1 SPECI FI CATI ON FLUOROALKYLPYRROLI DI NE DERI VATI VE
TECHNI CAL FI ELD [0001] This invention relates to a
fluoroal kyl pyrrolidine derivative which exhibits
excel l ent anti bacterial activity for Grampositive
and Gram negative bacteria, and a drug containing the
sane as an effective conponent. BACKGROUND ART [0002]
Si nce di scovery of norfloxacin, quinolone synthetic
anti bacterial drugs h&pEdIFgCATdNdi derably i nproved in
respect of antibacterial activity and
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synthetic antibacterial drugs have increasingly come to be
observed in clinical fields. For example, bacteria which
are resistant to drugs other than quinolone synthetic
antibacterial drugs and have low sensitivity to quinolone
synthetic antibacterial drugs are on the increase, as can
be seen in the case of Gram positive bacteria, such as
Gram positive coccus like Staphylococcus aureus (MRSA) and
pneumococcus (PRSP) insensitive to P-lactam antibiotics
and enterococcus (VRE) insensitive to aminoglycoside
antibacterial drugs.

Accordingly, there is strong demand for a drug much
more effective against Gram-positive coccus, especially
from the clinical standpoint.

There is also demand for development of quinolone
synthetic antibacterial drugs with improved safety, since
using such drug in combination with nonsteroidal anti-
inflammatory drugs (NSAIDs) is known to induce side
effects such as convulsion, central action (mild central
neuropathy such as shakiness, headache, and insomnia, as



phototoxicity (photosensitivity), hepatotoxicity,
cardiotoxicity (abnormality observed by abnornal
el ectrocardi ogram whi ch may i nduce fatal arrhythm a),
and abnormal bl ood gl ucose 2evel (See Non-patent
Docunents 1 and 2). [0003] In the neanwhile, the
structure of the substituent at position 7 of the
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as drugs for humans and animals. Hence, a drug designed
to have an improved selective toxicity is in great need.

Accordingly, there has been growing demand for
development of a compound having both strong antibacterial
activity and high selective toxicity, from the clinical
standpoint.

[0004]
Patent Document 1 and Non-patent Document 5 disclose

a quinolone carboxylic acid derivative (A) having a cis-3-
amino-4- (fluorine substituted methyl)pyrrolidine-1-y1
group as a substituent at position 7. (Please note that
the definitions of the substituents for the formula (A)
are taken from Patent Document 1, and a symbol which
happens to be the same as the one used in the present



i nvention may designate a substituent different from
the one defined in the present invention.)
[0005][F.1] 0 X COORM F NN (A R2 R3B R NH[0006]
The substituent at position 8 of the quinol one

skel eton (corresponding to group R2) is limted to a
hal ogenonet hoxy group and an al koxy group, and there
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substituted methyl)pyrrolidine-1-yl group and the
substituent at position 8 is an alkyl group or a halogen-
substituted alkyl group.

[0007]

Non-patent Document 6 discloses a quinolone
carboxylic acid derivative wherein the substituent at
position 7 is a cis-3-amino-4- (fluorine substituted
methyl)pyrrolidine-1-yl group, and exemplary compounds
disclosed therein include 8-methoxy guinolone derivative
(B) having cis-3-amino-4-trifluoromethylpyrrolidine-1-y1l
group as 1its substituent.
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[0009]

However, in the compound described in Non-patent
Document 6, the substituent at position 8 of the guinolone
skeleton is limited to methoxy group, and there is no
particular indication of the quinolone carboxylic acid
derivative wherein the substituent at position 7 of the



qui nol one skeleton is a cis-3-amno-4-(fluorine
substituted nethyl)pyrrolidine-I-yl group and the
substituent at position 8 is an alkyl group or a
hal ogen- substituted al kyl gfoup. [0010] Non-patent
Docunent 7 discl oses a qui nolone carboxylic acid
derivative wherein the substituent at position 7 is a
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[0012]

However, in the compound described in Non-patent
Document 7, the quinolone skeleton is limited to 2-
pyridone derivative (9-methyl-4H-4-oxoquinolizine-3-
carboxylic acid derivative), which is different in
chemical structure from the 1,4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylic acid derivative within the scope
of the present invention.

[Patent Document 1] W098/58923

[Non-patent Document 1] Hiroyuki Kobayashi Ed.,
“Clinical Applications of New-quinolone Agents”, Iyaku-
Journal-Sha (2001)

[Non-patent Document 2] Drugs, Vol. 62, No. 1, page
13 (2002)

[Non-patent Document 3] International Journal of
Antimicrobial Agents, Vol. 16, page 5 (2000)

[Non-patent Document 4] Journal of Antimicrobial
Chemotherapy, Vol. 33, page 685 (1994)

[Non-patent Document 5] Journal Pharmaceutical
Bulletin, Vol. 48 (No. 11), page 1667 (2000)



5 [ Non-patent Docunent 6] Bi oorgani c Medicina

Chem stry Letters, Vol. 8, page 2833 (1998)

[ Non- pat ent Docunent 7] Bi oorgani c Medi ci nal

Chem stry Letters, Vol. 8, page 1953 (1998)
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THE I NVENTION [0013] In view of the situation as
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[0014]
MEANS FOR SOLVING THE PROBLEMS

The present inventors found that the compound
represented by the following formula (1) has broad and
strong antibacterial activity to both Gram positive and
Gram negative bacteria, and that such compound is also
highly safe in use for an antibacterial drug or a
prophylactic and/or therapeutic drug for an infection.
The present invention has been completed on the basis of
such findings.
[0015]

Accordingly, this invention provides a compound

represented by the following formula (1):
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or its salt, or a hydrate thereof, wherein
R' represents hydrogen atom, an alkyl group
containing 1 to 6 carbon atoms, a cycloalkyl group



containing 3 to 6 carbon atons, or a substituted
carbonyl group derived froman amno acid, a

di peptide, or a tripeptide, wherein the aIkyI group
is optionally substituted wth a group sel ected from
the group consisting of hydroxy group, am no group,
hal ogen atom al kylthio group containing 1 to 6
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alkoxymethyl group containing 2 to 7 carbon atoms, or a
phenylalkyl group comprising an alkylene group containing
1 to 6 carbon atoms and phenyl group;

X' and X* independently represent hydrogen atom or a
halogen atom; and

X represents hydrogen atom or a halogen atom.

[0018]

This invention also provides 7-[(3S,4S8)-3-amino-4-
fluoromethylpyrrolidine-1-yl]-6-fluoro-1-{(2S,1R) -2~
fluorocyclopropyl] -1,4-dihydro-8-methyl-4-oxoquinoline-3-
carboxylic acid, or its salt or a hydrate thereof; and 7-
[(3S,4S) -3-fluoromethyl-4-methylaminopyrrolidine-1-y1]-6-
fluoro-1-[(2S,1R) -2-fluorocyclopropyl] -1,4-dihydro-8-



7 et hyl - 4-oxoqui nol i ne-3-carboxylic acid, its salt,
or a hydrate thereof. This invention also provides a
drug containing the conpound represented by the
formula (1), its salt or a Hydrate thereof as an
effective conmponent. This invention also provides a
phar maceutical conposition containing the conpound
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The fluoroalkylpyrrolidine derivative of the present
invention has excellent antibacterial activity for both
Gram positive and Gram negative bacteria as well high
safety with weak acute toxicity. Accordingly, the
fluorocalkylpyrrolidine derivative of the present invention
is useful as an antibacterial drug or as a prophylactic
and/or therapeutic drug for an infection.

BEST MODES FOR CARRYING OUT THE INVENTION
[0020]

Next, the substituents of the compound of the
present invention represented by the formula (1) are
described.

[0021]

Substituent R' represents hydrogen atom, an alkyl
group containing 1 to 6 carbon atoms, a cycloalkyl group
containing 3 to 6 carbon atoms, or a substituted carbonyl



8 group derived froman am no acid, a dipeptide, or a
tripeptide. Substituent R2 may be hydrogen atom an

al kyl group containing 1 to 6 carbon atons, or a

cyci oal kyl group containing®3 to 6 carbon atons. Wen
Rl or RZis an alkyl group, it may have a substituent
sel ected fromthe group consisting of hydroxy group,
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group containing up to 3 carbon atoms, and preferable
exemplary alkyl groups having the hydroxy group include
hydroxymethyl group, 2-hydroxyethyl group, 2-hydroxypropyl
group, and 3-hydroxypropyl group. The alkyl group in the
alkyl group having the amino group is preferably an alkyl
group containing up to 3 carbon atoms, and preferable
exemplary alkyl groups having the amino group include
aminomethyl group, 2-aminoethyl group, 2-aminopropyl group,
and 3-aminopropyl group.

