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The present invention relates to a novel.5-amino-8-methyl-7-

pyrrolidinylquinoline-3-carboxylic acid derivétive,-its stereoisomer and a .

pharmacologically acceptable salt thereof which have an excellent antibacterial
activity and to the method of preparation thereof. The present invention also
relates to a pharmaceutical composition comprising an effective amount of the

derivative which is useful in the treatment of infectious disease, and it also

relates to a method ofitreatment and to synthetic intermediates.

Description of the Prior Art

Ciprofloxacin is a well documented antibacterial agent with a quinoline
nucleus in which a cyclopropy1 group occupies position 1 (The Merck Index, 1llth
Edition, 2315). '

Efforts to improve ciprofloxacin have included preparations of numerous

substituents at positions 5, 7 and 8, however the present invention relates to

the first preparation to date of a quinolone compound with an amino group at
position 5 and a methyl group at position 8 in combination with a pyrrolidinyl
group at position 7.

To date, the antibacterial.activity of duinolone compounds has either been
insqfficient or when sufficient has been accompanied by severe adverse reactions
such as phototoxicity, chromosomal aberration, convulsions, etc. and so these
latter agents have posed safety problems.

The following citations document the above peoblems of the qufno]one

antibacterial agents:
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The following outlines the relation of particular characteristics of the

‘substituents used at the individual positions Qith the above problems. For
instance, it is understood that the placing of a relatively bulky substituent
such as a chlorine atom or methyl group at position 8 of the quinoline nucleus
is desirable for the antibacterial activity; but mahy of the comé;unds which
have a chlorine atom as the substituent at position 8 give rise to severe
adverse reactions such as phototoxicity or chromosomal aberrations, etc. while
compounds with a methyl substituent give_rise to severe adverse reactions such
as chromosomal aberrations, etc. Such compounds pose great problems with regard
to their.safety.

A substituent widely used for. position 5 is an amino group, a halogej atom
or a methyl group, etc., but such a substituent has the disadvantage of reducing
antibacterial activity or else they also give rise to severe adverse reactibns
such as phototoxicity, chromosomal aberrations, etc. and so pose safety
problems. - .

Further, at position 7 the use of a piperazipy] group does not produce
sufficient antibacterial activity, while.the use of a 3~aminopyrrolidinyl group,
which has sufficient antibaéterial activity, gfves rise to severe adverse
reactions such as chromosomatl aberrafions, etc. and so again there are safety

“problems.

SUMMARY OF THE INVENTION
Research focused on solving the above problems, resulted in the present

invention that.is of the l-cyclopropyl-6-fluore-1,4-dihydro~4-oxoquinoline-3-
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of particular characteristics o ,

antibacterial activity, and moreover does not give rise to the severe adverse
reactions of phototoxicity, chromosomal aberration, convulsions, etc. despite
what might have been expected on the basis of the previous attempfs. Further,
_the.compound of the present invention has an excellent tissue distribution
which permits é fast distribution of a high concentration of the compound to the

target. tissues of the lungs, kidneys, etc. being treated.
In accordance with the present invention, the present.invention-can provide

‘a novel 5—amino—8—methy1~7-pyrro]idiny]quinoline—3—carboxylic acid derivative

represented by the following general formula (I):

. NH; O
R £ COOR!
5
F‘s"“'\N ‘Nl M
R 7 ’
7 A
RE—N
L

wherein R' is a hydrogen atom or a lower alkyl group; R? is a hydrogen atom, a
lower alkyl group, a lower alkanoyl group, a halogenated lower alkanoyl group,
or a residue of carboxylic acid ester; R® is a hydrogen atom or a lower alkyl
group; R*, RS and R® are each independently a hydrogen atom or a lower alkyl
grbup; or two of RY, RS and R® may be taken together to form a -(CH; ), — group
wherein n is 1 or 2,

a stereoisomer thereof, or a pharmacologically acceptable salt thereof; together
with a process for preparing these same compounds, and a pharmaceutical
composition comprising an effective amount of these same compounds, and methods
for the treatment of infectious diseases through the admiﬁistration to patients
of an effective amount of these same compounds. |

In accordance with a further embodiment, the present invention provides a
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substituents used at the individual positions with the above b5 ¥tFET HASBEEN
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substi t#uent such as a chlorine atomor nethyl group at position-8 of The&
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gi ve Ii Sl Rudfy YeferalOtehdi® (£GGti ons such as phototoxicity or chronpsonal
aberrations, etc.” while conpounds with a nmethyl substituent give rise to
severe adverse reactions sugh &s chronosomal aberrations, etc. Such
conpounds pose great proble th regard to their safety. A
substituent w dely used f I Is an am no group, a hal ogen atom

or a nethyl group, etc., ucHl a substituept has the di sadvant age of
reducing antibacterial gCthvit§ or el se theg al so give rise to severe

. adverse reactions such as mhg&%{oxicity, chronmosonmal aberrations, etc. and
S0 pose safety problens. Further, at position 7 the use of a

pi perazi nyl group does not produce

wherein R? is a lower alkyl group; R® is a nitro group or an amino group; X is a
halogen atom; which is an effective intermediate to the general formula (I)

mentioned above.

DETAILED DESCRIPTION OF THE INVENTION _ |

The preferred embodiments of the present invention provide the following
compound represented by the above general-formula (1),
;) wherein R', R? and R3 are each hydrogen atoms,
2) wherein R* and RS are taken together to form a —(CH;),- group,
3)' wherein R*, R® and Ré are each hydrbgen atoms,
4) wherein R* is a methyl group; R® and R® are'each hydrogen atoms,
a stereoisomer thereof or pharmacologically acceptable salt thereof.
And moreover the preferred embodiment of the present invention provides the
process for preparing these compounds, a pharmaceutical composition comprising
an effective amount of these compounds and methods for the treatment of
infectious diseases through the administration to patients of an effective
amount of these compounds, and intermediates of theée compounds.

In the above formula (I) and (II), a lower alkyl group represented py R,
Rz, R3, R, RS, R®¢ and R? whiqh contains 1 to 4 carbon atoms, and may bq for
example a methyl group, an ethyl group, a n-propyl grouﬁ, an isépropyl group, a'L
n-butyl group, an isobﬁty] group, a sec-butyl group, or a tert-buty] group,
etc. 3 R? also represents either a lower alkanoyl group or a halogenated lower

alkanoyl group or a residue of carboxylic acid ester. When R? represents a
e
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- sufficient antibacterial activity, while the use of a 3-aninopymﬁ%BHEHﬁﬂASBEHu
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group this is composed of 1 to 4 carbon atoms and 1 to 5 halogen atoms, which
individual halogen atoms are selected from fluorine atoms, chlorine atoms,
bromine atoms, etc., and may be for example, a fluoroacetyl group, a
difluoroacetyl group, a trifluoroacety] gfoup, a chloroacetyl group, a
dichloroacetyl group, or a trichloroacetyl group, etc.; When R2? represents a |
residue of carboxylic acid ester this is a lTower alkyloxycarbonyl group or an
aryloxycarbonyl group, and may be for example a benzyloxycarbony_l group, an
ethoxycarbonyl group, a methoxycarbonyl group, or a tert-butoxycarbonyl group,
etc.; a halogen atom represented by X may be for example a fluorine atom, a
chiorine atom, or a bromfne gtom, etc.

.Further two of R*, RS and Ré together form a —(CH,), — group (where n is 1
or 2 in the formula) for example R4 and R combine together to fo*m either a -
CH,— group or a —(CH,),~ gfoup, while R® and R* combine together.to form a ~CH,-
group or a —(CH,),~ group. | |

The compound of the present invention represented by the general formgla
(I) above can be converted into a pharmacologically acceptable salt as desired
and such salts which are produced may then be reconverted to produce the free
compounds.

The pharmacologically acceptable salts of the compound of the.present
invention represented by the general formula (I) may be acid addition salts or
alkali addition salts. Examples of the acid addition salts include mineral acid
salts such as hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, or
phosphate, etc., and organic acid salts such as acetate, maleate, fumarate,
citrate, oxalate, malate, methanesul fonate, p-toluenesulfonate, mandelate, 10-
camphorsulfonate, tartrate, or lactate, etc. Examples of the alkali addition
salts include inorganic alkali salts such as sodium, potassium, caléium,

magnesium, or ammonium salts, etc., and organic alkali salts such as
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antibacterial activity, and noreover does not give rise to the|BeYGHET HaS BEEN
adverse reactions of phototoxicity, chrombsonal aberration, cpnvulmEroNsED '
etc. despite what m ght have been expected on the basis of the—prew-ous

attenpts. Further, the conpound of the ‘present invention has an excellent
ti ssue di sthangaminensa ikhiarhNydedial kyleghangdamine selthueton of a high

concentration_of the c ound tqQ the target tissues qf e |l ungs, ki dneys,
etc. being tr gqjqpoundor PYERented oo Shf 80oYE: gﬁ'leﬁ%]srff’é’g”gﬁt%ﬁnb%sn?-%ﬁf e

5" o no- e iERS T 00 AtaRSs el Rifswies. vy asaypeieomers omiykees of
{ZP; iasentggr@/ismsf 2l MlRbaeseLRe %Wﬁt%gf L&%enitsingengligpbgen atomor a
| ower al kyl gTheupol ey rgr tonpsurishye b@eyived @gaclual examples of the S-amino-8~ '
methyl-7-pyrrolidinylquinoline-3-carboxylic acid derivative of the present
invention, but these do not exhaust the possible examples of the present
invention.
(1) S5-Amino-7-(7-amino~5-azaspiro[2.4]hept-5~y1)-1l-cyclopropyl-6~Fluoro-1, 4-
di hydro—a—me thyl-4-oxoquinoline-3~carboxylic acid .
(2) S5-Amino-1-cyclopropyl -6—f1 uoro-1, 4~dihydro~8-methy1-7—-(7-methylamino-5~
azaspiro[2.4]hept-5-y1 )-4—oxoqui noline~3-carboxylic acid
(3)' 5-Amino-1-cyclopropyl-7-(7-dimethylamino-5-azaspiro[2. 4]hept-5-y1)-6-
fluoro-1, 4~dihydro-8-methyl -4—oxoqui noline-3-carboxylic acid
(4) S5-Amino-7-(3-amino-1-pyrrolidinyl)-1~cyclopropyl-6-f1 uoro'-l, 4~dihydro~-8-
methyl-4-oxoquinol ine-3-carboxylic acid |
(5) 5-Amino-7-(3~amino—-4-methyl-l~pyrrolidinyl)-1-cyclopropyl~6-Fluoro-~1, 4~
dihydro—-8-methy1-4~oxoquinoline~3-carboxylic acid '
(6) S-Amino-7-(3-amino-4,4-dimethyl-1-pyrrolidinyl)-1-cyclopropyl—6~Ffluoro-1,4-
dihydro-8-methyl~4-oxoquinoline~3-carboxyl 1 ¢ acid
(7) 5-Ami no—~7-(3-amino~3-methyl-1-pyrrolidinyl)-1-cyclopropyl-6~fluoro-1, 4~
dihydro-8-methyl~4-oxoquinoli he-3—-carboxy] ic acid
(8) 5-Amino-7-(3-amino—4-methyl ene—l—pyrrd] idiny1)-1-cyclopropyl-6-fluoro-1,4~
dihydro-8~methyl-4-oxoquinol{ ﬁejS—carboxyI ic acid
(9) 5-Amino-7-(1-amino-3-azabicyclo[3. 1.0Jhex-3-y1)-1-cyclopropyl ~6-F1 uoro-l,4~
dihydro—8-methyl-4-oxoquinoline-3-carboxylic acid
(10) 5-Amino-l-cyclopropyl-7—-(3—dimethylami no—l;pyrrol idiny1)-6~fluoro-1, 4-
dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid )
(11) 5-Amino-1-cyclopropyl-6~Ffluoro-1, 4—dihydro-8-methyl-7-(3-methyl a_mi no-1-

pyrrolidinyl)-4-oxoquinoline-3-carboxylic acid,
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| ower al.kyl group R[err] Rlerr] and Rlerr] are each indepen
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may -be ta T orma roup ereinnis 1 or
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t oget her a process or preparing these sanme conpounds, and
phar maceuthei @l pha@Mige06gich PIy eesEptdbd e N1 8d) aeé feapédiutl yaneomherabdl hese sane

conpounds, and nethods for the treatnent of infectious diseases through
t he admi ni st rktqoodﬂmotqoalna engsent dhventia, f wotipuse methodih oo prefietey shermove
conmpounds, I n. accordance with_a further _enbaodi nent, the present
, nvent|0n5pﬁTAHQN§smSthy] 7-pyrrolidinylquinoline-3~carboxylic acid derivative
represented by the above general formula (I) are provided, including the method
explained below, The following methods should not be construed as exhaustive.
According to this one example of the preparation process of the present
invention, the compounds represented by the above general formula (I) can be
prepared by reacting in a solvent a 7-halogenated quinoline-3-caroboxylic acid

-

derivative of the general formula (III):

(st

wherein R' and X are the same as those defined above, with a pyrrotidine

derivative represented by the general formula (IV):

Rl

957_'_/NH ' (v)
R:—N
s
wherein R2; R?, R*, Rs and R¢ are the same as those defined above, in the
presence of or absence of a base, and followed by ﬁydro]ysis, if necessary.
Any suitable inert solvent may be used in the process of the present
invention. Examples of the inert solvent inc?ude-alcoho]s such as methanol,
"ethanol, n-propanol, isopropanol, or n-~butancl, etc.; aprqtfc polar solvents
such as acetonitrile, N,N—dimethy]fcrmam%ce, N-methyl-2-pyrrolidone,

dimethylsulfoxide, or hexamethylphosphoric triamide, etc.j aromatic

hydrocarbons such as benzene or toluene, etc.; organic bases such as pyridine,
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Rlerr] frgakle {610[%“?, G?Cfl—mrc@%” Blo%s, G%eMﬁ\éehﬂﬁ[p%M]hﬁéWd 1RELE”]
are taken together to forma - CH[er )[err group,
diazabicyclo[2.2.2]octane, sodium carbonate, potassium carbonate, sodium
bicarbonate, or potassium biéarbonate, etc. may be used. Further when an
organic base is used as the solvent this base can be used in place of the above.
The reaction may be carried out at a temperature ranging from an ice—coo]ed'
temperature to the ref]yx temperature of the reaction solvent used.

The hydrolysis may be carried out according to a known method in the
presence of an acid or an alkali. _An acid such as hydrochlorif acid, or
sulfuric acid, etc. may be used in an acidic hydrolysis reaction} and a base
such as sodium hydroxide or potassium hydroxide, etc. may be used in an alkaline
hydrolysis reaction. These acids or bases may be used as aqueous solutions, or
alternatively, as solution in an organic solvent such as methanol, ethanol, n-
butanol, sec-butanol or tert-butanol, etc. which may optionally be added with
water. The hydrolysis reaction may be carried out at a temperature ranging
from room temperature to the reflux temperature of the reaction solvent used. -

According to the second example of preparation process of the present
invention, the compounds represented by the general formq]a (I) above can be

. prepared‘by reacting in a solvent a boric aqid derivative of general formula (V)

A
NH, O O

F o W)

X N | .

wherein X is the same as defined above, with a pyrrolidine derivative
represented by the general formula (IV) above in the presence or absence of a
base, and if necessary followed by dechelation treatment using a protic polar
/
-g- asBaquimxd

\\\l\l\\ T



3) wherein Rierr], Rerr] and Rlerr] are each hydrogen atons; |-#4kssiereidgeen
Rlerr] is a nmethyl group; Rlerr] and Rl err] are each hydrogen af ons,peracen "
st er eoitgoner thereof or pharmacol ogically acceptable salt there And

e

nor.eover tre Ereffgred enbodi nent  of h} resent invention provides the
process FBIVeBF dfat e RSt BRFTGRA, @ aLgﬁ'ar maceuti cal conposition
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conmpounds. I'n the above fornula (1) and (I1), a |l ower alkyl group
r epr esentreprdagntddeby [the gembedlr Fofdudar (IV) Riwve] , ERbmpried  ofREly fhewndoRleat r |
whi ch contains 1 to 4 carbon atons, and may be for exanpl e a net hyl

group, adnetuds ahechops sich-3w oyhanploupthaanli soprepyel grigeproganoln-aunyl
Forr] apasangh sebh & TNt £\aues oIVRARS,Fuck ot drosbanSgdat MeMT over
aLxanoy! aIndtRyTroPab ATHELON e ERY POLIDY Fr G dbrtS! WrnethS sTh oKk e, or
hexamethylphosphoric triamide, etc.; aromatic hydrocarbons such as, benzene or
toluene, etc.; organic bases such as, pyridine, picoline, lutidine, or
collidine, etc.; halogenated hydrocarbons such as, dich]orome%pane, 1,2-
dichloroethane, or chloroform, etc.; or a mixture of the any of the above
solvents, etc.

A base such as, triethylamine, N,N-diisopropylethylamine, 1,8-
diazabicyclo[5.4.0]-7-undecene, 1,2,2,6,6~pentamethylpiperidine, 1,4-
diazabicyclo[2.2.2]octane, sodium carbonate, potassium carbonate, sodium
bicarbonate or potassfum bicarbonate, etc. may be used. Fufther when an
organic base is used as the solvent this base can be used in place of those
mentioned above. The reaction may be carried out at a temperature ranging from
an ice-cooled temperature to the reflux temperature of the reaction solvent
used.

In dechelation, a protic polar solvent inc]dding alcohols such aé,
methanol, ethanol, n-propancl, isopropancl, or n-butanol, etc.; water; or a
mixture of the above solvents, or a mixture of an aprotic solvent such as
acetonitrile, N,N-dimethylformamide, N-methyl-2-pyrrolidone, dimethylsulfoxide,
hexamethylphosphoric triamide, benzene, toluene, pyridine, picoline, lutidine,
collidine, dichloromethane, 1,2-dichloroethane, or chloroform, etc. and a
protic polar solvent such as, alcohol or water, etc. may be used. The reaction
may be carried out at a temperature ranging from an icg—coo]ed temperature to
the reflux temperature of the reaction solvent used.

According to the third example of the preparation process of the present

—_—

-9 - This Sheet Has Been eﬁlaced

T



5 | ower al kanoyl group this contains 1 to 6 carbon atons, whi ¢RHVf&yEBEHAS BEEN

for exanple a fornyl group, an acetyl group, a propanoyl group| a bERAREEA

group,s~-or a trinmethylacetyl group, etc.; Wien R err] represents a

hal ogenaheshdienertnal kapedhds SFOtH bhe§eﬁtsmxﬁame?sﬁdpegies]enttedébmﬁb%oaé oms
and-1 to 5 halogen atoms, which individual hal ogen atons are selected from

f1 uori ngeat oo, foakmudai OF) athersin W7 oid re haddeogen aitom candbemyrdpartdrby
exanple, a fluoroacetyl group, a difluoroacetyl group, a trifluoroacetyl
group, ayd;wﬂmicmaoaatcympogn@wppwaen@ncw gboyec generayrfoomila ofl)awhere thRorisaz et yl
group, etc.; Wien Rerr] represents a residue of carboxylic acid ester
this is 1a"‘?"oﬂ/b'fa“&b’kﬂrewi/@éfrbdﬁﬁ/?geg\a&%fb 1gper @ ikanoy 09(%&: oYY tGedtips and
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of carboxylic acid ester with an acid in a solvent or without a solvent in the
presence or absence of a cation scavenger.

The hydrolysis may be carried out according to a known method in the
presence of an acid or an alkali. An acid §uch as, hydroch]oric acid or
sulfuric acid, etc. may be used in an acidic hydrolysis reaction; and a base
such as, sodium hydroxide.or potassium hydroxide, etc. may be.hsed in an
alkaline hydrolysis reaction. These acids or bases may be used as an aqueous
solution, or alternatfvely, as a solution in an organic solvent such as
methanol, ethanol, n-butanol, sec-butanol or tert-butanol, etc. which may
optionally be added with water. The hydrolysis reaction may be carried out at
a temperature raﬁging from room temperature to the reflux temperature of the
reaction solvent ﬁsed. |

-Removal of the residue of carboxylic acid ester may be carried out in a
solvent such as, acetic acid, ethyl acetate, dioxane, water, methanol, ethaﬁol
or a mixture of these, etc.; as cation scavenger it is poésible to use for
example anisole, thioanisole, etc.; as acid it is possisle to use hydrochloric
acid, hydrobromic acid, trifluorcacetic acid, etc. The removal of the residue.
of carboxylic acid estér may be carried out at ice~cooled temperature to the
reflux temperature of the solvent used. :

According to the fourth example of the preparation process of the present
invention, the compounds of the present invention represented by the above
general formula (I) whérein R2 and/or R® are each a lower alkyl group can be
prepared by reacting a compound represenfed by the abbve general formula (I)
wherein R? and/or R? are each a hydrogen atom with a ha]ogenated'Ipwef alkyl in

a solvent in the presence or absence of a base; or with an aldehyde compound .

-10- tHas Been Reilaced
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etc.; a halogen atomrepresented by X may be for exanple a fljuend $igeiQAR BN
chlorine atom. or a brom ne atom etc. Further two of K err]quLR[cgbrﬁ

and Rferr] together forma - (CH[err])[err] - group (where n its—%

the fornul a I i ne together to forn1e|ther
a = Cl-lr%nrrF% Fqupggg)k:QS\”B‘%@ﬂ[iﬁ' § Hg@gﬂb while Rerr] and R err]
conbi ne together to forma - CH[err] group or a -(CHerr])[err]- group.
The conpound st h sent invention representedlyy the general fornula
(I') above can e converted into a pharnacol ogically acceptable salt as
desired and such salts which are produced may then be reconverted to

pr oducevhdreirf Reeis a hydppgemdsom or a loweFh&l kgharowr dh oe qadesgncacafept frinee sal t s
of the conmpound of the present i nvention represented by the general

formul %1% nay be acid addition salts or alkali addition salts. Exanples

Pycr ochtor i 48, Eie, BFSTE A Res SR B0 Grakf . i pearaee B IBARE S BRTos bR bhat o,
etc.. apdy AIRYF AcbiveR! Sick U] ﬁSN%%%ﬁfmaﬁ%@ A MTBRE! Sthanol,
tetrahydrofuran, benzene or chloroform, etc., and a base such as, triethylamine
or potassiuﬁ carbonate, etc. may be used. In the case of using an aldehyde
compound represented by the above general formula (VI) formaldehyde,
acetaidehyde or propionaldehyde, etc. as the aldehyde may be useé; and it is
desirable to use the formaldehyde as aqueous solution (formalin); and in the
case of acetaldehyde or propionaldehyde being used it is desirable to use
nitrobenzene as the solvent. Further, all of the above reactions may be
carried out at a temperature ranging from room temperature to the reflux
temperature of the reaction solvent used.
In the preparation process of the present invention the starting materials
| represented by the above general formula (III) and (V) can be prepared by the
following process, details for which are indicated Examples noted hereafter.
Further, compounds represented by the general formula (VII) indicated below i

are known compounds with a Japanese unexamined patent publication No. 62-

215572,

et Has Been Re‘laced
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citrate, oxalate, nalate, nethanesul fonate, p-t ol uenesul f onat
10- canphorsul fonate, tartrate, or lactate, etc.

additien
cal.ci um magnesi um or anmmonium salts, etc.
such. as ' 6
N, N- di al kyl et hanol am ne salts, etc.

above generalgf
nol ecul e; any 4 eoi soners or m xtu
the scope of gt present nHWEAR] on.x
gi ven as actual @yanpl esTof the 5-ani

f

salts include inorganic alkali salts such as sodiu

and organic alkali salts
et hanol am ne salts or
, The conpound repre

reco ynsteg 2i ¢ car

Wl_.
FIS bod atoug: the
of ~stereoi soners ;ial ncor por at ed
8YThe foll owi ng gefipetnds can be

S THERMEEt RAS BEEN

NAL G Qe

Exanpl es Ej t hpera ARED |

Pot-a5Stthm

ted by the

ek, .
met hyl - 7- pyrrol i di'nyl qui nol i ne- 3- carboxfllc acid derivative 5? t he present

{vi) (vi)

NO,O
' tep 4
step COCHs ° 7
CzHs5OMgCH(CO2C2Hs)2 CO,C2Hs H+

x)
NO, O
" step S F COCHg  Step 6
HC(OC4Hs)3 X Y OC,Hs HaN d
—_— CH, '
(xm)
NO, O
sep7  F cocHs SeP 8
base X N reduction
CHy A
(Xrv (m)
NH, O
H* I FaBO(CoH
X N 3 2Hs)2
CH, A
(111-b)

(ix)

NO, O

@:K/COZCZHS
(xD
NO,O -
CO,CoHs
Y 'NH

b X

(1)

NH, O
CO.CoHg
l
N
b
(-2 ()
Fa
-‘B\
NH, O O
[ S
N

(v) -

‘\
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i nvention, but these do not exhaust the possible exanples of tbé&hﬁéééwggéés{

I nvention. . (1), " REPLACED
5- Ani no-.7- ( 7- ami no- 5- azaspi r o[ 2. 4]hept 5-yl)-1-cycl opropyl - 6- ftluaroal da e oo

di hydr o- 8- et _hyl - 4- oxoqui nol i. ne- 3- car box I|c agﬁ? egZ

5- Ari no- Imﬁwmo)ﬁr‘épme "‘Plﬁop%ﬁﬂeqlaa?‘f?yﬂw Y gisnd e -%t?'l"rret hyl ami no- 5-
azaspi ro[ 2. 4] hept - 5-yl ) - 4- oxoqui nol i ne-3-carboxylic acid (3)

5- Ami no- 1- cycl opropyl - 7- (7- di net hyl am no- 5- azaspi ro[ 2. 4] hept-5-yl )-6-

fluoro-1 yd hy I X C
5- Ami no- '#f@ lgm %\_g{e% py trzfaclfl [ gﬁ‘%ﬁ?‘}g"g%dc@%%%ég? CE?Q %"‘IE&% lliﬂgag‘iéd)h;%rgg)v%-

met hyl - g&&deQNEIE#'3 @ﬁfﬂWQEthéSeﬂel$kepf5ﬂ1tr1c acid, potassium nitrate or
5- Anlno 7 (3-am no- 4-net hyl - 1- pyrrolidinyl)-21-cycl opropyl - 6-fluoro-1, 4-
di hydr o- @meh iy ndtoxteguiehol j may3be arsiedxds iac nhtratingcgent; and as solvent
5- Am no- 7- SB am no- 4 . . . ) , ) )

, 4- di et mw fqrwlapbql,i acayio acidyarepiopyhydride (fgr rifflgoroacetic anhydride,
dlhydro 5%¥-4 oxqqui nol i ne-3-carboxylic acid (7) )
5- Ani no- f E3- ﬁﬁ‘?eaethyl-l-pyrrolidinyI)-l-cycIopropyI-G-fIuoro-1,4-

Step 2) Compound (VIII) is treated with a chlorinating agent such as, thionyl

chloride or oxalyl chloride, etc. in or not in a solvent such as, chloroform,

methy]ene.chloride or 1,2-dichloroethane, etc. in the presence or;absence of
N, N-dimethyl formamide to give acid chloride (IX).

Step 3). The compound (IX) and a diethyl ethoxymagnesiummalonate which is
separately pregared with ethanol, diethyl malonate and magnesium are cbndensed
in a solvent shch as, benzene or toluene, etc. and accordingly give compound
X).

Step 4) The compound (X) is hydrolyzed and decarboxylated by heating with water
in the presence of an acid such as, hydrochloric acid, sulfuric acfd or-h—
tolﬁenesu]fbnic acid, etc. and accordingly gives compound (XI). -

Step 5) The compound (XI) is reacted with ethyl orthoformate in the presence or
absence of Lewis acid such as zinc chloride, etc., in acetic anhydride and
accordingly gives compound (XII).

Step 6) The compound (XII} is reacted with cyclopropylamine in a solvent to

give compound (XIII). In this present step, any suitable inert solvent
including alcohols such as, methanol or ethanol, etc.; halogenated hydrocarbons

such as, chloroform or 1, 2-dichloroethane, etc.; aromatic hydrocarbons'such as,

benzene or toluene, etc.y or aprotic polar solvents such as, acetonitrile or
N, N-dimethylformamide, etc. may be used.

Step 7) The compound (XIII) is cyclized with a base in solvent in the presence
or absence of a catalyst and accordingly gives compound (XIV(II)). In this

present step, potassium carbonate, sodium hydride or pofassium tert—butoxide,
——————————————~f‘f‘f““
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di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3- carboxylic acid (8) {
f

5- Ami no- 7- ( 3- am no- 4- net hyl ene- 1-pyrrolidinyl)-1- cyclopropyl ”ﬁﬁﬁHEEtHhsssaq
di hydr 0-8- net hyl - 4- oxoqui nol i ne- 3- carboxylic acid (9) REPLACED
5- Am no- étcl- paynbe usabhiscucbake; 1a ] enventyl pthe ey cdwdh qzyl dé? ,

. di hydr o- 8- et hyl - 4- oxoqui nol i ne- 3 carboxylic acid (10)
5- Ami no- tetwahlydprfopan,- Etg. 30d|amotm poiarosdiveyty olghdiamy laxe Bonfi Evide oarl NdN-
di hydr o- 8- net hyl - 4- oxoqui nol . i ne-3-carboxylic acid (.11

5- Aimi no- Simsthy tiereasjfe,c et¢.umnpbe useds ﬁy@memermmﬁrﬁbw%mﬁ@wnybram%m-

pyr r gl 's?bF@)'%‘anﬁ %'ﬁhﬁl’ P’ﬁ‘é’ggr&%&%fc‘&ﬂ 3 3atatBlYsdhl e salt thereof.
Step 8) The -compound (XIV(II)) is reduced with a catalyst such as, Raney
nickel, palladium carﬁpn or platinum oxide, etc.;, or reduced under acidic
conditions with metals such as, iron, tin or zinc, etc. and accordingly gives
compound (III-a(II)). In this present step, acetic acid, water, metanol,
ethanol or Ny N~dimethylformamide, etc. may be used as a solvent; hydrochloric
acid, acetic acid or hydrobromic acid, etc. may be used as the acid when
reducing with metals. | )
Step 9) The compound (III-a(II)) is hydrolyzed in a so}vent such as, water,
acetic acid, alcohol or aqueous alcohol, etc. under acidic conditions with
hydrochloric acid, acetic acid or hydrobromic acid, etc. and accordingly gives
compound (III-b).
Step 10) The compound (III—b)_is reacted with boron trifluoride etherate in
solvent such as, ether, acetone or methyl'isobutyl ketone, etc. and accordingly

gives compound (Vf.

A pharmaceutical composition comprising an effective amount of one or more
‘compounds of the novel 5-amino-8-methyl-7-pyrrolidinyliquinoline-3-carboxylic
acid derivative represented by the above general formula (I), a stereoisomer
thereof or a pharmacologically acceptable salt thereof produced according to the
mefhod described above may be in the form of 6apsu1e, tablet, subtilized
granule, granule, powder, or syrup, etc. for oral administration, or in the form
of an injection, suppository, eye drop, eye ointment, otic solution, or
dermatologic dosage form. The pharmaceutical composition of the present
invention can be prepared by adding pharmaceutically accéptab]e additive to 5-
amino-8—methyl-7—§yrrq1idiny]quino]ine—3-carboxy]ic acid derivative, a

stereoisomer thereof or a pharmaco]ogica]]y'acceptable salt thereof, and then

-14- This Sheet Has Been Replaced
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O the above conpounds, conmpounds (1),
their pharmacol ogically acceptable salts are especially recomfende@sPLACED

According to the present invention,

(4) and (5),

their steregisSSHEET $IASTEEEN

vari ous net hods for preparti-rg—the—rovet

5- am no- 8- net hyl - 7- pyrrolldlnquU|noI|ne 3-carboxylic acid derivative

r epr-esenridedtbyg tdre caldivergagrepakratdonuiethod) aFer ptioipegarabtéudifnghehe
met hod expl ai ned bel ow. The foll ow ng
exhaust ippermaceuticahcemnogi vigntspitatile tareowlapgmiaivmating or speposi taw, phecess

met hods shoul d not be construed as

of the Rr sent invention, % e co ounds J prese ted b t he above enerm
F or mul a 3075 E1AE MAaCoMGY L5 R el 157 GUER Py 197025% o VIERT 2y S0t b d
q“' ”0' ! ;}eﬁ’i%’%‘th%r%nfefsutcheasge bé@nﬁeﬁﬁﬂgkﬁbﬁbé‘i br.

[e

'&‘Fyé’ta‘i i r%bi?é(\é[a G2, 5

AN’ ane as thos

pyr"0||(ihf%ium carboxymethy]cel]ulose, etc.; a binder such as, hydroxypropylcellulose,

hydroxypropylmethylcellulose, or polyvinyl—-pyrrolidone, etc.y a Tubricant such
as, magnesium stearate or talc, etc.; a coating agent such as, h
ydroxypropylmethyl-cellulose, sucrose, or titanium oxide, etc.; a plasticizer
such as polyethyleneglycol, etc.; or # base such as, polyethylene-glycol or hard
fat, etc. The pharmaceutical composition of the present invention suitable for
injection, or use as an eye drop or ear drop may comprise carriers such as,
solubilizing agent or solvent, e.g., distilled water for injection, saline, or
propylene glycol, etc. which is useful for an aqueous composition or a
composition for preparing aqueous solution befpre use; a pH adjusting agent |
such as, inorganic and organic acids or bases; an isotonicity agent such as,
sodium chloride, glucose, or glycerin, etc.; or a stabilizer, etc. may be used.

For the preparation of the pharmaceutical composition suitable for an eye

ointment or dermatologic mediciné,'an additive such as, a suitable

pharmaceutical ingredient, e.g., white petrolatum, macrogol, glycerin, liquid
paraffin, or cloth, etc. which is useful for an ointment, cream, or cataplasma
may be used.

Use of the pharmaceutical composition of the present fnvention comprises

administering the composition described above orally or parenterally to a

-patient. The dose'of the pharmaceutical composition for an adult patient may

generally be from about 10 to 1,000 mg per day for oral administratién or from
about 1 to 500 mg per day for parenteral administration, which may be increased

or decreased depending on the conditions of the patient to be treated.

-
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derivative represented by the general fornula (IV):

[err] . ~ wherein Rlerr], Rerr], Rerr], Rerr] ané RS n lm”d]
sane das those defined above, in the presence of or absenceJ I !
f ol | owebh¥mRYfHGLYIShSriohf Necessary: Any suitable-in

be -used t he present I nvention. Exanples of the inert

sol vent i nclikdeccahbe@d®|cF SneCpreaentrBhlEodn are ebheidetad bo peoPamidated, 8-
i sopropanol, or n-butanol, etc.; aprotic polar solvents such as

acet oni tmeithglateld Mrdi-pptro} i dioyTated dea 1 dgsnet Hipé -F21 lopi ng e foeace compounds,
di met hyl sul f oxi de,  or hexamnet hyl phosphoric triamde, etc.; aromatic
hydr ocarBensurardprdy pereneompounds génthe eresentojupemtiondgethes yefenggce

pyri dlrledompounds. exceeds expectations based on prior arts.

The inventors of the preSent invention found that the simultaneous
introducfion of amino, methyl and pyrrolidiny! groups into 5-, 8- and 7;
positions of the quinolone nucleus respectively reduced the chromosomal
aberrational activity of these compounds. This effect of the substituents was
unknown hitherto and could not be expected on the basis of prior art, namely, on
the basis of structural conversion of the reference compounds. This.is shown by
the following results of the chromosomal aberration test (test method used fs
described hereafter). | |

Results are shown in Tables 1 - 3.

The following compounds were used as the reference compounds.

- Reference compound A : 7-((S)-7-amino-5-azaspiro[2.4]hept-5~y1)-1-cyclopropyl-
6-fluoro-1, 4~dihydro-4-oxoquinoline-3-carboxylic acid
- hydrochloride (Known comppund, Japanese unexamined
patent publication No. 95176/1991) |
. Reference compound B":'5—amino-7—((S)—?—;mino—s—azaspiro[z.4]hept-5—y1)—1—
cyq?opropy]-ﬁ—f]uoro—l,4—dihydro-4—oxoquinoline-3—
carpoxy]ic a;id hydrochloride (Novel compound)
- Reference compound C : 7—((S)—7—amino—5—azaspiro[Z.4]hept—5—y1)—1—cyclopropy1—
| G-fluoro—l,4—dihydro—B;methyl-4-oxqquino11ne-3—
carboxylic acid (Known compound, Japanese unexamined
patent publication No. 95176/1991)
- Reference compound D : 7-((S)-3-amino-1-pyrrolidinyl)~1-cyclopropyl-6—fiuoro-
1,4-dihydro—4—oxoquinoline—3—-carboxylic acid (Known
compound, Japanese unexamined patent publication No.

258855/1988)



8 picoline, lutidine, and collidine, etc.; or a mxture of [TNE above
solvents,, etc. A base such as triethylanmine, N, Ndiisopr Vﬁé%ﬁy §Q§ﬁ@EN
1, 8- ~di azabi cycl o[ 5. 4.0]-7-undecene, 1, 2,2, 6,6-pentanet hyl pi per L

di-azabi cygl [ 2. 2. 2 octan odlun1 opate, | Is rbQ _um
bi car bonéﬁz(?%'&nc%fl’ﬁ%%m bi C%WBS atee«g'5 g%@%o ?%g&ug{eqdﬁ ilF‘lu ?ﬁtbﬁm\ﬁﬁg% an
or gani ¢ base is used as theﬂ%‘rc‘/elma-gmy%rgaﬁ%x@&ﬁﬁ%@1H§-@-ch?b&!ﬁ(’?8 &idthe
above.* - The reaction may be carfie at a tenperature ranging from an
ice-cooled tenperature to {(Ngeelr edrpdind)enperature of the reaction sol vent
used. The hydrolysis may be carried out according to a known net hod
in the prReserunee dompounddl ¢ B4 ($)-3adni ab-+1-pymo bicki dy 19 et+eyaboprgpir ot luore-
acid, or sulfuric acid, etc. nmay be used in an acidic hydrolysis reaction;
and a base such as sodi umh)ﬂd?ﬂwdd@”&fﬂ‘eﬁwa%@i"&?#‘r‘i‘?ﬂi‘r%(gd%arbei%]‘Cnﬁ?‘dbe
used in an al kaline hydroI%F S reactian. These acids or bases may be used
as aqueous sol utions, ovel compoun

. Reference compound G 5-am1no-1—cyc1opropy]—G—fluoro-l,4—dihydfo—4—oxo-7-
piperaziny]quinoline—3—catboxy1ic acid (Known compound,
Japanese unexamined patent publication No. 28157/1990)

- Reference compound H 1—cyc]opropy1—6-fluoro—l,4—dihydro-8-meypy1—4—oxo-7—
piperazinylquinoline-3-carboxylic acid hydrochloride
(Known compound, Japanese unexaminéd patent pub]ication
No. 215572/1987)

. Reference compound I : 5-amino—1-cyclopropyl-6-fluoro-1,4-dihydro—8-methyl-4-
oxo-7-piperazinylquinoline—3-carboxylic acid
hydrochloride (Known compound, Japanese unexamined

patent publication No. 215572/1987)

1) 5-Amidation (5-H = 5-NH,)

Table 1 shows the following:

Observing the relative activities of reference compounds A and B ((-) = (+)
), Dand E ((-) = (3+)) would lead to the assumption that the introduction of
an amino group into the S—position of the quinolone nucleus should increase

chromosomal aberrational activity.

Therefore, it was expected that the compounds (Examples 10 and 12) of the
present invention considered to be 5-amidated analogs of the reference
compounds C and F would exhibit more potent activity than the reference

compounds C and F with high chromosomal aberration activity, respectively.

