or a pharmaceulically acceptable
salt thereol, optionally in a sterecisomerically pure form.
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"4 A compound as claimed in any one of claims 1 to 3, wherem R2 is a cyclic amino group denved from a cychc amine

‘comprising a single stereoisomer: or a salt thereof.
5, A compound as claimed in claim 4, wherein Fiz is a 3-aminopyrrolidinyl group; or a salt theraof.

6. Acompound as claimed in claim 5, wherein R2isa 7-amin6-5-azaspiro[2.4]heptan-_5-yl group: or a salt thereof.

. 7. A compound as claimed in anyone of claims 1 1o 6, wherein X2 is a fluorine atom,

8. A compound as claimed in claim 1, which is

7-[3-(8)-ammo-1 -pyrrolidinyl]-6-fluoro-1-(1,2-cis-2-fluorocyclopropyl)-4-oxo-1, 4-d'hydroqumolme-3—carboxyl—
ic acid; .

7-[3-(S)-amino-1 -pyrroludmyl]-a-chloro-s-ﬂuoro-1-(1 2-c|s-2-ﬂuorocycloprcpyl)-4-oxo-1 4-dihydroquinoline-

" 3-carboxyiic acid;

5-amino-7-{3-(S)-amino-1-pyrrolidinyl]-6, 8-d|fluoro-1 -(1,2-cis-2-flucrocyclopropyf)-4-oxc-1,4-dihydroquino-
line-3-carboxylic acid;

7-{4-(S)-amino-2-(S)-methyl-1 -pyrrolndmyl]-s-ﬂuoro-1-(1 2-c|s-2-ﬂuorocyclopropyl)-4-oxo-1 ,4-dihydro-
1,8-naphthyridine-3-carboxylic acid;

7-[3-(R)-{1 -(S)-ammoethyl]-1-pyrrohdmyl]-s-chloro-s-ﬂuoro-1-(1 2-c:s-2-ﬂuorocyclopropyl)-4—oxo-1 +4-dihyd-
roequinoline-3-carboxylic acid;

7-{3-amina-4-methyl-1-pyrrolidinyl}-6-flucro-1-(1, 2-crs-2—ﬂuorocyclopropyl)-8-methoxy-4-oxo-1 4-dihydroqui-
noline-3-carboxylic acid;

7-[4-(S)-amino-2-(S)-methyi-1 -pyrrohdmyl]-s-ﬂuo:qd =(1.2-cis-2-fluorocyclopropyl)-8-methyl-4-oxo-1,4-dihy-
droquinoline-3-carboxylic acid; or

5-amino-7-{7-amino-5-azaspiro(2. 4]heptan-5-yl]-6 B-drfluoro-1-(1 .2-cis-2-flucrocyciopropyl)-4-o0xo-1,4-dihyd-
roquinoline-3-carboxylic acid; or a salt thereof. -

9. A compound as claimed in anyone of claims 1 to 8, wherein said compound is a single stereoisomer; or a salt
thareof. '

10. A compound as claimed in claim 1, which is )
7-[7-amino-5-azaspirof2.4]heptan-5-yi}-8-chiore-6-fluoro-1-{1,2-cis-2-fluorocyclopropyl)-4-oxo-1,4-diliydroquino-
line-3-carboxylic acid; or a single sterecisomer thereof; or a salt thereof.

11. An antibacterial composition comprising, as an active ingredient, at least one N1-(1,2-cis-2-halogenaocyciopropyl)-
substituted pyridonecarboxylic acid derivative representad by formula (l) or a single sterecisomer thereof or a salt
thereof as claimed in any one of claims 1 to 10.

12. A process for preparing a Ny-(1, 2-c:s-z-halogenocyclopropyl)-substltuted pyndonecarboxyhc acid derivative rep-
resented by formuia (1)

as defined in any one of claims 1 to 10, which comprises reacting 7-halogena-1-(1,2-cis-2- halogenocyclopropyl)
pyridonecarboxylic acid ot the [ollowing formula:
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wherein R, X!, X2 and A are as defined above, and X reprasents a.halogen atom, or an ester thereof with a cyclic
amine compound of R2-H which may be protected by a conventional protactive group, wherein R2 is as defined
above, and the protective group is ramaved by a conventional method, if deslred and the ester rasidueis removed

© under acndlc or alkafine conditions, if desired. = .
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OPTICALLY ACTIVE PYRIDONECARBOXYLIC ACID DERIVATIVES
) ABSTRACT OF TEE DISCLOSURE

Nl-(l,2-qis-z-h&logenpcydoprqpyl)-éubstitu:éa
pyridoﬁecarhoxylié acid derivatives repfesented by
formula (I) and the salts thereof are disclosed.f_Thése'
compounds have patent antibacterial activities against a
wide variety of infectious'bacﬁeria, and are useful as
antibacterial a?ents. by o_rél" or parenieral administra-

tion.