[0023]

When such alkyl group has a halogen atom as its
substituent, the alkyl group may be a straight chain or a
branched alkyl group containing 1 to 6 carbon atoms.
Exemplary halogen atoms include fluorine atom, chlorine
atom, and iodine atom, and the preferred is fluorine atom.
The alkyl group may be mono-, di-, or trisubstituted by
fluorine atoms, and the examples include monofluoromethyl



The al kyl group may be nono-, di-, or trisubstituted
by fluorine atons, and the exanples include
nonof | uoromet hyl 9 group, difluoronethyl group,
trifluoronethyl group, and %,Z,Z-trifluoroethyl
group. [0024] Wen such al kyl group has an al kylthio
group or an al koxy group as its substituent, the
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gr ?EFS case, the alkyl group is preferably methyl group
[0825&t hyl group, and nost preferably, nethyl group.
The whyehort kyt Rfrdepa cycloalkyl group, it is preferably

cyclopropyl group or cyclobutyl group, and more preferably
cyclopropyl group.
[0026]

Preferable combinations of R' and R? include
combinations of R' which is hydrogen atom, an alkyl group,
a cycloalkyl group, or a substituted carbonyl group
derived from an amino acid, a dipeptide, or a tripeptide
with R® which is hydrogen atom. Among these, the preferred
are those wherein R' is hydrogen atom, an alkyl group, or
a cycloalkyl group and R® is hydrogen atom. In this case,
the alkyl group is preferably methyl group or ethyl group,
and most preferably, methyl group. The cycloalkyl group
is preferably cyclopropyl group or cyclobutyl group, and
most preferably, cyclopropyl group. More preferable
combinations are the combination wherein both R and R? are



is preferably cycl opropyl group or cycl obutyl group,
and nost preferably, cycl opropyl group. Mre
preferable conbinations are the conbinati on wherein
both R and R2 are 10 hydrdden, and the conbi nation
wherein R is nethyl group and R2 is hydrogen atom
[0027] A quinol one derivative wherein the substituent
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[obgg]preferably 1to 3. [0030] Substituent R4

[oPLESBILS BBC ORI BLOUD (20N ALY 918 aining
1 to 6 carbon atoms or a halogen-substituted alkyl group
containing 1 to 6 carbon atoms.

Exemplary an alkyl groups containing 1 to 6 carbon
atoms include those mentioned above. Among these, the
preferred is an alkyl group containing 1 to 3 carbon atoms,
and the most preferred is methyl group. Exemplary halogen
groups contained in the halogen-substituted alkyl group
containing 1 to 6 carbon atoms include fluorine atom and
chlorine atom, and the number of the halogen atom is
preferably 1 to 3.

[0030]

Substituent R* represents a cycloalkyl group
containing 3 to 6 carbon atoms or a halogen-substituted
cycloalkyl group containing 3 to 6 carbon atoms.

Exemplary cycloalkyl groups containing 3 to 6 carbon
atoms include those as mentioned above. Among these, the
preferred is cyclopropyl group. Exemplary halogen-
substituted cycloalkyl groups containing 3 to 6 carbon



cycl oal kyl group containing 3 to 6 carbon atons.
Exenpl ary cycl oal kyl groups containing 3 to 6 carbon
atons include those as nentioned above. Anobng these,
the preferred is cyclopropyll group. Exenplary
hal ogen- substituted cycl oal kyl groups containing 3 to
6 carbon 11 atons i ncl ude cycl oal kyl groups as

tuted with 1 or,2 n atom
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[Oggaﬁhetlc internedi ate or a prodrug. The esters which

aré'useful as a synthetic internediate include alkyl
est eMBenpghgy coapoaing of kdey airependstigyagntion (1) is
usphetfiplabkybnesterserdad phemysesstelss.coliigasd ers

prefbeinIdl 8 Hé%%%&xﬁca Rrodilignelaids Lhose wpi ch are

easi § livin y to pro ee
SUpsFpb ?PFC ac?ﬁ h¥dERIGR atePoxymet hyl ester,
[OpB9al oyl oxynet hyl ester, ethoxycarbonyl ester,

Cho'@ﬂetﬁétéﬁheQiHﬁhﬁY'%ﬁHﬂ%@bﬁélcarboxylic acid
derivatives produced by esterifying a carboxylic acid are
useful as a synthetic intermediate or a prodrug. The
esters which are useful as a synthetic intermediate
include alkyl esters, benzyl esters, alkoxyalkyl esters,
phenylalkyl esters, and phenyl esters. The esters which
are useful as a prodrug include those which are easily
cleaved in a living body to produce a free carboxylic acid
such as acetoxymethyl ester, pivaloyloxymethyl ester,
ethoxycarbonyl ester, choline ester, dimethylaminoethyl
ester, 5-indanyl ester, phthalidyl ester, 5-alkyl-2-oxo-
1,3-dioxol-4-ylmethyl ester, and 3-acetoxy-2-oxobutyl
ester.

[0034]

Substituents X' and X* represent independently
hydrogen atom or a halogen atom. Particularly preferable
halogen atom is fluorine atom.



ester, 5-indanyl ester, phthalidyl ester,

5-al kyl - 2- oxo- 1, 3-di oxol -4-yl net hyl ester, and

3- acet oxy- 2- oxobutyl ester. [0034] Substituents X1
and X2 represent independentidy hydrogen atomor a

hal ogen atom Particularly preferable halogen atomis
fluorine aton1 12 Preferabl e conmbinations of X1 and
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[0037] [F.5]

[0038]

which is the substituent at position 7 has asymmetric
carbon atoms at position 3 and position 4. Among such
isomers, the preferred are 3,4-cis form, the more
preferred are those having (3S,4S) or (3S,4R)
configuration, and the most preferred is the one having
(35,48) configuration (formula (3-1)):

[603¢2] [F.6]

[0040]

In formula (3) and formula (3-1), RY, R?, X! and Xx?
are as defined above.
[0041]

When R* is a halogen-substituted cycloalkyl group in
the compound of the present invention (1), a preferable
stereochemical environment is such that the halogen atom
and the guinolone carboxylic acid skeleton are in 1,2-cis
configuration in relation to the cycloalkane ring. The



In formula (3) and formula (3-1), R1, R2, X1 and X2

are as defined above. [0041] Wen R4 is a
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onf ratjon in relatio

ca oo § e F T St e s nEhet < PhenPrAvan ahem and
thféamllmh@m hea Hedagehc at ohd aplde Lehengaraolioneis
craff haxyd t Lordcigl SkEd©eton @éethél @yélog@néhguwﬁgon &f the

con%?%ﬁ?%tﬁf’a”o?ﬁiyﬂz%aﬁ 8 M9 My hofhp cpBpranrg ie
(1R R YS)Cuwnt g ¢ Bt don. [0042] When the compound of the
[qréeexlent invention represented by the forrmula (1) is

the Qﬁ?erhac‘ﬂé‘%onﬂr!&lﬁ{oﬁr MBS, p AL £ ey Gompopnd of the

resent ventl IS adm ni st'ered to an ani

TSHE STt e Ebrholhd 12dhihi SRerkyvieg
dimﬁéfeeﬁacbtiqzra,heame:hmrmmmm o8 tige epretast ef woart ion

1sTréQim1§ﬁw&i OLQ'IWHI{ %lr{hgna@l Sirﬁ‘cgi@dlx%fr ?lzﬁnr]ﬁflﬁo'@ﬁe hcompound

ad ere 1s :% %I”HS% fdee le
dra er eoier’® Bthe S8 the Korpsund Baht &t 17 ngy £ Hied
dl@tSﬁ@rrecW@stt er &bger CP@P@H@deﬂlOﬁmrJ@G{ngafaf e t he
diphytsireaimeaonsiraitudess acdtl Wiy die agsthpdond Mhesn £hém the

ote;l%qpm%t%fdr P re%bee% 0&@0&9@ L5t red.  the.

npaoyn m ni st'ere
gltegr IR RTEAMSF 5%@1@ cediﬁﬁﬂ}hdlo Thet %?ﬁd’&lm@‘e
ph@falmlaﬂsm:glsstaﬂtemhemtaaﬁﬂwg Agl edddnpaumndwhienc ltiaes

coﬁ@bun@n'o)f the ¢eupeumd ﬁfﬁ;&fﬂl%rmsorﬁafnﬂ{@s@@ﬁé&al { e
ut e conpound cont ai ni ng

active %ubst ance e\;s B;ED
ce l%) Rer S8t Aty aé)trl & &ubst a0 She extent not
stgirrechieng cefdy ﬁhylgl@alcmrm}t ofhact Femppunden
compkh@ahgiSQ%&E&C@E&lC@W&¥H§1n§Wﬁ3dﬁMﬁUﬂﬂHﬁ(ﬁnéjﬁﬁes not

onE e%ﬁ@tco %%ﬂ do%o% opdmgﬁ 5% .ﬁﬂﬂ?@éfﬁ?‘%?%ive

A i e A
optonéildgur acicane antstheckaltogemec yoltealtk ylotgradifedRing the
ph¥Bi 681 E&nkRabkRo2Sh¢QRKIGURAIHOLiQ043]i somers are
present. The compound of the present invention (1) is
most preferably the one having the substituent of position
7 wherein the position 3 and the position 4 are in (3S,489)
configuration, and the halogenocycloalkyl group R* which
is in (1R,28) configuration.

[0043]

The compound of the present invention (1) may be
used as a free substance, but also as an acid addition
salt or a salt of the carboxyl group. Exemplary acid
addition salts include salts of an inorganic acid such as
hydrochloride salt, sulfate salt, nitrate salt,
hydrobromate salt, hydroiodate salt, and phosphate salt;
sulfonate salts such as methanesulfonate salt,
benzenesulfonate salt, and p-toluenesulfonate salt; and
salts of an organic salt such as salts of a carboxylic
acid such as acetate salt, citrate salt, maleate salt,



The conpound of the present invention (1) may be used
as a free substance, but also as an acid addition
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difluoromethylpyrrolidine-1-yl]-6-fluoro-1-[(1R,28)-2-
fluorocyclopropyl] -8-methyl-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid, its salt or a hydrate thereof (Compound
No. 6).