I
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alternatively, as solution in an organic sol vent such as nethkﬁ6$swermam@bgaq
n- butanol, sec-butanol or tert-butanol, etc. which may optrPnalﬁvPbﬁrED

added wWith water. The hydrolysis react i on may be carried out a

t enper at angi n fromroomt erature to,the ef t era f the
reatt] oSBTt Hlisyereecia tlon BE RNARUIES o thel BLSAEE dRUTHHT BN GRh i ted

preparatg erafﬁﬁg ggoépfng%ggq%kmeehqwe |@q t@e conpounds represented

by the above “can pared by reacting in a sol vent
a boric acrd derivative of general fornula (V)
[err] wherein X is the sane as defined above, with a pyrrolidine

deri vat i2yeg-Metippativan(eed BysMep general fornula (IV) above in the presence
or absence of a _
Table 2 shows the following:

On the basis of observations of the relative activities of reference
compounds A and C ((+)=> (3+)), D and F ((-)=> (3+)), it was expected that the
introduction of a methyl group into the 8-position of quinolone nucleus would

increase chromosomal aberrational activity.

Therefore, it was expected that the compounds (Examples 10 and 12) of the
present invention considered to be 8-methylated analogs of the reference
compounds B and E would exhibit more potent activity then the reference
compounds B and E with a chromosomal aberration activity, respectively. Contrary
to this expectation, the compounds of the present invention exhibited (-). Such

results could not be foreseen by the prior art.

3) 7-Pyrrolidinylation (7-Piperazinyl = 7-Pyrrolidinyl)

Table 3 shows the following:

On the basis of observations of the relative activities of reference
compounds G and B ((-)=> (+)), Hand C ((-) = (3#)), 6 and E ((-)=> (34)), H
and F ((-)=> (3+)), it was expected that the replacement of the piperazinyl
group by a pyrrolidinyl group at 7-position of the quino]one nucleus would

increase chromosomal aberrational activity.

Therefore, it was expected that the cohpounds (Examples 10 and 12) of the
present invention considered to be the 7-pyrrolidinylated analogs of the

reference compound I would exhibit positive data, and more potent activity than
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{ THIS SHEET HAS BEEN

base, and if neceséary foll owed by dechel ation treatnent using prOﬁEQAcso

pol ar . 9 solventilin.the ... .
presence or absence of a base. Any suitabl e inert sol vent may be used
in the prtieesefaenceaompagmdt he Contrpoutdhi £RKkpseERt beh, byhd bem@eaned alf the
formda (V) above with the conpounds represented by the general formula
(1V) aboveresBrbnipivestio exleibitied t(-9ol Swaht resuidsuetildl Mbesfmed!eraby the

nmet hanol , et hanol, n-propanol, isopropanol, or n- butanol, etc.; aprotic
pol ar sol AT T&uch as, acetonitrile, N, N dinethylfornanide,

N- net hyl - 2- pyrrol i done, dinethyl sul foxide, or hexanethyl phosphoric
triamde, etc.; aromatic hydrocarbons such as, benzene or toluene, etc.;
organi ¢ bases such as, pyridine, picoline, lutidine, or

-
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collidine, etc.;. halogenated hydrocarbons such as, dichl oronetrhapre—i—2

di chl oroet hane, or chloroform etc.; or a mxture of the any off THtSeSi-tﬂBDMSBEEN

sol vents, etc. A base such as, triethylamne, - REPLACED |

N, N- di i sopropyl et hyl am ne, 1, 8- dlazablcyclo[S 4.0] - 7-undecen
1, 2,2, 6, 6- pent anet hyl pi peridine, 1,4- diazabicyclo[2.2. 2]octane sodi um
carbonat e, potassi um carbonat e, sodiun1 bi car bonat e or potassium
bi carbohate, etc. nay be used. Further when an organic base is used as the
solvent this base can be used in place of those nentioned above. The
reaction may be carried out at a tenperature ranging from an ice-cooled
tenperature to the reflux tenperature of the reaction solvent used. .
In dechel ation, a protic polar solvent including al cohols such as,
met hanol Tabls hanoﬁwdmﬁéﬁmﬁ NEbPropanol, or n-butanol, etc.; water; or a
m xture™Of Theé aboveé Solvents, or a mxture of an aprotic sol vent such as
acetonitrile, N,N—dinethylfornanide, N—nethyl-z-pyrrolidone,

0

di met hyl sul f oxi de, Z
F. CQOOH
l
z2 N
2 A
Test Structure Chromosomal| Test Structure Chromosomal
compound 71 72 73 aberratio§ | compound 71 72 73 aberration
(Priora) . | (Prior art)
a |ul Drlu] @ p |u| Frlu|l @
B Ny i]D*—_ H (P E (M [*|u 3+,
(Present invention) ' _ (Present invention)
- C H tu—- .CH3 G+ F | H I:N_ CH3 (3+)
HN _ HaN
Example 10{ NHp t“‘ CH; ¢ Example 12| NH; mu'[:"— CHy ¢
HaN

1) Frequencies of chromosomal aberration on CHL cells treated with 30 g g/ml of the test compound.
The others are data treated with 100 z g/ml of the test compound.
(-:<10%, +:10-20%, 2+:20-50%, 3+:>50%)
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hexamet hyl phosphoric triam de, benzene, toluene, pyridine, pi¢grin
| utidine, .collidine, dichloronethane, 1,2-dichloroethane, or EH'IS% L%\'HQS BEEN
etc. and a protic polar solvent such as, alcohol or water, et 2]

used. The reaction may be carried out at a tenperature ranging from an
| ce~-cool ed tenperature to the reflux tenperature of the reaction solvent
used. According to the third exanple of the preparation process of
t he present 10 invention,
the conpounds of the present invention represented by the above general

formula (1) mherein Rlerr] is a hydrogen atom can be prepared by
hydrol yzin formula (1) wherein

ound represent ed by above general
Rl err] j Lab 'g 2 o [35‘1)"3 ?ib(fergr%Gﬁlgér a hal ogenat ed | ower al kanoyl group, or
by treating a conpound represented by the above general fornula (1)
wherein R err] is a residue

zZ' o
F COOH

Test Structure -Chromoso.rnal Test i Structure Chromosomal
compound 71 72 73 aberration compound 71 72 | 23 aberration
(Prior art) (Prior art)
N— )
A H Hi-j:"" H (+) D H HzNJ: H O]
_ .
C H Hj:"' CHy| (34 F H H,NJ: CH3l (34
(Present invention) (Present invention)
NH t"‘ )1 NH. N
B | Drlu| o e vl L] 69
Example 10| NH "‘j:“‘ CHy @) Example 12 | Ny W z,,D" CHy ¢

1) Frequencies of chromosomal aberration on CHL cells treated with 30 2 g/ml of the test compound.
The others are data treated with 100 z g/ml of the test compound.
(-:<10%, +:10-20%, 2+:20-50%, 3+:>50%)

Sheet Has Been Rerlaced

S HII\IIHIlIlH\\I\II i



of carboxylic acid ester with an acid in a solvent or without a #Qfsvﬁ%EThggBEEN‘

the presence or absence of a cation scavenger. . The hydrollysi'sg
carried.out according to a known nmethod in the presence of an acid or an
“alkali. An acid such as, hydrochloric acid or sulfuric acid, etc. nay be

used.in an acidic hydrolysis reaction; and a base such as, sodium
hydr oxi de or potassium hydroxide, etc. may be used in an alkaline
hydrol ysis reaction. These acids or bases may be used as an aqueous

sol ution al t at i as, a solutio gani ¢ sol vent such as

met hanol Ta@‘f' Hano?’rp)ﬁ"’BE‘f‘é(\ﬂl%‘P" a%@fﬁﬂygﬁb?%ro t‘@T? butanol, etc. which may
optionally be added with water. The hydrolysis reaction may be carried out
at a tenperature ranging fromroomtq:nperature to the reflux tenperature
of the reacti-on solvent used. Z Re@oval of the residue of carboxylic
acid ester may be carried out in s /8QL COGEh as, acetic acid, ethyl
acet ate, di oxane, water, nethanol, néy or a m'xture of these, etc.; as
cation scavenger it is possible & } '

Test Stucture Chromosomal | Test Structure Chromosomal
compound 1 72 73 aberration compound 71 72 73 _abexrauon
(Prior art) ' (Prior art)

G NH, HY N H (-) G N, HN:N— H )

g [l Plm| e E |l Ll e
ISR SPU ISP I N AP I TR I S .
H H HN:N- CH3 '®) H H HN N~ CH_—, ®)

C H "!j:"‘ CH;] (34 F H mﬁ— CH;l @)

(Present invention) . ) . (Present invention)  _. ..
[ NHy| w{_w~ |CHy O [ NHyl w_w- [CH3| (9
Example 10{ Nt "‘j:”‘ CHy ) Example 12 | NH; H,ND— CHzl . (9

-

1) Frequencies of chromosomal aberration 0}1 CHL cells treated with 30 2 g/ml of the test compound.
The others are data treated with- 100 x g/ml of the test compound.
- (<:<10%, +:10-20%, 2+:20-50%, 3+:>50%)
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exanpl e ani sole, thioanisole, etc.; as acid it is possible to R4S SHEET HAS BEEN
hydrochloric acid, hydrobronic acid, trifluoroacetic acid, etc. THFELACED

renoval¥.of the residue of carboxylic acid ester may be carri ed—out—at
ice-cooled te ature .to the . reflux-t rature o he sol vent ed.
Accor di négﬁe&‘gﬁgk?‘&ﬁ[xfrﬂsgfanﬁ éh%Pm?PH&"%Fggéﬁ%# f?ﬁ?"%)r%&"é’gzc“&?\fl theu;r esent

i nvention, t C Of . t nt | I .@n.r e ;

gener al fornuhﬁ'a? ?%&aﬁg}%e Enfeﬁlﬁgrﬁ %Qﬁd‘;odﬂrp QEF%}P gﬁeeFﬁfég%%{anﬂ\éﬁvtogfi%bOVe
group ca uﬁﬁariﬂde@ﬁrﬁévml}x BEACH | QHof FPFRQUNEL 0FPEESENRY Bie 139 18RONE

general formula (1) erein err] and/or R err] are each a hydrogen atom
with a hghogetabed anevwicteridl abbivitg sRlivebtl abordthey yianemed seraiaksemte of

a base; or with an al dehyde conpound
11 clinically isolated strains actually causing infectious diseases, chromosomal
' aberration, inducement of micronucleus, phototoxicity, inducement of
conviulsions and tissue distribution. Ciprofioxacin (The Merck Index 11lth

Edition, No.2315) was used as é reference compound.

1. Antibacterial Activity -

Minimum inhibitory concentrations (MICs) of test compounds were determined
by agar dilution procedure as described in the standard method of the Japan
.Society of Chemotherapy (Chemotherapy (Tokyo), ZQ,EL 76 (1981)). The strains

employed were as follows:

Staphylococcus aureus (S. aureus)
Enterococcus faecalis (E. faecalis)
Escherichia coli (E. coli)
Kiebsiella pneumoniae (k. pneumoniae)
Serratia marcescens (S. marcescens)
Entevobacter cloacae (E. cloacae)

Acinetobacter calcoaceticus (A. calcoaceticus)

Results are shown in Tables 4-A and 4-B.

The compounds of the present invention exhibjted excellent antibacterial
activities against clinically isolated strains, and results achieved were
superior to those of the reference compound (ciprofloxacin). In particular,

there was a remarkable difference in activity against gram-positive bacteria.

_,—fef*'j"”’—'——’f~f”~’



represented by the follow ng general formula (V): &t égg@
: . 1T HA
wherein R err],is a hydrogen atomor a |ower alkyl group in pecepce of
a form,c acid. | n t herpresentpreparatt+on—process, in the case of
using a hal ogenated |ower Jakkyl| a $ol yent; sugch gs, N N-di methyl formam de,
acet one, ethanol, tetrahydrofuran benzene of chloroform etc.., and a
base such as, triethylan ngd xor pataﬁéldhvcaraonate, etc. may be used. In
the case of using an al dehyd8 - dofippih <?elpre;éhted by the above gener al
formula (V1) fornal dehyde, gceta?daﬁy € dr Zp| &bijonal dehyde, etc. as the
al dehyde may be used, and ijtsis | depirabld tof use the formal dehyde as
aqueous solution (formalin);oand infth dase of facet al dehyde or
pr opi onal dehyde bei ng used frt—g—depirrabte—to DL' ni trobenzene as the
solvent. .Further, all of tHhHewabgqwe fea¢ts dns be carried out at a
. Q Q . :
t eperat ure rangi ng fromrcomatenq:er& 1 |t t reflux tenperature of the
reaction solvent used. ~ 2 olo|eo
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-13- wherein X is the sane as defined above .and Y is a halogéMHsquETHASEﬁaN
1) 3-Methyl-2,4,5-trihal ogenated benzoic acid (VIlI) is nitratjed t BERNAGED

conpodmd (VI11). In this present step, nitric acid, potassimnitrate or

anmfoni u lirate N used as a nitrating agent; and as sol vent
surfuriglgé%ﬁsgggéﬁﬁgmggxgyTgﬁbtiC anhydride or trifluoroacetic anhydri de,

etc., may DfndleRbmosorhafRibéIratoRAead waY! doh)iuét%dtvfigﬁtéa@hmersg RmSH O &fgat | Ng

agent “such as, thionyl- chloride of oxalyl chloride, etc. in or not I'n a
sol ventceluchias, (oHb) oref(errary1yeshis-anere+i-aurde) aery lad-ddi @id arsedt iane,
etc. in the presence or absence of N N dinethyl formam de to give acid
chl ori deesitie. consradp @) 15 Heeatedpddhdthel dést asoaipeunds eehy lcultured for 6 h at

th 1€S| I Which is separatel repared with ethanol, diethyl
al onat i Brig el chimiHLF abres B8 Toing é@f’@éﬁttrgamnast,h:bewén@er@& .
t ol uene . I ngl | oot 4) The.,conporn X
ol B, BRI 0 0B 45 SRTRAR T Bl Yord SRR

a further 18 h. Colcemide was added to the cultures 2 h before the ffxation of

chromosome preparation, in order to collect metaphase cells. The frequencies of
chromosomal aberration on CHL cells treated with 100 pg/ml of the test
compounds are shown in Table 5-A.

Data of the compounds of the present invention were all (-).

3. Micronucleus Test

Nine-week-old ﬁa]e BOF 1 mice were used in this test. The test compounds
were injected intraperitoneally with a dose of 250 mg/kg. After 24 h mice were
sacrificed and the bone marrow of the femur.wés collected. Bone marrow smears
were fixed on the slides with methanol and stained with Giemsa according to the
usual method. For each animal, the numbgr of micronucleated po1ychromatic
erythrocytes (MNPCEs) per 1,000 polychromatic erythrocytes (PCEs) was counted

- under the microscope. Cyc]ophosphamfde was used as a positive control. The
incidence of MNPCEs (percent of the number of MNPCEs per 1,000 PCEs) is shown in
Table 5-B. B '

The compounds of the present inventién did not induce any statisticai]y

significant increase in the incidence of MNPCEs compared to the control

-

(saline).

4. Phototoxicity

Male Hartley guinea pigs were.intravenously administered tgst compounds at
a dose of 10 mg/kg, and immediately exposed to UVA on their backs for 90

minutes. Erythemas on the backs were observed 24 h after UVA irradiation. The

-26— This Sheet Has Been Rerlaced
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in the presence of an acid such as, hydrochloric acid, sulfurrt—acrd ks Been
tol uenesul fonic acid, etc. and accordingly gives conmpound ( Vﬂss ;vkbéi
The cémpound (XI) is reacted with.ethyl orthoformate in the preséﬁtu or
absence o% Le%ﬁs.acid.sucﬁmas %'nc chl gride, g%ﬁ.,_'n aceti c anhydride and
accor di MG Gif v " AU K %‘*?masétse T Hhe SnﬁpBUnd (XI1) is reacted

wi th cycl opr | gm,ne.l olsvant Is s Xl ; I S

pr esent. st ep ok 1 A cdnBodhal e B pldentlikErAEOMAE: o8 prokordfete.

met hanol or ethanol, etc.; hal ogenated hydrocarbons such as, chloroform or
1, 2-di chl oroet hane, etc.; aromatic hydrocarbons such as, benzene or

" tol uenes, ebvylsions aprotic pol ar solvents such as, acetonitrile or

N, N-di rethylTtfornmanm de, etc. nmay be used. Step 7) The conpound (XIII) is
cycl i zet) dintraparitaseali (i.po) weminigtratihen presence or absence of a catal yst
and accordingly gives conmpound (XLV(II1)). In IS resent, st of assi um
car bonat e, Eﬁﬁeﬂrﬁ‘f‘i?ﬁ*eﬁﬁ'éﬂérmadetl&gsm‘d’ﬁl)‘%’%’thfﬁh?-‘b)?f"ﬁﬁ‘“temd Ferblterat &

dose of 100 mg/kg. Thirty minutes later, they were injected intraperitoneally

with the test compounds at a dose of 100 mg/kg. Thereafter, the onset of
convulsions was recorded. The number of mice with convulsions is shown in Table
5-C. _

None of the compounds of the present invention induced any convulsion.
2) Intracerebroventricular (i.c.v.) administration

Male Wistar rats weighing 180 - 220 g were anesthetized with sodium
.pentqbérbital (45 mg/kg, i.p.) and fixed in a stereotaxic apparatus. For the
1ntracerebroveﬁtficular injection, a 0.6 mm diameter stainless steel guide
cannula was implanted in each rat, being positioned 1.5 mm above the left
lateral cerebroventricle (A: 6.2, R: 1.0, H: +1.0), according to the atlas of
De Groot (1959). The guide cannula was fixed with dental cement on the skull
and it was closed with a 0.3 mm diameter stainless steel stylet. To prevent
infection,llo{OOO units of potassium penicillin G were injected intramuscularly.
The rats were allowed a few days to recover from the surgery.

For the measurement of convulsions, 30 min after intrapéritoneal injection
of 50 mg/kg of fenbufen, 20 yg of the test compounds was given through a 0.3 mm
diameter of stainless steel cannula with a polyethylene catheter, which was 1.5
mm longer than the guide cannula in order to be inserted into the right
cerebroventricle (H: +1.0). Three rats were tested in each study, and the
absence or presence of appearanée of convulsions was observed for at least four
hours. The position of the intracerebroventricular cannula was bonfirmed by the

injection of 1041 of 1.% evans blue followed by sectioning of the brain of -

each rat which had been used in the'expériment. r—-\‘~__~“““~‘~‘h;;\§

. - W



14 etc. may be used as a base; as solvent, ethers such as, a
tetrahydrofuran, etc. or aprotic polar solvents such as, acet nTHt'$§ L@ASBEEN :
"N, N di-net hyl formam de, etc. may be used; crown ethers, tetraputyl arrm)nl un

brom de or  enFmbér betrays @m@bm1§fdﬂ§1£€ sHei inMRYIPG-gised as a catal yst.
Step*8) The conpound (XIV(I1)) is reduced with a catalyst such as, Raney

ni ckel , pal INede wh trer bampownds pifathenpresent deventlan jnduced adyla:edvuladm acidic
conditions with metals such as, iron, tin or zinc, etc. and accordingly
‘gives c®eferences)iil-a(ll)). In this present step, acetic acid, water,

nmet anol , et hanol or N, Ndinethylfornmam de, etc. may be used as a sol vent

hydr ochl or i c Desiogt, a]ceﬁgég?i'cﬂae d'@thméfﬂ"@rﬁ'b shereptagic coopd ndkesy V&Y as
the acid Wherkon.r ‘ﬁgﬁ'.ch&%. VWettb, Wg%\ﬁl‘rﬁunde 52: 1-40

/’—;/
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Step 9) The conpound €¢111-a(ll))

acetic acid, alco

hydr ochlori c acid,

hol
acetic acid or

or aqueous al cohol, etc. under
hydr obrom ¢ aci d,

I's hydrolyzed in a.

sol vent sug
acidic con
etc. and a

T
“cordfﬁﬁﬁﬁgﬁ

gi- wes

conpowdde (344l - ¢Hromo S d8rribeceepound (111-b)

‘boroen trifluoride etherate i1 n

| sobutyl ket
phar maceutic
conpounds of
5-am no- 8- e}
r epr esent ed

phar macol ogi
descri bed ab
granul e, pow
an injection,

b |

t MesNRY/ound
hyl - 7- pyrrol

DVEL MY e b I N
deExa e kdﬂUp’
L HRRT
Example 138
Ciorafloxacin

Cak kympae crpt ahl e sal t( 4 her eof

solvent such as,

chromaosamal
di ngbepHan®ba ne- 34 car boxyl
), a ste

t he fOQHlpf capsul e,

etc. f(or)oral a

eye onp) eye of ntnent,
(=)
(=)

et her,

accordingly _gives conpound (V).

conposi ti o FeRpudriyngr an efif ecti ve anmount of one or

br oduced according to the
t abl et
im ni stration,
otic solution,

is reactéd wth
acetone or met hyl
A
nor e

aci d derivative

t hereof or a
net hod
subtilized granule,
or in the form of
or

iC
r eoi somer

1) Frequency of chromosamal aberra;1on on CHL cells treated with 100;Lg/m1
of the test compound. .

(= : <103, + : 10 ~ 20%, 2+: 20 ~ 503, 3+: > 50%) -
Table 5-8 Micronucleus test
Test compound | Incidence of
MNPCEs 1! (%)

Saline . 0.18
Example 10 0.18
Example 12 0.16
Cyclaphasphamide 2.9

1) Percent of the number of MNPCEs per 1,000 PCEs.

Table 5-C Photatoxicft§, Caonvulsions

Test compound 'Phototoxicity D Convulsions 2!
i.p. - leuv.

Example 10 a/s a/6 a/3

Example 12 Q/5 a/8 Q/3 .

Example 14 Q/5 076 Q/3

Ciprofloxacin 3/5 3/6 3/3
1) Number of animals with erythemas / number of animals tested.
2) Number of animals with convulsions / number of animals tested.
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dernatologlc dosage form The pharnaceutlcal conposi tion of t 1
i nvention can be prepared by addi ng pharmaceutically acceptabl G'H.E&iSHEET\)‘@SthEN
5- ami‘no- 8- net hyl - 7- pyrrolldlnquU|noI|ne 3-carboxylic acid erivé&?Mﬁ?Da
ste¢e0|58nq, t her eof . or pharnacologlcally acceptable salt t htereof—amd

t her- issue dlstmbutmn adopt i ng an

or di nary. pr egaiLian el BAY soraBOl sl PLERAAL |30 o e RO IR

conposition SUI't ora n-or SUppository, tive
may CO”PBf‘a"‘I@yaﬁoﬁn'ix‘xH‘%QFedS&'ﬁB ose éﬁ%tr@/‘ﬁ 13- Fﬁ@n{]ats‘@éd of&nigitl 3K PntePais
crystalline cellulose, etc a d|$|nteg ant suc car boxymet hyl cel | ul ose
or cal cbfirp. 083,b0x387e0.)5y! L‘e|2L U4,088,8,E1Z .and R4bh ndesr atmihi siSration, the rats
hydroxypropylcellulose hydroxypropylnethylcellulose or

pol yvi nyrens, ppes thgbined with ether amd bdegd sampies were taken from the abdominal

aorta. Plasma samp]es were obtained from the blood samples in the usual way. The

lungs and kidneys were removed after collection of blood, and homogenated with
4'm and 7 m of 1 M HCl-citrate buffer (pH 4.0), respectively.

The concentration of the test compounds in the biological fiuids (plasma
and in each tissue tested) was détermined by HPLC method. Hydrochloric acid and
ether were added to 0.5 ml of plasma or 0.5 g of each tissue homo;enate. The
mixture was shaken and centrifuged. After the removal of the organic phase, aq.
NaOH solution, phosphate'buffer {pH 7.0) and chloroform were added to the
aqueous phase. The mixture was shaken and centrifuged. The organic phase was’
then concentrated. The residue waé disso]véd and subjected to HPLC. The
concentration of the test compounds in each biological fluid at T.m,x (time of
the maximum concentration in plasmh)_is shown in Table 6.

(HPLC condition)

fColumn o TSK gel1-0DS 80 .,
Mobile phase pH2.5 0.03M phosphate buffer : CH,CN (3 : 1)

Flow rate 1.2 ml/min
Injection volume 100,1

‘ Detected by UV at 308 nm _
. The concentrations.of the compound of the present invention in the lungs
and kidneys, remedial térget organs, were 16 and 7.4 times higher than those of |
ciprofloxacin, fespectivély. Further, the concentration ratios (tissue/plasma)
of the compound of the present invention in th;-]ungs and kidneys were 5156 8.6
and 4.2 times higher than those of ciprofloxacin, respectively. The data
indicates that the compounds of the present invention have a good tissue
distribution. o , —
| heet Has Been Re‘laced
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as, magnesium stearate or talc, etc.; a coating agent such as, h
ydroxypropylnethyl cel l ul ose, sucrose, or titaniun1oxide, et sueErHASBEH“
pl asticizer such as polyethyl eneglycol, etc.; or a base suc ? REPLACED

pol yet hyl ene-gl ycol or hard fat, etc. The pharnaceutlcal conposi tion of ..
t he present invention suitable for injection, or use as an eye drop or ear
drop may coniabileed caiysugr $1siydRub®n a  sol ubilizing agent or solvent, e.g.
distilled water for injection, saline, or propylene glycol,. etc. which is
useful for ai Tt CONPOST tT oM {or—preparHhrg—agqueous

sol ution befpre use; a pH adjusti®g' agenforegéft den imérgkadicaand or ganic

aci ds or bases; Test cewegniici tly adént such aduidsodiugvndhl erg/de, 2'gl Lcose, or
glycerin, etg.; or a stabilizer, etc.|mayase used. Lufpr the pregparati pn of

t he pharnacelti QIIITRh e for an.eye . oint rrpnt or
_dermaé_ol otgi C nggé“ppl]ge,io an ?gl :tltd/@ ssugh @ssal a S:J;I babdse )pl e(gg a
i ngredi ent, ite.petrol atym mhacr , g r in
or cloth, etg v%mwoﬁa?ﬁ) t? Al ft){r an| oi ﬁ’?jr?ent, oé'?ga%nag) ?)I(és% may
be used. '

a/b 16 (8.6) | 7.4 (4.2)

1) Time o7 the maximum contentration of the tast compound in plasma.

2) Concentration of the test compound in each biolagical fluid at Tmax.
Each value in parentheses is the concentration ratio (tissue/plasma).
The values of ciprofloxacin are cited from the booklet of ciprofloxacin
in New Drug Symposium I (the 32nd General Mseting of West Japanese Blanch
of Japan Society of Chemotherapy).

<Comparison with Analogous Compounds>

The excellent effects of the compounds of the present invention were
compared with effects of analogous compounds which possess only one different
subsfituent among 5-, 7~ and 8-substituents from the gompounds of the preéent
invention. The comparative data is shown in Tables 7 and 8. | |

A1l the data of the antibacterial activity, chromosomal aberration
activity, phototoxicity and inducement of convulsions were obtained from the
same test methods as those described above. Among this, the déta of the
antibacterial activity shown in Tables 7 and 8 are MICs (minimum inhibitory
cbncentrations) values against clinically isolated strains (HPCS527, HPC308 and

" HPC292) of S. aureus which is a representative gram—positive bacteria. -

Table 7 shows the Following: |

A compound (Example 10) of the present invention exhibited a higher
antibacterial activity than the ana1ogods reference compound B (which possesses
only one different substituent at the 8-position differentiating it from the

compound of the present invention). The compounds of the present invention also

-31- !
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Use of the pharmaceutical conposition of the present inventiomsoREET I$RSBEEN
adm ni stering the conposition described above orally or parenter @sbyadedp a

pati efit. The dose of the pharnmaceutical conposition for an detHt—pati-ent

my  gRneskhol BR £6:801 BPsHroddioh® 1bSRALTTE RN plibaytdxati 1Y) abserved in
adm ni stration or from about 1 to 500 ng per day for parenteral

adm ni stheate femencshtapowrlyBbe i ncreased or decreased depending on the
conditions of the patient to be treated.

16 Phar macdlasgbewid Motampte 10) ofThke goapantnimvestiohexpitddedan sxeehi¢tn are

considered to be 5-am dated, 8- t hyl at 7- | i dinylat I
of 'the REPRIEIR T af B b ascotigah s He FHals e rebrTrse pnpardc b B lfue o

b h" SRouRes g G 1Y, BRe WPrfcRend SLELARGEN: GLITR|SIHRS PUIGR BT rENRR Ay oS
from the compound of the present invention), and also did not show the toxicity
(chromosomal aberration) observed in the reference compound C. Although the
reference compound C showed no phototoxicity similar to that of the compound of
the present invention, adminstration of the reference compound C caused the
death of one guinea pig out of five. These results indicate that the reference
compound C has a higher toxicity than the compound of the present ingéntion.

A compound (Example 10) of the present invention exhibited much higher
antibacterial activity than the analogous reference compound I (which possesses
only one different substituent at the 7-position differentiating it'frOm the
compound of the present invention), and also did not show the toxicity
(convulsions) observed in the reference compound I.

A presentation has already been made at the ICAAC (31th Interscience
Conference on Antimicrobial Agents and Chemotherapy, Chicago, ITlinois, Abstract
No. 1507 (1991)) concerning the potent chromosoﬁal aberrational activity of the
referencé compound. C.

Table 8 illustrates the following:

A compound (Example 12) of the present invention exhibited much higher
antibacterial activity than the analogous refevence compound E (which possesses
only one different substituent at the 8—position'differentiating it from the
compound of the present invention), and also did not show the-toxicity
(chromosomal aberration) obsefved in the reference compound E. Though the
reference compound E showed no phototoxicity similar to that of the compound of
the present invention, adminstration of the reference compound E caused the
death of two guinea pigs out of five. These results indicate that the reference
compound E has a far higher toxicity than the compound of the present invention.
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The inventors of the present invention found that the sinultafeoos

introduction of am no, nmethyl and pyrrolidinyl. groups into 5-i i THS SHERT HAS BEEN
positions of the quinolone nucleus respectively reduced the c§hromj§=8%§59

aberrational activity of these conmpounds. This effect of the subStTTTUENTS

was “-unknown /hlctoﬁé?‘%fb’ dbepmpdal inef the @k?}%ﬁﬂtedl"\tﬁf'tt‘ﬁé %Pét% 3plhl19$'ﬂeral‘t
nanel y, . i_s, of. S%ﬁ? raI conversion of the r g af ngounds
This is §H5Wﬁ° ﬁgtwm %é&ﬁﬁ%&usore NEEChFIIRBYEEI YAbYT PATTEPRS est
(test m%hﬂg olﬁée&ii Fféﬁ%‘éeﬁﬁﬁpﬁgnbg eld gra sition di Z%Eﬁtmge ENAh bk

Tables 1 oW ng corrpoun were use reference

conmpoundgompodiff @FCBRE pQ‘@E’P@&JWQ\véntwn), and also did not show the toxicity
7-((S)-7- am no- 5-azaspi ro[ 2. 4] hept - 5-ylI') - 1- cycl opr opyl -

6- f | uor o{&hvbmdsdmadr abedrabion windophioetd cti) oobseirvedadn cthe reference compound
hydrochl ori de (Known conpound, Japanese unexam ned '

pat ent pfibl i cati on No. 95176/ 1991) * Reference conpound B :

.5 ami no- 7- ((? compountri]O(Egarr? as][.)é) L‘Zthdé] Qr? senil:3 1¥w2—mtlon exhibited much higher
antibacterial activity than the analogous reference compound I (which possesses
only one different substituent at the 7-position differentiating it from the
compound of the present invention), aﬁd also did not show thg toxicity
(convulsions) observed in the reference compound I.

The toxicity (e.g. chromosomal aberration, phototoxicity and convulsions)
caused by some of the anti-bacterial agents with a quinolone nucleus pose
serious problems to clinical use of such agents. The compounds of the present
invention solve such problems and so have great potential as the next

generation of anti-bacterial agents.

" This Sheet Has B
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cycl opropyl - 6-f [ uor o- 1, 4- di hydr o- 4- oxoqui nol i ne- 3- —
car boxyl i c.acid. hydrochl ori de (Novel conpound) Reference corraBI’Jﬁ&”E}'T HAS BEEN

7-((S)-+7-am no-5-azaspi ro[ 2. 4] hept -5-yl)-1-cycl opr.opyl - REPLACED
6-fl uoro- 1, 4- di hydr o- 8- met hyl - 4- oxoqui nol i ne- 3-
carboxylic acid (Known conpound, Japanese unexam ned
patent publication No. 95176/ 1991) * Reference conpound D :
7- ((S) - Zabderi’n oCampeyativedatdil ny| ) - 1- cycl opr opy!l - 6- f | uor o-
1, 4- di hydr o- 4- oxoqui nol T ne- 3- car boxy] i c_acid (Known
corrpound Japanese unexam ned paten '. I cation No.
258855/ 1988) F. COOH _
REPLACEMENT SHEET -17- Ref erence
compound E : 5-amino-7-((S)-3-ath -Wrrolidinyl)-I-cycl opropyl 6-
f1 uoro-1, 4-di hydr o- 4- oxoqui nol i ne- SZtagoxyl ilc acid
T Structure An ot | o Ll Convulsions
est tibacteri Mmosom ..
compound 71 72 73 activity aberration Phototoxicity ip. |i.c.v.
: 0.025 -
Example 10f NH, jZN- CH;| . 0.39 ©) 0/5 o6 | o3
e 1.56 |
0.025 .
B NH, t'“- H '0.78 P 345 0/6
HoN
3.13 : :
0.025 : 0/4
C H j:”" CH, 0.39 (3+) (one guinea pig| 0/6
e - 1.56 died.) ‘
— 0.10 '
I NH,| wN_N- | CH3| 6.25 G [ 05 o6» | 353
25 '

1) Frequencies of chromosomal aberration on CHL cells treated thh 30 g g/ml of the test compound.
As all cells died after treatment with 100 « g/ml of the test compound, frequencies of '
chromosomal aberration could not be observed.

2) All of mice used for the test had a symptom of sedation consxdered to be a precursor of

convulsions.

[~ Antibacterial actmty MIC (g g/ml) of the test compound against 3 strains of S.aureus

: HPC527, HPC308 and HPC292. :

(upper values . HPC527, middle values : HPC308, lower values . HPC292) '

Chromosomal aberration . Frequencies of chromosomal aberration on CHL cells treated with

100 z g/ml of the test compound.
(-:<10%, +:10-20%, 2+:20-50%, 3+:>50%)
Phototoxicity . Guinea pig, 10 mg/kg, i.v.
. Convulsions . Mouse, 100 mg/kg, i.p. and rat, 20 x g, i.c.v.

-




(Novel compound) *Reference corrpound' F THIS SHEET HAS BEEN
.7-((S)-3-am no-1-pyrrolidinyl)-1-cycl opropyl -6-fl uoro- _ REPLACED

1 4- di*hydr o- 8- nethyl 4- oxoqui nol i ne- 3- carboxylic acid
(Novel conpound) * Reference conpound G :

5- am no- 1- cycl opr opyl - 6-fl uor o- 1, 4- di hydr o- 4- oxo- 7-

pi per azi nyl qui nol i ne- 3-car boxylic acid (Known conpound,
Japanese unexam ned patent publication No. 28157/1990) Reference conpound °
H : 1-Tapll dprlopydera@vd dago? o- 1, 4- di hydr o- 8- et hyl - 4- oxo-7- -

pi per azinytqui not T ne-3-car boxyl i ¢ aci-d hydrochl ori de

(Known conpound, Japanese unexam ned patent publication

No. 215572/1987) Reference conpoudl 10: .
5-ani no- 1- cycl opropyl - 6- f | uor o-d, 4:di Bydrepdi+ met hyl -
0X0- 7- pi per azi nyl qui nol i ne- 3- car i@ [ | acid

hydr ochl ori de (Known conpound,.zJaparese’ unexam ned
pat ent publication No. 215572/71987 A

S " Convulsi
Test ructre __| Andbacterial; Chromosomal Phototoxicity onvuisions
compound| | | 2 | 3 |acWviy |acematon ip. |icv.
. . 0.025
xample 12| NH, | -~ | CHj 0.78 ®) 0/s 06 | 053
' ' 1.56
M 0.05 073
E NHy | .~ H 3.13 (3+)  |(two guineapigs| 06 | ____
50 died.) '
M 0.05.
F H | .~ |CH; 0.78 (G+) - 45 o6 |
' 3.13
= 0.10
I NH, [ w_» | CH,y 6.25 A 0/s 0/6V 1 33
' ' 25

1) All of mice used for the test had a symptom of sedation considered to be a precursor of

_convulsmns
Anubactenal activity . MIC (x g/ml) of the test compound against 3 strains of S.aureus

HPC527, HPC308 and HPC292
(upper values . HPCS527, middle values . HPC308, lower values . HPC292)
Chromosomal aberration . Frequencies of chromosomal aberration on CHL. cells treated Wlth
100 z g/ml of the test compound.
(-:<10%, +:10-20%, 2+:20-50%, 3+:>50%)
Phototoxicity . Guinea pig, 10 mg/kg, i.v.
Convulsions . Mouse, 100 mg/kg, L.p. and rat, 20 « g, i.c.v.
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1) 5-Amdation (5-H [err] 5-NHerr]) Table 1 shows the_foll.owi.ng.

Qoserving the reJative activities of reference conpounds A pRgs BHEdT Hag BEEN
n

(+) ),*Dand E ((-) [err] (3+)) would lead to the assunpti t heePLACED
i ntroduction of an amino group into. the 5-position of the Quinelgre
nucl eus Sincrease chronpbsonal aberrational activity.

bresent. i nvent PorPTESREF daentien ba 18 SR Reaer dT RSBt Photheer el Wdae
Comound%xgmg%g; @ﬁ%ﬂﬁfﬁhﬁiﬁ’iw %&{a&g@; i PRl di¥n (AP S HoRT £ EP %8

conpounds

18

oNDSO
construed as exhaustive. '

Example 1

2,4, 5-Trifluoro-3-methy1-6-nitrobenzoic acid

fo a mixture of 370 ml of conc. sulfuric acid and 61.2 ml of 70 % nitric
acid, 36.6 g of 2,4,5-trifluoro-3-methylbenzoic acid was added at 55 to 70°C by
portions with stirring. After 2 hours at room temperature, the reaction mixture
was poured into ice and extracted with isopropyl ether. The combined extracts
were washed with brine, dried and evaporated to give 30.6 g of the desired
compound as yellow crystals.

NMR spectrum ¢§ (CD,0D) ppm: 2.29 (3H, t, J=2Hz)

Example 2
Diethyl (2,4, 5-trifluoro-3-methyl-6-nitrobenzoyl)malonate

A suspension of 27.0 g of 2,4,5-trifluoro~3-methyl-6-nitrobenzoic acid,
19.5 m] of oxalyl chloride and a few drops of N,N-dimethylformamide in 270 ml
of methylene chloride was stirred at room temperature for 2 hours. The reaction
mixture was evaporated to give 2,4,5-trifluoro-3-methyl-6-nitrobenzoyl
chloride. Separately hand, to a suspension of 3.08 g of magnesium and a few
drops of carbon tetrachloride in 6.4 ml of absolute ethanol, a solution of 19.2
ml of diethyl malonate in 12 ml of absolute ethanol was added dropwisely at 50
°‘C and fhen stirred at the same temperature for 1.5 hours. The reactién mixture
was evaporated, dissolved in toluene and then, evaporated again. To a solution
of this residue in 30 ml of toluene, a solution of 2,4,5-trifluoro-3-methyl-6-
nitrobenzoyl chloride prepared above in 30 ml of toluene was added dropwise
under ice cooling. After 2 hours at room temperature, 100 ml of 5 ¥ sulfuric

acid was added to the reaction mixture and the resuliting solution was extracted

rration activity, Tespectively.

NN
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Contrary to this expectation, thé conpounds of the present iT
exhibited (-). Such results could not be foreseen by the pritor aggpLacen

e

8-Met hyl-ation (8-H [err] 8-M) Tabl e 2 shows the fol | qwi.ng:

coryiounad it e o (R TR Pofindd i 8L et B el ST e

expect ed ghiaapdiated '@? Ig‘?@élﬁf’.i?g At BBIiYY cBRfRURd 1St ol @1 P POSI i on of

gui nol one nucleus wou

VR R8T s

=

| ncrease chronosomal "aberrational activity.