Among these, the most preferred are 7-[(35,48)-3-
amino-4-fluoromethyl-1l-pyrrolidinyl]-6-fluoro-1-[(28,1R) -
2-fluorocyclopropyl] -1,4-dihydro-8-methyl-4-oxoquinoline-
3-carboxylic acid, or a salt or a hydrate thereof
(Compound No. 3); and 7-[(3S,4S)-3-fluoromethyl-4-
methylaminopyrrolidine-1-yl]-6-fluoro-1-[(2S,1R)-2-
fluorocyclopropyl] -1,4-dihydro-8-methyl-4-oxoquinoline-3-
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-3- carboxylic acid, its salt or a hydrate thereof
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OSItfng reactlng the foll ow ng
dilat e conpound (for rrul a (A) wth an adequate
1s_tartlng conpound. [0046][F.7] F NH X2 (A) R'--N
47] The asymmetry at position 3 and position
of\ this i M)ernedi ate conmpound is as descri bed
boye. Therefore, the conpound used in the reaction
I's pxeferably the one having (3S,4S) configuration or
(3S,4R) configuration, and in particular, the one
roRavwhng (3S,4S) configuration (fornula (A-1)).
OASLEF lm FH XNH XZ (A1, R'-NH, 6 R1 4[0049]
metry at position 3 and position of this
intermediate compound is as described above. Therefore,
the compound used in the reaction is preferably the one
having (3S,4S) configuration or (3S,4R) configuration, and
in particular, the one having (3S,4S) configuration
(formula (A-1)).

[0048] [F.8]

X1

F H

X i NH
X2 , (A1)

RN H

‘R21
[0049]

In the compound of formula (A) and formula (A-1), X'
and X* are as defined above. On the other hand, R*' and R*
are the substituents as defined above for the R' and R® to
which a protective group for the amino group (nitrogen
atom) has been added. The protective group of the amino
group is not particularly limited as long as protection
and deprotection can be readily accomplished with no
influence on the reactions of the subsequent steps or the
protective group itself does not undergo any reaction.
Such protective group of the amino group may be any
protective commonly used in the art selected from
optionally substituted alkoxycarbonyl groups, optionally
substituted aralkyloxycarbonyl groups, optionally



In the conmpound of formula (A) and fornmula (A-1), X1
and X2 are as defined above. On the other hand, R' and
R21 are the substituents as defined above for the Rl
and R2 to which a protecti Vi group for the am no

group (nitrogen aton) has been added. The protective
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ring may also be produced as a compound wherein the
nitrogen atom (amino group) has been protected by a
protective group. The protective group used in such
compound for the protection of the position 1 may also be
selected from those described above.

As described above, the intermediate compound may
have 3 protective groups of the amino group at most. Such
protective groups may be selected as desired by the
selection criteria commonly known in the art.

[0050]

Exemplary preferable methods for producing the
compound of the present invention represented by the
formula (1) are the methods as described below. Next, the



The nitrogen atom at position 1 of the pyrrolidine
ring may al so be produced as a conpound wherein the
nitrogen atom (am no group) has been protected by a
protective group. The protective group used in such
conpound for the protection of the position 1 may al so
be selected fron1those descri bed above. As described
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Bee-NH (1V) Conmpound No. 3 [0052] The compoun of 't he
present invention can be produced by two nethods,
nanel yF 8ePfwherein 7-

€ F

Compeound No. 3

[0052]

The compound of the present invention can be
produced by two methods, namely, by a method wherein 7-
halogeno-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
derivative is reacted with a pyrrolidine compound for
introducing the pyrrolidine substituent, or a method
wherein the pyrrolidine compound is reacted with a 4-
halogeno benzoic acid derivative and subsequently closing
the gquinoline ring.

The latter method is first described.

[0053]

[Step al Reaction of pyrrolidine compound with a
benzoic acid derivative: Compound (II)

The benzoic acid derivative used in this reaction is
preferably a 4-halogeno benzoic acid derivative, and more



hal ogeno- |, 4- di hydr o- 4- oxoqui nol i ne- 3- car boxylic acid
derivative is reacted wwth a pyrrolidine conpound for
i ntroduci ng the pyrrolidine substituent, or a nethod
wherein the pyrrolidine congdund is reacted with a 4-
hal ogeno benzoic acid derivative and subsequently
closing the quinoline ring. The latter nethod IS
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B %m c acid derivative is preferably conducted in
[0 gg presence of a base, and the base used in this
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thdogspBatoliBhERIiH derivative is preferably conducted in
the presence of a base, and the base used in this reaction
is not particularly limited as long as it does not inhibit
the reaction. Exemplary bases include organic bases such
as trialkylamines (trimethylamine, triethylamine, etc.)
and heterocyclic compounds (4-(dimethylamino)pyridine, N-
methylmorpholine, 1,8-diazabicyclo[5.4.0]-7-undecene (DBU),
etc.); and inorganic salts such as ammonia, ammonia salts,
alkaline metal carbonate salts, alkaline earth metal
carbonate salts (potassium carbonate, sodium carbonate,
etc.), and alkaline metal hydroxides (sodium hydroxide,
potassium hydroxide, etc.). Among these, the preferred
are organic bases such as a tertiary amine, and in
particular triethylamine, and a heterocyclic compound such
as 1,8-diazabicyclo [5.4.0]-7-undecene (DBU).

The base is preferably used at an amount of 1

equivalent or more.



the reaction. Exenplary bases include organic bases
such as trialkylamnes (trinethylam ne,
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An adequate reaction temperature in the range
between freezing point to the boiling point may be
selected. However, the preferable reaction temperature is
in the range of room temperature to the boiling point of
the reaction solution. The reaction time which is the
time from the start to the confirmation of the
disappearance of the starting material is generally in the
range of 1 hour to 100 hours, and preferably 10 hours to
30 hours.

[0059]

[Step b] Reaction of Compound (II) with a half ester
of malonic acid: Compound (III)

Next, the benzoic acid derivative (II) having the
pyrrolidine substituent introduced is converted into
benzoylacetate ester compound (III). In this step, the



[ 0058] An adequate reaction tenperature in the range
bet ween freezing point to the boiling point may be

sel ected. However, the preferable reaction tenperature
is in the range of roomte@derature to the boiling
point of the reaction solution. The reaction tine
which is the time fromthe start to the confirnation
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| 0064 The,D8heCLE1ACHE ARLLYAL! Y M Re SeRa e%dy by
extracting under acrdic con I ons ter renmovin
extracting Under acidic conditions after remov1ng

solvent, and further purified by a chromatographic process,
recrystallization, or the like. However, the product is
usually usable in the subsequent step (the reaction with
the half ester of malonic acid) with no further
purification.

Conversion into benzoyl acetic acid compound by the
reaction with the malonic acid half ester may be carried
out as described below. The malonic acid half ester used
may a commercially available product or the one prepared
from a diester, and preferably, an alkyl ester in view of
the convenience of the preparation. The ester used may be
adequately selected by considering the situation of the
protective groups and the substituents at other sites in
the compound. The malonic acid half ester may be first
reacted with a base for conversion into a salt, and then
mixed with the benzoic acid derivative that had been
obtained to thereby carry out the reaction.

[0062]



solvent, and further purified by a chromatographic
process, recrystallization, or the |ike. However, the
product is wusually usable in the subsequent step (the
reaction with the half estétl of malonic acid) with no
further purification. Conversion into benzoyl acetic
acid conpound by the reaction with the nmalonic acid
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[0064]

The activation of the benzoic acid derivative may
be accomplished by acid chloride method using thionyl
chloride, oxalyl dichloride, phosphorus oxychloride, or
the like; a method using a coupling agent such as N,N’ -
dicyclohexyl carbodiimide (DCC) or 1,1l-carbonyldiimidazole
(CDI); a method using an azide; a method using mixed acid
anhydrides; or a method using an active ester. The method
used may be adequately selected from those mentioned above
depending on the type and the nature of the substituents
and the protective groups in the compound used in the
reaction based on the common knowledge of the art.

[0065]

The reaction with the half ester salt can be
conducted by using a solvent which does not inhibit the
reaction, and exemplary solvents which can be used include
anhydrous aprotic solvents such as aromatic hydrocarbons



acid derivative nmay be conducted by activating the
benzoic acid derivative, and m xing the activated
benzoic acid derivative with the half ester salt.
[0064] The activation of theZenzoic acid derivative
may be acconplished by acid chloride nethod using
thionyl <chloride, oxalyl dichloride, phosphorus
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[ob ]reaction may be carried out at a tenperature in
the'range of ice cold tenperature to 200C, and
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ca a d 2.
npoun "V, € _beén 03_(LI acetate ester conpound (I11)

i s f RSt N, Nedépddviitrrma IR eRydicaldép 1ot rd ienly deompound
usdidaliikybaeétabplagndthe one wherein the alkyl groups are
independently a lower alkyl group containing 1 to 6 carbon
atoms in view of the handling convenience. Exemplary such
compound is N,N-dimethylformaldehyde dimethylacetal. The
reaction between the N,N-dialkylformaldehyde dialkylacetal
compound and the benzoylacetate derivative may be
conducted in an adequate solvent.

[0068]
The solvent which may be used include ethers such as

diethyl ether, dioxane, tetrahydrofuran, monoglyme, and
diglyme; aromatic hydrocarbons such as benzene, toluene,
and xylene; aliphatic hydrocarbons such as n-hexane,
heptane, and cyclohexane; and aprotic polar solvents such
as DMF, DMSO, and HMPA. The solvent used may also be an
anhydrous lower alkane acid such as acetic anhydride.
[0069]



then, with fluorocycl opropylam ne. The ring is then
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The reaction is generally conducted at a temperature of
0°C to 150°C, and more preferably, at room temperature to
100°C. The reaction is typically completed in about 0.5 to
15 hours.

The amine compound may be used at least at equimolar
amount, and preferably at equimolar amount to 2 fold molar
excess of the quinolone compound.

[0072]

If desired, a basic compound may be added to the
reaction system. Exemplary basic compounds which may be
used include inorganic bases such as metal sodium, metal
potassium, metal magnesium, sodium hydride, sodium amide,
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, and sodium hydrogencarbonate; metal
alcoholates such as sodium methylate and sodium ethylate;
and organic bases such as heterocyclic compounds (pyridine,
piperidine, quinoline, N-methyl morpholine, etc.),
trialkylamines (triethylamine, methyl diisopropylamine,



al i phatic hydrocarbons such as n-hexane, heptane,

cycl ohexane, and ligloin; hal ogenated hydrocarbons

such as chloroform nethylene chloride, and carbon

tetrachl oride; and aprotic 2ol ar solvents such as

DMF, DMSO, and HVWPA. The reaction is generally

conducted at a tenperature of O0C to 150C and nore
erature to 0C. The reaction
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[0075]

The reaction is generally conducted at a temperature
of 0°C to 150°C, and more preferably, at room temperature
to 120°C. The reaction is typically completed in about 0.5
to 5 hours.

[0076]

The basic compound is typically used at least at
equimolar amount, and preferably at equimolar amount to 2
fold molar excess of the starting compound.

[0077]

[Step d] Hydrolysis of Compound (IV): Compound No. 3

Hydrolysis of the 1,4-dihydro-4-oxoquinoline-3-
carboxylate ester compound (IV) into the carboxylic acid
compound can be accomplished under the reaction conditions



pol ar solvents such as DMF, DMb0O, and HMPA. [0074]
Exenpl ary basi ¢ conpounds used incl ude inorganic

bases such as netal sodium netal potassium sodium
hydri de, sodium ami de, sodi &h hydroxi de, and potassi um
hydr oxi de; netal al cohol ates such as sodi um net hyl ate
and sodium ethylate; and organi c bases such as 1, 8-

dj icycl o[ 5, 4,.0] undecene-7 benzyl
AT VTR Uy e a5, CAR AT BEPABRL g1 ar¥BRE um
sSHRHriokG el v [ 0078 radet reactavnbe scgeferaky ivohbact ed
prdsendemperativyeic dfoffoting 1506h andssalemphefiesabhy,

t e ; ' . react].o .
TR S R R A S
C&F%‘[Fg)rbaatsq ic TIMoRIrREL 1 3C1Y pFedt | §S usedfarireasidat
hequatl ari ammund, endipreferabl§; abregni apganiamaantl such
ad @t ol L 1l %hl%ﬁﬂﬁf? §ﬁlf£ﬁﬁ§t§5£&pg £o0RoYRL At 5 ¢

Lﬁgp77] [Stggﬂd. hydro]%%és of mpound (1V): Cbﬂgﬁund N
SING OIS 1§ PR RHRPANGE ? hy ¥R 084 03B Rt RSP heSYC
ascadwylcl e &Staro ompoursbiitaganat o & heetanbosythcas
ac&Gicthe ,C EQUAA @ﬁ{ylba{mngl d1$ h@ﬁhé‘ﬁ d?ﬁ?lﬁ h§? L 8864508 or

I . commonly, used in the. ar o] e

et gsr &eygl §/&%br & spleéciafclylc(g’l I?/Jf T HE ALY %lrlleﬁ%?/fbe
[099%ducted in the presence of a basic conpound such as

sodi Mnehyemdide, typdiassivmiytials de; dastommately
roBHIRQAAS o QI PUASY JIE, SABDARILEL, R AUAghal aci d

such .as sul furic acid, "hydrochloric aci rnitric .
SPREPA TG Sy Gk TSR SHich Tl HUGLT cTAg| deaghion is
tyalikpl lyuldoomletad dn ebaut & divdtd 30 subdoni ¢ acid; in
[obhe]presence of water; an al cohol such as nethanol,

et ha Or_, 1. SQpr nol ;. ,a ketone such as acetone,

nethﬁ%kgfh§Pek§$g%%% %ﬁ?ecﬁgﬁj%di %£§}> xane or

et hylFBReM§ityesl 2sadlesice ideiddabsyvean thiba urat g rmesifhod)
whp0678] rThe raaetingn dfy pinealdut iloiceedss adonducted after
1n8PBRAXHABL eloe 09I LRIRRS At Q0 o AN, TRE ©
cogégc gg o% %%e benzoic acid derivative before
introducing the pyrrolidine substituent moiety to thereby
construct the quinolone skeleton and obtain 7-halogeno-
1,4-dihydro-4-oxoquinoline-3-carboxylic acid, and the
pyrrolidine substituent is thereafter introduced in the 7-
halogeno-1,4-dihydro-4-oxogquinoline-3-carboxylic acid.
Alternatively, the benzoic acid derivative may be reacted
with a malonic acid compound, and the resulting
benzoylacetate compound may be reacted with the
pyrrolidine compound.
[0080] ,
[Step e] Introduction of pyrrolidine substituent:
Compound No. 3

In this step, 7-halogeno-1,4-dihydro-4-oxoquinoline-

3-carboxylic acid or a compound (boron chelate compound)
wherein the carboxyl group moiety of the 7-halogenc-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid has been
converted to di-substituted boron oxycarbonyl structure is
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Thpereactied vay ehsa del venmdusitiech in the presence of a
deoxidizer such as an inorganic carbonate salt such as
sodium carbonate, potassium carbonate, sodium
hydrogencarbonate, and potassium hydrogencarbonate; or an
organic base such as pyridine, quinoline, or triethylamine.
An alkaline metal halide such as potassium fluoride may
also be added to the reaction system.

[0082]

This reaction is typically conducted at a pressure
of 1 to 20 atm., and preferably at 1 to 10 atm. and at a
temperature of room temperature to about 250°C, and
preferably at room temperature to 200°C. The reaction is
typically completed in about 0.5 to 30 hours.

[0083]

When the carboxylic acid moiety has a boron-
containing structure, the compound may be treated with an
acidic or basic compound to decompose the chelate and
derive the corresponding carboxylic acid compound. The
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[0086]

This boron chelate moiety should be cleaved at a
certain stage to regenerate the carboxy group, and the
cleavage can be accomplished by hydrolysis under basic or
acidic conditions. This step can be accomplished by any
of the known methods.

[0087]

Since the compound of the present invention (1) has
strong antibacterial activity and high safety with reduced
side effects such as heart toxicity, it can be used as a
drug for human, animals, and fish, or as a preservative of



equi nol ar anmount to 10 fold nolar excess of the
starting conpound. [0084] Exanples of the conpound
(boron chel ate conmpound) having the di-substituted
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and di al kanoyl oxyboron. Preferable exanples of the
di hal ogeno conpound include difluoroboron, and
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pneumococcus, Peptostreptococcus, Neisseria gonorrhoeae,
Escherichia coli, Citrobacter, Shigella, Klebsiella
pneumoniae, Enterobacter, Serratia, Proteus, Pseudomonas
aeruginosa, Haemophilus influenzae, Acinetobacter,
Campylobacter, and Chlamydia trachomatis.

[0089]

The diseases caused by such pathogenic
microorganisms include superficial secondary infections
such as folliculitis, furuncle, carbuncle, erysipelas,
cellulitis, lymphangitis, whitlow, subepidermal abscess,
hidradenitis, acne conglobata, infectious atheroma,
perianal abscess, mastitis, and injury, burn and operative
wounds; secondary infections of laryngopharyngitis, acute
bronchitis, tonsillitis, chromic bronchitig,
bronchiectasis, diffuse panbronchiolitis, and chronic
respiratory diseases; pneumonia, pyelonephritis, cystitis,
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[0091]

The compound of the present invention is also
effective for various microorganisms causing animal
infections such as Escherichia, Salmonella, Pasteurella,
Haemophilus, Bordetella, Staphylococcus, and mycoplasma.
Exemplary diseases include, colibacillosis, pullorum
disease, avian paratyphoid, fowl cholera, infectious
diarrhea, staphylococcosis, mycoplasma infection, and the
like for fowls; colibacillosis., salmonellosis,
pasteurellosis, hemophilosis, atrophic rhinitis, exudative
epidermitis, mycoplasma infection and the like for pigs;
colibacillosis, salmonellosis, hemorrhagic septicemia,



i nfections. [0090] The conpound of the present
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either with a single dose or multiple doses.

In the case of an external preparation, the
preparation may be, for example, a solution, a suspension,
an emulsion, an ointment, a gel, a cream, a lotion, or a
spray.

In the case of a solid preparation, the preparation
may contain a pharmaceutically acceptable carrier with the
compound (1), and exemplary carries include fillers,
expanders, binders, disintegrants, solubilizers, wetting
agents, and lubricants. The liquid preparation may be a
solution, a suspension, an emulsion, or the like which may
contain a suspending agent or emulsifier as an additive.
[0093]

The compound of the present invention (1) may be
administered to animals, for example, by direct oral



infection, and the like for cats. [0092] The drug of
the present invention contains the conpound of the
present invention (1), or a salt or a hydrate thereof
as its effective conponent, 3@nd the non- limting
dosage form may be adequately selected. Exenplary
dosage forns include oral solid and |iquid
re aratlons such as Iablet owder, —granul es
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EXAMPLES
[0097]

Next, the present invention is described in further
detail by referring to Reference Examples and Examples
which by no means limit the scope of the present inventiocon.