Ther ef or éiMRi spwasrexpegt gdDthat doe comReIMds J=2x3mRh s, 39( 3N, U2y, efiz) he
I nvention considered to be 8-nethylated anal ogs of the reference
conpounds 2B 33r(d HE tywdeRdzexhi 16t 1 &ar 8 fpttadntl Hy eichi sy , #h8A (RHeqy &1 BHER
conmpounds Bzﬁg EJgé%nza chronmosomal aberration activity, respectively.

pr esent

C‘ontrary""'3

s )

Example 3
Ethyl (2,4, 5-trifluoro-3-methyl~6-nitrobenzoyl)acetate

A suspension of 45.3 g of diethyl (2,4,5-trifluoro~3-methyl-6-nitrobenzoyl)
-malonate and 30 mg of p-toluenesulfonic acid in 120 m1 of water was heated at
reflux for 50 minutes. After cooling, the reaction mixture was exé;acted with
diethyl ether. The combined organic extracts were washed with brine, dried and
evaporated to give 34.2 g of the desired compound as brown oil.

NMR spectrum § (CDC1;) ppm: 1.26,1.34(total 3H,each t,J=7Hz),2.33,2.35(total
3H,each t,J=2.5Hz),3.91,5.48,12.34(total 2H,each s),4.20,4.28(total 2H,each

q, J=7Hz)

Example 4 .
Ethyl 3-cyclopropylamino—2-(2, 4, 5~trifluoro—3-methyl-6~nitrobenzoyl)acrylate

‘A mixture of 31.9 g of ethyl (2,4,5-trifluoro~3-methyl-6-nitrobenzoyl)-
acetate, 26.2 ml of ethyl orthoformate and 23.8 m]lof acetic anhydride wés
heated at reflux for 1 hour. The reaction mixture was evaporated to give 46.2 g
of ethyl 3-ethoxy-2-(2,4,5-trifluoro-3-methyl-6-nitrobenzoyl)acrylate as brown
0il. To a solution of 45.4 g of this compound in 328 ml of ethanol, 9.6 ml of
cyclopropylamine was added dropwise under ice cooling with stirring: After 30
minutes at room temperature, the reaction mixture was evaporated and the residue
was purified by column chromatography (silica gel, n—hekane—methylene
chloride(l: 1)) to give 28.8 g of the desired compound as yellow crystals.
Recrystallization from isopropyl ether to provide yellow needles, m.p. 115-115.5
.

' This Sheet Has Been Replaced
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to this expectation, the conpounds of the present invention exhibit

=
Such resul.ts could not be foreseen by the prior art. 3) THISSHEETH S'BEEN
7- Pyrrofidinylation (7-Piperazinyl [err] 7-Pyrrolidi.nyl) THERIACED
shows the follow n On the basis of observations of theT&rati ve

actlmtle“é’ab)fs‘ﬁe‘?"é'r“elnﬁsF N.Gsonpounds G and B ((-) [err] (+)), Hand C ((-)

[ei[)re]ct w%ﬁé@‘?ﬂg% egré{'cé%vehfmk §‘3g‘)%l per azi ﬁ;? " (érz)uE)eL;]- a( ﬁmm : Eji \r/]v?ls

group at Sitign, af cqt | gn ucl eus woul d i ncrease chronosonal
aberratlo%aﬁ&)act \9} %5t Q? ﬂU:L, Igg’l'ﬁ\hé?e ore, it was expected that the
conpounds ( Exanpl es 10 and 12) of the present. invention considered to be
the 7-pyrrolidinylated anal ogs of the ref erence corrpound | woul d exhibit
posi tive kkampgle @and nore potent activity than

Ethyl i—cycl opropy1-6, 7-difluoro-1, 4—dihydro-8-me thy1-5-ni tro—-4-oxoquinol ine-3-

carboxyiate

To a solution of 27.1 g of ethyl 3-cyclopropylamino-2-(2,4,5-trifluoro-3-
methy1-6-nitrobenzoyl)acrylate in 270 ml of 1,4~dioxane, 3.2 g of sodium hydride
(60 % mineral oﬂ" dispersion) was added by portions and sti rr?d at room
temperature for one hour. 300 m] of water was added to the veaction mixture and
the deposited crystals were collected by filtration to give 19.5 g of the
desired compound as colorless crystals, which was recrystaliized from N, N-
dimefhy]f‘ormamide to provide colorless needles, m.p. 260-263 °C.
Analysis for C, H,,F,N, 0, '
Calculated ¥ : C,54.55; H,4.015 N,7.95
qund % : C454.51; H,4.00; N,7.90

~ Example 6
Ethyl 5-amino-l-cyclopropyl-6, 7~difluoro-1, 4-dihydro-8-methyl-4—-oxoquinol ine-3~

carboxylate

A qupension of 18.5 g of ethyl l-cyclopropyl—-6,7-difluoro-1,4~dihydro-8-
methyl-5-nitro—4-oxoquinoline~3-carboxylate, 10 m1 of Raney nickel in 300 m] of
acetic acid was hydrogenated at. room temperature for 1.5 hours under atmospheric
pressure. The catalyst was filtered off and resulti'ng filtrate was evaporated.
To this residue, 150 ml1 of 10 % aqueous potassi um'carbonate was added and the
mixture was extracted with methyfene chloride. The combined orgam'i: extracts -
were dried and evaporated to give 14.8 g of the desired compound as slightly
yellow crystals, _Which was recrystallized from acetonitrile to give slightly

yellow needles, m.p. 182.5-185.5 *C.

il
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19 the reference conpound I. Contrary to this expectation,
of the present. invention exhibited (-). Such results cou
by the- prior art.

20

Analysis for C, H, F,N,0,
. Calculated % : C,59.62; H,5.00; N,8.69
Found % : C,59.74; H,5.08; N,8.60

Example 7

5-Amino-1-cyclopropyl-6, 7-difluoro-1, 4-dihydro-8-methy1-4-oxoquinol ine-3-

carboxylic acid

A mixture of 14.8 g of ethyl 5—amino—1—cyc]opropy1-6,7—dif1uoro¥1,4—
dihydro~8-methyl-4-oxoquinoline-3~carboxylate, 37.2 ml of hydrochloric acid and
150 ml of 90 % acetic acid was heated at reflux for 2 hours. After ggo]ing, the
deposited crystals were collected by fi1tratipn and washed with water to give
11.8 g of the desired compound as ye]iow crystals.. The crystals were
subsequently recrystallized from N,N—dimethylforﬁamide to givé yellow crystals,
m.p. 290.5 °C (decomp.). |
Analysis for C,.H,;FZNIO8
Calcutated ¥ : C,57.15; H,4.11; N,9.52
Found % : C,57.10; H,4.03; N,9.53

Example 8
[S—Amino-i-cyclopropylrﬁ,7—difluoro—1,4—dihydro—8-methy]—4—oxoquinoline-3-

carboxylato—-0%,0" Jdifluoroboron (5-Amino-l-cyclopropyl-6,7-difluoro-1,4-

dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid BF, chelate)

| A mixture of 5.00 g of S5-amino-l-cyclopropyl-6,7-difluoro-1,4-dihydro-8-

methyl-d—oxoquinoline—3—¢arboxy1ic acid, 3.13 ml of boron trifluoride etherate

and 75 m1 of methyl isobutyl ketone was heated at reflux for i hour. After

cooling, the deposited crystals were.collected by filtration and washed with
- diethyl ether to give 5.38 g of the desired compound as yellow crystals.

NMR spectrum § (DMSO-d.)_ppm: 1.08-1.15(2H,m), 1. 21-1.30(2H,m),

2. 67 (3H, d, J=2. 5Hz),4.52-4.59(1H, m), 7. 28(2H, br-s),.9. 10(1H, s)

Tlus Sheet Has Been Reﬂlac
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Tabl e | 5- Ami dadon (5 H[err] 5-NHerr])

[err] , Test Structure Chr onosonal - Test} THiS SHEET HAS BEEN
Structure Chronnsonal conmpound Z[err] Z[ err] Z err]nﬂﬂASED .
aber.ratgxglgme g compound . Z[ err] Z[err] z[err] aberrattom(Prior
art)- (Prior art): A H

Eerr] 5 HAmino-1-c{e 1@ ddy1-6-£1Bbro-1, 4-dihydb&rddne thy1-atbxo-7-( (5§=)-

[err] tr1f]ddroacetyldm3n6—5-azasbfﬂb@&ﬁﬂﬂhepﬂngﬂoqummbl1ne—3—carboxy11c acid

(Present 1nvention) [err] ~CH err] (3+)

F H A mixfurerqf 2.13 g}qﬁg{51am1no—1—qy;lypropyl 6, 7-difluoro-1, A ibydo-8- [err]
CH3 - _

Exanpl éneitﬁgll-)-d-oxoquinoli ne—3—carboxy1ato—Ol,ed“r}] dif]ugggg%gry %228 | af réS))-7-

trifluoroacetylamino-5—azaspiro[2.4]heptane hydrochloride ([ a1, 2° -54.1°

(c=0.1, H,0)), 3.12 m1 of triethylamine and 8.5 ml of dimethyl sulfoxide was
“stirred at 30 ¢ for.4 days. To the reaction mixture, water was added under
ice cooling. The resulting mixture was acidified with 10 % hydroch]orié acid to
pH 3, extracted with methylene chloride, and the combined organic extracts were
washed with brine, dried over sodium sulfate and evaporated to give‘2.04 g of .
dark brown crystals. The crystals were purified by colum chromatography (silica”
gel, methylene chloride-methanol (50 : 1 ~ 10 : 1)), and 0.38 g of yellow
crystals were obtained. A mixture of 0.38 g of these crystafs, 0.38 m1 of
triethylamine and 8 m] of methano] was heated at reflux for 9 hours and then
evaporated. To the residue, water was added and the deposited crystals were
collected by filtration, and washed with water; isopropanol, and diethyl ether
to give 0.26 g of the desired compound as yellow crysta1s. The crystals were
subseduent]y recrystallized from a mixture of methylene chloride and methan61
“to give yellow crystals, m.p. 206.5-248 °C.

Analysis for C,H,,F,N,O,

Calculated % : C,54.77; H,4.60; N,11.61

Found % s C,54.57; H,4.70; N,11.56

Specific rotation [;Q]n zo -135.6 ° (c=0.1, DMF) :

Example 10
5—Aﬁino—7—((S)—7—amino—5-azaspird[z.4]hept—5—y1)—l—cyclopropyl—ﬁ—f]uoro-l,4—

dihydro—84methyl—4—oxoquinoline—3—carboxy1ic acid

A mixture of 0.26 g of 5-amino-1-cyclopropyl-6~Fluoro-1,4-dihydro-8-methyl-
4—0xo—7—(($)—7—trif1uoroacety]amino-s-azaspiro[z.4]hept—5-yl)quino]ine-3—

-40- is Sheet Has Been RTlaced
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1) Frequenci es of chronmobsomal aberration on CHL cells treate

g/m of the test,conpound. The others are data treated wi {tHEGHEEY
g/m of‘the test compound. (- <10@6 +: 10 20% 2+: 20-50% A
Tabke 2 8- Met hyl ation, (8-H [err] CH err])

[erri carboxylic acid, 0.18 g of potass1um hydrox1de and 1.8 ml of water was stirred

. at room temperature for 0.5 hour. The reaction mixture was neutralized with 10 %

" hydrochloric acid to pH 8, the deposited crystals were collected by filtration
and washed with water to give 0.21 g of the desired compound, which was
recrystallized from acetonitrile to afford 0.16 g of yellow prisms, m.p. 216.5-
218°. B

Analysis for C, H,,FN, O,

Calculated % : C,62.16; H,6.00; N,14.50.

Found % : C,62.13; H,6.00; N,14.64

Specific rotation [a], 2° — 48.0 ° (c=0.05, DMF)

Example 11 _
S-Amino-l-cyclopropyl-6-fluoro—-1,4-dihydro-8-methyl-4~0x0-7-((S)-3-

trifluoroacetylamino-1-pyrrolidinyl)quinol ine-3-carboxylic acid

A mixture of 2.5 g of [S—amino—l—cyclopropy]—6,7-dif1uoro—1,4—dihydro—8—
methyl-4-oxoquinoline-3~carboxylato-0?,0*] difluoroboron, 3.20 g of (S)-3-
trifluoroacetylaminopyrrolidine hydrochloride ([ alp 2° - 28.1 ° (c=1, MeOH))
s 3.26 ml of triethylamine and 10 ml of dimethyl sulfoxide was stirred at 30°C
for 3 days. The reaction mixture was acidified with 10 ml of 10 ¥ hydrochlofic
acid, extracted with methylene chloride, and the combined organic extracts were
dried and evaporated to afford 3.66 g of yellow crystals. A mixture of 3.66 g of
these crystals, 3.8 ml of triethy]gmine and 30 ml1 of methanol was heated at
reflux for 3.5 hours. The deposited crysta]s.were collected by filtration to
give 0.72 g of the desired compound=as yellow crystals. The crystals were
subsequently recrystallized from acetonitrile to give 0.41 g of yellow crystals
s Mm.p. 238.5-240°C.

Analysis for C,oH, F N, O,

Calculated ¥ : C,52.63; H,4.42; N,12.28

Found % : C,52.64; H,4.37; N,12.35

Specific rotation [alp 2° ~ 28.1 ° (c=0.1, DMSO)

-
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Test . Structure Chr onbsonal Test Structure

Chromosomal, conpound Z[err] Z[err] Z[err] aberration [ﬁﬂSSHEETHASBEQQ'
conpound» aberration (Prior art) ' REPLACED
(Prtor art) _ A H [err] H () : D H-
lerr] (-) C H [err] - CHerr] (34)

CH3 (3+) . (Present invention) '
'(Presentﬁﬁﬂwg {%wo B NH[ err] [err] H (H)[err]

-1, 4-dihfdid-a-

-). of
chr onDs ok AbEy@diRe iR6-3CEkrbeR}ITE ddigalarbanémdsOlerr] o/m of the test

conpound. rr] g/m of ‘the test
conpound. A mixture of 0.62 g of 5-amino-1-cyclopropyl-6-fluoro-1, 4~dihydro-8-methyl-
4—oxo-7—((S)-3¥trif]uoroacety]aminojl-pyrro1idiny])quino]ine—3—cafboxy1ic acid,
0.57 g.of potassium hydroxide and 10 ml of water was stirred at room temper;ture-
for 1 hour. The reaction mixture was neutralized with 10 ¥ hydrochloric acid
and evaporated. The residue was diluted with ethanol, insoluble precipitates
were filtered off and resulting filtrate was evaporated. To a solution of the
residue in acetone, ethanolic hydrochloride was addgd'and the deposited
crystals were collected by filtration to give 0.53 g of.ye]loﬁ crysia]s. The
crystals were subsequently recrystallized from methanol and 40 mg of the desiréd
compound as yellow crystals, m.p. 263.5 °C (deéomp.) were obtained.
Analysis for C,gH,,FN,0; - HCY
Calculated % : C,54.48; H,5.59; N,14.12
Found % : C,54.225 H,5.61; N,13.88
Specific rotation [la]D 20 — 37.4 ° (¢=0.1, H,0)

'Exaﬁp1e 13
5—Amino—1—cyclopropyl-6—f1uofo—1,4—dihydro—B—methyI-?—(cis—4-methy1—3-

trifluoroacetylamino—l—pyrrolidiﬁy])—4—oxoquin01ine—3—carboxy1ic acid

A mixture of 4.00 g of [5-amino-1-cyclopropyl-6,7-difluoro-1, 4-dihydro-8-
methyl-4—oxoquino]ine-3—carboxy]ato-0=,0*] difluoroboron, 4.08 g of cis—4-
methyl;S—trif]uoroacetylaminobyfrolidine hydrochloride, 5.09 m1 of NyN-
diisopropylethylamine and 16 ml of dimethyl sulfoxide was stirred at 30°C for 3
days.  To the react}on mfxture, water and methylene chloride were added under
ice cooling and the resulting mixture was stirred at room temperature. The
deposited crysta}s were collected by filtration and washed with methylene

chloride to give 0.9% g of yellowish brown crystals (A). The methylene
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+:10-20% 2+:20-50% 3+: >50%

(~:<10% BEEN.
22 ~ Table 3 7-Pyrro|idiny|ation (7-piperazinyl [err] ““SSHEELHAS

7- pyrr(ﬂaidinyl) [er*] REPLAGRR. ¢
Structure CI} onosonmal  Test 5Sﬁruct ure &rmsomal :
conpoundshioréfs jlaver of[ Ehe ]f”t"atf[\@'sr pashash i th wafer and '&'b‘rﬁ?@u dedzpver |

z[err]

(Prior-

a§%$1um sulf%&e aJd e@ggg#- %Hf”%he @erléﬂe aﬁs)tr1turated with methylene

chloride to give 1.15 g of yellowish brown crystals (B). The filtrate was
evapo}ated and the residue was purified by column chromatography (silica gel,
methylene chloride-methanol (100 : 1)). 0.25 g of yellowish brown crystals (C)
were obtained. - A mixture of 2.39 g of those crystals (A,B and C), 2.42 ml of
triethylamine, 4§ ml of meth§n01 and 24 ml of 1,2-dichloroethane was heated at
reflux for 9 hours and then evaporatéd. To the residue, water was added and the
mixture was acidified with 10 % hydrochloric acid to pH 4. The deposited
crystals were collected by filtration and washed with water, isoptopano] and
diethyl ether to give 2.24 g of the desired compound as yellow crystals. The
crystals were subsequently recrystallized from a mixture of N,N-
dimethylformamide and ethanol to give yellow needles, m.p. 253-254.5°C.

Analysis for C, H,,F N, O,

Calculated % : C,53.62; H,4.715 N,11.91

Found % ¢ C;53.415 H,4.943 N,11.70

Example 14
5-Amino-7-(cis-3-amino—-4-methyl-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1,4-

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

A mixture of 2.00 g of 5-amino-l-cyclopropyl-6—fluoro-1,4-dihydro-8-methyl-
7-(cis~-4-methyl-3-trifluoroacetylamino-l-pyrrolidinyl)-4-oxoquinoline-3-
carboxylic acid, 1.40 g of potassium hydroxide and 14 ml of.water was stirred at
room temperature for 1 hour, and then neutfa]ized with 10 X aqueous

hydrochloric acid to pH 8. The déposited crystals were collected by filtration '

_ and washed with water, isopropanol and diethyl ether to give 1.65 g of the

desired compound as yellow crystals. The crystals were subsequently
recrystallized from a mixture of methylene chloride and methanol and 1.32 g of
yellow prisms, m.p. 213.5-215°C were obtained.
Analysis for C,qH4FN,0, I
| et Has Been Reflaced

T T



G [err] perr[ H (-) G - Jerr]l_ _lerr]
B

(-) . . : NH err]  [err] H (+)[err] }uis sHeeT HABBEEN

[err] . H (3) . H H [err] CH érr] REPLACEQ )
k o[ ll . (- ) C H et

CH[ err] Ca]cu]at?d\g ) C,60.95; H,6z19; N,14.pp CH err] (34)

(Present I nvent i (Present invention)

I 4’/ 8 ]C Gocfﬁ[’eﬁ’rﬁ 3? )M 14.83 I [err] [err]

CH[err] : Exanpl e 10 NH err] [err] CH err] (-)

Exampl e 12 NH[ ERR] [err] CHerr] (-) 1) Frequenci es. of

chromosgiafpiabey ration on CHL cells treated with 30[err] g/nl of the test

conpound. The others are data treated with 100 [err] g/m of the test

conpound-Aminof=cyddptropy1-T0{ )%, 42di me 1)1 58%ri Bluordagedylamino—1-pyrrolidinyl)

-6—f1uoro-1, 4-dihydro—8-methyl-4-oxoquinoline-3—carboxylic acid

A mixture of 4.00 g of [5-amino-1-cyclopropyl-6,7-difluoro-1, 4-dihydro-8-
methy]—tl—oxoquino]ine—3—car-boxy1ato—0_=',0"]di fluoroboron, 4.32 g of (S)-4,4-
dimethyl-3-trifluoroacetylaminopyrrolidine hydrochloride ([ ], 20 4 25,6 °
(c=1, MeOH)), 5.09 ml of NyN-diisopropylethylamine and 16 mi c:f dimethyl
sul foxide was stirred at 30 °¢ for 3 days. The reaction mixture was diluted
with water under ice cooling, acidified with 10 % aqueous hydrochloric acid to
pH 3 and extracted with methylene chloride. The combined organic extracts were
washed with water and brine, dried over sodium sulfate and evaporated. The
residue was purified by colum chromatography (silica gel', methylene chloride-
methanol (100 : 1)) and yellowish brown crystals wer'e obtained. The crystals
were washed with diethyl ether to give 0.68 g of yellowish brown crystals. A
mixture of 0.68 g of these crystals, 0.67 ml of triethylamine, 14 ml of
methanol and 11 ml of 1,2-dichloroethane was heated at reflux for_lO hours and
“—~  then evaporated. To the residue, water- was added and the deposited crystals was

collected by filtration, and washed with water to give 0.57 g of the desired
compound as yellow crystals. The crystals were subsequently recrystallized from
methanol to give yellow colums, m.p. 253.5-255 C.

Analysis for C,,H, F N,O,

Calculated ¥ : C,54.54; H,4.99; N,11.57

Found % ¢ C,54.33; H,4.88; N,11.63

Specific rotation [a]lp, 2° + 42.6 ° (c=0.1, MeOH)

Example 16
5-Amino—7~((S)—3-amino—4, 4-dimethyl-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1, 4~

Been Replaced
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23 <Special Characteristics of the Conpounds of the Present I|nvention>

The excel l ent effects of the conpounds of the present inventtromare .
sumarized in Tables 4 - 6, showing results of tests for theéTHESHR K S BEEN b

properties: antibacterial activity against |aboratory standard s?ﬁﬁfﬁ_nahd
cl i ni cal §ipydeqyBapatdy kvdre 01 PRI SR TR I B @i hif ect i ous di séases ™
chronosonal  aberratiop,  inducement of @i cranucl eus t ot pXj.Ci —a

i nducenent of* MBHWEI gf]c%élr}aﬁo"t §§'ﬂ|@°ﬂ?§f¥‘ﬂ88f PR 7??{)@0?{ %xde{@F&ﬁp(%]Tﬁe
Merck In h i+t _ -iEQ% ISE! L4 oL R -89 ds 1.
Ant i bactgrr%{(gljujokg?f:%]yamq%_ M ni Erérhrdn | L#%??é?@rfc}ﬁgeﬁirat [ oﬁs M Cs)iL of
test conpieidne WREL3-URFEsLY1Retheily @BArg Gl pddagsi il RFAYNT €& and dech] ed in
t he standard, nethod of -the Japan” Society of Chenotherapy (Chenotherapy
(Tokyo) , wA®rlway G t{ AQBIL h} . robmetanpena e €omplload . WwEhee resc fioh| misture was

Sa
4.0
i

neutralized with 10 % hydrochloric acid to pH 8 and extracted with methylene
chloride. The combined organic extracts were washed with water and brine, dried
over sodium sulfate and.evaporated. The residue was tr%turated with a mixture
of acetone and diethyl ether to give 0.30 g of the desired compound as yellow
crystals. The crystals were subsequently recrystallized from acetqpitrile and
0.18 g of yellow needles, m.p. 191.5-193 °C were obtained.

Analysis for C, H,sFN, O,

Calculated %.: C,61.84; M,6.49; N,14.42

Found % ¢ C,61,70; H,6.51; N,14.32

Specific rotation [qJp, 2° +190.9 ° (c=0.1, O.1N NaOH)

Example 17
S5-Amino—-7-(3~tert-butoxycarbonylamino—-3-methyl-1-pyrrolidinyl)-1-cyclopropyl-6-

fluoro-1, 4—-dihydro-8-methyl-4-oxoquinoline-3—-carboxylic acid

A mixture of 3.00 g of [5-amino-1-~cyclopropyl-6,7-difliuoro-1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylato—0?,0* Jdi fluoroboron, 2.11 g of 3-tert-
butoxycarbonylamino-3-methylpyrrolidine, 1.53 ml of N,N-diisopropylethylamine
and 12 ml of dimethyl sulfoxide was stirred at 30 ¢ for 2.5 days. The reaction
mixture was diluted w{th water and extractéd with methylene chloride. The.
combined organic extracts were washed with brine, dried over sodium sulfate and
evaporated. Tﬁe residue was purified by column chromatography (silica gel,
methylene chioride-methanol (99:1)) and 0.97 g of yellow crystals were
obtained. A mixture of 0.97 g of the crystals, 1.00 ml of triethylamine and 40
ml of methanol was heated at reflux for 2.5 hours and then evaporated. To the

residue, water was added and the deposited crystals were collected by

—45- This Sheet Has Been Reilaced
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St aphyl ococcus aureus (S. aureus) Ent er ococc usTH R BEERT| HAS BEEN
faecalis) . Escheri.chia coli (E coli) RERMAAFD ella
pneunoni ae (K. pneunDnlae) : Serratia marcescens (S '

mar eescen cl.oaca

e Cer centaratian and dpshed W 3h SRdeEcla. 81 fE Haf (For hR2GAGIred onmoung: a5,
Tabl es 4- ,\féel‘ﬁwb g%cals whlchTQ t‘e %19& tFPégrl ?g@gﬁmw%%j\}ar‘o %p%.t&lft ed

excel | ent s agal nst y 1solated strains,

and resul y&316¢ Heg¥Rd, WpPejggqyﬂeflor to those of the reference conpound
(ciprofloxacin). In particular there was a remarkabl e dlfference I n

activity maaysist fgy eypHpi, 0J ve bacteri a.
Calculated ¥ : C,60.75; H,6.58; N,11.81 -
Found % : C,60.43; H,6.66; N,11.56

Example 18 .
5-Amino—7—(3-amino~3-methyl-1-pyrrolidiny1)-1-cyclopropyl-6-fiuoro-1, 4-dihydro-

8-methyl-4-oxoquinoline-3—carboxylic acid

To 0.76 g of S—Amino—7~(3-tert—butoxycarbony1amino—3—methy1—1—p;rrolidiny])
—1—cyc1opropy]-s—fluoro—l,4—dihydro—a—methyl-droxoquinoline—3—carboxy1ic acid,
1.1 ml of hydrochloric acid was added and then stirred at room temperature for
2 hours. To tﬁe reaction mixture, a solution of 0.89 ¢ of_potassium hydroxide in
1.8 m1 of water was added under fce cooling and resulting mixture was

" neutralized with 10 ¥ hydrochioric acid to pH 8. The deposited crystals were
collected by filtration and washed with water to givé 0.33 g of the desired
compound as yellow crystals. The crystals were subsequently recrystallized from
a mixture of methylene chloride and methanol to afford 0.36 g of yellow
crystals, m.p. 217-221°C were obtained.

Analysis for C,.H,,FN, G, - 1/74H,0
Calculated % : C,60.23; H,6.25; N,14.79
Found % : C,59.98; H,6.25; N,14.53

Example 19 - -
S-Amino-7-{(S)-7-tert-butoxycarbonylamino-5-azaspirof2.4]hept-5-y1)-1-

cyclopropyl-6-fluoro-1, 4~dihydro-8-methyl-4-oxoquinol ine-3-carboxylic acid

A mixture of 6.0 g of [5~-amino-1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-
methy1-4-oxoquinoline-3~carboxylato-0?, 0* Jdifluoroboron, 5.59 g of (S)-7-tert-
butoxycarbonylamino-5-azaspiro[2.4]heptane ([ ], 2° —46.6° (c=1,MeOH)), 3.06

/.__—-——'-.—
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[err]

25 [err] THIS SHEET HAS BEEN
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ml of N,N-diisopropylethylamine and 24 ml of dimethyl sulfoxide was stirred at

. 30 ¢ for 3 days. The reaction mixture was diluted with wéter,'neutralized with

10 % hydrochloric acid to pH 7 and extracted with methylene chloride. The
combined organic extracts were washed with water and brine, dried over sodium
sulfate and evaporated. The residue was purified by column chromatography
{silica gel, methylene chloride-methanol (100:1)) to give yellow crystals,
which were washed with a mixture of methylene chloride and diethyl ether. 3.17 g
of pale yellow crystals were obtained. A mixture of 3.14 g of the crystals,

3.09 ml of triethylamine, 62 ml of methanol and 31 ml of 1,2-dichloroethane was

© heated at-reflux for 14 hours and then evaporated. The residue was diluted with

water and neutralized with 10 ¥ hydrochloric acid to pH 7. The deposited

crystals were collected by filtration and washed with water, isopropanol and

~diethyl ether to give 2.79 g of the desired combound as pale yellow crystals,

which were recrystallized from a mixture of methylene chloride and methanol to
give pale yellow needles, m.p. 217.5-219 C.

Analysis for C,gH;,FN, O

Calculated % : C,61.72; H,6.42; N,11.52

Found % ¢ C,61.71; H,6.48; N,11.39

Specific rotation [al, ° - 96.6 ° (c=0.1, DMF)

Example 20
5~-Amino-7—-((S)—-7-amino~5-azaspiro[2.4]hept-5-y1)-1-cyclopropyl-6-Ffiuoro-1, 4-

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

To 8.80 g of 5-amino—7-((S)-7-tert-butoxycarbonylamino-5-azaspiro[2.4]hept-
5-y1)-1-cyclopropyl-6-fluoro~1, 4-dihydro-8-methyl~4-oxoquinol ine-3-tarboxylic
aéid, 11 ml of Hydrochloric acid was added and then stirred at room temperature
for 1.5 hours. To the reaction mixture, a solution of 10.5 g of potassium
hydroxide in 32 ml of water was added under ice cooling and resulting mixture

was neutralized with 10.% hydrochloric acid to pH 8. The deposited crystals were

.collected by filtrgtion and washed with water. The crystals were diluted with

S
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26 2. Chronosomal Aberration Test The chronosomal aberraf] : ]
conduct ed with a.Chinese hanster lung cell line (CH). - T*-?‘Q S‘i‘ﬁ,ig&fﬁm l
2-(2-Furyl)-3-(5-nitro-2-furyl)acryl anide was used as a posit{ve contro .

Cell's treated with the test conpounds were cul

d fo 37 C
1556 COMEISTR AP Id6a WIoFs=Fh Rl iages s P e aesoand fine Brse Ehed o

120 R B el A e S B O 090 B B
fixation pfgq g?&?”ﬁ?{%o Ve8P, r@%hﬁ ‘as! eﬂrOQPEr§§faqgllif'e‘é?y??&]@ﬁ&@ﬁﬁmcﬂ‘énﬁ

The frequenC| ormsoma errat1on on CHL cel reated wth 10

g/ m of theetAStri TOTROENES 180 HrIRAYN wmdﬁa\hdseﬁeﬁtlﬁed as Bakaceipdulng of
conpounds of the present invention were all (-) 3. M-cronucl eus Test

Examplie 10.
The following salts were obtained by usual manner.

Methanesulfonate

Description: yellow needles (EtOH-H,0)

m.p.: 263-264.5 °C (decomp.)

Analysis for C,,H,,FN,0; .CH, 0,5

Calculated ¥ : C,52.27; H,5.64;5 N,11.61

Found % : C,52.02; H,5.54; N,11.53 -

Specific rotation [glp, 29 ~ 93.6 ° (c=0.1, MeOH)

p~Toluenesul .fonate

Description: yellow crystals (EtOH)

m. p. : 188-189.5 ¢ _

Analysis for C,qH,,FN,Q, .C, H,0,S - 1/2H,0
Calculated ¥ : C,57.13; H,5.68; N,9.87

Found % : C,56.95; H,5.855 N,9.77

Specific rotation [alp, 20 - 73.1 ° (c=0.05, MeOH)

Hydrochloride

Description: yellow crystals (EtOH-H,0)
m.p.s 276-280 °C (decomp.)

Analysis for C,,H,,FN,0, .HCI

Calculated ¥ : C,56.80; H,5.72; N,13.25
Found % : C,56.72; H,5.79; N,13.04

This Sheet Has Been Replaced -
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: . . . - AS BEEN :
Ni ne-week-old nale BDF 1 mice were used in this test. The tegdfH &Eﬁg

were injected intraperitoneally with a dose- of 250 ng/kg. Aftier 24
were sacrificed and the bone marrow of the femur was col |l ected. *
marrow snmears were fixed on the slides with nethanol and stained with

G ensa according to the wusual nethod. For each aninmal, the nunber of
nicronuclgﬁhﬁﬂagquchronatic erythrocytes (MNPCEs) per 1,000 polychromatic
eryt hrotytes (PCEs) was counted wunder the m croscope. Cycl ophospham de was
used as asHmhé-+Me3-arrt-batoxyddi®onylami rdeBeR tigh-MiReRd i dingh Tartydbpidpgl we+mber
of MNPCEs™pér 1,000 PCES) 1S shown in Table 5-B. ~ The conpounds  of

t he pr esefitudrovidtd ibgdebi-S-meshy i-Achxoguianlinet-tch shokgkilcl 3cid Gisgmer Atant
increase in the incidence of MNPCEs conpared to the_cgntrol (sal i ne).
40 Phot ot oxi cAtyixBire of REP§ PRI HGT Rl OBTOY oo 1 HGraT e LITO-E-

butoxycarbonylaﬁino-3~methy]pyrrolidine (isomer A, (], ?° +7.4 ° (¢=0.5,
MeOH)), 1.53 ml of N,N-diisopropylethylamine and 12 ml of dimethyl sulfoxide was
stirred at 30 ¢ for 1.5 days. The reaction mixture was poured into 60ml of
jce water. 60ml of methylene chloride was added to the reaction mixture. After
stirring at room temperature, the insoluble matter was filtered d}f and then
the aqueous layer was separated and extracted with methylene chloride. The
combined methylene chloride layers were washed with brine, dried over sodium
suifate and evaporated. The residue was purified by column chromatography
(silica gel, methylene chloride and methylene chioride-methanol (100:1)) and
.1.18 g of yellow crystals were obtafned. A mixture of 1.18 g of the crysté]s,
1.19 ml of triethy]amine and 24 ml of methanol was heated at reflux for 3 hours
and then evaporated. To the residue, water was added and the deposited crystals
| were collected by filtration and washed with water to give 0.96 g of the desired
compound as ye]]bw crystals, which were reérystallized from acetonitrile to
give pale yellow needles, m.p. 213.5-214.5 <.
Analysis for C, H,,FN,O;
Calculated ¥ ¢ C,60.75; H,6.58; N,11.81
Found % : C,60.63; H,6.55; N,11.80
Specific rotation [aly 20 + 47:0 ° (c=0.1, MeOH) .

" Example 22
5—Am1n6—7~(3—amino—3-methy1—1—pyrrolidinyl)—1—cyc10propy1-6—f]uoro—1,4—dihydro—

8-methyl-4-oxoquinoline~3-carboxylic acid (isomer A) methanesulfonate

To 0.80 g of 5—Amino—7~(3—tert¥butoxycarbony1amino—3—methy1—1—pyrrolidiny])
_ ol Al ARMARAALU AT
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a dose of . 10 ng/ kg, and inmediately exposed. to UVA on their b&n&§HFE¥r*_"f§ﬁ)BEEN-
m nut es. Erythemas on the backs were observed 24 h after UVA'i r r RAPRAFTh.
The 7, _ 27  nurmy

gui nea pi.g:a;%,&\’i dpofY V-6 DEIB o115 4 AWM d-B-meRR) -4 9540qu noljne—t@gg'ﬁ-bgf%ltir}eacid

coripounds of the present invention exhibited phototoXici
Convul si Gisemerd A) |obits Piedr int Bample @1, (0. $8 adindMhydroeilio®c acid wad A& under

five-week-old male ICR mce were orally adm nistered fenbufen at a dose of
100 ny/ kige Tooking andnthensstiared att teop teaperatnjedoed® ihotrsap®o itheneaktion
mixture, -a solution of 0.93 g of potassium hydroxide in 3.1 ml of water was
added and then stirred at room. temperature for 1 hour. The resulting mixture was
neutralized with 10 ¥ hydrochloric acid to pH 8. The deposited crystal;s were
collected by filtration and washed with water to give 0.55 g of yellow crystals,
which were converted to methanesulfonate by usual manner. Recrystallization
from a mixture of ethanol and water (9:1) gave 0.43 g of the desired compound
as yellow needles, m.p. 261-262.5°.
Analysis for C, H,;FN, O, - CH5_0,lS
Calculated % : C,51.05; H,5.78; N,11.91
Found % : C,50.89; H,5.93; N,11.78
Specific rotation [@l, 2° - 50.6 ° (c=0.1, MeCOH)

Example 23
9-Amino-7-(3-tert-butoxycarbonylamino-3-methyl-1-pyrrol idinyl)-1-cyclopropyl-6-

f1 uoro-1, 4-dihydro-8-methyl-4-oxoqui no]ine—3—cafboxylic acid (isomer B)

A mixture of 3.00 g of [5-amino-1—cyc1opropyl—ﬁ,7—dif1uoro—1,4—dihydno;8—
methy]—d—oxoquinoline-3—carboxy]ato-0{,0‘] difluoroboron, 2.11 g of 3-tert-
butoxycarbonylamino-3—methy1pyrro1idiné (isomer By[ alp, 2° - 8.2 ° (c=0.5,
MeOH), 1.53 m1 of N,N-diisopropylethylamine and 12 m1 of_dimethy] sulfoxide was
stirred at 30 ¢ for 2 days. The reaction mixture was poured into 60m1 of ice
water. 60ml of methylene chloride was added to the reaction mixture. After
stirring at room tempe#ﬁture, the insoluble matter was filtered off and then
the aqueous layer was separated and extracted with mgthylene chloride. The
combined methylene chloride layers were washed with brine, dried over sodium
sulfate and evaporated. The residue was purified by column chromatography
(silica gel, methylene chloride and methylene chloride-methanol (100:1)) to
give 0.91 g of yellowish orange crystals. A mixture of 0.91 g of the crystals,

-50 - This Sheet Has Been Reﬂlaced




with the test conmpounds at a dose of 100 ng/kg. Ther eafter, |1H4s BHEEHA BEEN |
- convul SI ons was recorded. The nunber- of mice with convul sions i s RERBAYED n

Tabl e "-5-C. None of the conpounds of the present inventromTnduced
any convul si on. 2) Intracerebroventricular (i.c.v.) admnistration

Mal & W 8t % m} aqfstmrcfgﬂanglelm 18 2300 mathano b wes theatadzatd refun owd3 dowrs
pentobarbital (45 ngy and fixed in a atus._ For

the -i@fdiben élﬂ?‘mé?ﬁdr |B’UI‘3§4 TEhjdugs @FeT X2 aéiéﬁ%ﬁog'?%h@%ggﬁr Arsdalsst eel

The I er 16 P B 1RCn) FRUARLER b AR yREL S B biRg b end SRR XS to
the atl agyfy hndsigery Fb?:tc&"lﬁgw whf %Fg%eewgﬂdhﬁiéﬁsfﬁohxf&ﬁ%fﬂﬁg

cement on the it was c sed wit mm di aneter stain ess
steel sgiNecpalelgeiorveetles, imipec2i405-21808 GO units of potassium penicillin
‘G were injected intranuscul arly. The rats were allowed a few days to
recover Amalynis fier SustgefNOs For the measurenment of convul sions, 30

mn after intraperitoneal r16| ection
Calculated % : C,60.75; Hy6.58; N,11.81

Found % ¢ C,60.85; Hy6.57; N,11.76
Specific rotation -[], 2° - 47.8 ° (c=0.1, MeQH)

-_—
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of 50 ng/ kg of fenbufen, 20 [err]g of the test conpounds Was1 —g-ven LIIFOU%N'..
a 0.3 mm , dianeter of stainless steel cannula with a polyet}sHi2RBEET HAS
catheter, which was 1.5 mm | onger than the guide cannula ip ord@”“?%mbe

[ n'Serteq:ﬁl nto ﬁahe right cerebroventricle (H +1.0). Three tSWer e
t ested i '@agh study, and the absence or presence of appearance of
convul S|50 he

ntr acerat ind@7- @RaANY Ol By 1 2ol AR o) upy 1821 RGP U1, 201 R b

[err] @—méth%%ﬂ@qubhmné-@—kmdym st memag BmeeftﬁH?ieblﬂ&‘bﬁh’déf each rat
- whi ch. had—beenUused 1T the, experiment.