[0098]

[Example 1]

-[(38,48) -3-amino-4-fluoromethyl-1-pyrrolidinyl]-1-
cyclopropyl-6-£fluoro-1,4-dihydro-8-methyl-4-oxoquinoline-
3-carboxylic acid (Compound No. 1)

[0099]

[F.10]



adm ni stration, or by injection. [0094] Next,

exenpl ary preparations are described. Preparation 1

(Capsul e) Conmpound of Exanple 1 100.0 ng Corn starch
.0 ng CMC calcium 22.5 n$2 Hydroxynet hyl cel | ul ose

3.0 ng Magnesium stearate 1.5 ng Total 150.0 ng

[ 0095] Preparation 2 (Solution) Conpound of Exanple 1

1to 10 g Acetic acid or sodlun1hydrOX|de 0.5to2¢g

ar aoxybenzoate 0.1 ¢ Purl'led water 88.9 to

F98 TazadprL00. 0 g [ 0C sar&0CGhh 3 (Powder for

fleed) ébnpound of ‘1 1to 10 g Corn
rous silicic acid

5 o 8% 5 0
Yotal 100.0 /QE%ZbP Se[ 0097] Next, the present
ntA\on i s descrlbgqﬁln furthén detail by referring
to Reference Exanpl eszZand Exanples which by no neans
dldﬁﬁ the scope of the present invention. [0098]
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(6% nigr,Car eyl ) Carﬁﬁl@é%‘w%i\l% 4) [0099] [F. 10]
ffﬁ%ré%é%hylé¥¥%olléine dfﬁydrochlorlde (764 mg, 4 mmol)
were dissolved in anhydrous dimethyl sulfoxide (10 ml),
and triethylamine (2.23 ml, 16 mmol) was added to the
solution. The mixture was stirred at 50°C for 24 hours in
nitrogen atmosphere. The solvent was distilled off under
reduced pressure, and 90% ethanol (10 ml) and
triethylamine (0.5 ml) were added to the residue. After
heating under reflux for 3 hours, the solvent was
distilled off under reduced pressure. Concentrated
hydrochloric acid (6 ml) was added in an ice bath, and the
mixture was stirred for 30 minutes, and washed three times
with chloroform. The resulting aqueous layer was adjusted
to pH 12 by adding saturated aqueous sodium hydroxide
solution in an ice bath, and the solution wag stirred for
1 hour. Diluted hydrochloric acid was then added to
adjust the pH to 7.4, and the solution was stirred for 12
hours. The solution was extracted with chloroform, and
dried with anhydrous sodium sulfate. After filtration,
the filtrate was concentrated under reduced pressure, and
the concentrate was purified by recrystallization from a
mixed solvent of diethyl ether and 2-propanol, and drying
at reduced pressure at 50°C for 14 hours to thereby obtain
274 mg (0.72 mmol, 36%) of the title compound as white

crystals.

'H-NMR (400 MHz, DMSO-d6) &: 0.82-0.97 (2H, m), 1.02-1.03
(1H, m), 1.15-1.23 (2H, m), 2.49 (3H, s), 2.59-2.66 (1H,
m), 2.75-2.76 (1H, m), 3.18-3.30 (2H, m), 3.46-3.53 (1H,
m), 3.60-3.66 (2H, m), 3.82-3.85 (1H, m), 4.28-4.32 (1H,
m), 4.52-4.84 (2H, m), 7.69 (1H, 4, J = 13.69 Hz), 8.76
(1H, s).
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| -cycl opropyl -6, 7-di fl uor o- 1, 4- di hydr o- 8- net hyl -

oxoqui nol i ne- 3-carboxylic acid - difluoroboron conpl ex
(654 ng, 2 mmol) and (3S, 4S5)333- anmi no- 4-

fl uoromet hyl pyrrolidine di hydrochloride (764 ng, 4
mol) were dissolved in anhydrous di met hyl sul f oxi de

) nd eth Ian1 2.23 6 mol S
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21 8 coneent#ate ed” by recrystallization
Ffrom m xed solv ﬁfﬂgfj & et her and 2-propano
anMedrying at reduced/pressur t 50C for 14 hours to
thereby obtain 274 M) (0.72 mmol, 361) of the title
[Oggggound as white crystals. 1H NVR (400 MHz, DMSO- d6)
82-0.97 (2H, m, 1.02-1.03 (1H, m, 1.15-1.23
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an@lgf@éEﬁyﬁgﬁggeZQHQQB ml, 16 mmol) was added to the
solution. The mixture was stirred at 50°C for 13 hours in
nitrogen atmosphere. The solvent was distilled off under
reduced pressure, and 90% ethanol (10 ml) and
triethylamine (0.5 ml) were added to the residue. After
heating under reflux for 2.5 hours, the solvent was
distilled off under reduced pressure. Concentrated
hydrochloric acid (6 ml) was added in an ice bath, and the
mixture was stirred for 15 minutes, and washed three times
with chloroform. The resulting aqueous layer was adjusted
to pH 12 by adding saturated aqueous sodium hydroxide
solution in an ice bath, and the solution was stirred for
1 hour. Diluted hydrochloric acid was then added to
adjust the pH to 7.4, and the solution was stirred for 12
hours. The solution was extracted with chloroform, and
dried with anhydrous sodium sulfate. After filtration,
the filtrate was concentrated under reduced pressure, and




Cal cul ated: C, 59.760; H 5.67% N, 11.00% Measured:
C, 59.86% H, 5.63% N, 10.99% [0101] [ Exanple 2]
7-1(3S, 4S) - 3- anmi no-4-fl uoronet hyl -i -pyrrolidinyl]-1-
cycl opropyl -1, 4-di hydr o- 8- netthyl - 4- oxoqui nol i ne- 3-
carboxylic acid (Conpound No. 2) [0102][F.11] OO
COOBFZ COON _ N\ N FM ~F Nb HQN [0103]
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hours. The solution was extracted with chloroform and
[odbked wi th anhydrous sodium sul fate. After filtration,
iltrate was concentrated under reduced pressure,
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fluoro-1-[(28,1R) -2-fluorocyclopropyl]l -1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylic acid (Compound No. 3)
[0105] [F.12]
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[0106]

To a solution of 6,7-difluoro-1-[(2S,1R)-2-
fluorocyclopropyll -1,4-dihydro-8-methyl-4-oxogquinoline-3-
carboxylic acid - difluoroboron complex (2.23 g, 6.46
mmol) in dimethyl sulfoxide (11 ml) were added 3-(8)-
tertiary butoxycarbonylamino-4- (S)-fluoromethylpyrrolidine
(1.67 g, 7.65 mmol) and triethylamine (2.16 ml, 15.5 mmol),
and the mixture was stirred at 35 to 40°C for 7 days. The
reaction solution was concentrated at reduced pressure,
and the concentrate was dissolved in a mixed solution of
ethanol and water (9 : 1) (150 ml). After adding
triethylamine (5 ml), the mixture was heated under reflux



m xed sol vent of diethyl ether and 2-propanol, and
drying at reduced pressure at 70C for 24 hours to
thereby obtain 490 ng (1.35 mMmmol, 67% of the title
conpound as yellow crystal $5 1H NVR (400 MHz,
DMSO-d6) 6: 0.82-0.93 (2H, m, 1.02-1.03 (1H, n)
118122(2H m, 2.49 (3H, s), 2.61-2.66 (1H,
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pale yellow crystals.
TH-NMR (400 MHz, 0.1N-NaOD) 6: 1.19-1.31 (1H, m), 1.56-
1.66 (1H, m), 2.50 (3H, s), 2.75-2.85 (1H, m), 3.17-3.21
(1H, m), 3.41 (1H, t, J = 8.8 Hz), 3.61-3.72 (2H, m),
3.95-4.11 (2H, m), 4.79-4.88 (3H, m), 7.68 (1H, 4, J =
14.2 Hz), 8.46 (1H, s).
IR (ATR)3404, 3336, 3076, 2879, 1707, 1618, 1514, 1468,
1437, 1398, 1363, 1309, 1236cm™*!
Melting point: 214-216°C (decomposition)
Elementary analysis: as Ci9Hy(F3N305°0.25H,0

Calculated: C, 57.07%; H, 5.17%; F, 14.25%; N,
10.51%

Measured: C, 56.92%; H, 5.07%; F, 14.17%; N, 10.41%

[0107]

[Example 4]

-[(358,48) -3-fluoromethyl-4-methylaminopyrrolidine-1-y1] -
6-fluoro-1-[(2S,1R) -2-fluorocyclopropyl] -1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylic acid (Compound No. 4)
[0108] [F.13]



for 4 hours. The reaction m xture was concentr at ed
under reduced pressure, and the concentrate was
di ssolved in ethyl acetate (100 M x 2), and washed
with water (50 mMl x 3) and3$aturated aqueous sol ution
of sodiumchloride (50 m). The organic |ayer was
dried wth anhydrous sodium sulfate, and the sol vent
was digtilled off under reduced opressure. The residue
was di smdédﬁﬁrlconcentrmle- ydr egbori c acid (20

| Pat h, and the eoys sol ution was
th chl osof orm 3 To the aqueous

Fla er added 10 pot{ | jaqueous sol ution of sodium
hy teox g to adjust pH)to 12M ,Z&EE the basic aqueous
sol uti was adj ustneg-Nv th hydrochloric acid to pH