28 . The Tauli@erg of S-aminowr-t(B3—t=ohvhutexyrasbomy tand hAdamd thy TFAbBdye r&HQiny1)

None of the conpounds of the l{)resent i nvention induced any convul sion.
( Ref er endayclopropyl -6-fluoro-1, 4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid

(isomer B) obtained 1’.n Example 23, 0.86 ml of hydrochloric acid was added under

ice cooling and then stirred at room temperature for 2 hours. To the reaction
mixture, a solution of 0.82 g of potassium hydroxide in 2.7 ml of water was
added and then stirred at room temperature for 1 hour. The resulting mixture was.
neutralized with 10 % hydfoch]oric acid to pH 8. The deposited cr‘ystals were
collected by filtration and washed with water to give 0.48 g of yellow crystals,
which was converted to methanesulfonate by usual manner. Recrystallization from
a mixture of ethanol and water (9:1) gave 0.31 g of the desired compound as
yellow needles, m.p. 260.5-262 °C. |

Analysis for C,qH,,FN,0;-- CH, 0, S

Calculated % : C,51.05; H,5.78; N,11.91

Found % : C,50.75; H,5.88; N,11.69

Specific rotation [a], 2° + 46.6 ° (c=0.1,MeOH)

Example 25
S5~Amino-7-((S)—-3~tert-butoxycarbonylami no—l—pyrrol jdinyl)-1-cyclopropyl—-6-

f1 uoro—l; 4-dihydro-8-methyl-4~oxoquinoline-3-carboxylic acid

A mixture of 2.00 g of [5-amino-1-cyclopropyl-6, 7—-difluoro-1, 4-dihydro-8-

. methyl-4-oxoquinoline-3-carboxylato-0*,0*] difluoroboron, 1.63 g qf (S)-3-tert-
butoxycarbonylaminopyrrolidine ([ ], 2° - 25.0 ° (c=1,MeOH)), 1.02 m1 of N,N-
dii sopropy]ethy]ami ne and 8 ml of dimethyl sulfoxide was stirred at 307 for 22
hours. The reaction mixture was diluted with water and extracted with methylene
chloride. The combined organic extracts were washed with water and brine, dried
over sodium sulfate an.d evaporated. Th_e residue was purified by column

chromatography (silica gel, methylene chloride-methanol (100:1)) to give
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| De C?oot,'J. (1959). The rat forebrain in stereotaxic coordin N
Kon. Ned. Acad. \t., Natuurkunde 52: 1-40 l552§5;23§BEE
29 Tabl e 5-A Chronnsonal aberration test ﬁ}equencv

g( ar:rp-l Zei%eﬁgtgps%ugrd‘own mf,_ )w 1m:}1$ rTsaltr] turitfd with a mixture of a%@%ﬁ% Ozﬂeghgr r]

(-) EXgtretd Give 1.07 g of yeﬁTc)msh ORI RIrSGs dfs. A rmxture of @ b? g of the

(@] profloxaC|n
crystals, 1.11 ml of triethylamine, 22 mi of methanol and 11 ml of 1,2-

dichloroethane was heated at reflux for 10 hours and then evaporated. The
residue was diluted with water, the resulting mixture was neutralized with 10 %
hydrochloric acid to pH 7 and the deposited crystals were collected by
filtration and washed with water to give 0.95 g of the desired compound as
yellow crystals, which were recrystallized from methanol to give yellow needles,
m. p.135-136.5 .

Analysis for C,gH,4FN,O;

Calculated % : C,59.99; H,6.35; N,12.17

Found ~ % : C,59.98; H,6.45; N,11.99

Specific rotation [alp 2° ~ 33.3 ° (c=0.1,DMF)

Example 26
" B—Amino-7-((S)-3-amino-1-pyrrolidinyl)-1-cyclopropyl—-6-fluoro—-1, 4-dihydro—8-

methyl-4-oxoquinoline~3-carboxylic acid

To 4.07 g of 5-amino-7~((S)—3-tert-butoxycarbonylamino-1-pyrrolidinyl)-1-
cyclopropyl-6-fluoro-1, 4-dihydro-8-me thyl-4-oxoquinoline-3-carboxylic acid, 5.2
ml of hydrochloric acid was added at rooﬁ temperature and then stirred at room
temperature for 30 minutes. To the reaction mixture, a solution of 4.9 g 9#
sodium hydroxide in 16 ml of water was added to adjust the pH 11 under ice
cooling and the resu]ting.mixture was neutralized with 10 X hydrochloric acid to
pH 8. The water layer was removed by decantation and the oil was triturated
with a small amoﬁnt of methanol. "The cryst;]s were collected'by filtration and
washed with isopropanol to give 3.05 g of yellow crystals. The crystals were
diluted with ethanol, insoluble precipitates were filtered off and the
resulting filtrate was evaporated. The risidue was diluted with a mixture of
methylene chloride and methanol (19:1), insoluble precipitates were filterd off
and resulting filtrate was evaporated to give 2.58 g of the desired compound as
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1) Frequency of chronosonmal aberration on CHL cells treat ec* T BHEETHAS BEEN -

[err]g/m . of.the test conpound. ( -:< 10% + : 10 [err]! 20%EPNGED 20
[err] :50% 3+ > 50% Table 5-8 M cronucl eus test -

I n¢i dence of MNPCEs [err] ( Sal i ne

0.18 1§Jdﬂ¥”C§yqygls, which were recrgstadlizedEhran g1&§gre of methylene chiorike
Cyclophos 1) Percent of the nunber of NMNPCEs per 1,000
PCEs. - B‘ff@aWctW&Y%Psla é’?]t];?‘“’ eyStalSsiBRs 202-204iG ideeFRpbund

rhgt ot OXAn%{ﬁ%’xs{/FJr J:,,,H Cﬁ) vuI sions [err]

LSRR 0/5 0/ 6 0/3
Calculated % : C,57.13; H,6. 13, N, 14.81 -

Found % : C,57.365 H,5.91; N,14.70 _
Specific rotation [@], 2° - 11.0 ° (c=0.1,DMF)

The following salts were obtainéd by the usual manner.

Methanesulfonate

Description: yellow needles (MeOH)

m.p.: 280-281.5 ¢ (decomp.)

Analysis for C,qH;,FN,O, - CH 0, - 1/4H,0
Calculated % : C,49.50; H,5.58; N,12.15

Found % : C,49.50; H,5.58; N,12.03
Specific rotation [q]p 2° - 27.7 ° (c=0.1,H,0)

p-Toluenesul fonate ‘
Déscription: yellow needles (iso-PrOH-H,0)
m.p.: 238-241 ‘¢ (decomp.)
Analysis for C,gH,,FN,O; - C,H,0,S - 1/2H,0
- Calculated ¥ : C,55.44; H,5.58; N,10.34
Found % : C;55.47; H,5.563 N,10.22
Specific rotation [@], 2° - 24.0 ° (c=0.1,H,0)

Example 27
5-Ami ﬁo—l—cyc] opropyl-7-((S)-3-dimethylamino-1-pyrrolidiny1)—-6-fluoro-1,4~

dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid -

A mixture of 3.00 g of [5-amino-1-cyclopropyl-6, 7-di fluoro-1, 4~dihydro-8-
methyl-4-oxoquinoline-3-carboxylato-0°?,0* ]difluoroboron, 1.20 g of (S)-3-
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Exanpl e 12 0/'5 . 0/6 0/ 3 Exarrpvﬁq,ggH'EET HAS BEEN |
0/5 . . 0/6 - 0/3 - Ci profloxacin 3/5 REPLACED
3/6 3/3 1) Nunber of animals with erythenmas / nunber..-of—ari-rets—r

t est ed. er of L mal s w th nvulsj Qns_/ r, O | al st ed.
6.1 so gAY A npRiprBT e L] 953 S eh10p BN, LT e RS

Spr ague-diqubeipy iy 4RI e a&ﬁﬁ@% ml NS URRIthFOIRRe WEY etwé@laltysoign%dw gtered
at a dose of 5 ng/kg to rats fasted overnight. At intervals of 0.083,

0. 25, O.daysl.Thé, redctfon Mixtdee & d3 futledatittRrwadeimand sExttaddted withanettAfiene Wer e
anesthetized with ether and bl ood sanples were taken fromthe abdom nal
aorta. Ridenidesaithé emmbiored ofgami nezktiracta whee biashel sabipweser;n drihed wyeaal

way. The [|ungs and ki dneys were renoved after collection of blood, and
honogenat®y Y 1341 fate and”evaporated. The residue was purified by column

chromatog*_raphy' (silica gel, methylene chloride and methylene chloride-methanol
30:1) to give '1.18 g of yellowish orange crystals. A mixture of 1.18 g of the
crystals, 1.42 ml of triethylamine, 24 ml of methanol ‘and 12 ml of 1,2-
dichloroethane was heated at reflux for 4 hours and then evaporated. The
residue was diluted with Qater and neutralized with 10 ¥ aqueous sodium
hydroxide to pH'B. The déposited cryéta]s were collected by fil;:ration and
washed with water to give 0.96 g of the desired compound as yellow crystals.
"Recrystallization from acetonitrile gave yellow needles, m.p. 204-205.5 C.
Analysis for C, H,4FN, O,

Calculated % : C,61.84; H,6.49; N,14.42

Found % :.C,61.72; Hy6.46; N,14.44

Specific rotation [a], 2° +156.0 ° (c=0.1,MeOH)

Example 28 .
5-Amino—-1-cyclopropyl-6-fluoro-1, 4-dihydro-8-methyl-4-oxo~7-[3-(trifluoroacetyl)

(methy1)amino-1-pyrrolidinyl]quinoline-3-carboxylic acid

A mixture of 3.00 g of [S5—amino-1-cyclopropyl-6,7-di fluoro;l, 4—d1‘hydro—8—
methy1-4—oxoquino11‘ne-3—car~boxylato—0“,0']difluoroboron; 2.44 g of 3-
(ﬁriﬂuoroacetyl)(methy])aminopyrro]idine hydrochloride, 3.36 ml of NyN-
diisopropylethylamine and 12 ml 6f dimethyl sulfoxide was stirred at 30;c for 4
days. The precipitate was filtered off, r'-e"su]t.ing filtrate was diluted with
water and the deposited crystals were collected by filtration. The crystals
were washed with water and ethyl acetate to give yellowish brown crystals,

which were purified by column chromatography (silica gel, methylene chloride and

methylene chloride-methanol (50:1)) to give 0.92 g of yellowish orange
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4nm and 7 M of 1 MHO -citrate buffer (pH 4.0), respecti ¥
concentration of. the test conpounds in the biol ogical fIU|g '%5 -rHAsgﬂgd
in each. tlssue tested) was determined by HPLC net hod. Hydrg chlor|c aC|d and
et her were

The - mi xCH¥¥ VAN As'ﬂ‘d&&ﬁe é’ﬁoé)ggrﬁ P??‘%ﬁegysﬁ tsér€5%eth$r3:lV§ g Q'ﬁ e’ggrgg1 ni ¢
phase, age nballdiSald s ifiner E"@%ﬁ)&ﬂb%é&\&ﬁéﬂm Réhtéd Wt A¥ uk VoProhourd ¥Ry ©

added to"the aqueous phase he m xture was shaken and centrifuged. The

organi C RR&SRy ‘A‘E&rat’ébeﬁocﬂﬁl@@@ifo%b?duat@hedars%ddéueanm%dId%ﬁ@ii\med andtals
subjected to HPLC. The concentration of the test compounds in each -

bi ol ogi cakrd Icol teaatd by[ Eritkatithi tegite OtT*kgnmmheer\eemedemmpamndonS ivelpdvas ma)

is shown in Table 6. (HPLC condi;iozg TSK gel -
80 [err] crystals, whixh wenshrersystallizgd meO"eGWbrf@sﬁ)Wﬁttelﬂa‘f fegystal GHmep-r | CN
(3 : 1) Fl ow rate 1.2 M/mn I nj ection volunme 100

[err]| 189-190¢.
Analysis for C,H,,F N,O,
Calculated ¥ : C,53.62; H,4.71; N,11.91
Found % : C,53.50; H,4.42; N,11.84

Example 29 .
5-Amino-1-cyclopropyl-6-fluoro-1, 4-dihydro-8-methyl1-7-(3-methylamino-1-

pyrrol idinyl)-4-oxoquinoline-3-carboxylic acid

A mixture of 0.60 g of S—amino-1-cyclopropyl-6—-fluoro—1,4-dihydro-8-methyl-
4—oxo—7-[3-(trif1ﬁoroacety])(methy])amino—l-pyrro]idiny]]quinoline-3—carboxylic
acid, 0.38 g of potassium hydroxide and 3.8 ml of water was stirred at room
temperature for 1 hour. The.reaction mixture was neutralized with 10 %
hydrochloric acid to pH 8-9 and the deposited crystals wére cOllectedsby
filtration and washed with water to give 0.47 ¢ of the desired compound as
yellow cfysta1s, which were recrystallized from methanol to give yellow
colunms, m.p. 200.5—2021;

Amalysis for C,oH,;FN, O,
CﬂwhmdizgmA&HﬁJ%NJm%
Found % : C,60.78; H,6.17; N,15.01

Example 30
5—Amino—7—((S)-7—terf—butoxycarbonylamino-5-azaspiro[2.4]hept—5—y1)—1—

cyclopropyl-6-fluore—1, 4-dihydro-8-methyl-4-oxoquinoline—-3-carboxylic acid

A mixture of 20.0 g of S—amino-1-cyclopropyl-6,7-difluoro-1,4~dihydro-&-
methyl~-4-oxoquinoline-3-carboxylic acid, 28.9 g of (S)-7-tert-
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Detected by UV at 308 nm The concentrations’ of the cOFRRWMEEPHALRREN '
present invention in the lungs and ki dneys, renedial target orga&acsmere %l

16 and 7.4 tinmes higher than those of C|profloxaC|n I espaciiwelys

Furth h trat t /R f.th d of th
present qﬁw&aﬁ%ﬁﬁ%?%'é%”@%&r'oiﬁé becrats <Buade tn 5678 dSLERIS. 30 Bhos
950 Ve Yor.

i gher a0 gaENPT <G REAEOHRC Raska e AERE THhGRies that

t he conpounds’ o I'Aventi on ve a~good ?fssue |str| afY on.
31 migkhfe Qall FaHRddi Pd 5BIACRF ice water. The deposited crystals were
collected by filtration, washed with water and isoprqpanol, and then

recrystallized from a mixture of methylene chloride and methanol to give 14.7 g

of the desired compound, which was identified as the compound of Example.lg.

Exampie 31 _
Ethyl 1—cyclopropy1—657—dif1uoro—l,4—dihydr6—8—methy1-5-nitro—4—oxoquinoline—3-

carboxy]atg_ .

To a solution of 10.0 g of ethyl 3—cyclopropy1amino-Z-(Z,d;S—trifluoro—3—
methyl-s-nitrobenzoyi)acry]ate and 0.1 g of 18-crown-6-ether in 100 ml of
tetrahydrofuran, 8.04 g of potassium carbonate was.added, and then the mixture
was stirred at room temperature for 23 hours. The deposited crystals were
collected by filtration and washed with tetrahydrofuran, water and acetone to
give 8.56 g of the desired compound. Recrystallization from N,N-

dimethylformamide gave colorless needles, which were identified as the compound

of Example 5.

Example 32
The pharmaceutical composition of the present invention in the form of a

tablet is prepared in the ordinary manner using the following ingredients:

Compound of Example 10 110 mg

lactose " g.s. )

Corn starch 4 mg

Magnesium stearate 2 mg

Hydroxypropylmethylcellulose 8 mg

Polyethylene glycol 6000 0.5 mg

Titanium oxide 0.5 mg -_—
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Trax[ err] Concentration in biol ogical Test conpoumnd

L

i

fluids, ([err]/m, g/g) [err] THIS SHEEPSI"EP%%EEN
Lung Ki dney Exanpl e 10 a - 0.25 0. 58 REPLAGED(
(6.9) 8.5 (15) Ciprofloxacin b, 1 0.3Z U025

(0.8) 17157(3°6) a 1o 16

(8.6) 7.4 (4.2 1) Tinme of thgﬂ. X|nun1concentrat|on of the test
conmpound i n plasna. 2) Concentrati of "he test conpound i n each

bi ol ogical fluid at Tmax. Each val ue in parentheses is the
concentration ratio (tissue/plasna). The val ues of ciprofloxacin are
cited frg@m$h£3@ooklet of ciprofloxacin i n New Drug Synposium | (the
32nd General Meeting of West Japanese Bl anch of Japan Society of

Chenot her apyThe pharma€autpaal compostiitionAodl thgoprees€otifiaventseon in the T of a
excel l ent effects of the conpounds of the present i.nvention were conpared
wi th ef f eapsglenfs pepasgdus Yenpedinery mrineh ysdes dbe Fohloyinghéngriedtentsnt
substituent anong 5-, 7- and 8-substituents fromthe conpounds of the
present invention. The conparative data is shown in Tables 7 and 8.

Compound of Exémp]e 10
lactose
Carboxymethylcellulose
Hydroxypropylcellulose
Magnesium stearate

Exampie 34

110 mg
g.s.
15 mg .
2- mg
2 mg
160 mg

The pharmaceutical composition of the present invention in the form of

- powder is prepared in the ordinary manner using the following ingredients:

Compound of Example 10 110 mg
lactose g. S.
D-Mannitol 500 mg
Hydroxypropylcellulose 5 mg
.Talc 2 mg
1000 mg
Example 35

The pharmacgutical composition of the present invention in the form of -

injection is prepared in the ordinary manmer using the following ingredients:

This Sheet Has Been Re
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Al'l the data of the antibacterial activity, chronpsonmal aberration e -
activity, phototoxicity and inducenent of convul sions were ob &ggﬁg.fngghﬁa“g;
the same test nethods as those described above. Anong this, |the gdadiaced
the antibacterial activity shown in Tables 7 and 8 are M Cs {(m njmum

i nhibitory concentrations) values against clinically isolated strains
(HPC527, HPC3Q8 and ,{%CZQ%glaf S. auregﬂ which is a representative

gram positive 03188'1“&?&’9'"" Table 7 ow¥the fol |l ow ng: A
conmpound ( Ex I 0) of the present i nt [.on exhi bited a hi gher
antibacteria?€2%§¥%ity t han the analod@ﬁg r@?erence compound B (which
possesses  onfiydreffoficf dGent substituent, at the 8-position differentiating
it fromthe conpound of the present invention).- The conpounds of the
present invenDisghli@dsater for injection  q.s. 32

20 ml

Example 36
The pharmaceutical compoéition of the present invention in_the'form of

suppository is prepared in the ordinary manner using the following ingredients:

Compound of Example 10 100- mg
Hard fat 1300 ng
1400 mg
Example 37

The pharmaceutical composition of the present invention in the form of

ointment is prepared in the ordinary manner using the following ingredients:

Compound- of Example 10 5 mg

White petrolatum g.S.

Liquid paraffin 70 g
1000 mg

Reference compounds (A-I) were prepared in the same manner as that

described in Examples 9 and 10.
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observed in the reference conpound B. A conpound ( ReptAceDf the
present invention exhibited an excellent antibacterial actlivity_as petent
as*t he anal ogous reference conpound C (which possesses only one different
subst i t uBefierencet bampburgio8i tion differentiating it fromthe conpound of the
present invention), and also_did not_show the toxicity (chronmosonal

aber r at i fn§(SynkdmiratbrazaspiaolLidhentcsyd a)rﬂn@mﬁ@p@py)xrﬁﬂm-lﬂedr hydreréence
compound C sho phot ot oxi to that of the conpound of the
present p:mgumqvﬁpp—gam ?}gﬁg%hﬁrop 9”‘{? erence conpound C caused the
deat h of e ve. These results indicate that the
referencggﬂgﬁpgﬂnga% ﬂ%@g"é“?igd] ér toxicity than the compound of the
present jryenidsoPag ¢ (decofip.9 orrpound (Exanpl e 10) of the present invention
exhi bi ted much hi gher ant | bacterl al activity than the anal ogous reference
conpound | (which possesses only one different substituent at.the
7-position differentiating it fromthe conpound of the present invention),
and al soRefietennst carpoyndt e toxicity :

did not show the toxicity (chronosonmal aberration ahd photE%‘g:%@E Y 4AS BEEN -
I

5-Amino-7-((5)-7-amino-5-azaspiro[2.4]hept-5-y1)-1-cyclopropyl-6-fluoro-1, 4-

dihydro—-4-oxoquinoline-3-carboxylic acid hydrochloride

Description: pale yellow crystals _ -

m.p.: 276-279 °C (decomp.)

Reference compound C

7-((S8)-7-Amino-5-azaspiro[2.4]hept-5-y1)-1-cyclopropyl ~6-fluoro~1, 4~dihydro-8-

methyl-4-oxoquinoline-3-carboxylic acid

Description: colorless crystals

m.p.: 176.5-178 <

Reference compound D

7-((S)-3-Amino-1-pyrrolidinyl)~1l-cyclopropyl-6-fluoro-1,4-dihydro-4~

oxoquinoline-3—carboxylic acid

Description: colorless crystals

m.p. ¢ 253-254 °C (decomp.)

Reference compound E

5-Amino-7-((S)-3-amino-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1, 4—dihydro—4-

oxoquinoline-3-carboxylic acid

Descriptioh: pale yellowish brown crystals
M. Pe ¢ 226-228.5 'c' (decomp. )

-
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(convul sions) observed in the reference conpound I. . A
has al ready, been made at the | CAAC (31th Interscience ConfelgngesHER

Antim Erobi al Agents and Chenot herapy, Chicago, Illinois, Abgt racREPl-I’ﬁGED
15067 (19%&%% gnce&nlngFthe pot ent chronpbsonal aberratlonal

reference Tﬁ?un&@ Tabl e 8 |Ilustrates the follow ng: A
conpound £ ) 2 _exnibi : QR -4~
ant i bact er TCE THHTC
possessesoxoqmm1mge3xuaf(-5@{y¢m agupst I tuent at the 8- p03| tion di ffer entiating
it fromtthe —compound of the present invention), and also did not show the

t oxi ci ty De§chipaiasopade txoern rcaystany observed in the reference conpound E.
Though the reference conpound E showed no phototoxicity simlar to that of
t he conpdufd: dP2-19Re (¢ ddeeampi hventi on, adminstration of the reference
conpound E.caused the death of two guinea pigs out of five. These results
I ndicate that the reference conpound E has a far higher toxicity than the

conmpound R%ffemge Q{oﬁéo%q& GI nventi on.
5-Amino-1-cyclopropyl-6-fluoro-1, 4~dihydro-4-oxo-7-piperazinylquinoline-3-

carboxylic acid

Description: pale yellow needles

mp.: 213-214.5 °C

Reference compound H

1-Cyclopropyl-6-fluoro—~1, 4—dihydro-8-methyl-d-oxo-7-piperazinylquinoline—3-

carboxylic acid hydrochloride

Description: pé]e brown needles

m.p.: 279-281 °C (decomp.)

Reference compound I

5-Amino-l-cyclopropyli-6-F1 _uoro-l, 4-dihydro-8-methyl-4-oxo-7-pipe

razinylquinoline—-3-carboxylic acid hydrochloride
Description: yellow needles

m.p.: >300

\
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33 A compound (Exanple 12) of esent i nvent i on exTTu.Lcu
hi gher antibacterial activity th y ﬂﬂtwuﬂreference (o)
(whi chr possesses only one differew t the 5 p05|t|5ﬁ“Ac

S BEEN { -

di f f erentzating the conpound of t he present i nvent iom)" and al'so
2] r
di d not sﬁg&fﬁhgh%gééggky (chronosomal aberration and phot ot oxicity)
observed in then 5edufing 8-te BINTPLYIFro 1Fdiny1quinoM reoBRAWBekyl FXBTd Gedidhtffe t he
present “invention exhi bited much higher antibacterial activity than the
anal ogousrepreserdad dycthepgenedal fominilah(J)ossesses only one different
substituent at the 7-position differentiating it fromthe conmpound of the
present invention), and also did qﬁs ahom/the toxicity
A4 2
F COOR'
R3___| | .
- _\N N . ([)
|

HO
RZ— rx? o A
I

RJ.

wherein R' is a hydrogen atom or a Tower alkyl group; R? is a hydrogen atom, a
Tower alkyl group, -a lower alkanoyl group, a halogenated lower a]éanoyl group,
or a residue of carboxylic acid ester; R3 is a hydrogen_atom or a Tower alkyl
group; R*, RS and R® are each independeht]y a hydrogen atom or a lower alkyl
group; and two of R*, RS and R® may be taken together to form a -(CH,) , -
group wherein n is 1 or 23

3 stereoisomer thereof or a pharmacologically acceptable salt thereof.

2. The compound according to Claim 1 wherein R', R% and R® are each a
hydrogen atom; a stereoisomer thereof or a pharmacologically aéceptab]e salt
thereof.

3.  The compound according to C]iim 1or 2'wherein R*y RS and‘R° are each
independently a hydrogen atom or a lower alkyl group; a stereoisomer thereof or
a pharmacologically acceptable salt thereof. _

4., The compound according to Claim 3 wherein a lower alkyl group is a methyl
group; a stereoisomer thereof or a pharmaco]ogicai]y acceptable salt thereof.
5. The compound according-to Claim 3 wherein R*, RS and R¢ are each a
hydrogen atom; a stereoisomer thereof or a pharmacologically acceptable salt
thereof.

6. The compound according to Claim 3 wherein R4 is a methyl group and R® and

Ré are each a hydrogen atom; a stereoisomer thereof or a pharmacologically

acceptable salt thereof.
-
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2

(convul sions) observed in the refere ThertoxTTIT
(e.g. chronosomal_ aberration, photot gmﬂmmgm ,“ ’S' ons) Eﬁ@%gpg AS BEEN

some ofv the anti-bacterial agents w th ac¢quitnoko | eus poge

problens to clinical use of such agents. The conpounqg‘of t he present

i nvention sdlve sliehcpumpobhdrscanding o adm dgr eat2 phangihn i tap @SR’t,hésnmdt R® are
generation of anti-bacterial agents. . .

34 Tabl é:alyen teggiarattovEor@al o (FH;) » — group wherein m is 1 or 25 a stereoisomer

thereof or a pharmacologically acceptable salt thereof.

8. The compound according to Claim 7 wherein R* and R® are taken together to
form a —(CH,) , - group wherein n is 1 or 2; a stereoisomer thereof or a
pharmacologically acceptable salt thereof.

S. The compound according to Claim 8 wherein n is 2; a stereoisomer thereof
or a pharmacologically acceptable salt thereof.

10. 5~Amino~7-(3-amino~1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1, 4-dihydro-8-
methyl—-4~oxoquinoline-3-carboxylic acid, a stereoisomer_thereof or a
pharmacologically acceptable salt thereof.

11.. 5-Amino-7-(3—amino—4—methy141—pyrro]idinyl)-l—cyclopropy1—6—f1uorq-l,d—
dihydro-8-methyl-4-oxoquinoline-3—carboxylic acid, é stereoisomer thereof or a - '
pharmacologically acceptable salt thereof.

12, 5—Amino—7—(Y-Amino—s—azaspiro[z.4]heptr5—y1)-1—cyc]opropy1—6—f1uoro—l,4—
dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid, a stereoisomer thereof or a
pharmacologically acceptable salt thereof.

13, A pharmaceutical composition for the treatment of‘infectious diseases,
comprising an effective amount of one or more compounds of Ciaims 1 to 12, a
stereoisomer thereof or a pharmacolbgica]]y acceptable salt therebf, together
with a pharmaceutically acceptable additive.

14, A process for preparing the compound of Claim 1, a stereoisomer thereof,
or a pharmacologically acceptable salt thereof,

comprising fhe steps of reactiﬁg a 7-halogenated quinoline~3-caroboxylic acid
derivative represented by the general formula (III)#I i

NH, O

F COOR! _
| am

X N

“

wherein X is a halogen atom and R' is the same as that defined above,

is Sheet Has Been Reilaced
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| [erf] _ Str TR ] -
Convul si ons . Test ] H"!mm'"'""”"”ﬂbam ?r'

conpounﬂ z[err] z[err

. pe %‘er r¥ pyrr‘o]eji_’[ne diﬂﬁa‘é}é’e reprtls%rn&ld( by the gengraq \g)%ﬁulgxemeem 6 0/ 3

NH[err]

1.56 R 0. 025 NH err]

[err] ~ H 0.78 (+)[err]) 3/5 0/ 6

3.13 R~———~\ ‘0. 025 0/ 4
C H [err] CHerr] 0.39 NH (36@) (one guinea pig 0/6
1.56 - di ed.) ‘:;——/ 0.10

|  NH err] [err] CHerr] R2-25n (-) 0/5
O/6[err]) - 3/3 25 1) Frequencies
of chronosonmal aberration on CHL celfg® treated with 30 [err]/m of the
test conpound. As all cells died after treatnent with 100 [err] g/m of

the test QIPRHRL, Ri RAVGECLAEPROTare the same as those defined above,

and followed by hydrolysis, if necessary.
15. A process for preparing the compound of Claim 1, a stereoisomer thereof,
or a pharmacologically acceptable salt thereof,

comprising the steps of reacting a compound represented by the geperal formula

V)
F £
N
-
NHZ(l) 0
F . .
| 9] (v)
X N

wherein X is a halogen atom,

with a pyrrolidine derivative represented by the general formula (IV)

R4

AS —

NH (tv)

o | |

RI—N

R3

wherein R, R3, R*, R® and R¢ are the same as those defined above,
and followed by dechelating,- if necessary.

16. A process for preparing the compound of Claim 1 wherein RZ is a hydfogen

-6 4 — This Sheet Has Been R
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chronosonmal aberration could not be m m ﬂ,m of m sglgEEtrqugmN :
test had a synptom of sedation consi ﬂmm "”3 cursor ik REPLACED 1}
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convul'si ons.- Antibacterial activity® M CH([eér g/m) of the tfest

HRCh27
PP 0s LB Ikrshisdie! fherdly, Sl il fmacologigally acceptabie salf therddFZ T

| over valomed's ingPERO2eps of hidvoPyming ElcomidRhg alFi @ﬂlm FRAaMAnR2e$s Qf 10wer
chronosomal aberration on CHL cells treated with

100 [er rlikaoyl godupt dre at kedbganatgab lowkr alkanoyl group; :oflEHd stieptOof2@Peating a
2+: 20-50% 3+: >50/? Phototoxicity CGuinea pig, 10 ng/kg, i.V.
Convul sic8RrRouniAfs 61aitod W’ﬂgi‘*k‘g’ RF . i5. aarrsidue of2carberylicgacid ester with an
35 . al_%)l e 8 Conparative data 2

17. A 8-methylquinoline-3-carboxylic acid derivative represented by the
general formula (II) | R® ©
F COQR’
|
X N ()

b

wherein R? is a lower alkyl group; R® is a nitro group or an amino group; X is a

halogen atom.

18. Use of a compound or composition according to any one of claims 1 to 13
and 17 in the manufacture of a medicament for the treatment of infectious

diseases.
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[err] Test Structure Ag:bactcr.a[

Chr onposonel Convul sions. conpound | ‘Bie/SHEET HAS BEEN
z{ err4 z[err] activity aberration Phot oxi city RE*ACED
I +P. 5-Anino—8-methyl-7-pyrrolidinylguinol ine-3-carboxylic &cﬂ?ﬁ]eh_:i yAR
NH err] [err] CHerr] 0.78 (-) 0/5
0/6  OhBstract .- " 1.56

0.056 " T/ 0/3 E NH err] [err] H

3.13 @A39—ami no-g-methyd 47 +p3@rel igs ny Yudbnoline—3-carboxylic -acid derivative
50 died.) F H [err] CHerr]

0.78 repres¢igeyl by the genem} Sormula: 0/ 6

.0. 10 I NH err] [err] CHerr] 6. 25 (-)

0/5 o/6[err]) 3/3 NH, O 25 1) Al

of nice used for the test hadia syn to ofC@@ﬁatlon considered to be a

precursor of convul si ons, |
: R®— \ N (n
RS N
T A
R2—N
L

wherein R' is a hydrogen atom or a lower alkyl group; R* is a hydrogen atom, a
Tower alkyl group, a Tower alkanoyl group, a halogenated lTower alkanoyl group
or a residue of carboxylic acid ester; R* is a hydrogen atom or a lower alkyl
group; R* , RS or R¢ are each independently a hydrogen atom or a lower alkyl
group; or two of R*, RS and R® may be taken together to form a ~(CH,) o - group
wherein n is 1 or 2,

a stereoi;omer thereof, or a pharmacologically acceptable salt thereof, the
process for preparing theﬁe.compounds, a pharmaceutical composition c6mpri§ing
an effective amount of these compounds and methods for the treatment of
infectiods diseases through the administration to patients of an effective
amount of these compounds, and intermediates of these compounds are disclosed.

These compounds are effective as antibacterial agents.
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Anti bacteri al activity: MC ([err] g/m) ofs thﬁgtest conpgl]

strggis .of S.aureus i | 7, HPCCQ?EF%R@&HEW%&EET
(ugp%% vaIUeS"HPC527,-hiddIe val ues : HPC308; gf r val ye
Chronmosomal .aberration: Frequencies of chronosomal? aberr 4t ongppgg}ﬂgggel
treated with : 1100 [err] g/m qgf}th
conpound. . o - (-:<10% +:10-20% 2+:20-50% 3+:>50% Y

. |
gg'?i?rflg, 10Cn€/kg, i . V. S P%?QYF%SH%Pi"Fquif’ 100 nt[kg: I . p. andgga ,
EXAMPLES “ The present invention will be further illustrated by the

il

foll owing Exanples. The Exanples are given by way of

ustration only and
shoul d notriipe oeommet INvveNrIes: exhausti ve.

5—Amind;a—methyl—T—pyrrolidinquuinoline—3¥carboxylic acid derivative

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a novel 5-amino~8-methyl-7-

. pyrrolidiny1qﬁino]iné—3—carboxy1ic acid derivative, its stereoisomer and a
pharmaco]ogically acceptable salt thereof which have an excellent antibacterial

activity and to the method of preparation thereof. The present invention also

relates to a pharmaceutical compositién comprising an effective amount of the

derivative which is useful in the treatment of infectious disease, and it also

relates to a method of treatment and to synthetic intermediates.

Déscription of the Prior Art

Ciprofloxacin is a well documented antibacterial agent with a quinoline
nucleus in which a cyclopfopy] group occupies position 1 (The Merck Index; 11th
Edition, 2315). |

Efforts to impréve ciprofloxacin have included preparations of numerous
substituents at positioné 5, 7 and 8, however the present invention relates to
the first preparation to date of a quinolone compound with an amino group at
position 5 and a methyl group at position 8 in combfnation with a pyrrolidinyl
group at pos1tlon 7.

To date, the ant1bacter1a1 activity of qu1nolone compounds has either been
insufflcwent or when sufficient has been accompanied by severe adverse reactions
such as phototoxicity; chromosomal aberration, convulsions, etc. and so these

latter agents have posed safety problems.

The follow1ng citations document the above problems of the quinolone

antibacterial agents:



Exanple 1 2,4,5-Trifluoro-3-nethyl-6-nitrobenzoic acid
of 330 m of conc. sulfuric acid and 61.2 nl.of 70 %nitrifC,.
of 2.4,5-trifluoro-3-nethyl benzoic acid was added at 55 tq "ZOH
portions with stirring. After 2 hours %t Toom t enper at ur e,

m xture was poured into ice and extracted with isopropyl
conblned extracts were washed with brine, dried and evapo .t-o

(ot e o) "B BTRS dny SAREHIL_BRHE", oM LENPLAL gy PALChA
(2,4,5- t»rdogwqrne ﬁsmew%oﬁ &\h&mlaﬁr@&xuw%mﬁtceobmmgy, ﬁaﬁH%@?&ﬁ pog) ,of

27.0 go 4,5-trifluoro-3-nethyl-6-nitrobenzoic acid, m  of oxaIyI

chl ori de1s38gd paa8®\cekicepsedofii IN, Phottb B8 By, Ochremnd shea ] rabaﬂrﬁtndn, cdhi/urmbiw,l ene
chloride was stirred at roomtenperature for 2 hours. The reaction -
etc.)

2) Mutagenicity Tests, 2 (3), p.154 (1993) (Chromosomal aberrations, etc.)
3) Environ. Mol. Mutagen., 13, p.238 (1989) (Chromosomal aberrations, etc. )

The following outlines the relation of particular characteristics of the
substituents used at the individual positions with the above Broblems. For
instance, it is understood that the placing of a relatively bulky ﬁubstituent
such as a chlorine atom or methyl group at position 8 of the quinoline nucleus
is desirable for the antibacterial activity, but many of the compounds which
have a chlorine atom as the substituent at position 8 give rise to severe
adverse reactions such as phototoxicity or chromosomal aberrations, etc. while
compounds with a methyl substituent give rise to severe adverse reactions such
as chromosomal aberrations, etc. Such compounds pose great problems with regard
to their safety. '

A substituent widely used for position 5 is an amfno group, a halogeq atom
or a methyl group, etc., but such a substituent has the disadvantage of reducing
antibacterial activity or else they also give rise to severe adverse reactions
such as phototoxicity, chromosomal aberrations, etc. énd so pose safety
problems. |

Further, at position 7 the use of a piperazipy] group does not. produce
sufficient antibacferial activity, while the use of a 3-aminopyrrolidinyl group,
whlch has suff1c1ent antibacterial activity, g1ves rise to severe adverse

reactions such as chromosomal aberrations, etc. and so again there are safety

problems.

SUMMARY OF THE INVENTION

Research focused on solving the above problems, resulted in the present

invention that is of the l-cyclopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline—3-



drops of carbon tetrachloride in 6.4 m of absolute ethanol,
19.2 m of diethyl malonate in 12 m of ;absol ute et hanol
dropwi sely at 50 - C and then stirred at Phe sane t enper at ur

t ol uene,.

The reaction m xture was evaporated, dissolved int

| on mixture ~ vas evaporated dissolved in tbluensa
o R CREL a5 GaB e, Emial) SR vl DRI, kP e

prepared ahevfihéhidl dik1&ds.t ol uene was added dropwi se under ice cooling.
2 hours at roomtenperature, 100 m of 5 %sulfuric aci d was added

to the reacti offhen cdmpoandnelf tihe pesseht nhveakiodon possassesty actrgdeffective -

antibacterial activity, and moreover does not give rise to the severe adversé
‘reactions of phototoxicity, chromosomal aberration, convu]sions, etc. despite
what might have been expected on the basis of the previous attempts. Further,
the compound of the preseni invention has an excellent tissue distribution
which permits é fast distribution of a high. concentration of the compound to the
target tissues of thg lungs, kidneys, etc. being treated.

In accordance with the present invention, the present invention can provide
a novel S5-amino-8-methyl-7-pyrrolidinylquinoline-3-carboxylic acid derivative

represented by the following general formula (I):

ity

wherein R' is a hydrogen atom or.a Tower alkyl groups R* is a hydrogen atom, a
lower alkyl group, a lower alkanoyl grodp, a halogenated lower alkanoyl group,
or a residue of carboxylic acid ester; R? is a hydrogen atom or a lower alkyl |
group; R*; RS and R* are each independently a hydrogen atom or a lower alkyl
group; or two of R*, R® and R¢ may be taken together to form a -(CH,), - group
wherein n is 1 or 2,

a stéreoisomer thereof, or a pharmacolog{cally acéeptablg salt thereof, together
with a process for preparing these same compounds, and a pharmaceutical
composition comprising an effective amount of these same compounds, and methods
for the treatment of infectious diseases through the'admiﬁistration to patients
of an effective amount of these same compounds. |

In accordance with a further embodiment, the present invention provides a




. i e _¢i
with diethyl ether. The conbined organic extracts were wa hadLN@EWﬁ_ £ '
drieg and evaporated to give 47.3 g of the desired conpo

NVR spectrum J[err] (CDCJ[err],) ppm 1.12(3Ht,J=7.5Hz}, z
,2.33 (3H, t, J=2Hz), 3. 36, 14. 18(total 1H, each s),4.0 2H q, J= 7.
SFE) 4. 38(2H, q,J=7. 5Hz) Exanpl e 4 Ethyl :
(2,4,5-trifluoro-3-methyl-6-nitrobenzoyl)acetate A Augnpncinq of—45—3
g of di %b | é%eﬂh@({]m%hm% %a%mlk ¢ 4o PR BQX! )epréz%heél@tbe 2pé 30
ng of p- to uenesul Ic actd in 120°m of water was heated at | ux for
50 n1nukgmowﬁﬁ%gémggpnbﬁgnatUQ)Feact|on m xture was extracted mnth di et hyl
et her.” The conbi ned organic extracts were washed with brine, dried and
evaporated to give 34.2 g g8 the desired conpound as brown oil. NWR
spectrum [err] (CDCl[err]) pp qsa7l 34(total 3H, each
t,J=7Hz), 2. 33, 2. 35(t ot al e

J=2.5Hz), 3. 91, 5. 48, 12. 34(total
2H, each s), 4 20, 4. 28 al Y2H, each ) . _

X N

2O

wherein R* is a lower alkyl group; R® is a nitro group or an amino group; X is a
halogen atom; which is an effective intermediate to the general formula (I)

mentioned above.