7 4 The sol ution was ‘extracted with chl orof orm (100
2) and a n1xed solutlon of chl orof orm and
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educed “pressure to

flycsesee quth & &HRIGUA 175 FhYT09 - Asoxpal Engbinews -
cacibpstydlis. aH#ANVR (48GQubebo@ohNciades8: (41.5k09dl,. 3B . 3

mmeyﬂ %’d Jch%6ml:!sct§1§:e( Jm}élcs tl%[ég 1:3:}55‘20 %Esfgz
dag’s(al “2?3 h%zFFaﬁflonssQ%ugiglﬂl (Wfﬁj Rfidesd ?91% (32)
SOMPL iPne®f( Bihachol) and WAtZIHZ)S B8.146 (244 s)).

trﬁéfﬁ»@é%ne:% 336m13076.he2 %ﬁ%tﬂ@kaé%té&%déﬂ% flux
236cm 1 Meltin

1
2 %%gzﬁlé%?%%e%ggggé? |on¥%uEFen8ﬁt§P?C§ G§§I Wﬁger
reg¢gRIOPIRSE3 LS. 29—?4230 thep|coplcaregate Y6 o7gsed vl 1imy
ethyl14c2b%reN,(4000m31% Meas wiaetie Cwitth 929% dudoly %
soEutlénlg%3cNtrlg é%%ﬁ [Q%%7LHIEX é%‘qloocﬁl(ﬁ 3) 1 and

S) - uor -4-nme m_nopyrr ne-
sa]: gted aqueous gutlo of sodq){lm chloprylde (100 ml

The- prgensoc| 1pyes, WRE- @xﬁb@owmghﬂamhyﬂgdqs]§GEKHMU&hIféte
and matehybiéeﬁtoqa»snalllsrﬁg1§e@amxxiﬂd%la%éadc@ﬁwggﬂs
Thgbreéldué01g§]£url%hed by short silica gel column
chromatography (chloroform-methanol; 49 : 1 — 9 : 1), and
dissolved in concentrated hydrochloric acid (20 ml) in an
ice bath. The solution was stirred at room temperature
for 30 minutes, and the reaction solution was washed with
chloroform (100 ml x 6). 10 mol/l aqueous solution of
sodium hydroxide was added to the aqueous layer in an ice
bath to adjust the pH to 12.0, and then, hydrochloric acid
was added to adjust the pH to 7.4. The solution was
extracted with chloroform (200 ml x 4). The organic layer
was dried with anhydrous sodium sulfate, and the solvent
wag distilled off under reduced pressure. The residue was
purified by recrystallization from ethanol (using active
carbon), and dried under reduced pressure to produce 1.39
g (26%) of the title compound as pale yellow crystals.
Melting point: 173-175°C.
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[0109] To a solution of
(38,4S)-3-(N-tert-butoxycarbonyl -

met hyl ) ami no- 4-f 1 uoromet hyl gyrrolidine (8.62 g, 37.1
mol ) in sulfolane (45 m) were added triethylam ne
(2.22 M, 17.4 mol) and 7d|fluorol-[(1R28) 2-
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roomte erature for 30 mnutes, and the reaction
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[0112]

To a solution of (3S,4S8)-3-(N-tert-butoxycarbonyl-N-
methyl)amino-4-fluoromethylpyrrolidine (651 mg, 2.80 mmol)
in sulfolane (3.5 ml) were added triethylamine (293 ul,
2.10 mmol) and l-cyclopropyl-6,7-difluoro-8-methyl-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid - difluoroboron
complex (458 mg, 1.40 mmol), and the mixture was stirred
at 31 to 35°C for 6 days. Cold water (200 ml) was added to
the reaction solution, and the precipitated solid was
collected by filtration, and washed with water. To this
solid was added a mixed solution of ethancl and water
(10 : 1) (165 ml) and triethylamine (3 ml), and the
mixture was heated under reflux for 2 hours. The reaction
mixture was concentrated under reduced pressure, and the
concentrate was dissolved in ethyl acetate (400 ml), and



37 1H NMR (400 MHz, 0.1N-NaOD) 6: 1.26-1.38 (IH, m,
1.58- 1.69 (1H, m), 2.36 (3H s), 2.54 (3H s),

2.82-2.93 (1H m, 3.41 (1H_4q, J = 5.0 Hz), 3.49
(1H g, J = 5.8 Hz), 3.58 CPH, d, J = 6.9 Hz), 3.79
(1H, ddd, J = 9.6, 6.1, 1.5 Hz), 4.12 (1H, dt, J=
8.6, 5.4 Hz), 4.72-4.80 (2H, m), 5.00 (1H, d, J =

, 1 4
tk@é qulhlfgl evryr%?sn Vélalr_é'ilha a‘f}%/%lsffog A_@ ﬂ%%ﬁ%ﬁ% BHZQF—IZO
CJC%TJ&JlaaCtléﬂd (180 5181>o:4,war$els fBo0 ml 133 77, apdisatyrated
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r axmaw@hyaaaimaﬂ rign 1G<§A11C}er8:1rm’¢¢r§llhyc;1ﬂ@cﬂnhqulo deid (5
m10X Aguiamoliidee 13rtaar by it asd i { LM s NOr+rdd at room
tekﬂ%%é’%ﬁh': 1%%]?2]3% n{lanusto St g‘%l%gfgf%g%t-iolx\lw. \solﬂut\ ioen E/val\ée
waEs Y g)lt@._ Rt B obdarboriy 2N 10 mol/1 aqueous
soﬁmtthyoh) afi rodduhl tgraretind may elddidiecd 65de BGUEe 89
14l n 'a?l ﬁlél f%la% t(o’-)’éﬁij'ﬂs)t VB{£ gﬁ-gdaeéj 1518t hylgm ne

29
ey b Gp e, Mo TR GHSR R IAT U the DH to 7.4.
Thei wpdius-Lonovweguiendlriame<3dt cartioyxgdlicratimn - (200 ml x 4) .
Thel Ur'g‘@h@boﬂ%}'ercm| &% 1A & i a]nkfﬂim )so@ﬂﬂnté"@lfate

anfl E5 Bob3ear) Wt Saaed el S Pl i b e e

Thﬁnaeﬁﬁéusr FeiSpPiatidd esbl wReryeotl betadiey from ethanol,
antii Brrd atli andeanded@sked pdds i@l &lo pkoduts 160Ing wass)
ofa@ﬁ@dtéltweem?ehﬂh' R of &l g%ﬁaq)ovﬁ@a)@@c:]elr (1020
Me tlng p01nt 15|eth¥3Ia ne
T H-NMR (400 MHz, 0.1N-NaOD) o6: 0.75-0.88 (2H, m), 1.11-
1.22 (2H, m), 2.37 (3H, s), 2.55 (3H, s), 2.79-2.91 (1H,
m), 3.47 (3H, dg, J = 21.4, 5.1 Hz), 3.61-3.67 (1H, m),
3.73 (1H, t, J = 8.5 Hz), 4.09-4.15 (1H, m), 4.59-4.77 (2H,
m), 7.66 (1H, d, J = 14.0 Hz), 8.57 (1H, s).
Elementary analysis: as CyoHy3 FyN;30,
Calculated: C, 61.37; H, 5.92; F, 9.71; N, 10.74.
Measured: C, 61.18; H, 6.06; F, 9.85; N, 10.68.
IR (ATR): 2889, 1720, 1614, 1545, 1504, 1452, 1429, 1360,

1313, 1259, 1227 cm ‘.

[0113]

[Example 6]

-[(35,48) -3-amino-4-difluoromethylpyrrolidine-1-y1l]-6-
fluoro-1-[(1R,2S)-2-fluorocyclopropyl] -8-methyl-1,4-
dihydro-4-oxoquinoline-3-carboxylic acid (Compound No. 6)
[0114] [F.15]



m xture was heated under reflux for 2 hours. The
reaction mxture was concentrated under reduced
pressure, and the concentrate was di ssolved in ethyl
acetate (400 nl), and 38 thRe solution was washed with
10% aqueous solution of citric acid (100 m), water
(100 mM x 2), and saturated aqueous sol ution of

sodi um chl oride (100 m) . The organlc | ayer was

dried @ th anhydrous sodi um sul hte, and the solvent
i -§@QHe: The residue

N1 on was stirred at

N = Y
enperature p 0 Jm ny ! ghe reaction
ti/opFwas  washed wi't h chlor rm (100 m x 3). 10

nmol /| aqueous sol ut ! of sodi um hydr oxi de was added

[dﬂig:he aqueous layer in an ice bath to adjust the pH
fz 0, an ydrochlorlc cid was then added to
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2 Wizt hnnhy drous: 1sediane sy fsatnel v@éﬁ%ti‘:ﬁié@lﬁfﬁﬁétﬂ\@ﬁamlne
(1%I8tl||§d ff under reduced.. essure The resi due was

r e 533?5161 i%at lfur‘?ﬁﬁ et it 2Shndr dri ed
@FYﬂé@@é@@y&r eSses 1o T dehsbidyidio Ty a0l indlihe-3 -
catrbblgrldenpedrd asdpal aoyebbewnceygibalkesk (4MEl thig)g 1.18

mmBQ_}nt anqisﬁ 135%9 tja'?'eNM%s( is%glz‘g\éé%_laoc ]1% @%@ at re for

255 (S‘Hd )t 35°Gotorol @aus- rﬁoi% Wt ¢ 18F, 1) Livas
adgedqrostheHzpac3i6b- 3G HiH, mnd ﬁhéﬂbﬁédipitaﬂe@ solid
wa8. Eo'ﬂl)&ct@do% £19 tfhHidn aarf]z%iHQ%'s‘he@élvélzd'ﬂl vﬁ@er7 %
ceaRaPghe R o dE e ad L it e i
Wasegz 9F;: 9)7110R, miQ. 7ad tMEsSiRd@mine 6L 18:) H, arBi OBhe
miktu@e8FasNhei@e88undeR AERUx 2839,3 0l MdGhutkld, Thz45,
re&ég1on1ﬁ§§£u}é2%asl%@9cen%§%%edl%%%ef“?@&&ggé'p%éggége,