DETAILED DESCRIPTION OF THE INVENTION _

The preferred embodiments of the present invention provide the fo]]owjng
compound represented by the above general formula (I),
1) wherein R'; R? and R3 are each hydrogen atoms,
2) wherein R* and R5 are taken together to form a —(CH,),— group,
3) wherein R*; R® and Ré are each hydrogen atoms,
4) wherefn R* is a methyl group; R® and R¢ are each hydrogen atoms,
a steréoisomer thereof or pharmacologically acceptable salt thereof.
And moreover the preferred embodiment of the present invéntion providés the
process for preparing these compounds, a pharmaceutical composition comprising
an effective amount of these compbunds and methods for the treatment of
infectious diseases through the administration to patients of an effective
amount of these compounds, and intermediates of theﬁe compounds.

In the above formula (I) ;ﬁﬁ (I1), a lower alkyl group represented by R',
Rz, R?*, R*, RS, R¢ and R whicp contains 1 to 4 carbon atoms, and may bg for
example a methyl group, an ethyl group, a n—propyl group, an.isopropyl group, ?
n-butyl group, an isobdtyl group, a sec-butyl group, or a tert-butyl group,’
etc. ; Rz also représents either a lower alkanoyl group or a halogenated lower

alkanoyl group or a residue of carboxylic acid ester. When R? represents a




e et

q,J=7Hz) Exanple 4 Ethyl "TI;EEM&NrSra

3-cy.<;:|opropy|am'no-2-(2,4,5-trif|uoro-3-methy|-6-nitrobenzs‘2
A mxture of 31.9 g of ethyl (2,4,5-trifluoro-3-nethyl- ngggynggs
asetate, 26.2 ml of ethyl orthoformate ‘and 23.8 nl of acet! an de wag

heated at reflux for 1 hour. The reacti®n mxture was evap ﬂaLed_Le—g+ve*‘
46.2 g of ethyl 3-ethoxy-2-(2, 4 5- trlfluoro 3-net hyl -

b I | . f o
compoundorer SUETe 85 HiAceress hiedof SEth sfPopyhid TRy e,
d Tt t
t(ra?rg\émr;tgu?e 1hg'cﬁ(ggg?l oa%gFfWX 9}?‘0%{/\;;'{)2 apOP rgﬁghdﬂbﬂy} ]a%r‘fugonar a

t'ure
purifi ec{rbrye h 4By ¢ NrRURL @EEAP Mk T2 kéé\mﬁ@hts A- REPEgaRT taBT Tl NE kanoy)
chloride(l: 1)) to give 28.8 g of the desired conpound as yel |l ow crystals.

Recr yst airbug ahiioni sf compmabpfolmtb ktcaebort atgwsowndld yell baf\ldgeedaltems, whixh

115-115. 5%d1£$§d$ C:halogen atoms are selected from fluorine atoms, chlorine atoms,
bromine atoms, etc., and may be for example, a fluoroacetyl group, a
difluoroacetyl group, a trifluorcacetyl group, a chloroacetyl groﬁp, a
dichloroacetyl group, or a tﬁich]oroacety] group, etc.; When RZ represents a
residue of carboxylic acid ester this is a Tower alkyloxycarbonyl group or an
aryloxycarbonyl group, and may be for example a benzyloxycarbonyl group, an
ethoxycarbonyl group, a methoxycarbonyl group, or a tert-butoxycarbonyl group,
etc.; a halogen atom represented by X may be for example a fluorine atom, a
chlorine atom; or a bromine ;tom, etc.

Further two of R*, R® and R¢ together form a —-(CH;), — group (where n is 1
or 2 in.the formula) for example R4 and RS combine togetheﬁ to form either a.—_
CH,— group or a —(CH,),~ group, while R and R¢ combine together to form a ~CH, -
group or a —(CH,),- group.

The compouﬁ& of the present invention represented by the general formula
() above can be converted into a pharmacologically acceptable salt as desired
and such salts which are produced may ‘then be reconverted to produce the free
compounds.

The pharmacologically acceptable salts of the compound of the present
invention represented by the general'formula (I) my be acid addition salts or -
alkali addition salts. Examples of the acid addition salts include mineral acid
salts such as hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, or
phosphate, etc., and organic-acid salts such as acetate, maleate, fumarate,
citrate, oxalate, malate, methanesul fonate, p—toluenésulfonate, mandelate, 10—
'camphorsulfbnate,'tartrate, or lactate, etc.® Examples of the alkali addition
salts include inorganic alkali salts such as sodium, potassium, ca{cium,

magnesium, or ammonium salts, etc., and organic alkali salts such as



o
an e :

e st

38 Analy5|s for JQerr]Herr]Flerr]Ner]O[err] CalculatedsﬁﬁuACEBEN HEET |

H 4.06; N, 7.52 Found %: C,51.57; H 3.92; N,7.53 X 11
“1-cycl opropyl -6, 7-di fl uoro-1, 4-di hydr o- 8- nethyl 5-nitro-4-
cagboxyl at e To a solution of 27.1 q;of et hyl

"3-cycl opropyl am no-2-(2,4,5-trifluoro-3- ° net hyl - 6-nitrobehzey-racrytat e
270 M of 1,4-dioxane, 3.2 g of sodiumhydride (60 % m netal_qi

dispersioné1mas added by portions and stirred at room tenperature for one
hour. 300eHangtamjeg spltaaar Hcirdie kkylethanglaatie 4 thi Bter e and

The compOund represented by the above general formula (I) has one or more

asymmetric carbon atoms; the molecule; any stereoisomers or mixtures of
stereoisomers are incorporated the scope of the present invention.

The following compounds can be given as actual examples of the 5-amino-8-
methyl-7-pyrrolidinylquinoline-3-carboxylic acid derivative of the present
invention, but theée do not exhaust the ﬁossible_examp]es of the present
invention. ;

(1) 5-Amino~7-(7-amino~5-azaspiro[2.4]hept-5-y1)-1l-cyclopropyl-6-fluoro-1,4~
dihydro—s—methyl—4-oxoquino1ine—3—carboxy]ic acid

(2). S—Amino—lrcyCIOpropyl—6—f1uoro—1,A—dihydro—B—methyl~7—(7—methy1amino—S—-
azaspiro[2. 4 Jhept-5-y1)-4-oxoquinoline-3-carboxylic acid .

(3) 5-Amino-1l-cyclopropyl-7-(7-dimethylamino-5~azaspiro[2.4]hept-5-y1)-6-
f1uoro—l,4—dihydro—B—methy]—ﬁrdxoquino]ine-3—carboxylic acid |

4 S—Amino—?—(3—amino—1—pyrrolidinyl)—l—cyclopropyl—6—f1uoro-1,4—dihydro-8—
methy]-4~oxoquinol ine-3-carboxylic acid '

(9) 5-Amino—7—(3—amino—4—methy1—l—pyrrolidinyl)—l-cyclopropy]-s—fluoro—l,4—
dihydro—e—methyl-4—oxoquin61ine—3—carbo£&1ic acid | |
(6) 5—Amino—7—(3—amino—4,4—dimethy1—1hpyrrolidinyl)—1—cyc19propy1—6-fluor0~1,4—
dihydro—ﬁrméthy1—4—oxoquinoline—3—carboxylic acid

7 5-Amino—7~(3—amino—3—methy]-1—pyrrolidiny])—1—cyclopropy1—6—f1uoro-l,4—
dihydro—-8-methyl-4-oxoquinoline-3~carboxylic acid

(8) 'S—Amino-7~(3—amino—4—methy1ene—l—pyrro}idinyl)—l—cyclopropyl—ﬁ—f]uoro—1,4-
dihydro-8-me thyl-4-oxoquinoline—-3-carboxylic acid

(9) 5—Amino—7—(1-amino—3—azabicyb]o[3.1.0]hex—3—y1)—l—cyclopropy1—6—fﬁuoro-l,4—
dihydro-8-methyl~-4-oxoquinol ine-3-carboxylic acid

(10) 5—Amino-l-cyclopropyl—7-(3;dimethy1amino—l—pyrro]idinyl)—ﬁ—fluoro—l,a—
dihydro-8-methyl-4~oxoquinoline-3—-carboxylic acid

(11) 5-Amino-1-cyclopropyl-6-fluoro-1, 4-dihydro-8-methyl-7—-(3-methylamino-1-

pyrrolidinyl)-4-oxoquinoline-3~carboxylic acid,



t he deposited crystals were collected by filtration to give 1PpGpigaEMaIeSHE:!

N

desi redsconpound as colorless crystals, which was recrystalli m N,

di net hyl f ormam de to provide col orl ess needl es, mp. 260-263[enr]. g.m\\( 1996
Anal ysi s for C[err]H[err]F[err]N[err]O[err Cal cul ated % : G 34.

H, 4.01; N, 7.95 Found %: C,54.51; H 4.00; N, 7.90 Exabpt-e—e——ttiryd

A4 I_I.Ilyl

5-am no- 1-cycl opropyl -6, 7-di fl uoro-1, 4- dlhydro 8- net hyl - 4- oxgqui nol ine- 3=

car boxyl at : t '
1oeyel opr Ogy?teremsgﬁr'lsgtze?g@ﬁ'opr} Pﬁavﬁ@coﬁo !&ﬁlfa@é’éptable salt thereof.

net hyl - 5- ni t r 0O -1 Gbald RomgtRands: C@d’rrb@%’}dsallg, 9 a¥d 09),Rereqy ikfdefboneds 3
m  of acetlc acid was hy rogenated at roon1tenperature for 1.5 hours

under at nogphier poarmaprlegbealdy atbeptebleabykis awesespelci &rigdresbimeaded.r esul ti ng
filtrate was evaporated. To this residue, 150 ml of 10 % aqueous
pot assi um car b&aeRTE o dhecresaid triyention, various methods for preparing the novel

S5-amino-8-methyl-7-pyrrolidinylquinoline-3~carboxylic acid der1vat1ve
represented by the above general formula (I) ére provided, including the method
explained below. The following methods should not be construed as exhaustive.
According to this one example of the prepafation process of the present
invention, the compounds represented by the above general formula (I) can be
prepared by reacting in a solvent a_7—halogenated quinoline~3-caroboxylic acid
derivative of the generél formula (III):
" NH, O
F COOR!

N )
X N

DN

wherein R' and X are the same as those defined above, with a pyrrolidine
derivative represented by the general formula (IV):

R4

NH @)

357 w
R —N

IR
wherein R*, R?; R*, R® and R* are the same as those defined above, in thé
presence of or absence of a base, and followed by hydrolysis, if necessary.

Any suitable inert solvent may be used in the process of the present
invention. Examples of the inert solvent include alcohols such as methanol,
ethanol, n-propanol, isopropanol, or n-butanol, etc.; aprotic polar soivents
such as acetonitriie, N,N—dimethy1f6rmam%de, N-methyl-2-pyrrolidoune,
dimethylsulfoxide, or hexamethylphosphoric triamide, etc.; aromatic

hydrocarbons such as benzene or toluene, etc.; organic bases such as pyridine,



m xture was extracted with nethylene chloride. The conbin ch gﬁggngTsﬁgafw
ext gacts were dried and -evaporated to give 14.8 g of the

as slightly yel l ow crystal s, which was recrystallized friopm g_oaatm t1ggge
t0 give slightly yel |l ow needl es, mp.g 182.5-185.5 [err]d

39 Anal ysis for CJerr]Herr]Flerr] Nerr]Jerr] Calculated % C53-62
H 5.00; N, 8.69 Found %: C 59.74; H5.08; N, 8.60 Fxanple 7

5- Ami no- 1-cycl opr opyl - 6, 7-dit|uoro-|,4-dihydro-8-nq;hxl-4-oxog I nol i ne- 3-
carlaox?l?qﬁ‘éﬁﬂ dutiaime, and collidine, etc.; or a mixture o e above solvents,

_etc. A base such as triethylamine, N,N-diisopropylethylamine, 1,8-
diazabicyclo[5.4.0]-7-undecene, 1,2,2,6,6—pentamethy1pipéridine, 1,4-
diazabicyclo[2.2.2]octane, sodium carbonate, potassium carbonate, sodium
bicarbonate, or potassium bicarbonate, etc. may be used. Further when an
organic base is used as the sb]vent_this base can be used in place of the above.

The -reaction may be carried out at a temperéture ranging from an ice-cooled
temperature to the reflux température of the reaction solvent used.

The hydrolysis may be carried out accdrding to a known method in the
presence of an acid or an alkali. _An acid such as hydrdch]ofic acid, or
sulfuric acid, etc. may be used in an acidic hydrolysis reaction; and a base
such as sodium hydroxide or hotassium hydroxide, etc. may be used in an alkaline
hydrolysis reaction. These acids or bases may be used as aqueous solutions, or
alternatively, as so]dtion in an organic solvent such as methanol, ethanol, n-
buiano], sec—butano] or tert-butanol, etc. which may optionally be added with
water. The hydrolysis reaction may be carried 6ut at a temperature ranging
from room température-to the reflux temperature of the reaction solvent used.

According to the second example of preparation process of the present
invention, the compounds represented by the general fbrmq}g'(l) above can be

prepared by reacting in a solvent a boric acid derivative of general formula (V)

F\BIF
SN
NH, O © _
F o V)
X N ' [ g

b

wherein X is the same as defined above, with a pyrrolidine derivative
represented by the general formula (IV) above in the presence or absence of a

base, and if necessary followed by dechelation treatment using a protic polar



A mixture of 14.8 g of ethyl 5-am no-1-cyclopropyl-6,7- difgaero—t= -
di hydre- 8- net hyl - 4- oxoqui nol i ne- 3-car boxylate, 37.2 m of h EEBéWEMﬁN?Qﬂﬁ
and 150 m of 90 % acetic acid was heated at reflux for 2 héurs. After
the deposited crystals were collected by filtratipp anBl MAEHS86
with water to give 11.8 g of the desired9conmpound as yell oicrystals.
crystals were subsequently recrystallized from N, N-di met hy| frormamde 10

give yel Loweg Mﬁt!]fhh[pres - or Qseﬂc% %rfri Gabgleconp.). — Anal ysks—ios

coot i ng,

C[err]H[err]F err

Found
opr opyl’

The

err err culated %: C, 57.15; H 4.11; N, 9.52

Yany G tad s rhbﬁt Q31 v tOmdyY be EX&ITInEtSe procdN¥ olﬂor'éat‘ﬁiﬁi the
-6, 7-difl wuoro-1, 4-dihydro-8-nethyl-4-oxoquinoline-3- carboxy

at 0- O[ er cdmpddinds rfepirds édtear bp orhengegeraAnt onanulacie) apooowith, fhedicbhpoamds 1,
4- di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-carboxylic acid BF[err] chel ate)

represented by the general formula (IV) above. Examples of the inert solvent

include alcohols such as methanol, ethanol, n-propanol, isopropanol, or n-

. butanol, etc.; aprotic polar solvents such as, acetonitrile, N,N-

dimethylformamide, N-methyl-2-pyrrolidone, dimethylisulfoxide, or
hexamethyiphosphoric triamide, etc.; aromatic hydrocarbons such as, benzene or
toluene, etc.; organic bases such as, pyridine, picoline, lutidine, or
collidine, etc.; halogenated hydrocarbons such as, dichloromethane, 1,2~
dichloroethane, or chloroform, etc.j or a mixture of the any of the above
solvents, etc.

A base such as, triethy]amine, Ny N~diisopropylethylamine, 1,8-
diazabicyclo[5.4.0]-7-undecene, 1,2,2,6,6-pentamethylpiperidine, 1,4~
diazabicyclo{2.2.2]octane, sodium carbonate, potassium carbonéte, sodium
bicarbonate or potassium bicarbonate, etc. may be used. Further when an
organic base is used as the solvent this base can be used in place of those
mentioned above.. The reaction may be carried out at a temperature ranging from
an ice-cooled temperature to the reflux temperature of the reaction solvent
used. . '

In dechelation, a protic pélar solvent including alcohols such as,
methanol, ethanol, n-propanol, isobropano], or n-butanol, etc.; water; or a
mixture of the above solvents, or a mixture of an aprotic solvent such as
acetonitrile, N,N—dimethy]formamide; N-methyl-2-pyrrolidone, dimethylsulfoxide,
hexame thylphosphoric triamide, benzene, toluene, pyridine, pico1ine,'1utidine,
collidine, dichioromethane, 1,2-dichloroethane, or chloroform, etc. and a
protic polar solvent such as, alcohol or water, etc. may be used. The reaction
may be carried out at a temperature ranging from an ice-cooled temperature to
the reflux temperature of the reaction solvent used.

According to the third example of the preparation proéess of the present




A mxture of 5.00 g of 5-am no-1-cycl opropyl -6, 7-difl uoro- 5 '@m@NTQhEET
nmet hyl - 4- oxoqui nol i ne- 3-carboxylic acid, 3.13 m of boron Sﬂéb C
et herate and 75 m of methyl isobutyl ketone was heated ja f
b Y 1998
d ("(')n‘pnunr‘{

heur. After cooling, the deposited crystals were coll ectg
and washed with diethyl ether to give B038 g of the desiy
yel | ow crystal s. NVR spectrum[err] (DVSO-d[err]) ppm

1.08- 1. 15&éﬂﬂﬂ8§ %hglcdh939£é94o?)the p?eéﬁ%&3fhventlon represented by the above
d, J=2. 5Hz) , 4. 52- 4. 59(1H, m, 7.28(2H,br-s), 9. 10(1 H, s)

- 40 - gbnerl FoFmula (I) where1n Rz is a hydrogen atom can be prepared by

5- Anmi no- | - cycl opropyl - 6-f | uor o- 1, 4- di hydr o- 8- net hyl - 4- oxo- 7- ((S) - 7-

trifl uohm@@éwlnem mm@uattarspfresemad4q»mepwe3geyne)rqhifnnmulneGTa derpox it iis aci d
A m xture of 2. g of [5-am no-1-cycloprop % -6, 7-di fl uoro- 1, 4-di hydr o- 8-
net hyI Aow_se"oqhkmw rse"ogn O&r bRy Peaa-Lted elrowfr@[ KRl ERAUPuTOBBIERL A28 ¢ of

(5)- compound represented by the above general formula (I) wherein Rz is a residue
of carboxylic acid ester with an acid in a solvent or without a_soivent in the
presence or absence of a cation scavenger. _

The hydrolysis may be carried out according to a known yethod in the
presence ef an acid or an atkali. An acid such as, hydroch{oric acid or
sulfuric acid, etc. may be used in an acidic hydrolysis reaction; and a base
such as, sodium hydroxide or potassium hydroxide, etc. may be used in an
alkaline hydrolysis reaction. These acids or bases may be used as an aqueous
solution, or elteenatively, as a solution in an organic solvent such as
methanol, ethanol, n-butanol, sec-butanol or tert—butano],_etc; which may
optionally be added with water. The hydrolysis reaction may be carried out at
a temperature ranging from room temperature to the reflux_temperature of the
reaction solvent used.

Removal of the residue of carboxylic acid ester may be carried out in a
solvent such as, acetic acid, ethyl acetate, dioxane, water; methanol, ethaeo]
or a mixture of these, etc.j as cation scavenger it is pessible to use for
example anisole, thioanisole, etc.; as acid it is possible to use hydrochloric
acid, hydrobromic acid, trifluorcacetic acid; etc. The removal-of_the residue.
of carboxylic acid ester may be carried out at ice-cooled temperature to the
reflux temperature of the solvent used. |

According to the fourth example of the preparation process of the present
invention, the compounds of the present invention represented by the above
general formula (I) wherein Rz and/or R? are each a lower alkyl group can be
prepared by reacting a compound represented by the above general formula (I)
wherein Rz and/or R? are each a hydrogen atom with a halogenated lower alkyl in

a solvent in the presence or absence of a base; or with an aldehyde compound



trifl uoroacetyl am no-5-azaspiro[ 2. 4] hept ane hydrochl ori de ~fe++? [c:g]_;w;f
-54.d4[err] (c=0.1, Herr]0)), 3.12 m of triethylam ne andREPIRGEMENT SHEET
di met hyl sul foxide was stirred at 30 [err]C for 4 days. e reacti

m xture, water was added under. ice cooling. The resulting '>dﬁnMRﬂ59&?
acidified with 10 % hydrochloric acid td} pH 3, extracted With net hyl ene
chloride, and the conbi ned organic extracts were washed tHr—rTTE, dri e
over sodium sul fate and_evaporated to ive.ﬁ 04 g of darkibhrows-eryst-ats:
The crySPEgSENRY By e ol &gy %B?%f‘ﬁ%l‘lﬂré bgraphy (silica gel, nethylene
chloride-nmethanol (50 : 1 [err] 10 : 1)), and 0.38 g of yellow crystals
wer e obt ai ned. A‘ng§%¥5e of 0.38'g of these crystéy , 0.38 m of
triethylaninefﬁnd"_ of nethanol was heated at reflux for 9 hours and
then evaporated. To the residue, water was added and t he deposited

cryst alyhep&iners Gold AgdRgerd¥tdr bf Al dvieh, a 1AV graghad thetfrev@icerof & SRphIPanol ,
and diethyl ether to give 0.26 g of the desired conpound as yel |l ow
crystalacidThe crystals were subsequently recrystallized froma mixture of

met hyl ene chl ori de and nethanol, to give yellow crystals, mp._ 246.5-248
[err]C. In the present preparation procCess, in thg case of using a halogenated

tower alkyl a solvent such as, N,N—dimethy]formaﬁide, acetoné, ethanol,
tetrahydrofuran, benzene or chloroform, etgm,'and a base suéh as, triethylamine
or potassium carbonaté, etc. may be used; In the case of using an aldehyde
compound represented-by the above general formula (VI) formaldehyde,
.acetaidehyde or propionaldehyde, etc. as the aldehyde may be used, and it is
desirable to use the formaldehyde as aqueous solution (formalin); and in the
case of acetaldehyde or propiona1dehyde being used it is desirable to use
.nitrobenzene as the solvent. Further, all of the above reactions may be
carried out at a temperature ranging from room temperature to the reflux
temperature of the reaction solvent used.

In the preparation process of the present invention the starting materials
represented by the above general formula (III) and (V) can be prepared by the
fo]lowing.process, details for which are indicated Examples noted hereafter.-

Further, compounds represented by the general formula (VII) indicated below

~are known compounds with a Japanese unexamined patent publication No. 62—
215572,




~Analysis for (err]J]Herr]Flerr]Nerr]Jerr]

H 4.60; N, 11. 61 Found % :
rotation [ err][err] -135.6[err]

Cal culated % ___C 54 7/
C, 54.57; H 4.70; N 11.5 R@?@EMENT SHEET

(c=0.1, DWF)
5-;Am no-7- ((S) - 7- am no- 5- azaspi r o[ 2. 4] hegi- 5-yl)-1-cycl opr
- di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3-¢

0.26 g of 5-am no-1-cycl opropyl-6 -fluoro-1, 4-di hydro- 8-

Exa

boxylic acid m xture qf

Do

| 16
k}yl_-@\quess 1}4

1 hazl vi|

70

-t

- 7 ((S)-7-trifluoroacetyl am no-5-azaspiro[2.4] hept-5-yl) fui noline-3-
41 carboxylic acid, 0.18 g of potassium hydroxide and 1.8 m of water was
stirred " NO, NO,
: E CO,H step | F CO,H  Step 2 E _COCI
X:@Y nitration X v NG y
CHy _ CHa CH,
(vi) (vi) (Ix)
NO, O NO, O
tep 4
step 3 F COCHs P F COLCHs
CO,CH '
C,HsOMgCH(CO2C2H 2CaHs g+
259(225)_2X y X Y.
CHg CHy
x) (x1)
NO, O NO, O
step 5 F CO,C,Hg Step6 F CO,C,Hs
"HC(OC3Hs)y X Y OCZHS HzN—q X Y NH
CHy CHg’ A
(xm) (xan)
NO, O NH; O
step 7 F CO,CaHs step 8 F CO2C2Hs
. ‘ . . l
base % N reduction X N
CHg A CHq A
Xrv (m) (mI-a ()
F2
. QB\
NHz O ' NH, O O
step9 g S M _com  eplo FAA_ &
. | j °°
H F3BO{(C2H
XY i Y
CH;,A CH::A

(111-b)

v} -



at roomtenperature for 0.5 hour. The rei%g,,qﬁfrngggggﬂ was_neutralized wth
10 % hydrochloric acid to pH 8, the deposi g Agepst al s

filtration and washed with water to gile 0 21 g of—the d
vhi ch was recrystallized fron1aceton|trt4e to afford 0.1
prisnms, mp. 216.5- 218.C. Analysis for C[err]H[err]FN[
Cal culated %: C,62.16; H 6.00; N,14.50 Found

N, 14. 64 .Sp eC| [ otation 4err

.C r C DIVF) Exanplea
11 5o AR yel H5r 1551 256991 0% JrSLTe l’l&’u ﬁyaro“ém%sm}m oX0-7- T3 3-
trifluoroacetyl am no-1-pyrroli dinyl)quinoline-3-carboxylic acid A
m xture of 2.5 g of [5-ani no-1-cyclopropyl-6,7-difluoro-1, 4-di hydro- 8-

rr?t ?él) gswponw Bdthpr-2; £,3-BevY | feRa e bédzodc [RA 8] (VI fik uaneded o, gRe20 g
O -

compound (VIII). 1In-.this present step, nitric acid, potassium nitrate or

ammonium nitrate, etc., may be used as a nitrating agent; anl as solvent

sulfuric acid, acetic acid, acetic anhydride or trifluoroacetic anhydride,

etc., may be used.

Step 2) Compound (VIII) is treated with a chlorinating agent such as, thionyl

chloride or oxa]jl chioride, efc. in or not in a solvent such és, chloroform,

methylene chloride or 1,2-dichloroethane, etc. in the presence or absence of

NyN~dimethyl formamide to give acid chloride (IX).

Step 3) The compound (IX) and a diethyl ethoxymagnesiummalonate which is
separately prepared with ethanol, diethyl malonafe and magnesium are condensed
iﬁ-a solvent such as, benzene or toluene, etc. and accordingly give compound
(X). | |
Step 4) The compound (X) is hydrolyzed and decarboxylated by heating ‘with water
in the presence of an acid such as, hydrochloric acid, sulfuric acid or p- .
to]uenesulfohic acidy, etc. and accordingly gives compound (XI).

Step 5) The compound (XI) is reacted.with ethyl orthoformate in the presence or

absence of Lewis acid such as zinc ch]éride; etc., in gcetic anhydride and

accordingly gives compound (XII).

Step 6) The compound (XII) is reacted with cyclopropylamine in a solvent to
givé compound (XIII). 1In this present step, any suitable inert solvent
including alcohols such as, methanol or ethanol, etc.; halogenated hydrocarbons

) such as, chloroform or 1,2-dichloroethane; etc.; aromatic hydrocarbons such as,

benzene or toluene, etc.; or aprotic polar solvents such as, acetonitrile or
N, N-dimethy) formamide, etc. may be used. |
Step 7) The compound (XIII) is cyclized with a base in solvent in the presence

or absence of a catalyst and accordingly gives compound (XIV(II)). In this

present step, potassium carbonate, sodium hydride or potassium tert-butnzide,
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stirred at 30C for 3 days. The reaction m xture was aci diif|ed @nm a@gsﬁ
of 10 % hydrochloric acid, extracted with nmethyl ene chlorj ¢de;

conbi ned organic extracts were dried anl evaporated to afférd 3.66 g of
yellow crystals. A mxture of.3.66 g of these crystals, 318 m of

triethy ' for nal te reefdoux . FOETs:, S.

The depégﬂ 2@%&%3?‘%8? &graer%% ’e%tsegggygﬁ?f téjgt?élgsn s?o(:h )éls'\’/ea bé'%gné;%g{ t he
desi r edicQuaREdrRdy A, YEIC. o apyctial fo1afNR16emMSt Alch ¥E! BcetDHPEAGHEIH NN~
recrystallized fromacetonitrile to give 0.41 g of yellow crystals , mp.
238. 5- 24{¥eenylformadindgd, ystics ma@r beCLised;] tifomn rethésy r ettty laoheriud brasideuwrat ed %
: C, 52.63; H 4.42; N,12.28 Found %: C 52.64; H 4.37; N, 112.35

Speci f i benzyl ttiebnylafmomidn bfemidé, et@8miy becusedias DMBGR1yst.

Step 8) The compound (XIV(II)) is reduced with a catalyst such as, Raney

trifluoroacetyl am nopyrrolidine hydrochloride ([err] [err] ;ﬁﬁéEéME&Q%hEET‘
MOH)) , 3.26 Ml of triethylam ne and 10 m of dinethyl Jut

f

i

f

nickel, palladium carbon or platinum oxide, etc., or reduced under acidic
éonditions with metals such as, iron, tin or zinc, etc. and accordingly gives
compound (III-a(II)). In this present step, acetic acid, w§ter, metanol,
ethanol or N,N—dimethy]foﬁmamide, etc., may be used as a so]vent; hydrochloric
acid, acetic acid or hydrobromic acid, etc. may be used as the acid when
reducing with metals.

Step 9) The compound (III-a(II)) is hydrolyzed in a solvent such as;-water,
acetic acid, alcohol or aqueous alcohol, etc. under acidic conditions with
hydrochloric acid, acetic acid or hydrobromic acid, etc. and accordingly gives
compound (III-b).

Step 10) The compound (III-b) fs reacted with boron trifluoride etherate in

solvent such as, ether, acetone or methyl isobutyl ketone, etc. and accordingly

gives compound (V);

A pharmaceutical composition comprising.an effective aﬁount of one or more
compounds of the novel 5-amino-8-methyl-7-pyrrolidinylquinoline-3-carboxylic
acid derivative represented by the above generil formula (I), a stereoisomer
thereof or a pharmacologically accepfable salt thereof produced according to the
method described above may be in the form of 6apsu1e, tablet, subtilized
granule, granule, powder, or syrup, etc. for oral admiﬁistration, or in the form
of an injection, suppository, eye drop, eye ointment, otic solution, or
dermatologic dosage form. The pharmaceutical composition of the present
invention can be prépared by adding pharmaceutically acceptable additive to 5~
amino-8-methyl-7-pyrrolidinylquinoline-3-carboxylic acid derivative, a

stereoisomer thereof or a pharmacologiha]ly acceptable salt thereof, and then



Exanpl e 12 | :
5- A no- 7- ((S) - 3- ani no- 1- pyrrol i di nyl ) - 1- cycl opr opy! - 6- 1 | BEESA I Y-SRy drp
- et hyl - 4- oxoqui nol i ne- 3-carboxylic acid hydrochl oride

4-0x0-7-((S)-3-trifluoroacetyl am no-1-pyrygelidi nyl) qui nol}i C
acid, 0.57 g of potassium hydroxide and 10. M of water Was stirred at ro¢m
tenperature for 1 hour. The reaction mxture was neutralTZéd wih 10 %
hydr ochl edégtiagy dn andli eraporeapech t ibheme tisodiue Femsthl |pureedratiitom ef hamol |

i nsol uble precipitates were filtered off and resulting filtrate was

evapor at BERTIeLUR i ed| ERTPRY then Fh@ab}%@ﬁlﬁ’éﬂ AIBIALE TR E ONeQTh SERPOF LLory, the
hydrochl %xlﬁ ei‘v<\eN§}nSay(’j‘cdo(rjn%‘r('ji:~'.%ne§Lj dtltl.'l?enqegu%%l gse;dlactose, D-mannitol, corn starch, or

crystalline cellulose, etc.; a disfntegrant such as, carboxymethylcellulose or
calcium carboxymethylcellulose, etc.; a binder such as, hydroxypropylcellulose,
hydroxypropylmethylcellulose, or polyvinyl-pyrrolidone, etc.; a lubricant such
as, magnesium stearate or talc, etc.; a coating agent such as, h
ydroxypropylmethyl-cellulose, sucrose, or titanium oxide; etc.; a plasticizer
such as po]yethy]eneglycol, etc.; or a base such as, po1yethy1ene—g]ycol or hard
fat, etc. The pharmaceutical composition of the present invention suitable for
injection, or use as an eye drop or ear drop may comprise carriérs such as, a
solubilizing agent or so]vent,-e.g., distilled water for injection, saline, or
propylene glycol, etc. which is useful for an aqueous composition or a
composition for preparing aqueous solution before use; a pH adjusting agent
such as, inorganic and organic acids or_bases; an isotonicity agent such as,
sodium chloride, glucose, or glycerin, etc.; or a stabilizer, etc. may be used. _
For the preparation of the pharmaceutical composition suitable for-an eye
ointment or de?matologié medicine, an additive such as, a suitable
pharmaceutical ingredient, e.g., white.petrolathm, macrogol, glycerin, liquid
paraffin, or cloth, etc. which is useful for an ointment, cream, or cataplasma
may be used.

Use of the pharmaceutical comﬁosition of the present invention comprises
administering the composition described above orally or parenterally to a
patient. The dose of the pharmaceutical composition for an adult patient may
generally be from about 10 to 1,000 mg per day for oral administration or from
about 1 to 500 mg per déy‘for parenteral administration, which may be increased

or decreased depending on the conditions of the patient to be treated.



crystals were collected by filtration to give 0.53 g of yellow crystals

The s crystals were subsequently recrystallized fromneth @@bLQ@gMéﬂrggng
the desired conpound as yellow crystals, mp. 263.5 [er

ebtained. Analysis for Clerr]H err]FNerr]O[err] HC Icubagﬁv
C 54.48; H 5.59; N 14.12 Found % : 1€ 54.22; H 5.61; N, 13."8
rotation J[err] [err] - 37.4[err] (c=0.1, Herr]0)

s Yanal =Nk
5- Ami ng;l - ¢ c{%qrqpxl .6-f 1l uoro-1, 4-di hydr o- 8- net hyl - 7-(cis-4-nethv|- -
tr|fIugiggg%gﬁlaﬁiﬂe—&—pyrrol|d|nyl) 4- oxoqui nol i ne- 3- car boxylic acid
A mxture ghede g?lgldgfof[ %hea Qnd -IGYS QRN %choﬁs etld ltUQfeOS-%mo%angygro 8-

et hyl - 4- oxoqui nol i ne- 3- car oxyrato err] O[err] di fl uor obor g of
Ci S-4- meRyIAted St 7-4pl w0 @84 teld adHianeRY b F %edﬁomeo\hyigirr@céﬂeace @6mpolndtd Nl of
- N,N- diisopropylethylanmine and 16 m~ of dinethyl sulfoxide was stirred at
30[ er r | Thef oupeiority of the compounds of the present invention to the reference

SpeC|f ¢

compounds exceeds expectations based on prior arts.

The inventors of the present invention found that the_simu]taneous
intfoduction of amino, methyl and pyrrolidinyl groups into 5-, 8- and 7-
positions of the quinolone nucleus respectively reduced thg‘chromosoma1
aberrational activity of these compoundé. This effect of the substituents was
unknown hitherto and could not be expected on the basis of prior art, némely, on
the basis of structural conversion of the reference compounds. This is shown by

the following results of the chromosomal aberration test (test method used is

described hereafter).
Results are shown in Tables 1 - 3.

The following compounds were used as the reference compounds.

- Reference compound A : 7-((S)-7-amino-5-azaspiro[2.4]hept-b-y1)-1-cyclopropyl-
6-fluoro-1, 4~dihydro-4—oxoquinoline—3—carboxylic acid
hydrochloride (Knbwn compound, Japanese.unexamined
patent publication No. 95176/1991) _

- Reference compound B :'5—amino-7—((S)—7-amino—5—azaspiro[Z.4]hept—5—y1)—1—
cyclopropyl-6-fluoro-1,4-dihydro—-4-oxoquinoline-3—
carboxylic agid hydrochloride (Novel compound)

- Reference compound C : 7-((S)-7-amino~5-azaspiro[2.4]hept-5-y1)-1-cyclopropyl-
G-fluoro—l,d-dihydro—B;methy1—4—oxoquinoline~3—

. carboxylic acid (Known compound, Japanese unexamined
patent publication No. 95176/1991)

- Reference compound D : 7f((S)—3—am1no-;-pyrrolidinyl)-1—cyc1opropyl—ﬁ—f]uoro-
1,4-dihydro-4-oxoquinoline~-3-carboxylic acid (Known
compound, Japanese unexamined patent publication No.

258855/1988) -



days. To the reaction nixture, water an JIT,qigtslm;EEHs §ﬁ$“b |g Réﬁ,e‘?qﬁpqﬁds%“

under: ice cooling and the resulting m xtureRSE&BCERIrre

tenperature. The deposited crystals wene~eettected by 1illnati gfa
washed with nmethylene chloride to give 799 g of yellow s br‘o&ﬂl _ g%|s
(A). The nethylene. . chloride layer of the filtrptte was washed
with water and brine, dried over sodiumsulfate and evapofated. The
residue WaRefdrehsth esu?eluﬁeﬂéh BhW-2NEs) -BhiMAné-depreo Giavey 1 - 1X57ussrEpTE:
brown crystals (B) he filtrate was evaporated and the residue was

purified by col um chromat ogiaptoy 1({&idihgdrogétqxoquitdiyilnent-ce hioayi te-ankd hanol
(100 : 1)). 0.25 g of yellowi sh brown crystals (C) were obtained. A
m xture of 2.39 g of those dNgved dogpqundB and C), 2.42 m of

- Reference compound F : 7-((S5)-3-amino-1-pyrrolidinyl)-1-cyclopropyl-6~fluoro-

1,4—dihydro—B—methyl—d—oxoquino1ine—3—carboxylic acid
(Novel compound) '

. Reference compound G S—aminb-l—cycloprop&l—s—fluoro—l,4—dihydro—4—oxo—7—
piperézinquuinoline—3—carboxy]ic acid (Known compound,
Japanese unexamined patent publication No.! 28157/1990)

- Reference compound H 1—cyc\opropy176—fluoﬁofl,4—dihydro—B—methy]—d—oxo—?—
piperazinylquinoline-3-carboxylic acid hydrochloride
(Known compound, Japanese unexamined patent publication
No. 215572/1987)

- Reference compound I 5—aﬁino—1—cyc1opropyl—é—fluoro—l,4—dihydro—8—methy1-4—

| oxo—7—piperaziny1quinoline—3—barboxylic acid

hydrochloride (Kﬁown compound, Japanese unexamined

patent publication No. 215572/1987)

1) 5-Amidation (5-H = 5-NH,)

Table 1 shows the following:

Observing fhe relative activities of reference compounds A and B ((-) = )
), Dand E ((-) =§.(3+)) would lead to the assumption that the introduction of
an amino group into the S-position of the guinolone nucleus should increase

chromosomal aberrational activity. ' i

Therefore, it was expected that the compounds (Examples 10 and 12) of the
present invention considered to be S-amidated analogs of the reference
compounds C and F would exhibit more potent activity than the reference

compounds C and f with high chromosomal aberration activity, respectively.
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triethylamne, 48 ml of nethanol and 24 m. of 1,2- d|chloroeﬁh@ﬁQAMQM=N§§%EﬂT
at «reflux for 9 hours and then evaporated. To the resi due, S- added

and the mxture was acidified with 10 % hydrochloric acid tjo pI_—_IaélManqggs
deposited crystals were collected by filtration and washed th water,

| sopropanol and diethyl ether to give 2. % g of the desired| conpodrd—as
yel low crystals. The «crystals were subsequently recrystallikfked fron1a

255 954, sorpry o ARG SHERT OF AP i BritlE R PRSELGRR, 2

%: C, 53. (6)2 Sxﬁh‘lreg&lts'\'céhld Pt bEOHMEseen by &he Prvd- &k Herr]4[err] 94;
N, 11. 70 Exanpl e

5- Ami no- 7- (ci s- 3- an1no 4- et hyl - 1- pyrrolidinyl)-1-cycl opropyl -6-fluoro-1, 4-
di hydro-8 -net hyl - 4-oxoqui nol i ne- 3-carboxylic acid A m xture of 2.00
g of 5-arf)bMathyyatiopr(8dly = @=fdluor o- 1, 4- di hydr o- 8- net hyl - -

Table 2 shows the following:

On the basis of observations of the relative activities of reference

compounds A and C ((+)=> (34)), D and F ((-)= (3+)), it was expected that the
introduction of a methyl group into the 8-position of quinbloné nucleus would

increase chromosomal aberrational activity.

Therefore, it was expected that the compounds (Examples 10 and 12) of'the
preéent invention considered to be 8-methylated éna1ogs of the reference
combounds B and E would exhibit more potent activity than the reference
compounds B and £ with a chromosomal aberration activity, respectively. Contrary
to this expectation, the compounds of the bresent invention exhibited (-). Such

results could not be foreseen by'the prior art.

3) 7;Pyrro1idinylation (7-Piperazinyl < 7-Pyrrolidinyl)

Table 3 shows the following:

On the basis of observations of the relative activities of reference
compounds G and B ((-)=> (+)), H and C ((-) = (3+)), G and E ((-)=> (34)), H
and F ((-)= (3+)), it was expected that the replacement of the piperazinyl
group by a pyrrolidinyl group at 7-position of the quinolone nucleus woujd

increase chromosomal aberrational activity.

Therefore, it was expected that the compounds (Examples 10 and 12) of the
present invention considered to be the 7-pyrrolidinylated analogs of the

refecence compound [ wihuld exhibit positive data, and more potent activity than



7-(cis-4-methyl -3-trifluor oacetyl am no-1-pyrrolidinyl)-4- oquypmj,gmﬁs}.gEET

carboxylic acid, 1.40 g of potassium hydroxide and 14 m of,; yeter
stirred at roomtenperature for 1 hour, and then neutraliig _V\Bt \1 ?H
aqueous hydrochl oric acid to pH 8. The.deposited crystals re col ed

by filtration and washed wi th water, i1®propanol and di et hyb—st-her—t-om—
give 1.65 ¢ of the desired compound as yellow crystals. The_crystals were

SUbseqlﬂﬁé‘trjeYerer{cgcéd(r@B@fH ZQ@ntFP 8o NhXE WixpeOfa tiBA,N\thenRdm n@EId*etﬁé"ld_
met hanol and 1.32 g of yel l ow prisns, mp. 213.5 215[err wer e obt ai ned.
Anal ysipsedent Chwint] th eixh]iedr (1)Q[ 8ucH results could not be foreseen by the
44 "Calculated %: C 60.95; H 6.19; N, 14.96
prior art. .



Found %: C, 60.83; H 6.35; N, 14, 83 Exanpl e 15 S
5- Ami no- 1-cycl opropyl -7-((S) -4, 4-di net hyl -3-trifl uoroacet yl gnkEfo-ATEMANTOIHEET
inyl) -6-fluoro-1, 4-di hydro-8-nethyl -4-oxoqui nol i ne-3-carbagxyTic acid

A mixture of 4.00 g of [5-am no-1-cyclopr Of%l -6, 7-di fl uor o- 1, #- digr\MAYo 1996
met hyl - 4- oxoqui nol i ne- 3- car boxyl ato-0O[ err]4O[ err] di fl uoroborjop, 4.32 g of
(S)-4,4- dimethyl-3-trifluoroacetyl am nopyrrolidine hydrochl brtde—terrt
[err] + 25.6 (c=1, MeOH)), 5.09 m of. N, Ndiisopropyl ethyllan
of dinmethyl sulfoxide was stirred at 30[err] C for 3 days. The reaction

m xture was diluted wth water under ice cooliing, acidified with 10 %
aqueous, hydrochloric acid to pH 3 and extracted with nmethyl ene chlori de.
The conbi ned organic extracts were washed with water and brine, dried over
sodi um sul fate and evaporated. The residue was purified by colum _
chromat ography (silica gel, nethylene chloride- nethanol (100 : 1)) and

yel | ow sbraa(r,‘o[vm (\SEXx%{dg‘Lllosn (g‘ﬁ-f g.sqm_@ ned. The crystals

Z' 0
F COOH
I
z? N
2 A
Test Structure Chromosomal| Test Structure Chromosomal
.compound 71 72 2_3 aberration compound 71 72 73 aberration
(Prior art) ' | (Prior art)
A H tn— H O p |H| [rlHu )
HoN Fak
B Myl T lm| @ E (Mg L+rlu| @9
. N HN .
(Present invention) (Present invention)
C H | t - [CH|  (34) F gl [wlol @
N Ho
Example 10| NHy t - | CHy O] Example 12| Nty MB"' CH; ()
PN )

) Ffequencies of chromosomal aberration on CHL cells treated with 30  g/ml of the test compound.
The others are data treated with 100 x g/mi of the test compound.
(~:<10%, +:10-20%, 2+:20-50%, 3+:>50%)



were washed wi th diethyl

ether to give 0.68 g of yell ow sh browa-—etystats:

A nixture of 0.68 g of these crystals, 0.67 nl of triethyl apgRreacaMENT SHEET
nmet hanol and 11 nl of 1, 2-di chl oroethane was heated at refl or hour s
and t hen evaporated. To the residue, water was added andzthe..@eMgAXi 1999

crystal s was collected by filtration, 2Ind washed wi th watje
g of the desired conpound as yellow crystals. The cryst aljs-we+e
subsequently recrystallized from met hanol to give yellowlcolumms,

to give 0.57

253. 5-255 C. Analysis for CJerr]Herr]Ferr]Nerr]O[err] - Calcul éied %
. C 54.54; H 4.99; N II.57 Found %: C,54.33; H 4.88; N 11.63

‘Specific rotation [err] J[err] + 42.6 [err] (c=01, MOH) Exanpl e 16
5- Ami no-7-((S)-3-am no- 4, 4-di net hyl - | -
pyrrolidinyl)-I-cyclopropyl-6-fluoro-I, 4-

Table 2 3-Methylation (8-H -*S-CH3)
zZ'' o
F COOH
: |
z N
2 A
Test Structure Chromosomal| Test Structure Chromosomal
compound 71 72 73 aberration compound 71 72 | 23 aberration
(Prior art) (Prior art)
' M-
A H Hz:t"’ H (+) D H HzNE | H O]
C H <]:"‘ CHzl (34 F H |, N«D“ CHzl @3
HaN 2
(Present invention) (Present invention)
R NH. N
B |NHy Hj:"‘ H ()P E |NHp ,NJ: | H G+
. . ‘ . N H A
Example 10| NHy n,:t"— CHy ) Example 12 | NHy MJ: CHy -

1) Frequencies of chromaosomal aberration on CHL cells treated with 30 z g/ml of the test compound.
The others are data treated with 100 z g/ml of the test compound.
(-:<10%, +:10-20%, 2+:20-50%, 3+:>50%)




di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3- car boxylic acid A
of 5sam no-1-cycl opropyl -7-((S)-4, 4-di nethyl - REPL;\CEMENT H
trifluoroacetyl am no-1-pyrrolidinyl)-6-fluoro- 1 4- di hydr o4
oxoqui nol i ne- 3-carboxylic acid, 0.32 g of %ota53|un1hydro
water was stirred at HmmtamaaUMefm

neutralized with 10 % hydrochloric acid to pH 8 and extrac
nmet hyl ene

and bri ne,

chl oride. The conbi ned organic extracts were waghe .
dried over sodiumsulfate and evaporated. The residue was

triturated with a mxture of acetone and diethyl ether to give 0.30 g of

the desired conpound as yellow crystals.
recrystal I

The crystals were subsequently

Tl[aglgdi ];\r A Jﬂ%‘?@ﬁ@ia i J7ep @e’?ﬂrnvp‘-‘lﬁ? %o?g}@l | ow needles, mp

err ]H[err]FN[err]O[érr]

Test Structura Chromosomal | Test Stucture Chrpm_osomal
compougd Zl Z?‘ 23 aberration compound 21 22 23 aberration
(Prior art) (Prior art)

G NH, rm:N—- H ) G -.\4?-{2 HN:N— H @)

B (N “'j:“’ H () E NH, H,NE | H (3+)
________ R e T e e A il il bt et
H H | w x| CHy ®) H H | w - | CHy G

- [ | cu. "
C H ..,j: CHyl (34 F H| CHyl (34
(Present invention) ] ) (Present invention)  _.
I NH, HN:N— CH3 ') I NH, HN:N—- CH;y 0 |
Example 10| ¥, wj:"‘ CHj () [Example 12| NH; MD" CH; )

1) Frequencies of chromosomal aberration on CHL cells treated with 30 « g/ml of the test compound.
The others are data treated with 100 x g/ml of the test compound.
(-:<10%, +:10-20%, 2+:20-30%, 3+:>50%)

2hour. The readtion n1xture WaL




Cal culated %: C 61.84; H,6.49; N, 14.42 Found % : C, 6rddimatt6-51

N, 14. 32 Specific rotation [err] [err] +190. 9[err] (c=0. | REPLAGE HEET |
Exanple 17 5-Amino-7-(3-tert- butoxycarbonylanlno -nmet hyl  I=pyrrol i
nyl ) -1-cycl opropyl - 6- -8 MAY'BQG

fl uoro-1, 4-di hydr o- 8- nethyl-4-oxqu|noI|n§ 3-carboxylic aci

m xture of 3.00 g of [5-am no-1- cyclopropy] 6, 7-di fl uoro- 1,4 unquIU 8-

met hyl - 4- oxoqui nol i ne- 3-'car boxyl at o-O[ err L %qlfluordhnrnn 2ttty
3-tert-<3 psakagx%aé%ﬁwté?ﬁ R6- tﬁe n@fﬂﬂwg othedF% ny Igventjorgs
N, N- di Ith f dineth f d at
s0perr] G 1SR ACUTE hraonti i cOnpdities heidRa R WYY dreand
eX”aCtﬁgmvﬁl'rt\QeEmit $a1Es @1-0B] dehouihg r£AMUNEE PLANIFG Citle 361 Polfiig®

t | u e residue

washed w brine ried over ate and evaporated. Th
Was purpidpadt ius :CohtitRc L4HiaTei AGVAMAgh SAdt Gab&@ltory RRRYd@NStrains and

chl ori de-net hanol (99:1)) and 0.97 g of yellom/crystals wer e
clinically isolated strains actually causing infectious diseases, chromosomal
aberration, inducement of micronucleus, phototoxicity, inducement of
convulsions and tissue distribution. Ciprofloxacin (The Merck Index 1lth

Edition, No.2315) was used as a reference compound.

1. Antibacterial Activity -

Minimum inhibitory concentrations (MICs) of test compounds were determined
by agar dilution procedure as described in the standard method of the Japan
Society of Chemotherapy (Chemotherapy (Tokyo), 29,1, 76 (1981)). The strains

emp]oyed were as fo]]ows.

Staphylococcus aureus (S. aureus)
Enterococcus faecalis (E. faecalis)
Escherichia coli (E. coli)
Klebsiella pneumoniae (K. pneumoniae)
Serratia marcescens (S. marcescens)
Enterobacter cloacae (E. cloacae)
Acinetobacter calcoaceticus (A. calcoaceticus)
Results are shown in Tables 4-A and 4-B.
The compounds of the present invention exhibjted excellent antibacterial
activities against clinically isolated strains, and results achieved were
superior to those of the reference compound (ciprofloxacin). In pdfticulaf,

there was a remarkable difference in activity against gram-positive bacteria.




obtained. A m xture of O. 97'g of the crystals, 1.00 ml o R&PMMW‘H@FQM
40 .M of methanol was heated at reflux for 2.5 hours an en evapar

To the residue, vvater was added and the deposited crystalls N\ﬂI’HA\60199
by 468 filtration and

washed with water to give 0.84 g of the mlle5| red conpound fa
crystals, which were recrystat-Hzeg—++rom-acstonitrile to ~o—g—of
yel |l ow needl es, mp. 198-20%[erfr]C; Analysis for Cierr]Herr]FNerr]O[err]
Calculated % : C, 60.75; H[6458;| N, 11. 81 Fouﬂ|1d % : C, 60.43; H, 6.66;
N, 11.56 Exanple 18 P olaw |2 ician
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5-Ami no- 7- (3- am no- 3- net hyl -1-pyrrolidi nyI) 1- cycl opropyl - 6-
dro- . 8-net hyl - 4- oxoqui nol i ne- 3-car boxylic acid To O. 7ﬁEg'pijMt:
5- Ami ho- 7- (3-tert-butoxycarbonyl am no- 3-met hyl - 1-pyrrolidin
- 1-cycl opropyl - 6-fl uoro-1, 4-di hydr o- 8- net hyl - 4- oxoqui nol i ne
acid, 1.1 nml of hydrochloric acid was ad@sd and then stirr ]
tenperature for 2 hours. To the reaction m xture, a solutim m‘ —89-7 0
pot assi um hydroxide in 1.8 m of water was added under ice {cool ing.-anre

room

resul ting m xture was—neutratized—with—10—9%hydrochterie—ac-d-to pH 8. The
deposited crystals yere |collected by|[filtration and washgd with|water to
give 0.33 g of the ¢asirgd conpound gs yellbw crystals. The crygtals were
subsequently recrystdli 7ed froms a mixéus e bfo @et hykene dhbqgi dé and
met hanol to afford P30 If"o‘\zv qr %§tal 5. : ?.17"221["@‘]‘](‘ wer e
obt ai ned. Anal ysi s| for e&r H & PIEN[Brt & )f’e?‘r [ ETPIN 3P & 1] 0
Calculated %: C,60]&; H 6.25;{N,14.719 Foupd 00 : C,859.98; H, 6.25;
N, 14. 53 ) ]
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Exanpl e 19
5-Am Ro-7-((S)-7- tert but oxycar bonyl am no- 5- azaspi r o[ 2. 4]jIRE

cycl opropyl - 6-fl uoro- 1, 4- di hydr o- 8- met'hyl - 4- oxoqui nol i ne-{3 carb%ﬁgé1@3 cito
A m xture of 6.0 g of [5-am no-1-cycl opropyl-6,7-difluorotl,

met hyl - 4- oxoqui nol i ne- 3- car boxyl at o- O[err]26[err] ] di fluotdboron, 5.59 gdo
(S)-7-tert- but oxycar bonyl am no- 5- azaspi ro[ 2. 4] hept ane |é€

- 46. 6[err] . - '

47 m of 2, A9 sﬁﬁ§?ﬂ8er ‘ §1b5tne and 24 m of dlnethyl sul f oxi de was

stirred at 3Rk &dhibndSodd aferdaYion TR RAEHIABLY mw § (MARedd hirs@eh Wighd
wat er, ‘néeutralized with 10 % hydrochloric acid to pH 7 and extracted wWith

met hyI eneed hl Vimed¢CHIMhe 2~ CBFRIrpED-31 Hami troe+fagll Jaswylamids had widdaved er
and brine, dried over sodium
positive control. Cells treated with the test compounds were cultured for 6 h at
37 ¢ in 5 % CO,-humidified air. Following the 6 h treatment the cells were
&
washed. Fresh medium was added to the washed cells and they were cultured for
a further 18 h. Colcemide was added to the cultures 2 h before the fixation of
chromosome preparation, in order to collect metaphase cells. The frequencies of.
chromosomal aberration on CHL cells treated with 100 ug/ml of the test

compounds are shown in Table 5-A.

Data of the compounds of the present invention were all (-).

3. Micronucleus Test

Nine-week-old male BOF 1 mice were used in this test. The test compounds
were injected intraperitonea]ly with a dose of 250 mQ/kg. After 24 h mice were
sacrificed and the bone marrow of the femur was collected. Bone marrow smears
were fixed on the slides with methanol and stained with Giemsa according to the
usug] method. For each animal, the number of micronucleated polychromatic

- erythrocytes (MNPCEs) per 1,000 polychromatic erythrocytes (PCEs) was counted
under the microscope. Cyc]ophospham%de was used as a pos%tive_control. The
incidence of MNPCEs (percent of the number of MNPCEs per 1,000 PCEs) is shown in

Table' 5-B. |

The compounds of the present invention did not induce. any statistically

significant increase in the incidence of MNPCEs compared to the control

(saline). _ - i

4. Phototoxicity

Male Hartley guinea pigs were intravenously administered tgst compounds at
a dose of 10 mg/kg, and immediately exposed to UVA on their backs for 90

minutes. Erythemas on the backs were observed 24 h after UVA irradiation. The



sul fate and evaporated. The residue was purified by col um_chromatography——m
(silica gel, nmethylene chloride-methanol (100:1)) to give YyakbpxcEmmet SHEET
whi ch were washed with a m xture of nethylene chloride and ;

3.17 g of pale yellow crystals were obtained. A m xture of 3._;_1“8 ﬁé?”%ﬁé
crystals, 3.09 m of triethylamne, 62 nm. of nmethanol and{3l 0

1, 2-di chl oroet hane was heated at reflux for 14 hours and t O\ :
The residue was diluted with water and neutralized with 1Q % hydrochloLic
acid to pH 7. The deposited <crystals were collected by filtration and
washed wwb%@feﬂuinﬁsomﬁopwhcﬁryms dp éﬂ"mnl ieffide $6. give 2. 79 g of the
desired conpo aI e 0 ystal s er stallized froma
m xt ur e- of neHWI‘éné cﬁ?"8¥$'ﬁé gnﬁ’en%rteﬁ%{ﬁo\""F'bt“"ble\é\%bb%ﬁdep \éqt%'\ﬁ/' Reed! es,

mp. 217.5-219 [err]C Analysis for Clerr]H err]FN err]O[err] Cal cul ated %
: C 61.72; H 6.42; N, 11.52 Found % : C,61.71; H 6.48; N. 11.39

Speci fi c g.ot@vuiong err] f[err] - 96.6 [err] (c=0.1, DW)

1) Intraperitoneal (i.p.) administration

Fasted five-week—old male ICR mice were orally administered fenbufen.at a
dose of 100 mg/kg. Thirty minutes'later, they were injected intraperitoneally
with the test compounds at a dose of 100 mg/kg. Thereaftér, the onset of
convulsiéns was recorded. The number of mice with convulsions is shswn in Table
5-C. |

None of the compounds of the present invention induced any convulsion.
2) Intracerebroventricular (.i.c.v.) administration

Male Wistar rats weighing 180 ~ 220 g were anesthetized with sodium
pentobarbital (45 mg/kg,_i.p.) and fixed in a stereotaxic apparatus. For the
intracerebroventricular injection, a 0.6 mm diameter stainless Steel guide
cannula was implanted in each rat, being positioned 1.5 mm above the left
lateral cerebroventric]e-(A: 6.2, R: 1.0, H: +1.0), according to the-atlas oé
De Groot (1959). The guide cﬁnnula was fixed with dental cement on the §ku]1
and it was closed with a 0.3 mm diameter stainless steel stylet. To'pﬁevent
infection,.lo{OOO.units of potassium benici]lin G were injectéd intramuscularly.
The rats were allowed a few days to recover .from the surgery.

For the measurement of convulsions, 30 min after intraperitoneal injection
of 50 mg/kg of fenbufen, 20 xg of the test compounds was given through a 0.3 mm
diameter of stainless steel cannula with a polyethylene catheter, which was 1.5

mm longer than the guide cannula in order to be inserted into the right

cerebroventricle (H: +1.0). Three rats were tested in each study, and the

absence or presence of appearance of convulsions was observed for at least four
hours. The position of the intracerebroventricular cannula was confirmed by the
injection of 1041 of 1 X evans blue followed by sectioning of the brain of

each rat which had been used in the rxperiment.



Exanpl e 20
5- Amiino- 7- ((S) - 7- ami no- 5- azaspi r o[ 2. 4] hept - 5-yl ) - 1--cycl opr
- di hydro- 8- met hyl - 4- oxoqui nol i ne- 3-carboxylic acid

iC acid, 11 m of hydrochloric acid was added and then stijré

t enper at ur e The hfibet. & ROILr §ithTeonb B ibRAGKE Qhown Xh TaBle 8-Gol ULk -
of potassium hydroxide in 32 n -of water was added under ice cooilng and
resul ti ng nmieteup® the waspauads ol theeprengnth in@ntbony thducéd any comwil siono pH 8.
The deposited crystals were collected by filtration and washed with

wat er . KRefereneesdl s were diluted with _
48 De Groot, J. (1959). The rat forebrain in stereotaxic coordinates. Ver.

Kon. Ned. Acad. Wet., Natuurkunde 52: 1-40



met hyl ene chl oride, inorganic substance was filtered off qﬁ
filtrate was evaporated. The residue was triturated with d.“
give 5.53 g of t.he desired conpound as yellow crystals. R
from acetonitrile gave yellow prisns, which was identifie
of Exanple 10. The foll ow ng salts 2#%&re obtai ned by
Met hanesul f onat e Descrlptlon yel | ow needl es (EtCH-H[err]
263-264.5 [err aIyS|s for N

Clerr]Herr T Zal cul ated % : C,52.27; H,5.64;

N, 11. 61 Found %: C,52.02; H 5.54; N 11.53 Specific rotation [err]

[err] 93.6 c=0.1, MeCH) TquenesuITonate
T . Frequency o
Test csmpound chromosoma]

aberration U

Exampla 10 (-)
Example 12 (=)
Example 14 (=)
Example 15 (=)
Example 138 (=)
Cioroflaxacin (=)

1) Frequency of chromosomal aberration on CHL cells treated with 100 e g/ml
of the test compound. ' .
(—: <103, +: 10 ~ 20%, 2+: 20 ~ 50%, 3+: > 50%)

Table 5-8 Micronucleus test

Test compound Incidence of
MNPCEs L) (%)

Saline 0.18
g€xample 10 0.18
Example 12 ~ 0.16
Cyclophosphamide 2.9

1) Percent of the number of MNPCEs per 1.00d PCEs.

Table 5-C Phototoxicity, Convulsions

Test compound | Phototoxicity 1! Convulsions 2!

i.p. i.c.v.
Example 10 Q/5 " 0/6 /3
Example 12 0/5 . 0/6 a3 . -
Example 14 a/5s _ 0/6 0/3
Cipraofloxacin 3/5 3/6 3/3

1) Number of animals with erythemas / number of animals tested.
2) WNumber of animals with convulsians / number of animals tested.



Description: yellow crystals (EtOH) mp.: 188-189.5[err] -
ClerrfHerr]FNferr]Qer]Cerr]Herr]O[err]S [err] 1/2Herr]
: C,57.13; H 5.68; N, 9.87 Found % : C,56.95; H,5.85;
rotation [err] [err] - 73.1 (c=0 05, MeOH) - Hydr ochl ori
Description: yellow crystals (EEOH+Herr]O30 m p.: 276-280
(deconp.) Anal ysi's for CJerr] Herr]FNerr]O[err].HC
C, 56. 80; gHBsdie dNt:dPon  Found %: C,56.72; H5.79;

Seven-week-old male Sprague-Dawley rats were used. The test compounds were

orally administered at a dose of 5 mg/kg to rats fasted overnight. At intervals
of 0.083, 0.25, 0.5, 1, 2, 4, 6, 8, 12 and 24 h after administration, the rats
were anesthetized with ether and blood samples were taken from the abdominal
aorta. Plasma samples were obtained from the blood samples in the usual way. The
Tungs and kidneys were removed after collection of blood, and homégenated with
4dmland 7 ml of 1 M HC]-citrate buffer (pH 4.0), respectively.

The concentration of the test compounds in the biological f%uids (plasma
and in each tissue tested) was determined by HPLC method. Hydrochloric acid and
éther were added £o 0.5 ml of plasma or 0.5 g of each tissue homogenate. The-
mixture was shaken and centrifﬁged. After the removal of the organic phase, aq.
NaQH solution, phosphate buffer (pH.7.0) and ch]oroform were added to the
agqueous bhase. The{mixturé was shaken and centrifuged. The organi¢ phase was
then concentrated. The residue was dissolved and subjected to HPLC. The
concentration of the test compounds in each biological fluid at T .. (time of

the maximum concentration in plasma) is shown in Table 6.

(HPLC condition)

 Cotum TSK gel-0DS 80 .y
Mobile phase pH2.5 0.03M phosphate buffer ¢ CH;CN (3 : 1)
Flow rate 1.2 mi/min

Injection volume 10041

\ Detected by UV at 308 nm

The concgntrations of the-compound of the present invention in the lungs
and kidneys, remedial target organs, were 16 and 7.4 times higher than those of
ciprofloxacin, respectively. Furthér, the concentration ratios (tissue/plasma)
of the compound of the present invention in'thé lungs and kidneys were also 8.6
and 4.2 times higher than those of ciprof]dxacin, respectively. The data

indicates that the compounds of the present invention have a good tissue

distribution.



49 = Exanple 21 5-Amino-7-(3-tert- butoxycarbonylan1no C T .
met Ryl - 1- pyrrolidinyl)-1-cycl opropyl - {REPLACEMhM SHEET

quoro-1,4-dihydro-8-nethy|-4-oxoquinoIine-3-carboxyIic o (T somer Aié

A mixture of 3.00 g of [5-anino-1-cyclopropyl -6, 7-difluol¢- 1 §-MANYIIED
met hyl - 4- oxoqui nol i ne- 3- car boxyl at o-O[ ergl, O[ err]di fl uorploron, 2.11 g
3-tert- butoxycarbonyl am no- 3-net hyl pyrrolidine (isoner {A—fetri—TErT |
+7.4 (c=0.5, MeOH)), 1.53 m of N, N-diisopropylethyl amine_and.12-—m-—ef
dinmethy] sulfoxide was stirred at 30 [err]C for 1.5 days. The reaction
m.xt ure wasapeubed iisped HGORT iwfiod ce water. 60m of nethylene chloride was
added ' to the reaction mxture. After stirring at roomtenperature, the

i nsol ubl e matter—was fiitcrq[d off—and—then—tireaqueous—tayer—was—separ at ed

and extracged wi th nethyl ene cAporii'de. Cpre2ardibihdd Britlioglienie chl orli de

| ayers wer g wdshedoactindori ne, dn) ed over i boidisund z¢/al, ,q/q) 2
Plasaa Lung Kidney
Example 10 a 0.25 0.33 4.0 (5.9) | 8.5 (15)
Ciprafloxacin b 1 0.32 0.25 (0 8) 1.15 (3.6)

a/b | _ - | 16 (3.6) 7.4 (4.2)

1) Time of the maximum concantration of the tast compound in plasma.

2) Conceniration of the test compound in each biolaogical fluid at Tmax.
€ach value in parentheses is the concentration ratio (tissue/plasaa).
The values of ciprofloxacin are cited from the booklet of ciprofloxacin
in New Drug Symposium I (the 32nd General Mzeting of West Japanese Blanch
of Japan Society of Chemotherapy).

<Comparison with Analogous Compounds>

The excellent effects of the compounds of the present invention were
compared Qith effects of analogous compounds which possess only one different
substituent among 5~, 7- and 8-substituents from the compounds of the present
invention. The comparative data is shown in Tables 7 and 8.

All the data of the antibacterial activity, chroﬁosomal aberration
activity, phototoxicity and inducement of coﬁvulsions were obtained from the
same test methods.as those described above. Among this, the data of the
antibacterial activity shown in Tables 7 and 8 are MICs.tminimum inhibitory
concentrations) values against clinically isolated strains (HPC527, HPC308 and

" HPC292) of S. aureus which is a representative gram-positive bacteria.-

Table 7 shows the following:

A compound (Example 10) of the present invention exhibited a higher
antibacterial activity than the analogous reference compound B (which possesses
only one ‘different substituent at the 8-position differentiating it from the

compound of the present invention). The compounds of the present invention also



sul fate and evaporated. The residue was purified by colum ﬁ@ﬁem@gM@NﬁQHEET'
(sitica gel, nethylene chloride and nethyl ene chl ori de- net harer—t+66- L))
and 1.18 g of yellow crystals were obtained. A m xture of |4 18q0 ﬂZ
erystals, 1.19 ml of triethylanmne and 24 m of nmethanol \ds h am
reflux for 3 hours and then evaporat®. To the residue, wat !
and the deposited crystals were collected by filtration and washed with

wat er todigi Nt hoRbttg kit (RBbdossa ] CLEPRLYIIGN ARd Yhb todvk itk WBT @ise rvedhi £ h
were recrystallized fromacetonitrile to give pale yellow needles, mp.

213. 5- 21theSrgfereric€. compowandyBsi s for Clerr]H err] FN[err] O[ err] Cal cul ated %:
C 60.75;" H,6.58; N, 11.81 Found %: C, 60.63; H 6.55; 11 .80 Specific
rotation [ efrqompeund] (EKMFV‘eol?)erolf] the( geq;semt iseRtion %bafamqeé gpexcellent

aron 6 TR LGl AR Eb Ao e 98T (P EREE S9PALRh EnGLTH? onat o
possesses_only one different substituent at the 5-position differentiating it
from the compound of the present invention), and also did not show the toxicity
(chromosomal aberration) observed in the reference compound C. Although the
reference compound C showed no phototoxicity similar to that of the compound of
the present invention, adminstration of the reference compouﬁa C caused the
death of one guinea pig out of five. These results indicate that the reference
compound C has a higher toxicity than the compound of the present invention.

A compound (Exémp]e 10) of the present invention exhibited much higher
antibacterial activity than the analogous reference comboﬁnd I (which possesses
only one different substituent at the 7-position differentiating it from the
compound of the present invention), and aiso did not shdw the toxicity
(convulsions) observed in the reference compound I.

A preséntation has already been made at fhe ICAAC (31th Interscience
Conference on Antimicrobial Agents and Chemotherapy, Chicago, -I11inois, Abstract

No. 1507 (1991)) concerning the potent chromosomal aberrational activity of the

reference compound C.
Table 8 illustrates the following:

A compound (Example 12) of the present invention exhibited much higher
antibacterial aéfivity than the analogous reference compound E (which poséesses
only one different substituent at the 8~position diffetentiating it from the
compound of the present invention), and also did not show the- toxicity
(chromosomal aberration) observed in the reference compound E. Though the
referencelcompound E showed no phototoxicity similar to that of the compound of
the present invention, adminstratibn of the reference compound E caused the
death of two guinea pigs out of five. These results indicate that the reference

compound E has a far higher toxicity than the compound of the present invention.



To 0.80 g of 5-Am no-7-(3-tert-butoxycarbonyl am no- 3- net
50 - L-cycl opropyl -6-fl uoro-1, 4-di hydro- 8- net hyl - 4- oxoqui
acid (isoner A obtained in Exanple 21, 0.98 m of hydr
added under ice cooling and then stirred at room tenper
To the reaction mxture, a solution of O. 9?3f of potassi
3.1 M of water was added and then stirred™@t roomtenpe
The resulting m xture was neutralized with 10 % hydr.ochl

LR stieey

!

_ 1 hour
actd to pH 8.

The deposit edAcegmposnd (kxpapiedid)eef ddebpresant, APV I aREABRRS Wi bigthwat er

te give 0.55 g of yellqw crystals, ich were converted, to, ..
net hanesATAPERETIR) ¥tdulty o Fhe F@\gg%"tsamfirefﬁ?ﬁeoﬁomp? Wbdmk 2 S Pessegyes
et hanol aglnq wat er

y''one di Ffsraht 93 &t udnt QO hd Egp&qgwr{eqi?@m%'ﬁ(éing it from the

compound of the present invention), and also did not show the toxicity

(chromosomal aberration and pho'totoxicity) observed in the reference compound
F.

A compound (Example 12) of the present invention exhibited much higher

antibacterial activity than the analogous reference compound I (which possesses

only one different substituent at the 7-position differentiatf'ng it from the
compound of the present invention), and also did not show the toxicity
(convu]sions) pbserved in the reference compound I. |

‘The toxicity (e.g. chromosomal aberration,'phototoxiqity and convulsions)
caused by some of the anti-bacterial agents with a quinolone nucleus pose
serious problems to clinical.use of such agents. The compounds of the present
invention solve suéh problems and so have great potential as the next

generation of anti-bacterial agents.



y o

as yell ow needles, mp. 261-262.5[err] C. Analysis for ,- - T

Jerr]Herr]FN[err]O[err] [err] CHerr]O[err]S ~Cal cul at el rgPLACEMENTEHE

H 5.78; N, 11.91 Found % : C,50-89; H5.93; N 11.78 . cific ro% %hl )
’f-a iyl 1

Yerr] [err] - 50.6 (c=0.1, MeQH) Exanpl e 23

5- Ami no- 7- (3-tert-but oxycarbonyl am no-3-nethyl-1-pyrrol ijdj
nyl)-1-cycl opropyl - 6- 34 e , },
fl uoro-1, 4-di hydr o- 8- net hyl - 4- oxoqui nol i ne- 3- car boxyl i ¢ acid (i-serer—By

A mxture of 3.00 g of [5-am no-1-cyclopropyl-6,7-difluoro-1, 4-di hydro-8- -

met hyl - 4- oxoqui nol i ne- 3- car boxyl ato-0O[err],0[err]] difluoroboron, 2.11 g of
3-tert- butoxycarbonyl am no-3- et hyl pyrrolidine (isomer B, [err] [err] -

8.2 (c=fhpp 7 "¥tphratie fad 1M of N N-diisopropylethylamne and 12 nl of

di met hyl—sttfoxide—was—sti+rred at 30 [err]C for 2 days. The reaction

m xture was poured into 60nl of icez'waber. 60m of nethylene chloride was
added to the reaction m xture. ft . COOH

72
Structure . _ Convulsions
Test - Antibacterial | Chromosomal Phototoxiéit -
compound 71 72 73 activity aberration Y ip. |i.cv.
: ' 0.025
Example 10| NH, t"-__ CHy| 0.39 G 0/5 o6 | o3
wN .. :
1.56
_ 0.025 '
B |NH, <)D*— H| 078 )V 3/5 0/6
e 3.13 '
0.025 : 074 _
C H tn— CHy 0.39 3G+ (one guinea pig{ 0/6
e L 1.56 died.)
— ' 0.10
I NH,| W_MN | CH3| 6.25 0! 0/5 0/6® | 373
25 :

1) Frequencies of chromc.)somal aberration on CHL cells treated with 30 2 g/ml of the test compound.
As all cells died after treatment with 100 x g/ml of the test compound, frequencies of
chromosomal aberration could not be observed.

2) All of mice used for the test had a symptom of sedation considered to be a precursor of
convulsions.

[ Antibacterial activity . MIC ( p g/ml) of the test compound against 3 strains of S.aureus
HPC527, HPC308 and HPC292.
(upper values . HPC527, middle values . HPC308, lower values . HPC292)
Chromosomal aberration . Frequencies of chromosomal aberration on CHL cells treated with
100 z g/ml of the test compound.
(-:<10%, +:10-20%, 2+:20-50%, 3+:>50%)
Phototoxicity . Guinea pig, 10 mg/kg, i.v.
L. Convulsions | Mouse, 100 mg/kg, i.p. and rat, 20 x g, i.c.v.




stirring at roomtenperature, the insoluble matter was filtered off
t hen ¢t he aqueous | ayer was separated and extracted with net
chloride. The conbined nethylene chloride | ayers were wash
dri ed over sodium sulfate and evaporated. The residue was p
col um chromat ography (silica gel, nethylene chloride and
chl ori de-net hanol (100:1)) to give 0.91 g(gsyellomﬁsh or an
m xture of 0.91 g of the crystals, O S—
51 0.92 m of triethylam ne and 18 m of nethanol was "heat ed ‘at~T&FTUx for
3 hours and then evaporated. To the residue, water was added and the
deposited crystals were collected by filtration and washed with water to
give 0.86 g of the desired conpound as yellow crystals, which were'

recryst al [Tizled f Companstdnrlrile to

Stucture Coavulsi
Tast Andbacterial; Chromosomal Phototoxici Coavulsions
compound 1 2 3 activity aterration o ) i.p. i.c.v-.
M 0.025
Example 12} NH, o CH,4 0.78 (-) 0/5 06 | 03
1.56
M ' 0.05 0/3
E NHy | o~ H 3.13 G+ (two guinea pigs| 0/6- | ___
- ' 50 died.)
Foe | - 0.05.
F H | .~ |CH;| 078 G+) 45 LT
3.13
_ 0.10 :
I - |NH,| ™ | CHy| 625 ) 0/5 o6l | 33
25 '

1) Al of mice used for the test had a symptom of sedation considered to be a precursor of
convulsions.
[~ Andbacterial activity . MIC (z g/ml) of the test compound against 3 strains of S.aureus
HPC527, HPC308 and HPC292
(upper values . HPC527, middle values : HPC308, lower values . HPC292)
Chromosomal aberration : Frequencies of chromosomal aberration on CHL cells treated with
100 g« g/ml of the test campound. '
(-:<10%, +:10-20%, 2+:20-50%, 3+:>50%)
Phototoxicity . Guinea pig, 10 mg/kg, i.v.
L. Convulsions . Mouse, 100 mg/kg, i.p. and rat, 20 u g, i.c.v.




give pale yellow needles, mp. 214.5-215.5 C  Analysis for o
CerrJHerr]FNerr]O[err] Calculated %: C, 60.75; H,6.58; N paﬂxL@ﬁF‘”

%: C,60.85; H6.57; N 11.76 Specific rotation [err] [erﬁ]- Z
{c=0.1, MeQH) '

Exanpl e 24 5- Ami no- 7- (3-ami no-3-nethyl -1-pyrrolidinyl)-1-qy Iopropyl
-6-fluoro-1, 4-di hydro- 8-nethyl - 4- oxqu| I ne- 3- car boxyl ilcta

B) net hanesul f onat e To 0.70 g of

5-am no-ginfpd gk ert - but oxycar bonyl am no- 3- et hyl - 1- pyrrol i di nyl ) _
-1-cyc opropy§ -6-f1luoro-1, 4-di hydro- 8- net hyl - 4- oxoqui nol i ne- 3-car boxylic
acid

The present invention will be further illustrated by the following

Examples. The Examples are given by way of illustration only and should not be

construed as exhaustive,

Example 1

2,4, 5-Trifluoro-3-methyl-6-nitrobenzoic acid

To a mixture of 370 ml of conc. sulfuric acid and 61.2 ml.of 70 % nitric
acid, 36.6 g of 2,4,5-trifluoro-3-methylbenzoic acid was added at 55 to 70°C by
portions with stirring. After 2 hours at room temperature, the reaction mixture
was poured into ice and extracted with isopropyl ether. The combined extracts

were washed with brine, dried and evaporated-to give 30.6 g of the desired

compound as yellow crystals.