S RS5r 87 e a0t SaPRNGST de Sy ASSTIT M 1291 TLIs
and Waabed Wifhl RO2SpaReblusosodydliopr oy |di-t8-inetdrydd | (1460
m1§i hydeerd10¥0aMinQl Bne- Ingachexyhice RGihdfrmung N of
soglum[ %}4L£§el§£oo ml) The organic layer was dried
with anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
dissolved in concentrated hydrochloric acid (5 ml) in an
ice bath, and the solution was stirred at room temperature
for 30 minutes, and the reaction solution was washed with
chloroform (50 ml x 3). 10 mol/l aqueous solution of
sodium hydroxide was added to the aqueous layer in an ice
bath to adjust the pH to 12.0, and hydrochloric acid was
then added to adjust the pH to 7.4. The solution was
extracted with chloroform (150 ml x 4). The organic layer
was dried with anhydrous sodium sulfate, and the solvent
was distilled off under reduced pressure. The residue was
purified by preparative silica gel thin layer
chromatography (developed in the lower layer of
chloroform : methanol : water, 7 : 3 : 1), and further
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H2ZN [0115] To a solution of (3S,4S)-3-(tert-

but oxycar bonyl ) am no- 4-di f | uoronet hyl pyrrolidine (501
mg, 2.12 mmol) in sulfolané¢® 2.5 M) were added
triethylamne (197 I, 1.41 mol) and
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[Rl‘%g%reﬁlateyh% g u\sﬁ the pHto 12.0, and hydrochloric
EtJyild 4wdd 35t H&% éd@@dttl@ra’d AoV POl am 410 The
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11ate and the solvent was distilled off under
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g ﬁparatléye silica gel th ayer chromat ography
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[0118]

To a solution of ethyl 2,4,5-trifluoro-3-methyl
benzoate (1.12 g, 5.14 mmol) in dimethyl sulfoxide (5 ml)
were added 3-(8)-tertiary butoxycarbonylamino-4-(S) -
fluoromethylpyrrolidine (0.751 g, 3.44 mmol) and 1,8-
diazabicyclo[5.4.0]-7-undecene (0.695 ml, 5.14 mmol), and
the mixture was stirred at 60 to 65°C for 20 hours. The
solution was allowed to cool to room temperature, and the
reaction mixture was dissolved in ethyl acetate (50 ml x
2), and the solution was washed with 10% agqueous solution
of citric acid (50 ml), water (50 ml x 2), and saturated
agueous solution of sodium chloride (50 ml). The organic
layer was dried with anhydrous sodium sulfate, and the



chloroform: nethanol : water, 7 : 3 : 1), and further
40 purified by recrystallization from ethanol -di et hyl
ether, and dried under reduced pressure to produce 85
my (17% of the title conpddnd was produced as pale
yellow crystals. Melting point: 214-216C. "H NVR (400
MHz, O IN-NaOD) 6: 1.28 (1H, d, = 27.3 Hz),
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m)Qutdaropcar.Benylianm no-4-7.44 (1H, dd, J = 12.7, 6.8 Hz).
fIuoronethyl-l-pyrrolidinyI]-2,5-difIuoro-3-nethy|benz
oat? [0117][F.16] HF / COOEt Boc-NF NF NF M H
N [0118] To a solution of ethyl
[Ref4rence fFixaomd-<3-27et hyl  benzoate (1.12 g, 5.14 mmol)

Ethy1diamaty, ﬁﬁﬂ{fﬁﬁék%ﬂéi r?ﬁt f?g§§:zflno 4 -
u
flﬁpﬁgﬁg%e tly p&ﬁﬁfo y géF 7) and 1, 8-

meghy 2 RBNEPYIHeCR tAE - 7- undecene (O 695 m, 5.14 mml),

[oand] [Fhe7m xture was stirred at 60 to 65C for 20
hours. The solution was allowed toncool to room

o, CAPdt the reactipon mxtire di ssol ved

cetate (50 M x 2); Yt he” SOl Uti on was

A0% aqueous solutiq of citric acid (50

(50 M x 2), d YaturatEd aqueous

Bogg&utlon of sodi um chlfri 50Md ) . The organic
H Boc*”
[0121]

To a solution of ethyl 4-[(3S,4S)-3-tertiary
butoxycarbonylamino-4-fluoromethyl-1-pyrrolidinyl]-2,5-
difluoro-3-methylbenzoate (720 mg, 1.73 mmol) in ethanol
(10 ml) was added 3 mol/l aqgueous solution of potassium
hydroxide (2.31 ml), and the mixture was stirred at room
temperature for 1 hour. To the reaction solution were
added 10% aqueous solution of citric acid (10 ml) and
water (10 ml) to adjust the pH to 2 to 3, and ethanol was
concentrated under reduced pressure. The solution was
extracted with chloroform (30 x 2 ml), and dried with
anhydrous sodium sulfate. After filtration, the filtrate
was concentrated under reduced pressure to produce 4-
[(35,48) -3-tertiary butoxycarbonylamino-4-fluoromethyl-1-
pyrrolidinyl] -2,5-difluoro-3-methyl benzoic acid (718 mg,
1.73 mmol) as a yellow oily product.



| ayer was dried with anhydrous sodium sulfate, and the
41 solvent was distilled off under reduced pressure.
The residue was subjected to silica gel columm
chromat ography, and fromt#e el uate of n-hexane and
ethyl acetate (3 : 1) was obtained 725 ng (510) of
the title conpound as colorless oin crystals. 1H NWR
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&4 A AL mﬁﬁ diﬁeﬁtﬁ'rﬂﬂl’\lerd Py riot e ydobusan
(10 mhlf)l ueam} 3-, metdapihenzoatiel f /2z0s B3&3 maPl 2. 26 mmol)
wal DaRely 1(1'11%11 e sz%t?pde%h% mytbg%qlv{%%usst%QJfgd A Afoom
[ 2.31. m

dr_ox m xt ure

i um
tEE“PeFra%alr&t o hPéW&erMet SHIE RETEU M e added
dropadtsicon solluttiion wer ¢ headuharheldi%na recou o § ohatdenhpt

maGbhbite aeedat-te é&'s) td%‘%%rll‘@cﬁ radch erﬂr# atrg'é%@d'?]%éé rt he
anol__was
teQ?ahgdgogggéguﬁg m@ﬁe SMIﬁllce Qﬁl % §Qﬁtr1

COPRILEL&PEr ME( Bbex dzomsea@diddrulé@wtthe %?ﬂh&/@r@ll,lswas
aldodednysubiiatey Abt ek stinld raidnorendia-dtddd atend waise

s0§08¢ent cqatsegt%%a $89UGRd HRESSUN 8ot PHREOIUGR don

OBt 58P Bof RGPS RBLASPRUdASMELHy AR 10% aqueous

solution of citric acid (10 ml) in an ice bath to acidify
the reaction solution (to pH 2 to 3), and the solution was
stirred at room temperature for 1 hour. The organic layer
was collected and washed with saturated aqueous solution

of sodium bicarbonate (10 ml) and saturated aqueous
solution of sodium chloride (10 ml) in this order, and
dried with anhydrous sodium sulfate. After the filtration,
the filtrate was concentrated under reduced pressure, and
subjected to silica gel column chromatography to produce
334 mg (42%) of the title compound as pale orange oily
product from the eluate of n-hexane and ethyl acetate (1
1).

"H-NMR (400 MHz, CDCl,) &: 1.25-1.35 (3H, m), 1.46 (9H, s),
2.22-2.22 (3H, m), 2.74-2.87 (1H, m), 3.82-3.12 (4H, m),
3.93 (2H, 4, J = 3.9 Hz), 4.19-4.29 (2H, m), 4.76-4.48 (3H,
m), 4.91 (1H, s), 5.84 (1/3H, s), 7.46 (1H, g, J = 6.7 Hz),
12.67 (1/3H, )

[0122]
[Reference Example 3]



pyrrolidinyl]-2,5-difluoro-3-nmethyl benzoic acid (718
mg, 1.73 mmol) as a yellow oily product. 42

Monoet hyl mal onate (459 ngy, 3.48 nmol) was di ssol ved
i n anhydrous tetrahydrofuraf¥5 nl), and magnesi um

et hoxide (370 ng, 3.23 nmol) was added in an ice bath.
The m xture was stirred at roomtenperature for 2

d
Et”ﬁfer Lk ot S8S 18 Y " PAGRELT DN Gar T  of
Y1ﬁﬂtﬁ¥ﬁ¥911¢kﬁyl]ﬂﬁfiggomg)lg{ﬁégtlgyyz_
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aile]s yl-1-pyrrolidinyl]-2,5-difluoro-3-nethyl benz
C{#c agﬁ; (718 ng, 1.73 mml) was dissolved in