NVR spectrum § (CD,0D) ppm: 2.29 (3H, t, J=2Hz)

Example 2

Diethyl (2,4,5-trifluoro~-3-methyl-6-nitrobenzoyl)malonate

A suspension of 27.0 g of'2,4,S-trifluoro—3-methy1—G—nitrobenzoic acid,
19.5 ml of oxalyl chloride and a few drops of N,N-dimethylformamide in 270 ml
of methylene chloride was stirred at room temperature for 2 hours. The reaction
mixture was evaporated to give 2,4,5-trifluoro-3~methyl-6-nitrobenzoyl
chloride. Separately hand, to a suspension of 3.08 g of magnesium and a few
drops of carbon tetrachloride in 6.4 ml of absolute ethanol, a solution of 19.2
ml of diethyl malonate in 12 ml of absolute ethanol was added dropwisely at 50
‘C and then stirred at the same temperature for 1.5 hours. The reaction mixture
was evaporated, dissolved in toluene and then, evaporated again. To a solution
of this residue in 30 ml of toluene, a solution of 2,4,5-trif1uoro—3—méthyl—6—
nitrébenzoyl chloride prepared above in 30 ml of toluene was added dropwise
under ice cooling. After 2 hours at room-temperature, 100 ml of S % sulfuric

acid was added to the reaction mixture and the resulting solution was extracted



(isonmer B) obtained in Exanple 23, 0.86 m of hydrochloric ' g
under ice cooling and then stirred at roomtenperature fo R@Ph&OEMEN?ﬁH<EL
reaction mxture, a solution of 0.82 g of potassiumhydroxiffé in 2.7 L

wat er was added and then stirred at roomtenperature for ou@.Mﬂﬁﬂg
resulting mxture was neutralized with 197 % hydrochloric }
deposi t ed crystals were collected by filtration and washed W-t+t—water to i

0.48 of t al ,
sual mAHEA! er&éirvﬁ% S sBredied PR s SRt r eosp Boheha MR B dr et or 1)
0. I I 260. 5- 262
géveAnagg/'%%gQ or%@% ?]?—f rofgpliﬁJerr]%]ggg]&wuﬁ?%%[@?wa]grr]S Cal cul[:'[ (ra!:l

% G ShMRSspEl bru®: Fepind B t, 5 AGHES, 1666( B8, N=¥]
é;e0|f|?Mro?gf%oEJ[er§Hxfg?}])ﬁgﬁg 1. 15(3 (! NoCH) 5’Exanga&t 5A9)

5- A No-, 2~ BBIRH3-tt, d=RHRNE Bx$6aL boh§{ Bartab- m,@eramlsu)qmy)v)(zﬂ, qydkadpbapyl -
,4.38(2H,q,J=7.5Hz)

Example 3

Ethyl (2,4, 5—tr1f]uoro—3—methy1—6—n1trobenzoy])acetate

A suspension of 45.3 g of diethyl (2,4,5-trifluoro-3-methyl- 6—n1trobenzoyl)
-malonate and 30 mg of p—to]uenesu]fonic acid in 120 ml of water was heated at
reflux for 50 minutes. After cooling, the reaction mixture was extracted with-
diethyl ether. The combined organic extracts were washed with brine, dried and
evaporated to give 34.2 g of the desired compound as brown oil.

NMR spectrum 0 (CDC1;) ppm: 1.26,1.34(total 3H,each t,J=7Hz),2.33,2.35(total

3H, each t,J=2.5Hz),3.91,5.48,12.34(total 2H,each s),4.20,4.28(total 2H,each
q,J=7Hz)

Example 4

Ethyf 3-cyclopropylamino—2-(2, 4, 5-trifluoro-3-methy1-6-ni trobenzoyl)acrylate
A mixture of 31.9 g of ethyl (2,4,Sétrif1uoro—3—methy1-6—nitrobenzoy])—'
acetate, 26.2 ml of ethyl orthoformate and 23.8 ml of acetic anhydride was
heated at reflux for 1 hour. The reaction mixture was evaporated to give 46.2 g
~ of ethyl 3~ethoxy-2-(2,4,5-trifluoro-3-methyl-6-nitrobenzoyl)acrylate as brown
oil. To-a solution of 45.4 g of this compound in 328 ml of éthanol, 9.6 ml of
éyclopropy]amine was added dropwise under ice cooling with stirrings After 30
minutes at room temperature, the reaction mixture was evaporated and the residue
was purified by column chromatography (silica gel, n-hexane-methylene
chloride(l: 1)) to give 28.8 g of the desired compound as yelfow crystals.
Recrystallization from isopropyl ether to provide yellow needles, m.p. 115-115.5
C.



- fluoro-1, 4-dihydro-8-nethyl -4-oxoqui noline-3-carboxylic acid A

m xtture of 2.00 g of [5-am no-1-cycl opropyl -6, 7-di fluoro-1, 4-di hydr o- 8-
met hyl - 4- oxoqui nol i ne- 3- car boxyl.ato-0O[err], O[err] difluoroboron, 1.63 g of
(S)-3-tert- butoxycarbonylan1nopyrrol|d|ne [err] [err] - 25.0 [err]
(c=1,MeH)), 1.02 m of N N d||sopropyle%ﬁylan1ne and 8 ml of dinethyl
sul foxide was stirred at 30[err] C for ours. The reaction m xture was
diluted with water and extracted wi th nethylene chloride. The conbi ned
organi c edtaiysdt Sfonet gHwas®@d with water and brine, dried over sodium

sul fate and evaporated. The residue was purified by columm chromat ography
(silica dalculadehyl efedlehlioH; 8861tk hddol (100:1)) to give

g?et%§:|0°““h bro&m %|é15¥h| ? ?l§r|turated ‘'with a nixture of acetone and

Example 5

Ethyl l-cyclopropyl-6, 7-di fluoro-1,4-dihydro-8-methyl-5-ni tro-4-oxoquinol ine-3-

carboxylate

To a solution of 27.1 g of ethyl 3—cyclopropy1amino—2—(2,d,ﬁ—trifluoro—3—
methyl-6-nitrobenzoyl)acrylate in 270 ml of 1,4—dfoxane, 3.2 g of sodium hydride
(60 % mineral oil dispersioh) was added by portions and stirred at room
temperature for one hour. 300 ml of water was added to the reaction mixture and
the deposited crystals were collected by filtration to give 19.5 g of the
desired compound as colorless crystals, which was recrystaliized from N, N-
dimethylformamide to provide colorless needles, m.p. 260~263 °C.
Analysis for C, H,,F.N, 05
Calculated % : C,54.55; H,4.01; N,7.95
Found % ¢ C,54.51; H,4.005 N,7.90

Example 6

Ethyl S—amino-l—cyclopropyl—ﬁ,7—dif]uoro—1,4—dihydro—a—metﬁyl—d—oxoquinoline-3—
carboxylate '

A suspension of 18.5 g of ethyl 1—cyc]oprop91—6,7—dif1uoro—1,4—dihydro—8—
methy]—s-nitro—d—oxoquinoline—3;carboxylate, 10 m1 of Raney nickel in 300 ml of
acetic acia was hydrogenated at room temperature for 1.5 hours under atmospheric
pressure, Thé catalyst was filtered off and resulting filtrate was eVaporatéd.
To this residue, 150 mf of 10 X aqueous potassium carbonate was added and the
mixture was extracted with methylene chlofide. The combined organic extracts
were dried and evaporated fo give 14.8 g of the desired compound as slightly

yellow crystals, which was recrystallized from acetonitrile to give slightly

yellow needles, m.p. 182.5-185.5 °(.



t he
1, 2-
-The

ether to give 1.07. g of yellow sh brown crystals. A m xtu gﬁptAcEWﬁN..

crystals, 1.11 m of triethylamne, 22 m of nethanol

di chl oroet hane was heated at reflux for 10 hours and |thep V@Ho

residue was diluted with water,- the resulting m xture \wa

with 10 % hydrochloric acid to pH 7 and t3ge deposited crysta .
collected by filtration and washed wth water to give 0.95\g of

desired conpound as vyellow crystals, which were recrystallized from

met hanol anh Oysgk Veryel hQw, Meedl es, mp. 135-136.5 [err]C.  Analysis for

% :

Cerr]Heri],FNferr] O[err] Calculated %: C 59.99; H 6.35; N, 12.17
C, 59y lakkb %45C, M. M, 8%.0@pdch.BBc rotation [err] [err] - 33.3

(c=0 1, DWF) Exa

Example'7

5—Amino-1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methyl-4-oxoquinoline-3-

carboxylic acid

A mixture of 14.8 g of ethyl S-amino-l-cyclopropyl-6,7=difluoro-1,4-
dihydro—B—methyl—4—oxoquino]ine-3—carboxy1ate, 37.2 ml of hydroch]orié acid and
150 ml of 90 ¥ acetic acid was heated at reflux for 2 hours. After cooling, the
deposited crystals were collected by filtration and washed with water to give
11.8 g of the desired compound as yel]ow.ctysta1sh The crystals were
subsequently recrystallized from N,N—dimethy]forﬁamide to give yellow crystals,
m.p. 290.5 °C (decomp.).

Analysis for C; H,,F,N,0;
Calculated % : C,57.15; H,4.115 N,9.52
Found % : C,57.10; H,4.03; N,9.53

Example 8

[S-Amino-1-cyclopropyl—-6,7- dlfluoro—l,4—d1hydro-8—methy1—4—oxoqu1nol1ne—3—

carboxylato-0%,0* ]difluoroboron (5-Amino-1-cyclopropyl-6,7-difluoro-1, 4~

dihydro-8-methyl—-4-oxoquinoline-3-carboxylic acid BF, chelate)

A mixture of 5.00 g of 5—amino-1—cyclopropy176,7—dif1uoro—1,4—dihydro—8—
methy]—4—oxoquﬁnoline—3—carboxy1ic acid, 3.13 m! of boron trifluoride etherate
and 75 ml of methyl isobutyl ketone was heated at reflux for 1 hour. After

cooling, the deposited crystals were collected by filtration and washed with

- diethyl ether to give 5.38 g of the desired compound as yellow crystals.

NMR spectrum § (OMSO-d,) ppm: 1.08-1.15(2H,m),1.21-1.30(2H,m),
2.67(3H, d, J=2.5Hz),4.52-4.59 (1H,m), 7. 28(2H, br-s), 9. 10(1H, s)

' e

Found

npl e
5- Ami no-Frupg s) - 31anﬁnSLi4pyr58@:dﬂﬁﬁp) 1- cycl opropyl - 6- f | uor o- 1, 4- di hydr o- 8



met hyl - 4- oxoqui nol i ne- 3-car boxylic This Sheat Has Been e °“6‘7EE§
5-am no-7-((S)-3-tert-butoxycar bonylrrz l’H}Hm g Ldi nyl
cycl opropyl - 6-fl uoro-1, 4-di hydr o- 8-

5.2 m of hydrochloric acid was added at room tenperatur ¢
at room tenperature for 30 mnutes. To the4Peaction m xt ,
4.9 g of sodiumhydroxide in 16 mM of water was added to jadj ust

under ice <cooling and the resulting m xture was neutralizedt™wth 10 %
hydr ochl obie@igcfd to pH 8. The water |ayer was renoved by decantation and
t he oil s, triturated wt mal | als were
col | ect edeeypimordr St Eortal- €. AlRno T : LB R

yel | ow cr ysitefddroactii§r aﬁf%sgaalﬁsﬁ/i@B@.aﬁjebtﬂseﬂ )4 {nB 1 BleDRRPFboxf NS Acip! €
precipita | apor at ed.
The risi due wasnidbdrat@fd2.43t ¢ ol [Hi-zhinoel-alclopedplyy+6g Aedic hlomo+lg &-ddhglirasd-hanol
(19:1), insoluble preci ri)i tates were filterd off

| i and resulting filtrate was
evapor at e#etygiRxoguidel jnesp-garhoxdatte <  Bohddhierakeron, 2.28 g of (5)-7-

trifluoroacetylamino-5-azaspiro[2.4]heptane hydrochloride ([ « ), 2° *54.1‘\

kc:O.l, H,0)), 3.12 ml of triethylamine and 8.5 ml of dimethyl sulfoxide was
stirred at 30 ¢ for 4 days. To the reaction mixture, water was added under
ice cooling. The-resulting mixture wvas acidified with-10 % hydroéh]oric acid to
pH 3, extracted with methylene chloride, and the combined organic extracts were
washed with brine,- dried over sodium sulfate and evaporated to give 2.04 g of

dark brown crystals. The érystals were purified by columm chromatography (silica
gel, methylene chioride-methanol (50 : 1 ~ 10 : 1)), and 0.38 g of yellow
cryst?ls were obtained. A mixture of 0.38 g of these crystals, 0.38 ml of
triethglamine and 8 m! of methanol was heated at reflux for 9 hours and thep
evaporated. To the residue, water was added and the deposited crystals were
collected by filtration, and washed with water, isopropanol, and diethyl ether

to give 0.26 g of the desired compound as yellow crystals. The-crystals were
subsequently recrystallized from a mixture of methylene chloride and methamnol
to give yellow crystals, m.p. 246.5-248 °C.

Analysis for G, H,,F( NG,

Calculated % : C,54.77; H,4.60; N,11.61

Found % 2 C,54.57; H,4.703 N,11.56

Specific rotation [}, ?° -135.6 ° (c=0.1, DMF)

Example 10

5—Amino—7—((S)—?—amino—S—azaspiro[Z.d]hept-S—y\)—l:cyclopropy\-ﬁ—f\upro-l,d—

dihydro-8-methy) -4-oxoquino) ine-3-carboxylic acid

A mixture of 0.26 g of 5-amino-1-cyclopropyl-6~fluoro-1,4-dihydro-8-methyl-

A a7 ((5)-7-triflunroacetylaming-5-azaspira[?.A)hept-5 yljquinoline 3



54 vyellow crystals, which were recrystallized froma nixt
chleride and nethanol to give pale yellow crystals, mp. a.
(deconp.). Analysis for CJerrJ]Herr]FN err]O[err] Herr]O0 Ca

€ 57.13; H 6.13; N 14.81 Found % : C 57 36 H, 5. 91;
Specific rotation [err]-[err] - 11.0 (c—
salts were obtained by the usual manner. ]thhanesulfonate

yel T ow needh&sié MRAED 0.18 § of p6ksePin npdRkide Snd 4SBT0t vateFvas stirred

) ;t room temperature for 0.5 hour. The reaction mixture was neutralized with 10 %
hydrochloric acid to pH 8, the deposited crystdls were collected by filtration
and washed with water to give 0.21 g of the desired compound,.which Was
recrystallized from acetonitrile to afford 0.16 g of yellow prisms, m.p. 216. 5-
218°C.

‘Analysis for C,oH, 2 FN, O

Calculated % C,62.16; H,6 003 N 14.50

Found % ¢ C,62.13; H,G.OO, N, 14.64

,Speci%ic fotation [al, 2° - 48.0 ° (c=0.05, DMF)

Example 11

5~Amino-l-cyclopropyl-G—fiuoro—l,4¥dihydro—8—methy1—4—oxo—7—((8)43—

-trif]uoroabetylamino—l—pyrro]idiny])quinoline*3—carboxy1ic acid

A ﬁixture of 2.5 g of [Séamino—l—cyclopropy1—6,7—dif1uoro—1,A—dihydrd-&—
methyl-4-oxoquinoline-3-carboxylato-0*,0*] difluoroboron, 3.20 g of (5)-3-
trifluoroacetylaminopyrrolidine hydrochloride ([ «lp 2? — 28.1 f (c=1, MeOH))
s 3.26 ml of triethylamine and 10 ml of dimethyl sulfoxide was stirred aﬁ 30¢
for 3 days. The reaction mixture was acidified with 10 ml of 10 % hydroch1ofic
acid, extracted with methylene chloride, and the combined ofganic extracts were

dried and evaporated to afford 3.66 g of yellow crystals. A mixture of 3.66 g of
these crystals, 3.8 ml of triethylamine and 30 m1 of methanol was heated at
reflux for 3.5 hours. The deposited crystals were collected by filtration to
give 0.72 g of the desired compound as yellow crystals. The crystals were
subsequently recrysta]lized from acetonitrile to give 0.41 g of yellow crystals
, m.p. 238.5-240°C. '
Analysis for C,.H,,F.N,O,
Calculated ¥ : C,52.63; H,4.42; N,12.28
Found % : C,52.64; H,4.37; N,12.35
Specific rotation [a], 2° - 28.1 ° (c=0.1, DMSO)



Anal ysis for (Jerr]Herr]FNerr]Jerr] CH err]O[err]S
Calcuiated %: C, 49.50; H'5.58; N, 12.15 "Found % :

N, 12.03 Specific rotation [err] [err] - 27.7 [err] (c=0.1;
uenesul fonate Description: yellow needles. (iso-PrO4Her
238-241[err] C (deconp.) Analysis for Clgsr]Herr]FNerr]
[err]Cerr] Herr]O[err]S J[err] 1/2Herr]"0 Calcul ated
H,5.58; N ,10.34 Found % : C,55.47; H 5.56; N, 10.22
rotation [err] [err] - 24.0 (c=0.1,Herr]O = Exanple 27
5-Anino-§:%éﬁ opyl -7-((S)-3-di met hyl am no-1-pyrrolidinyl)-6-fluoro-1, 4-
di hydr o- = 4- oxoqui nol i ne- 3-carboxylic acid

5-Amino~7-((S)~-3~amino-1-pyrrolidinyl)-1-cyclopropyl-~6- fluoro-l 4~-dihydro-8~

methyl-4-oxoquinoline-3-carboxylic acid hydrochloride

A mixture of 0.62 g of 5—amino—1-cyclopropyl-G—fluoro—l,4—dihy§ro—8—methy1—
4—oxo—7—((5)—3—trif1uoroacety]amino—l—pyrro]idinyl)quinofine~3-carboxy1ic acid,
0.57 g of potassium hydroxide and 10 ml of water was stirred at room temperature
for 1 hour. The reaction mixture was neutralized with 10 % hydroch]oric acid
and evaporated. The residue was diluted with ethanol, insoluble precip{tates
were filtered off and resulting filtrate was evaporated. To a solution of the
residue in acetone, ethanolic hydrochloride was added and the deposited
crystals were collected by filtration to give 0.53 g of,ye]]oﬁ crystals. The
crystals were subsequently recrystallized from methanol and 40 mg of the desired
compound as yellow crystals, m.p. 263.5 °C (decomp.) were obtained.

Analysi; for C gH,FN, O, - HC1-

Calculated ¥ : C,54.48; H,5.59; N,14.12

Found % : C,54.22; H,5.61; N,13.88

Specific rotation [al, 2° -~ 37.4 ° (¢=0.1, H,0)

Example 13

5-Amino-1l-cyclopropyl-6-fluoro-1,4-dihydro-8-methyl-7-(cis~4-methyl-3-

tr1f1uoroacetylamlno-l—pyrro]1d1ny1)—4~oxoqu1no]1ne—3—carboxy]1c acid

A mixture of 4.00 g of [5-am1no—1—cyclopropyl-6,7—d1fluoro—l,A—dwhydro-8~
methyl-4-oxoquinoline-3-carboxylato-0?,0*] difluoroboron, 4.08 g of cis-4-
methyl-3-trifluorcacetylaminopyrrolidine hydrochloride, 5.09 ml of NyN-
diisopropylethylamine and 16 ml of dimethyl sulfoxide was stirred at 30'c for 3
days. To the reaction mixture, water and methylene chloride were added under
ice cooling and the resulting mixture was stirred at room temperature. The
deposited crystals were collected by filtration and washed with methylene

chloride to give 0.99 g of yellowish brown crystals (A). The methylene



A mxture of 3.00 g of [5-am no-1-cyclopropyl-6,7-difluoro-

kﬁg«éﬁgyfﬁﬂEET
nmet Ayl - 4- oxoqui nol i ne- 3- car boxyl ato-0[err],O[err]difluorobor =

(S)-3-

dinethylaninopyrrolidine [err] [err] - 13.4 (c=10,EtOH)], 1.
di i sopropyl ethyl am ne and 12 m of dinethyl sul foxide was s{ii
30[err]C for 2 days.

extracted with nmethylene chloride.

washed
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The reaction m xture was diluted w thjwater and

0]
s B MAY 1%,

The conbi ned organi c extTactis were

T g o e e

chromat’ograp I ca gel, nethy

met hyl eggyiGhl oF i fd@e Bidhanto ra804.1)TheOr &l MRe lwakd t8i Bf ratel! wiins e yaBge

crystals. A mxture of 1.18 g of the crystals, 1.42 ni

24 m ofhlvetidant géved 1125 i oﬁfyeﬂﬂawi§h brown crystals (B). The filtrate was

evaporated and the residue was purified by colum chromatography (silica gel,
methylene ch]oride-methanolh(loo : 1)). 0.25 g of yellowish brown crystals (C)
were obtained. A mixture of 2.39 g of th;se crystals (A,B and C), 2.42 ml of
triethylamine, 48 ml of methanol and 24 ml of 1,2-dichloroethane was heated at
veflux for 9 hours and then evaporated. To the residue, water was-added and the
mixture was acidified with 10 % hydrochloric acid to pH 4. The deposited
crystals were co]]écted by filtration and washed with water, isopropanol and
diethyl ether to give 2.24 g of the desired compound as yellow crystals. The
crystils were subsequently recrystallized from a mixture of N,N—
dimethylformamide and ethanol to give'yellow needles, m.p. 253-254.5°C.

Analysis for C, H,,F N, O,

Calculated X : €,53.62; H,4.71; N,11.91

Found % & C,53.41; H,4:94; N,11.70

Example 14

5-Amino—7—(cis-3—amino—4—methy1-1—pyrrolfdinyl)-l-cyclopnopylvﬁ—f]uoro—l,4—
dihydro—&—methyl—4—oxoquino]1ne43-carboxylic acid |

A mixture of 2.00 g of 5-amino-1-cyclopropyl-6-fiuoro-1,4-dihydro-8-methyl-
7—(cis-4—methy]—3—trif]uoroacety]amfno—l—pyrro]idinyl)—d—oxoquinoline—B—
carboxylic acid, 1.40 g of potassium hydroxide and 14 ml of water was stirred at
room temperature for 1 hour, and then neutralizéd.with 10 % aqueous
hydrochloric acid t§ pH 8. The déposited crystals were collected by filtration
and washed with water, isopropanol and diethyl ether to give 1.65 g of the -
desired compound as yellow crystals. The crystals were subsequently
recrystalfized from a mixture of methylene chloride and methano! and 1.32 g of

yellow prisms, m.p. 213.5-21%°C were obtained.
Analysis for C,.H,,FN.0,

€ne chl ori de and

of triethylanm ne,



di chl oroet hane was heated at reflux for 4 hours and then e
resi due was diluted with water
hydroxi de to pH 8. The deposited crystals were collected b
wwashed with water to give 0.96 g of the dgsired conpound a
crystals.

204-205.5 [err]C Analysis for C{err]H[err]FN[err]O[err]
C, 61. 84Calpu@tag % N 140 &"z, HF@n}ﬁd

and neutralized with 10 % a

Recrystallization fromacetonitrile gave yel |l ow|ngedles,

I cul at ed

%

err]

rotation [err] Exanple 28
5- Ami noF%L‘gycl o%‘r oy P é f |Hl’,lgl’ (c:i! T}

etyl)

m xture of 3.00 g of [5-am no-1-cycl opropyl -
net hyl - gzauegubnol i ne- 3- carboxyl ato-0[err], (ferr]

of 3-

hydro 8- met hyl - 4- oxo- 7-[ 3- (tri f | uor oac

(met hyl ) am no- 1- pyrrolldlnyl]qU|noI|ne 3-carboxylic acid

S—Amino—l—cyclopropyl—7—((S)—d,4—dimethy1—3—trifluoroacetylamino—l-pyrrolidinyl)

—6—f1uoro—l,d—dihydro—&—methy]—d—oxoquinoline—3—carboxy1ic acid

A mixture of 4.00 g of [5-amino-1-cyclopropyl-6,7-difluoro-1,4~dihydro-8-
me thyl-4-oxoquinoline-3-carboxylato-0?,0* ]Jdifluoroboron, 4.32 g of (S)-4,4-
dimethyl-3-trifluoroacetylaminopyrrolidine hydrochloride ({aly 2° + 25.6 °
(c=1, MeOH)), 5.09 ml of N,N—diisopropy]ethy]amine and 16 ml of dimethyl
suffoxide was stirred at 30 °c for 3 days. The reaction mixture was diluted
with water under ice cooling, acidified with 10 % aqueous. hydrochloric acid to
pH 3 and extracted with methylene chloride. The combined organic extracts were
washed with water and brine, dried over sodium sulfate and evaporated. The
residue was purified by colum chromatography (silica gel, methylene chloride-
methanol (100 : 1)) and yel]owiéh brown crystals were obtained. The crystals
were washed with diethyl ether to give 0.68 g of yellowish brown crystals. A
mixture of 0.68 g of these crystals, 0.67 ml of triethylamine, 14 ml of
methanol and 11 ml of 1,2-dichloroethane was heated at reflux for 10 hours and
then evaporated. To the residue, water was added and the deposited crystals was
collected by fi]tratioﬁ, and washed with water to give 0.57 § of the desired
cohpound as yellow crystals. fhe crystals were subsequently recrystallized from
methanol to give yellow colusmms, m.p. 253.5-255 °C.
Analysis for C, H, F N, O,
Calculated % : C,54.54; H,4.99; N,11.57
Found %+ C,54.33; H,4.88; N,11.63

Specific rotation [g], 2° + 42.6 ° (c=0.1, MeQOH)

Examplie 16

S—Amino—?«((S)~3~amino—4,4—dimethyl—l~pyrrolidinyl)—1~cycloprgpyl~6~fluoro—l,4—

6, 7-di fl uoro- 1, 4-di hydr o- 8-
di fl uoroboron, 2.44 g

149% C61 72; H, 6.46; N'TZ74Z Specific

A



e
(trifluoroacetyl) (nethyl)am nopyrrolidine hydrochloride, 3. %@}qLuachﬁﬁk‘-
dii sopropyl ethylam ne and 12 m of dinethyl sulfoxide was 4dt

gw N996at ¢

30[err]C for 4 days. The precipitate was filtered off, r
was diluted with wat er and the deposited crystals were ¢
filtration. The crystals were washed wiggn water and et hyl| ace
yel | owi sh brown crystals, whi ch were purified by colum chronma
(silica gel, methylene chloride and met hyl ene chl ori de- nmet hanol
to gi vedihy@-§-neithyletrensginodiwendecarboxylic acid

56 crystals. A mixture of 0.90 g of the crystals

triethyl am Aem XEarg| of G 4freg H‘afnél‘a%‘ﬁl? é wcloprapyi-dr éﬁ%?@ét%‘é‘ﬁéh%§‘heat ed

t fl ) d.th d... To due dded
and' ¢ het Blaersafiety el Bt AR T APRUE Brrad et TE TR AR RS o7or
the (jesbiéaq1ﬁ%ﬁngLgu%aﬁﬁbﬁ@Qké(3@1d, 0.32 g of potassium hydroxide and 3.2 ml of

water was stirred at room temperature for 1 hour. The reaction mixture was

S ILJ
ecte

(50: 1))

neutralized with 10 % hydrochloric acid to pH 8 and extracted with methylene

chloride. The combined organic extracts were washed ﬁith water and brine; dried

over sodium sulfate and evaporated. The residue was triturated with a mixture

of acetone and diethyl ether to give 0.30 g of the desired compound as yellow
" crystals. The crystals were subsequently recrystaliized from acetonitrile and

0.18 g of yellow neéd]es, m.p. 191,5-193 °C were obtained.

Analysis for CyoH, sFN,O,

Calculated % ¢ C,61.84; H,6.49; N,14.42

Found % : C,61.70; H,6.515 N,14.32

Specific rotation [gq], 2° +190.9 ° (c=0.1, O.1N NaGH)

Example 17

5-Amino—-7-(3-tert-butoxycarbonylamino—3-methyl-1-pyrrolidinyl)-1-cyclopropyl-6-

fluoro—l,4~d1hydro—B—methy1—4—oxoqu1nol1ne—3—carboxyl1c ac1d

A mixture of 3.00 g of [5-am1no—1~cyc1opropy]—ﬁ,7—d1f1uoro-1,4—d1hydro—8—
methy]—d—oxqqulnol1ne-3—carboxy1ato—0’,0“]d1f1uoroboron, 2.11 g of 3-tert-
butoxycarbonylamino-3-methylpyrrolidine, 1.53 ml1 of N,N-diisopropylethylamine
and 12 ml of dimethyl sulfoxide was stirred at 30 ‘c for 2.5 days. The rgaction
mixture was diluted with water and extracted with methylene chloride. The
combined organic extracts were washed with brine, dried over sodium sulfate and
evaporated. The residue was purified by column chromatography (silica gel,
methylene ch]oride-metﬁanol (99:1)) and 0.97 g of yellow crystals were
obtained. A mixture of 0.97 g of fhe crystals, 1.00 ml of triethylamine and 40
ml of methanol was heated at reflux for 2.5 hours and then evaporated. To the

residue, water was added and the deposited crystals were collected by



mp.s 189-190[err]C Analysis for (JQerr] Her]F[err]Nerr]
Calculated %: C,53.62; H 4.71; N, 11.91 Found %: C5
N, 11. 84 Exanpl e 29 5- Am no-1-cycl opropyl .-6-fluoro-1, 4-d
hydr o- 8-net hyl -7- (3-nethyl ami no-1- 46 L
pyrrolidinyl)-4-oxoqui noline-3-carboxylic acid A m xtye. of-8—60—7g 0f
5-am no- ¢; gygh Ry !z L0- L.+4:.dj - - hy :

4- 0x0- 7- hf% r ?‘ﬁ gobr{owaagg%/lqﬁfﬁre . t?}Ir) g‘méﬁggltﬁggf g)l\fi a?enfle aﬁeldncc)?'?pr?élp%_-acsar box
ylic acydhloR 39s€n19f WROERSEHe! FebRARLNI98d 0o AcStdNi 1o e VBT @fvef»@.stSg'der ed
at room tenperature for 1 hour. The reaction mxture was neutraliz wth
10 % hygeldohlreedlesaa. @. t19852018:¢Q and the deposited crystals were collected

by filtration and washed with water to give 0.47 g of the desired conpound
as Analysis for C, H;,FN,O; '

crystals, which were recrystallized from nethanol to give 1

Calculated % : C,60.75; H,6.58; N,11.81
Found % : C,60.43; H,6.66; N,11.56

Example 18

5—Amino—7—(3-amino—3—mgthy1—1—pyrrolidinyl)—1—cyclopropy1-6—f]uoro-l,d—dihydro—

8-methyl-4-oxoquinoline—3-carboxylic acid’

To 0.76 g of 5-Amino—?—(3—tert—butoxycarbony]amino—3—methyl—1—byrr01idinyl)
-1-cyclopropyl-6-fluoro-1, 4-dihydro-8-methyl-4-oxoquinoline-3~carboxylic acid,
1.1 ml of hydrochloric acid was added and then stirred at room temperature for

2 hours. To the feactidn mixture, a solution of 0.89 g of potassium hydroxide in
1.8 m1 of water was added under ice cooling and resulting mixture was
neutralized with 10 % hydrochloric acid to pH 8. The deposited crystals were
collected by filtration and washed with water to give 0.33 g of the desired
compound as yellow crystals. The crystals were subsequently recrystaliized frdm
a mixture of methylene chloride and methanol to afford 0.30lg of yellow
crystals, m.p. 217-221°c were obtained.

Analysis for C, H,;FN, G, - 1/4H,0
Calculated ¥ : C,60.23; H,6.25; N,14.79
Found % : C,59.98; H,6.25; N,14;53

Example 19 - -

5—Amfno—7—((S)—7—tert—butoxycarbonylamino—s—azaspiro[z.4]hept—5—y1)—1—

- cyclopropyl~6-fluoro~1, 4~dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid

" A mixture of 6.0 g of [5-amino-1-cyclopropyl-6,7-difluoro-1,4—~dihydro-8-
methyl-4-oxoquinol ine~3-carboxylato-0?, 0" ]difluoroboron, 5.59 g of (5)-7-tert-
butoxycarbonylamino~5-azaspiro(2.4]heptane ([ «], 2° -46.6° (c=1,MeQH)), 3.06



yell ow crystals, which were recrystallized from nethanol t | EVRINTSHEET
colums, mp. 200.5-202[err] Analysis for Clerr]Herr] FN R

Calculated % : C, 60.95; H 6.19; N, 14.96 Found % : C, 60{18; Hl 096
N 15.01 Exanpl e 30 TN

5- Am no-7-((S)-7-tert-butoxycarbonyl am no-5 azaspi ro[ 2. 4] hept - 5-yl.)=d
cycl opropyl - 6-f [ uoro- 1, 4- di hydr o- 8- et hyl -'4- oxoqui nol i ne- 3- carboxylic aci

MGG LR DTN A R IR T S e
?Zzlbk/;m{c)cafyﬁgfégﬂn ?l?e gcthgrpl )?@u%e \las &)ﬁﬁgeed ['I?{h 1later£ q{eﬁl:rahze'dzwith
10 % hydrochloric acid to pH 7 and extracted with methylene chloride. The
combined organic extracts were washed with water and brine, dried over sodium
sulfate and evaporated. The residue was puriffed.by column chfomatography
(silica gel, methylene chloride~-methanol (100:1)) to give yellow crystals,
which were washed with a mixture of methylene chloride and diethyl ether. 3.17 g
of pale yellow crystals were obtained. A mixture of 3.14 g ofuthe érystals,
3.09 ml of triethylamine, 62 ml of methanol and 31 ml of 1,2—dichlorpethane was
heated at reflux for 14 hours aﬁd then evaporated. The residue was diluted with
water and neutralized with 10 ¥ hydrochloric acid to pH 7. The deposited
crystals were collected by filtration énd washed with water,-isopropano1 and
diethyl ether to give 2.79 g of the desired compound as pale yellow crystals,
which were recrystallized from a mixture of methylene chloride and methanol to
give pale yellow needles, m.p. 217.5-219 <.
Analysis for C,¢H,,FN,Og
Calculated ¥ : C,61.72; H,6.42; N,11.52
Found - % : C,61.715 H,6.48; Ny11.39
Specific rotation [a], 2° - 96.6 ° (c=0.1, DMF)

Example 20

8-Amino-7-((S)-7-amino-5~azaspiro[2.4]hept-5-y1)-1-cyclopropyl-6-fluoro-1,4-

dihydro-8-methyl-4-oxoquinoline-3—carboxylic acid

 To 8.80 g of 5—amino—7—((S)—7—tert—butoxy§érbonylamino—5—azaspirb[Z.d]hept—
5—yl)—l—cyc]opropyl—ﬁ—fluoro—l,4—dihydro~8¥methy1~4—oxoquinoline—3—éarboxylic
acid, 11 ml of hydrochloric acid was added and then stirred at room temperature
for 1.5 hours. To the reaction mixtﬁre, a solution of 10.5 g of potassium
hydroxide in 32 ml of water was added under ice cooling and resulting mixture
was neutralized with 10 % hydrochloric acid to pH 8. The deposited.crysta1s were

collected by filtration and washed with water. The crystals were diluted with



reaction mxture was poured into 500 m of ice water. THe
crystals were collected by filtration, washed with water
.and then recrystallized froma nixture of nethyl ene chlofjde and neth
to give 14.7 g of the desired conpound, 48ich was identifi
conpound of Exarrpl e 19. Exanpl e 31 Ethyl

1-cycl WﬁgYene CK]Q(%]ld uqrg %anzli cdg@sqggsg WE! F'ylltée&”otfrfoaﬂjd KONl B PEiinge- 3-

car box a’ so 1on 0 of ethyl

3-cycl omcepa{éeaga N@uapolLeed, STrle’ +ddid@E Gas- tma@rtafwdi A thidie elyaneidgh ) tacg ideat e
and 0. crown-6-ether in 100 m of tetrahydrofuran, 8.04 g of

pot assi slmacgrbprtabedélya$eackiﬂ\doumdst penowherystal sr Recnpstadfiii zatddnaf romoom
tenperature for 23 hours. The deposited crystals were collected b

filtratictoantritasgede wef how ginianydrbfiahawss ideeti fied %ﬁ:éthén@"t%u"%lq}“e 8.56

g of the desired conpound. Recrystallizati on fromN, N-
Example 10

The following salts were obtained by usual manner.

‘Methanesulfonate

Description: yellow needles (EtOH-H,0)

m. p.: 263-264.5 ‘¢ (decomp.)

Analysis for C,¢H,;FN,O; .CH, 0, S

Calculated % : C,52.27; H,5.64; N,11.61

Found % : C,52.02; H,5.54; N,11.53

Specific rotation [a], 2° - 93.6 ° (c=0.1, MeOH)

p-Toluenesul fonate _ _

Description: yellow cr‘ystalé (EtOH)

m. p. + 188-189.5 °C

Analysis for C,oH,3FN,0O; .C,H,0,S - 1/2H,0
Calculated ¥ : C,57.13; H,5.68; N,9.87

Found % : C,56.95; H,5.85; N,9.77

Specific rotation [al, 2° - 73.1 ° (c=0.05, MeOH)

Hydrochloride

Description: yellow crystals (EtOH-H,0)
m.p.: 276-280 °C (decomp.)

Analysis for C,oH,,FN,0, -HCI

Calculated % : C,56.80; H,5.72; N,13.25
Found % : C,56.72; H,5.79; N,13.04



di met hyl f ormam de gave col orl ess needl es, mhlch wer e i depd

conpound of Exanple 5. Exanple 32 - The pharmaceu WE@LAG
of the present invention in the formof a tablet is preﬁa e
ordi nary manner using the follow ng ingredients: '

10 110 ny | act ose 49 .

starch 34 ng Nhgne5|un1steara%

ny Hydr oxypr opyl net hyl cel | ul ose 8 ny

6000 0.5 ngy Ti t ani um oxi de 0.5 ny
Example 21

8~-Amino-~7-(3~tert-butoxycarbonylamino-3-methy1-1-pyrrol idinyl )-1-cyclopropyl-6~

fluoro-1, 4~dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid (isomer A)

A mixture of 3.00 g of [5-amino-1-cyclopropyl-6,7-difluoro-1,4~dihydro-8-
methy]-d-oxoquino]ine-3¥carboxy]ato-0=,0“]difluoroboron, 2.11 g of 3~tert-
butoxycarbonylamino-3~-methylpyrrolidine (isomer A; (], 2° +7.4 ° (c=0.5,
MeOH)), 1.53 ml of N,N-diisopropylethylamine and 12 ml of dimethx{ sulfoxide was
stivred at 30 °¢ for 1.5 days. The reaction mixture was poured into 60ml of
ice water. 60ml of methylene chloride was added to the reaction mixture. After
stirring at room temperature, the insoluble matter was filtered off and then
the aqueous layer was separated and extracted with methylene chloride. The
combined methylene chloridé layers were washed with brine, dried over sodium
sulfate and evaporated. The residue was purified by column ctiromatography
(silica gel, methylene chloride and methylene chloride-methanol (100:1)) and
1.18 g of yellow crystals were obtained. A mixture of 1.18 g of the crystals,
1.19 ml of triethylamine and 24 ml of methanol was heated at rgflux for 3 hours
and then evaporated. To the residue, water was added and the deposited crystals
were collected by filtration and washed with water to give 0.96 g of the'desired
compound as yel1ow'crystgls, which were recrystallized from acetonitrile to
give pale yellow needles, m.p. 213.5-214.5 °C.

Analysis for C, Hy,FN, O

Calculated X ¢ C,60.75; H,6.58; N,11.81

Found % : C,60.63; H,6.55; N,11.80

Specific rotation [g], Z° + 47.0 ° (c=0.1, MeOH)

Example 22

S—Amino-?—(3—amino—3—methyl-1—pyrrolidiny1)—i—cyclopropy]—s—fluoro—l,4—dihydro—

8-methyl-4-oxoquinoline-3—carboxylic acid (isomer A) methanesulfonate

To 0.80 g of 5-Amino-7—-(3-tert-butoxycarbonylamino-3-methyl-1-pyrrolidinyl)
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210- ny Exanpl e 33 The pharnmaceuti cal conposition d‘fﬂ&k ;
invention in the formof a capsule is prepared in the or{di
using the follow ng ingredients: Conpound of Exanp} 4

ngy | act ose q.s.50 Car boxyne ,
15 ng - Hydr oxypropyl cel | ul ose 2 ny gnesi um

2 ngy -1-cyclopropyl -6-fluoro-1, 4-dihydro-8~methyl- @JQQodaﬂol\ne—3—carboxy]1c acid
. (isomer A) obtained in Example 21, 0.98 mi of hydrochloric acid was added under
ice cob]ing and then stirred at room temperature for 2 hours. To the reacfion
mixture, a so]utibn of 0.93 g of potassiuﬁ hydroxide in 3.1 ml of water was
added and then stirred at room temperature for 1 hour. The resulting mixture was
_neutralized with 10 ¥ hydrochloric acid to pH 8. The deposited crystals were
collected by fi]tfation and washed with water to'éive 0.55 g of yellow crystals,
which were converted to methanesulfonate by usual manner. Recrystﬁ]lizatioh
from a mixture of ethanol and water (9:1) gave 0.43 g of the dééired compound
as yellow needles, m.p. 261—262.5'C.
Analysis for C,oH,,FN,O, - CH, 0,5
Calculated ¥ : C,51.05; H,5.78; N,11.91
Found % ¢ C,50.89; H,5.93; N,11.78
Specific rotation [g], %° - 50.6 ° (c=0.1, MeOH)

Example 23

5—Amino—7-(3~tert-butoxycarbonylamino—-3-methyl-1-pyrrolidiny1)-1-cyclopropyl—6-

fluoro-1,4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid (isomer B)

A mixture of 3,00 g of [5-amino-1-cyclopropyl-6,7-difluoro-1, 4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylato-03,0"] dif]uoroboron; 2.11 g of 3-tert-
butoxycarbonylamino—3-methylpyrrolidine (isomer B,[ «l, ¢ - 8.2 ° (c=0.5,
MeOH), 1.53 ml1 of N,N-diisopropylethylamine and 12 ml of dimethyl sulfoxide was
stirred at 30 ¢ for 2 days. The réaction mixture was poured into 60ml of ice
water. 60ml of methylene chloride wés.added to the reaction mixture. After
stirring at room temperature, the insoluble matter was filtered off and then
the aqueous layer was separated and extracted with methylene chloride. The
combined methylene chloride layers were washed with bfine, dried over sodium
sulfate and evaporated. The residue was pufified by column chromatography
(silica gel, methylene chloride and methylene chloride-methanol (100:1)) to

give 0.91 g of yellowish orange crystals. A mixture of 0.91 g of the crystals,
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Exanmpl e 34 The pharnaceutical conposition of the q&gﬁgutwﬁﬂv in
the formof powder is prepared in the ordinary manner e foléo i g
i ngredi ents: Conmpound of Exanple 10 110 -8 MAYI‘\QB osle
Q. S. D- Manni t ol : . 500 ny

Hydr oxypr opyl cel | ul ose 5 .ng 51 Tal c

2 1000 ng

The pharnaceutical conposition of the preserit invention Th the form of
i nj ect igody in$ ¢¥ ePRItRF ainfnet BRY 08 diinef yetimmabvasdieaged At 1edluxof@mg hours

I ngredi ent s: _ .

and then evaporated. To the residue, water was added and the deposited crystals
were collected by filtration and washed with water to give 0.86 g of the desired
compound as yellow crystals, which were recrystallized from acetonitrile to
give pale yellow needles, m.p. 214.5-215.5 °C.
Analysis for C,H;,FN,O;

~ Calculated % : C,60.75; H,6.58; N,11.81
Found % : C,60.85; Hy6.57; N,11.76

Specific rotation [«], 2° - 47.8 ° (c=0.1, MeOH)



59 Compound of Exanple 10 50 ngy

1000 ny Hydrochl oric acid g.s.
for injection g.s. : 29
Exanpl e 36 The pharnmaceutical conposition of the{p eséh
the formof suppository is prepared in the ordinary
foll ow ng ingredients: Conpound offﬁ&anple 10

Example 24

5-Amino-7-(3-amino~3-methyl-1-pyrrolidinyl)-1-cyclopropyl-6—fluoro-1, 4-dihydro-

8-methyl-4-oxoquinoline-3—-carboxylic acid (isomer B) methanesulfonate

" To 0.70 g of 5-amino-7-(3-tert-butoxycarbonylamino-3-methyl-1-pyrrolidinyl)
—1—cyclopropy1—G—fluoro-l,4—dihydro—B—methy]—d—oxoqﬁinoline-3—carboxy]ic acid
(isomer B) obtained in Example 23, 0.86 ml of hydrochloric acid was added under
ice cooling and then stirred at room temperature for 2 hours. To the reaction
mixture, a solution of 0.82 g of ﬁotassium hydroxide in 2.7 m] of water was
added and then stirred at room temperature for 1 hour. The resulting mixture was
neutralized with 10 ¥ hydrochloric acid to pH 8. The deposited crystals were
collected by filtration and washed with water to give 0.48 g of yellow crystals;
which was converted to methaﬁesulfonate by usual manner. Recrystallization from

a mixture of ethanol and water (9:1) gave 0.31 g of the desired compound as

yellow needles, m. p. 260.5-262 °C.

Analysis for C, H,,FN,O; - CH,G; S

Calculated % : C,51.05; H,5.78; N,11.91

Found % : C,50.75; H,5.88; N,11.69

Specific rotation [alp, 2° + 46.6 ° (c=0.1,MeOH)

Example 25

5-Amino-7—((5)-3-tert-butoxycarbonylamino-1-pyrrolidinyl)-1-cyclopropyl—6-
fluoro~1;4—dihydro—B—methy]-a—oxoquinoline—3—carboxylic acid

A mixture of 2.00 g of [5-amino-1-cyclopropyl-6,7-difluoro~1,4-dihydro-8~
. methyl-4-oxoquinoline—~3—carboxylato—-0?,0*] difluoroboron, 1.63 g of (S)-3-tert-
butoxycarbonylaminopyrrolidine ([ @], 2° - 25.0 ° (c=1,MeOH)), 1.02 mi of N,N-
diisopropylethylamine and 8 ml of dimethyl sulfoxide was stirred at 30°c for 22
hours. The reaction mixture was diluted with water and extracted with methylene
chloride. The combined crganic extracts were washed with water and brine, dried
over sodium sulfate and evaporated. The residue was purified by column

chromatography (silica gel, methylene chioride-methanol (100:1)) to give



Hard f at 1300 ny -
1400 ny Exanpl e 37 The pharnmaceuti cal conposi
invention in the formof ointnment is prepared in the

the following ingredients: - Compound of Exanpl e
VWhite petrol atum - g.s. Li qui d parafif} n
70 53 1000 ny

ggpngrggeﬁéévéﬁh)bf\é\% %i ’r SR crhegas.I r1]:r'1t trx]x?aée%n\?i Mk edR éfh §&Tone and rdIiEa)t (g/]l :

ether to give 1.07. ¢ of yellowish brown crystals. A mixture of 1.Q7 g of the
crys;a]s, 1.11 ml of triethylamine, 22 m] of methanol and 11 ml of 1,2-
dichloroethane was heated at reflux for 10 hours and then evaporated. The
residue was diluted with water, the resulting mixture was neutralized with 10 ¥
hydrochloric acid to pH 7 and the deposited crystals were collected by

filtration and washed with water to give 0. 95 g of the desired compound as

yellow crystals, which were recrystallized from methanol to give yellow need]es,'

m.p.135-136.5 C.

Analysis for C,4H,,FN, O

Calculated % : C,59.99; H,6.35; N,12.17

Found = % : C,59.98; H,6.45; N,11.99
Specific rotation [«]l, 2° - 33.3 ° (c=0.1,DMF)

Example 26

5-Amino-7-( (S)-3-amino-1-pyrrol idinyl)-1-cyclopropyl-6-fluoro~-1, 4-dihydro—8-

methyl-4-oxoquinoline-3-carboxylic acid

To 4.07 g of 5-amino—7-((5)-3-tert-butoxycarbonylamino-1-pyrrolidinyl)-1-
cyclopropyl-6-fluoro-1, 4-dihydro-8-me thyl-4-oxoquinoline-3-carboxylic acid, 5.2
ml of hydrochloric acid was added at room temper;turé and then stirred at room

temperature for 30 minutes. To the reaction mixture, a solution of 4.9 ¢ of

sodium hydroxide in 16 ml of water was added to adjust the pH 11 under ice.

cooling and the resulting mixture was neutralized with 10 % hydrochloric acid to
pH 8. The water layer was removed by decantation and the oil was triturated

with a small amount of methanol. The crystals were collected by filtration and

washed with isopropanol to give 3.05 g of'yellow crystals. The crystals were

diluted with ethanol, insoluble precipitates were filtered off and the
resulting filtrate was evaporated. The risidue was diluted with a mixture of
methylene chloride and methanol (19:1), insoluble precipitates were filterd off

and resulting filtrate was evaporated to give 2.58 g of the desired compound as




60 Reference conpound A 7-((S)-7-Am no-5-azaspirof2.4}h ngmégy&N:S‘

)-1-cycl opropyl - 6-fl uoro-1, 4-di hydro-4- oxoqui nol i ne- 3%

hydrochl ori de Description: pale yellow needles m p.

(deconp.) Ref erence conpound B

5- Ami no- 7- ((S) 7-am no- 5- azaspi ro[ 2. 4]hept-§-y|) 1l-cyclo
di hydr o- 4- oxoqui nol i ne- 3 carboxylic acid hydrochlorld

pale yellow crystals- m p.: 276-279 [err]C (deconp.)

v b
PR L

Tc acid

2b4_ap 1895

yellow crystals, which were recrystallized from a mlxture of methylene chloride

. gnd methanol to.give pale yellow crystals, m.p. 202—2041; (decomp. ).

Analysis for C,g4H,,FN, O, - H, 0"

Calculated % : C,57.13; H,6.13; N,14.81 -

Found % 2 C,57.365 H,5.91; N,14.70 )
Specific rotation [a], 2° - 11.0 ° (c=0.1,DMF)

The following salts were obtained by the usual manner.

Methanesulfonate

Description: yellow needles (MeOH)

m.p.: 280-281.5 °C (decomp.)

Analysis for C,gH,;FN, O, . CH,0,S - 1/4H,0
Calculated % : C,49.50; H,5.58; N,12.15

Found % : C,49.50; H,5.58; N,12.03
Specific rotation [g], 2° - 27.7 ° (c=0.1,H,0)

p-Toluenesulfonate

Description: yellow needies (iso-PrOH-H,0)

‘m.p.: 238-241 °C (decomp.)
© Analysis for C,gH,,FN,O; - C,H,0,S - 1/2H,0

Calculated % : C,55.44; H,5.58; N,10.34
Found % ¢ C,55.47; H,5.563 N,10.22
Specific rotation [}, %2° - 24.0 ° (¢=0.1,H,0)

Example 27

5-Amino—l—cyc]opropy]«?—((S)—3—dimethy1amino—l—pyrrolidinyl)—6-flupro—1,4—

dihydro—-8-methyl-4-oxoquinoline-3-carboxylic acid

A mixture of 3.00 g of [5-amino-1-cyclopropyl~-6,7-difluoro-1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylato-0*,0* ]difluoroboron, 1.20 g of (5)73—

‘;L:T



Ref erence conpound C
7-¢(S)-7- Am no- 5-azaspi ro[ 2. 4] hept - 5- yI) 1-cycl opropyl - 6-ff
-8- nethyl - 4- oxoqui nol i ne-3-carboxylic acid Descriptiont :
scrystals mp.: 176.5-178 [err]C Reference conpound D !
7-((S)-3-Am no-1-pyrrolidinyl)-1-cycl &5ropyl -6-fluoro-1, 4 %
oxoqui nol i ne- 3-car boxylic acid Description colorless crystals mp. .
253-254 [err] C (deconp.) Ref er ence conpou
5- Ami nodimett)amdnepynrol 1diner £bix ldi ﬁg/l')-lﬁaﬁycl(ép?‘%rﬁ)‘p”ﬁlaf Lo g1 o8 -WiNmy dr o- 4

- oxoqui nol i ne- 3-
cr ystaﬂy1sopr‘|opy1eth§laafn$)r?exgné iZ mﬁl gf %?t%gtrhly u?PomQalw%sy%ll lr‘r(':)evc}‘I ftb 38I O\Plnr 2

days. The reaction mixture was diluted with water and extracted with methylene

chloride. The combiﬁed organic extracts were washed with water, drie@ over
sodium su]fafe and evaporated. The residue.wa§ purified by column
chromatography (silica gel, methylene chloride and methylene chloride-methdnol
30:1) to give 1.18 g of yellowish orange crystals. A mixture of 1.18 g of the
crystals, 1.42 mi of-triethylamine, 24 ml of methanol and.%Z ml of 1,27
dichloroethane was heated at reflux for 4 hours and then evaporated. The
residue was diluted with water and neutralized with 10 % aqueous sodfum
hydroxide to pH 8. The deposited crystals were collected by fi1fration and
washed with water to give 0.96 g of the desired compound as yellow crystals.
Recrystallization from acetonitrile gave yellow needles, m.p. 204-205.5 °C.
Analysis for C, H,sFN, O,

Calculated % & C,61.84; H,6.49; N,14.42

Found % ¢ C,61.72; H,6.465 N,14.44

Specific rotation [a], 2° +156.0 ° (c=0.1,MeCH)

Example 28

5—Amino—1—cyc1opropyl—ﬁ—fluoro—l,4—dihydrOiB-methyl-4r0x0—7—[3—(trifluoroacety1)

(methy1)amino—1-pyrrolidinyl]Jquinoline-3—-carboxylic acid

A mixture of 3.00 g of [5—amino—1—cyclopropy1—6,7—dif1uoro—l,d—dihydro—&-
methyf;d—oxoquinoline—3-carboxylato—0’,0‘]difluoroboron, 2;44 g of 3-
(trifluoroacetyl) (methyl)aminopyrrolidine hydrochloride, 3.36 ml of Ny N-
diisopropylethylamine and 12 m1 of dimethyl sulfoxide was stirred at 307 for 4
days. The precipitate was filtered off, resulting filtrate was diluted with
water and the deposited crystals were collected by filtration. The crystals
vere washed with water and.ethyl acetate to give yel]owish brown crystals,
which were purified by column chromatography (silica gel, methylene chloride and

methylene chloride-methanol (50:1)) to give 0.92 g of yellowish orange



p.: 226-228.5[err] C (deconp.)

1 Reference conpound F

((S)-3-Am no-1-pyrrolidinyl)-1- cyclopropyl 6-fluoro-1,
oxoqui nol i ne- 3-carboxylic acid Description: pale br
192-193. 5 [err] C (deconp.) Ref gygence conmpound G

5- Anino 1-cycl opropyl - 6-fl uoro-1, 4-di hydr o- 4- oxo- 7- pi per aki

carboxylic acid Description; pale yell ow needl es .
ycrystals A mixture gf 0.90 J)of tﬁé crystals, S[di ml of triethylamine, 18 m

m
6
7-
4- crystals m.}t
P.

. of methanol and 9 m1 of 1,2-dichloroethane was heated at reflux for 5 hours and
then evaporated. To the fesidue, water was ddded and the deposited crystals
were collected by filtration to give 0.77 g of the desired eompound as yellow
crystals, which were recrystallized from methanol to give yellow crystals, m.p.
189-190°C.

Analysis for C, H,,F,N,O, .
Calculated % : C,53.62; H,4.71; N,11.91
Found % : C,53.50; H,4.42; N,11.84

Example 29

5—Am1no—1-cyc1opropy1 —-6—-fluoro-1, 4-dihydro-8-methyl-7-(3- methy]am1no -1-

pyrrolidinyl)-4-oxoquinoline-3—-carboxylic acid

A mixture of 0.60 g of 5-amino-1-cyclopropyl-6-fluoro-1,4-dihydro-8-methyl-
4—oxo—7-[3~(trifluoro;cetyl)(methy1)amino—1—pyrro1idinyl]quinoline—S—carboxy]ic
acid, 0.38 g of potassium hydroxide and 3.8 ml of water was stirred at room
temperature for 1 hour. The reaction mixture was neutralized with 10 %
hydrochloric acid to pH 8-9 and the deposited crystals were collected by
filtration and washed with water to give 0.47 g of the Qesired compound as

yellow crystals, which were recrystallized from methanol to give vellow
colums, m.p. 200,5-202°C

Analysis for C, H,,FN, 0,

Calculated ¥ : C,60.95; H,6.19; N,14.96

Found % : C,60.78; H,6.17; N,15.01

Example 30

5—Amino—7—((S)-7—tert—butoxycarbony1amino—5—azaspiro[2.4]hept-5—y])—1—

cyclopropyl-6-fluoro-1, 4-dihydro-8-me thyl-4-oxoquinoline-3-carboxylic acid

A mixture of 20.0 g of 5—amino—1—cyclopropyl—6,7-dif1uoro—1,a—dihydro—a—

methyl-4-oxoquinoline-3-carboxylic acid, 28.9 g of (S)-7-tert-



m p.: 213-214.5[err] C Reference conpound H )
1- Cyel opropyl - 6-fl uoro-1, 4-di hydr o- 8- net hyl - 4- oxo- 7- pi per azj
nol i ne-3- carboxylic acid hydrochloride Description: palée
m< p.: 279-281 [err] C (deconp.) Ref erence conpound |

razi nyl qui nol i ne- 3-car boxylic acid hydrochl oride Descripti
needl es

gHt329ca?§g%91Jfﬁ%gj5§szaspiro[Z.d]heptane (C alp 20 -47.2° (c=1,MeOH)) and 8O
. ml of dimethyl sul foxide was heated at 100 °¢ for 36 hours. The reaction
mixture was poured into 500 ml of ice water. The deposited crystals were
collected by filtration, washed with water an& isoprqpanol, and then
recrystallized from a mixture of methylene chloride and methanol to give 14.7 g

of the desired compound, which was identified as the compound of Example 19.

-

Example 31

Ethyl 1-cyclopropyl-6, 7-difluoro-1,4~dihydro-8-methyl-5-ni tro-4-oxoquinoline—3-

carboxylate

To a solution of 10.0 g of ethyl 3-cyclopropylamino-2~(2,4,5-trifluoro~3-
methyl-6-nitrobenzoyl)acrytate and d.l g of 18-cr9wn—6—ether in 100 m1 of
tetrahydrofuran, 8.04 g of potassium carbonate was added,land then the mixture
was stirred at room temperature for 23 hburs. The deposited crystals were
collected by filtration and washed with tetrahydrofuran, water and'acetone to
give 8.56 g of the desired compound. Recrystallization from N,N-

dimethylformamide gave colorless needles, which were identified as the compound

of Example 5.

Example 32

The pharmaceutical composition of the present invention in the form of a

tablet is prepared in the ordinary manner using the following ingredients:

Compound of Example 10 110 mg
lactose © q.s. )
Corn starch | | 34 mg
Magnesium stearate : 2 g
Hydroxypropylmethylcellulose 8 mg
Polyethylene glycol 6000 © 0.5 mg

Titanium oxide 0.5 mg



62 \What is clainmed is: 1. A oy

5- am no- 8-net hyl - 7- pyrrol i di nyl qui nol i ne-3-carboxylic acid GEPLM%EMGﬁISHEET
represented by the general formula (1)

wherein Rlerr] is a hydrogen atomor a |ower alkyl group; I Mﬁﬂaéﬁsﬂj
hydrogen atom a |ower al kyl group, a Isaver al kanoyl groug,}a hal ogenat ed
| ower al kanoyl group, or a residue of carboxylic acid estey! I'T] 1S a

hydrogen atomor a |l ower alkyl group; Rerr], Rerr] and R.etil—ate—eath
|ndependentFy—a—hydfﬁgeﬁ—a%eﬁref—a—%ﬁmer—a%ky#——group, and two of’ Rerr],
R err] and Rlerr] may be taken together éo forma - (CH[err]) , [err]

Example 33
The pharmaceutical composition of the present invention in the form of a

capsule is prepared in tHe ordinary manner using the following ingredients:

Compound of Example 10 110 wmg
lactose ' q. S.
Carboxymethylcellulose 15 mg
Hydrbxypropy]ce]fu1ose ' 2 mg
Magnesium stearate ' 2 ng
160 mg
Example 34

The pharmaceutical composition of the present invention in the form of

. powder is prepared in the ordinary maﬁner using the following ingredients:

Compound of Example 10 110 mg
lactose q. S.
D-Mamnitol - 500 wmwg
Hydroxypropylcellulose 5 mg
Talc 2 mg
1000 mg
Example 35

The pharmaceutical composition of the present invention in the form of

injection is prepared in the ordinary manner using the following ingredients:



group wherein nis 1 or 2; a stereoisoner thereof or a pharnacol agi
acceptabl e salt thereof. 2. The conpound according to ‘=5{Aaéhgﬂm$mﬁﬁr
Rlerr], Rerr] and R err] are each a hydrogen atony a stelge f
s0r a phar macol ogi cal | y acceptable salt thereof. 3. T cogplqﬂﬂdmgs
according to laim1 or 2 wherein Rigjg], Rerr] and R err] {areYeac
i ndependently a hydrogen atomor a | ower al kyl group; a stgrgQlsomeim——
t hereof or a pharmacol ogically acceptable salt thereof. ) The i~
conpound according to Claim3 wherein a | ower al kyl group i5 a nethyl

group; a st@;mgm,@omgx%% qef or a phgpmaggl ogical |y acceptable salt

t her eof". The conmpound according to Caim3 wherein Rerr], Rerr]
and R[err](ameoﬂﬁch a hydrogen atonooa singreoi soner thereof or a
phar macol ogi cal |y acceptable salt thereof. 6. * The conpound accordlng

to Claim3 Wydeodilari} &¢id] is a nethylg.group and Rerr] and R err] are each

a hydrogen ato n} a stereoi soner thereof or a phar macol ogi cal |y
Distilled water for injection q. S.

20 ml

Example 36
The pharmaceutical composition of the present invention in the form of

suppository is prepared in the ordinary manner using the following ingredients:

Compound of Example 10 100 mg
Hard fat 1300 mg
1400 mg

Example 37

The pharmaceutical composition of the present invention in the form of

ointment i$ prepared in the ordinary manner using the following ingredients:

Compound of Example 10 5 mg

White petrolatum s Se

Liquid paraffin 0 mg
1000 mg

Reference compounds (A-I) were prepared in the same manner as that

described in Examples 9 and 10.



acceptabl e salt thereof. '

RS The conpound according to Cdaim1l or 2 wherein |t
Plerr] and Rlerr] are ‘taken together to forma -(CHerr])
wherein nis 1 or 2; a stereoisonmer thereof or a pharnac
acceptabl e salt thereof. 8. The ceopound according t . .
Rlerr] and Rerr] are taken together to forma -(CHerr]){err] -_qgroup
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wherein is 1 or 2: tereoi soner thereof or a pharnacologically
accept ab‘?eefe P ﬁoﬁ%?ué'ng.s 9. The conpound according to C aim 8 wherein

nis 2 AGSPIRARIRLALATEE. 41Rk 25 NLIRGEl RO FALEYBGCRR] AR Ry dReld-
5- A NO- dolg@rrMiR3lcaPbdxyPld dETW hydrbekivet®propyl - 6-f 1 uoro- 1, 4-di hydr o- 8-

Description: pale yellow needles

m. p.: 284-288 °C (decomp.)

Reference compound B

S-Amino-7-((S)-7-amino-5-azaspiro[2.4]hept-5~-yl)-1-cyclopropyl-6-Ffluoro-~1, 4-

dihydro—4-oxoquinoline-3-carboxylic acid hydrochloride

Description: pale yellow crystals

m.p.: 276-279 °C (decomp.)

Reference compound C

7-((S)—?-Amino—5-azaspiro[2.4]hept—5—yl)~1-cyclopropyl—6—f1uoro~1,4—dihydro¥8—

methyl-4-oxoquinoline-3-carboxylic acid

Description: co]or]esé crystals

m.p.: 176.5-178

Reference compound D

7-((S)~3~Amino-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1,4-dihydro-4~

oxoquinoline-3-carboxylic acid

Description: colorless crystals .

Reference compound E

5—Amino—7—((S)—3—amino—1-pyrro]idinyl)—l-cyc]opropyl—ﬁ—fluoro—l,4—dihydro—4—

oxoquinoline—3-carboxylic acid

Description: pale yellowiéh brown crystals

m.p.: 226-228.5 °C (decomp.)



met hyl - 4- oxoqui nol i ne- 3-carboxylic[err] acid, a stereoisone F%gggggmeﬂwsaesr
phatmacol ogi cally acceptable salt thereof. 11. ‘

5- Ami no- 7- ( 3- ami no- 4- net hyl - 1-pyrrolidinyl)-I-cycl opropyl - 6-{f ug&PTﬁ% %S—J
di hydr o- 8- et hyl - 4- oxoqui nol i ne- 3-carboxylic acid, a stereoijspner®t eo

or a pharmacol ogically acceptable salgithereof. 12.

5- Am no- 7- (7- am no- 5-azaspi ro[ 2. 4] hept - 5-yl ) - 1-cycl opropyl -6t fl uoro-1, 4-
di hydr o- flefgehid celpoxEli nol i ne- 3- carboxylic acid, a stereoi r thereof
of a pharnmacologically acceptable salt thereof. 13. A pharmaceuti cal
conposi.t 7et(3) o3-Amieo-tlr-patrabidi npl) 41ré xdvp capy | h-SFéusnes], 4-domyskro-H-mgth-4-
effective anmpunt of one or nore conpounds of Clains 1 to 12, a

st er eoi s@eIUITY ‘ sYldkaaaificol ogi cal |y acceptabl e salt thereof,

together . with a pha ceuticall acceptabl e additive. 14. A process
for prepg??"erpﬂ?B c?Biﬁ)rTgﬁ?Yﬂ‘ B‘fvsa%n m 1, a stereoisomer thereof, or a
phar nacol 09 2‘54-\1 9fGC p&g&l ﬁp al t 'E.hfareof, conprising the steps of
reacting a 7 o0genat’ed qui'nal i ne- 3-caroboxylic acid .

Reference compound G

5~-Amino-1-cyclopropyl-6-fluoro-1, 4~dihydro-4-oxo-7-piperazinylquinoline~3-

carboxylic acid

Description: pale yellow needles

m. p. s 213-214.5 ¢

Reference compound H

1-Cyclopropyl-6—fluoro-1,4-dihydro-8-methyl-4-oxo~7—piperazinylquinol ine-3-

carboxylic acid hydfoch1oride

Descriptiont pale brown needles

m.p.: 279-281 ‘¢ (decomp.)

Reference compound I

S-Amino-l—cyc]opropyl—G—fluoro—l,4—dihydro—8-methy1—4—oxo—7—pipe

razinylquinoline~3—carboxylic acid hydrochloride
Description: yellow needles

m.p.: 2300 °C
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Wha; is claimed is:

1. A S—amino—B—methy1~7—pyrro]idinquuinoline—3—carboxylic acid derivative

represented by the general formula (I)

M)

wherein R? is a hydrogen atom or a lower alkyl group; Rz is a hydrogen atom, a
Tower alkyl groﬁp, a lower alkanoyl group, a halogenated lower alkanoyl group,
or a residue of carboxylic acid ester; R3 is a'hydrqgen.atom or a lower alkyl
group; R*, RS and R® are each independently a hydrogen atom or a Tower alkyl
group; and two of R*, RS and R® may be taken together to form a -~(CH,) ; -~
group wherein n is 1 or 23 -

- & stereoisomer thereof or a pharmacologically acceptable salt ‘thereof.
2. The compound according to Claim 1 wherein R'y; RZ and R* are each a
hydrogen atom; a stereocisomer thereof or a pharmacologically'acceptab]e salt
thereof.
3. The compound according to Claim 1 or 2 wherein R“; R¥ and R® are each
independently a hydrogen atom or a lower alkyl group; a stereoisomer thereof or
a pharmacologically acceptable salt thereof.
4. The compound according to Claim 3 wﬁerein a lower alkyl group is a methyl
group; a stereoisomer thereof or a pharmaco]ogicaiiy acceptable salt thereof.
5. The compound according:to Claim 3 wherein R', RS and R* are each a
hydrogen atom; a stereoisomer thereof or a pharmacologically acceptable salt
thereof.
6. - The compound according td Claim 3 wherein R* is a methyl group and R® and

Re are each a hydrogen atom; a stereoisomer thereof or a pharmacologically

acceptable salt thereof.



wherein R err], New u ndRH%H~%e4h&<a
def ivwed above, and f i“\“{ﬂ“ mmmli IESI s, | THIS BRERTIHES BEEN
for preparing the conmpoun

phar macol ogi cal |y acceptabl e salt thereof, ~Tomprisrhg—the
reacting a conpound represented by the géneral formula (V)

[err]

of GFaiim T, a steremﬂgbmiﬂt here

wherein X is a hal ogen atom with a pyrfolidine

derivative iepre?ﬁ@tcgr%owp LREEAER! cfa3hM R £ WMdrein two of R*TRS and R* are

taken together to form a ~(CH,) , - group wherein n is 1 or 2; a stereoisomer
thereof or a pharmacologically acceptable salt thereof.

8. ‘The compound according to Claim 7 wherein R4 and R are taken together to
fofm a —(CH,) , - group wherein n is 1 or 2; a stereoisomer thereof or a
pharmacoliogically acceptable salt thereof.

g, The compound according to Claim 8 wherein n is 2; a stereoisomer thereof
or a pharmacologicaily acceptéb]e salt thereof. .

10. S—Amino—7—(3—amino-1—pyrr01idiny])—1-cyc10pr0py1—67f1u;;o—1,4—dihydro—8—
methyl-4-oxoquinoline-3-carboxylic acid, a stereoisomer thereof or a
pﬁarmacologically acceptable salt thereof.

11. 5-Amino-7-(3-amino—4-methyl-1-pyrrolidiny1)~1-cyclopropyl-6-fluoro-1,4-
dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid; a stereoisomer thereof or a
pharmacologically acceptable salt thereof.

12. 5—Amino—?-(7-amino—5—aiaspiro[2;4]hept—5—y1)-1—cyc1opropyl—6—f1uoro—l,4—

pharmacologically acceptable salt thereof.
13. A pharmaceutical composition for the treatment of infectious diseases,
comprising an ‘effective amount of one or more compounds of Claims 1 to 12, a

stereoisomer thereof or a pharmacolog1cal]y acceptable sa]t thereof, together

with a pharmaceutically acceptable additive.

14, A process for preparing the compound of Claim 1, a stereoisomer thgreof,

or a pharmacologically acceptable salt thereof,

comprising the steps of reacting a 7-halogenated quinoline—3—caroboxylic acid

derivative represented by the general formula (III):

e Tl

. (1m)
X N

“A

wherein X is a halogen atom and R' is the same as that defined above,

_.63_

~ dihydro-8-methyl-4-oxoquinoline-3~carboxylic acid, a stereoisomer thereof or a

laced




[err]

meu1me err], NH}] LRCEMENTSHEETHe
sane as those defined above, ﬂﬂ m t, y dechel ati ecessary.

16. A process for preparings Claim1l vvhe el_rﬁ Y 1836 s
-hydr ogen 1 tom a
stereoi sonmer thereof, or a pharnacologgqally acceptable salt t-hereof-

conprising the steps of hydrolyzing a conpound of Caim1l wher

a | ower

with a pyrrolidine derivative represented by the general formula (IV):
H4
RSt |
'RQ\:7__/NH V)
RZ—N
I

wherein Rz, R?, R*, RS and Ré¢ are the same as those defined above,

and followed by hydrolysis, if necessary. _

15, A process for preparing the'compound of Claim 1, a stereo%somer thereof,
or a pharmacologically acceptable sait thereof,

comprising the steps of reacting a compound represented by the general formula

(V)

F\ /F
8
N
NH, O ©
Fu -
ﬂ 0 (V)
X N

wherein X is a halogen atom,

with a pyrrolidine derivative represented by the general formula (IV)

H4

RS —

RE L/NH (1v)
Rz.__? .

R3

'wherein Rz, R, R*, R® and R® are the same as those defined above,
and followed by dechelating, if necessary.

16. A process for preparing the compound of Claim 1 wherein R? is a hydrogen



al kanoyl group or a hol ogenat ed’mw'm'm roup, Ok—the—steps or-
treating a  conpound of Caim1l Hﬂr ﬂs a reS|GﬁPL9$EM§F
acid ester with an acid. 17, * A 8 nﬂthquU|noI|ne-
derivative represented by the general formula (I1)

[err]

T MAY fodh”

wherein Rierr] is almmraﬁ&lgmmp R err]

S anitro gro

[N

or an amno group; X is a halogen atom Use of ja“eompound or

'COI’TpOSIt on ac Ordl

f n thie
manuf acture df 5rer?ég‘?q"85rrt€ﬁ{0él‘¥fgp°ert geDtha %ﬁfa]giy %%?‘g@g?%tﬁ?t dhereabes.

comprising the steps of hydrolyzing a compound of Claim 1 wherein R? is a lower
alkanoyl group or a hologenated lower alkanoyl group, or the éteps of treating a

compound of Claim 1 wherein R2? is a residue of carboxylic acid ester with an

acid.
17. A 8-methylquinoline-3-carboxylic acid derivative represented by the
general formula (II) R® ©
F COOR”
I

fok

wherein R' is a lower AIky1 group; R® is a nitrb group or an amino group; X is a

halogen atom.

18, Use of a compound or composition according to any one of claims 1 to 13

and 17 in the manufacture qf a medicament for the treatment.of infectious

diseases.
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S5—-Amino-8-methyl-7-pyrrolidinylquinoline-3-carboxylic acid derivative

Abstract

A S—amino—B—methylf7-pyrrofidinquuinoline-3—carboxy]ic acid derivative

represented by the geﬁeral formula:

) NH, O
R ¢ COOR!
5 |
R " 00
/3 N
b |
RZ—un -
L

wherein R' is a hydrogen atom or a lower alkyl group; R? is a hydrogen atom, a
Tower alkyl group, a lower alkanoyl group, a halogenated lower alkanoyl group
or a residue of carboxylic acid ester; R* is a hydrogen atom or a lower alkyl
group; R* , RS or R¢ are each independently a hydrogen atom or a lower alkyl
group; or two of R*, RS and R¥ may be taken together to form a —-(CH,) , - grodp
wherein n is 1 or 2, | _
a stereoi;omer théreof, or a pharméco]ogical]y acceptable salt thereof, the
process for preparing these compounds, a pharmaceutical composition COmprising
an effective amount of these compounds and methods for the treatment of
infectious diseases through the administration to patients of an effective
amount of these compounds, and intermediates of these compéunds are disclosed.

These compounds are effective as antibacterial agents.
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wherein X is the same as defined above and Y is a halogen atom. G ¢¢zo (ﬁ:?_‘-

- 13 -

Step 1) 3-Methyl-2,4,5~-trihalogenated benzoic acid (VII) is nitrated to give
compound (VIII), In,thi; present step, nifric'acid, potassium nitrate or
ammonium nitrate, etc., may be used as a nitrating agent; and as solvent
sulfuric acid, acetic acid, acetic anhydride or trifluoroacetic anhydride,
étc., may be used.

S;ep 2) Compound (VIii) is treated with a chlorinating agent such as, thionyl
chloride or oxalyl chloride, etc. in or not in a solvent such as, chloroform,
methylene chloride or 1,24aich]oroethane, etc. in the presence or absence of
N, N-dimethyl formamide to give acid ch1oride'(IX). |

Step’3) The compound (IX) and a diethyl ethoxymagnesiummalonate which is
separately prepared with ethanol, diethyl malonate and magnesium are condensed
in a solvent such as, benzene or toluene, etc. and accordingly give compound
X).

Step 4) The compound (X) is hydrolyzed and decarboxylated by heating with water
in the présence of an acid such as;, hydroch]orié acid, sulfuric acid or p-
toluenesulfonic acid, e;g. andiaccordingly gives compound (XI).

Step 5) The compound (XI) is reacted with ethyl orthoformate in the presence or
absence of Lewis acid such as zinc chloride, etc., in acetic anhydride and
accordingly gives compound (XII).

Step 6) The compound (XII) is reacted with cyclopropylamine in a solvent to
give compound (XIII). In this present step, any suitable inert solvent
inpluuing alcohols such as, methanol or ethanol, etc.; halogenated hydrocarbons
such as, chloroform or 1,2-dichloroethane, etc.; aromatic hydrocarbons such as,
benzene or toluene,wetq, p% aprotic polar solvents such as, acetonitrile or
'{fN N—d1methylformam1de, etc may be used.

Step 7) The compound (XIII) is cyclized with a base in solvent in the presence
or absence of a catalyst and accordingly gives compound (XIV(II)). In this

present step, potassium carbonate, sodium hydride or potassium tert-butoxide,
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- Reference compound £ : 5-amino-7-((S)-3-aﬁino—l—pyrrolidinyl)-l—cyclopropyl—ﬁ—
fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
(Novel compound)

xReference compound F 557—((5)—3—amino-l-pyrrolidinyl)—1—cyclopropy1-6—fluoro—
1, 4-dihydro-8-methyl-4-oxoquinoline-3-carboxylic acid
(Novel compound)

- Reference compound G : 5-amino-l-cyclopropyl-6-fluoro-1,4~dihydro~4-oxo-7-
piperazinylquinoline-3-carboxylic acid (Known compound,
Japanese unexamined patent publication No. 28157/1990)

. Reference compound H l-cyclopropyl-ﬁ—fluoro—i,4-dihydro-&—methyl—d—oxo—?—

B piperazinquuinoline—3—carboxylic acid hydrochloride

(Known compound, Japanese unexamined patent publication
No. 215572/1987) _

- Reference compound I : 5-amino-l-cyclopropyl-~6-fluoro-1,4-dihydro~8-methyl-4—
oxo—?—piperazinquuinoline-3-carboxy]fc acid
hydrochloride (Known compound; Japanese unexamined

patent publication No. 215572/1987)

1) 5-Amidation (5-H = 5-NH,)

Table 1 shows the following:

ObServing the relative activities of reference compounds A and B ((-) = +)
)s Dand E ((~) = (3+)) would lead to the assumption that the introduction of

an amino group into the 5-position of the quinolone nucleus should increase

chromosomal aberrational activity. _ i

Therefore, it was expected that the compounds (Examples 10 and 12) of the
present invention considered to be S5-amidated analogs of the reference
compouﬁds C and f would exhibit more potent activity than the reference

compounds C and F with high chromnsomal aberration activity, respectively.

o
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y P* and R* are
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7. The compound according to Claim 1 or 2 wherein two of R*
taken together to form a ~(CH,) , ~ group wherein n is 1 or 2; a stereoisomer
thereof or a pharmacologically acceptable salt thereof.

8. The compound acéqrding to Claim 7 wherein R* end R® are taken together to
form a ~(CH,;) , - group wherein n is 1 or 2; a stereoisomer thereof or a
pharmacologically acceptable salt thereof. .

9. The compound according to Claim 8 wherein n—Is 2; a stereoisomer.thereof

or a pharmacologically acceptable salt thereof.

10. 5~-Amino—7~(3-amino-1-pyrrol idiny1)-1-cyclopropyl-6-fluoro-1, 4-dihydro-8-

methyl—ddoxoquinoline—3—careoxyli€ acid, a stereoisomer thereof or.a
_pharmacologica]l&Iacceptab]e salt thereof. _

11, 5—Amino-?—(3—amino—4—methy1-1—pyrrolidinyl)—1—cyc1opropyI—G—quoro¥1,4—
dihydro—B-methyl—4-oxoquin01ine—3—carboxy1ic acid, a stereoisomer thereof or a
pharmacologically acceptable salt thereof.

12. 5—-Amino~7-(7~amino-5-azaspiro[2. 4]hept-5-y1)-1-cyclopropyl-6-Fluoro-1, 4-
dihydro—e;methyI—A—oxoquinoline—3—cafboxy1ic acid, a stereoisomer thereof or a
pharmacologically acceptable salt thereof.

13. A pharmaceutical eomposition for the treatment of infectious diseases,
comprising an effective amount of one or more compounds of Claims 1 to 12, a
stereoiSomer thereef or a pharmacologically acceptabie salt thereof, together
with a pharmaceutically acceptable additive.

14, A process for preparing the compound of Claim 1, a stereoisomer thereof,
or a pharmacologically acceptable salt thereof,

comprising the steps of reacting a 7-halogenated quinoline-3-caroboxylic acid
derlvatlve represented by the ggperal fbrmula (III)

,, % )

gﬁ PR NH;o
F cooahi!
- 7 am
X N

RO

vherein 7 i+, a halogen atom and R' i the same a5 that defined atnve,