[Ye3 ey dr®f uran (10 m), and 1, 1-carbonyl dii i dazol e
(365 ng, 2.2%9 mmol) was added in an ice bath. The
m Xt uUFe wasS 8tirc@pEtat room tenperature f oot hours,
and to t'hi¢gl mxture was added dro §e @ solution of
[ m salt of mgnoet hy F prepared as

t he > v €
#ﬁﬁéggﬁbeqﬂabove in anhydr% te ra d;i;uran (5 m)

in An ice bath. After the etic fhe dropw se
Bogdffi ti on, the sol ution ma@oc | owed gradually to

resune roomtenperature, and the solution was stirred

(084116 hours. To this reaction solution was added
t ol uand ( @BO4E|}3amért&anymhﬂnﬁkycaﬁhﬂﬂym1aﬁlﬂaxqic

fl@%&%m@%@y@lh bR, 30 11 ﬂ¥¥r1 é%d&%otfagg ﬁ@ﬂzoyl

t1on H 2 to ution firre
acggaﬁgoﬁ19% rafur §9f héHFibﬁﬁ% et ?ﬁ%ﬁml@%
dimerhydecetadd WadlRéd mii,t 1 .St umatled vmmaiusssmlmd o
bekesedi 'émmlll Gaghenate @i&thide %@E satiuraled agienysyy

f i um_chl ori de in this order,_a
heggkﬂé % ann qd%%&% ?%m%ﬂne %ﬂ%; gﬁqeﬁrﬁqﬂg of Q&c
The; F?P&Fﬂ@ﬁ, SOtlHélfDm egt @ ey eshice madt.ed@nshder
coneducedtpdesadee, raddcesubjrecietd asidiergel qoleum

re &0 PRRLOYELARRY, wlgagwa%c@%%g qT)ve%f %ﬂ ]IJér?e (10

R R S B s P e SRS
satbCe8) (B8R, 252521 £380¢8HycijoprobyAenidle, ()70, mg, 1.09
mm@1 £2- 2r22 o SHkurd ,wa?s 7§t?_—r§¥d(éj€| -hsc 3.8 3c3§'-1?et(14y"!1am1ne

0n1§% ﬁlgs (gg mm%%% %a@l g?ébfgfopglgf @fgéHSQﬁfr%n%ﬁ
Th %1ppaatlgn sgiqtp@y Wag2SEIIEEL3AL pom temperature for
1 hour, and water (150 ml) and ethyl acetate (20 x 2 ml)
were added to the solution. The solution was washed with
saturated aqueous solution of sodium chloride (15 ml), and
dried with anhydrous sodium sulfate. After filtration,
the filtrate was concentrated under reduced pressure to
dryness. The yellow oily product was dissolved in
dimethylformamide (5 ml), and potassium carbonate (202 mg,
1.46 mmol) was added in an ice bath, and the solution was
stirred at room temperature for 4 days. To the reaction
solution was added 10% aqueous solution of citric acid (20
ml) in an ice bath, and the precipitated crystals were
collected by filtration. The crystals were washed with an
excess amount of purified water, and the resulting crude
crystals were subjected to silica gel column




[0122] [Reference Exanple 3] 43 Ethyl
7-1(3S,4S)-3-tertiary butoxycarbonyl am no- 4-

fluoronet hyl -1-pyrrolidinyl]-6-fluoro-1-[(2S, 1R)-2-

fl uorocycl opropyl ] -1, 4-di hydr4o- 8- net hyl - 4- oxoqui nol i ne
-3- carboxylate [01231[F. 18] 0 0O F COOEt F COCEt \ F
M FYMI F Boc-H Boc-HLV [0124]
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Stl r|ng7 The reaction solution was stirred at room
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[0127]

To a solution of 7-[(3S,48)-3-tertiary
butoxycarbonylamino-4-fluoromethyl-1-pyrrolidinyl] -6-
fluoro-1-[(2S,1R) -2-fluorocyclopropyl] -1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylic acid in ethanol (3 ml)
was added 1 mol/l agueous solution of sodium hydroxide
(1.06 ml), and the mixture was stirred at room temperature
for 5 hours. To this reaction solution were added 10%
aqueous solution of citric acid (15 ml) and water (10 ml)
to adjust the pH to 2 to 3, and the precipitated solid was
collected by filtration and washed with water (10 ml).

The residue was dissolved in concentrated hydrochloric
acid (5 ml) in an ice bath, and the aqueous solution was
washed with chloroform (50 ml x 2). 10 mol/l aqueous
solution of sodium hydroxide (6 ml) was added to the
aqueous layer to adjust the pH to 12.0, and hydrochloric
acid was added to this basic aqueous solution to adjust
the pH to 7.4. The solution was then extracted with



collected by filtration. The crystals were washed wth
an excess anount of purified water, and the resulting
crude crystals were subjected to silica gel colum 44
chromat ography to obtain 27%%g (736) of the title
conmpound as pal e yell ow powder fromthe eluate of a

m xed solution of chl oroformand nethanol (95 : 5).

c %ﬁf@f&&%opl&@tq;ﬁéx§§) ﬁ% %9 xé? gk?gkpf fh%ﬁrggorm
amets})am% 55,05 [uED ) % ha rah qeHnig  Layér was
1380 -8 192 rydigys éo@ﬂUﬁZ&hlﬂatd —aﬂdlthE)solvent was
df%éghf%éﬂ%ﬁﬁiﬁn£gr 4‘&@%e%é§? 'Tﬁ%-%%é? Jﬁé
pLgtjls‘ég'Le(cfiPy drechS}éstza JI_Ea}tlcEIe)]_%]S(Tm Ts@}aﬁﬁpgl7?l and
Ara-q 3B14D) ﬁﬁduned)pké$$umenﬁmrg¢@du@grl©®|Mgny&ﬁsﬁ of
tHd uaro-d -ddmds>ukR) -2 (4 A}@r% Ppytdrd, 41@&4‘%%&

d%ggq%%f§€$XOQ#%$olnge carbox I|c qﬁ%gﬁféﬁﬁﬁ 8 5. 3.

Me ~F F Y Me Boc-N H2N [0127] To a sol ution of
[0228(13S, 4S) - 3-tertiary L g -6
4-fl uoronet hyl -1-pyrrolidiny -
%%ﬁﬁﬁ%?l- Q% fl uoracycl opropyl ]-1, 4-di hydr o- 8-
(i - SO OGRS ok T LSt TP Fo FRRBPRB-11-
merph)y 1) was nadded 1hiamin/d t lagueouso Isisl ité on of sodi um
[ohydnoxi de] (1.06 m), and the m xture was stirred at
roon1tenperature for 5 hours To this reaction
&EONUt' per e added 1096€hque us solution of citric

acl 5 mM) and wa %% N0 to adjust the pHto 2
to nd the—precipitat SO|Id was col |l ected by

filtmati on and washed w water (10 m ). The residue

was @i ssol ved in concentr ted hydrochloric acid (5

m) in an ice bath, and the aqueous sol uti on was
[0Ohashed with chloroform (50 m x 2). 10 nol/l aqueous

sol uthog gglﬁe%ﬂﬂbm%@m@@ -6 @e)nz‘%%;%daerqac;rg/]t he; _
ggeggﬁp gEb%%y %%i%o qefq oromé%hylpyrrolldlne (17.2
g, 48 mmol in N,N-dimethylformamide (170 ml) was added
sodium hydride (55%, for comparing with the 4.21 g, 96.4
mmol) , and the mixture was stirred at 0°C for 10 minutes.
After stirring, methyl iodide (3.30 ml, 53.0 mmol) was
added to the solution at the same temperature, and the
mixture was stirred for 30 minutes. A saturated aqueous
solution of ammonium chloride (500 ml) was added to the
reaction solution, and the solution was extracted with
ethyl acetate (500 ml x 2), and washed with water (100 ml
X 2) and saturated agueous solution of sodium chloride
(100 ml). The organic layer was dried with anhydrous
sodium sulfate, and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography (n-hexane-ethyl acetate; 4 : 1 —
2 : 1) to obtain 17.4 g (98%) of the title compound as a
colorless syrup.
"H-NMR (400 MHz, CDClsy) O: 1.46 (9H, 4, J = 1.7 Hz), 2.78-
2.80 (4H, m), 3.36-3.44 (1H, m), 3.60-3.79 (3H, m), 4.30-



acid was added to this basic aqueous solution to
adjust the pHto 7.4. The solution was then extracted
with 45 chloroform (100 mM x 3) and a m xed sol ution
of chloroform and methanol 4% : 1) (100 M x 4). The
organic layer was dried with anhydrous sodi um

sul fate, and the solvent was distilled off under

redu jesspr The residue S ifjed_ b
4'r5§:lgr 5 aﬁ‘llil 'za |5g8n %Jr}g‘mfsSo%rop %I%%Lb 2 2%d¥18r| Bgs)
> Undet - T diided f@res%u%@‘?@%ré@%cén)loo my (4896) of
the title conpound as pale yellow crystals. The 'H NWR
(pllasth of this conpound was consistent with Conpound No.
]_10128] Ref erence Exanpl e 5]
Refsr)ee 5 Hdycar bonyl ) - 3- (N-t ert - but oxycar bony!
( 3gy4 SrethylN-are rio-blf d-tor eyl pyfmeat il remino-4 -
f][LMe[tE}yz_@ HPogMde - /fF Boc-NF N Z Z [0130]
[O'E[%a |on of (35, 48)-1-(benzyl oxycarbonyl) - 3-
St but xycar bonyl ) am no- 4-f | uor onet hyl pyrrolidine
(17M2 g, 48.2 mmol) II’]I\M;N—dI met hyl f or mam de (170 m)

Boaad, adged  sodi um thcr-LW% for conmparing with the

96.4 mol), an e mxture was stirred at 0C

fbr m nutes. After stirrxing, nmethyl iodide (3.30
m, .O mol ) was addedMto the solution at the sane
terrp ature, and the mxHure was stirred for 30

Ayt es. A saturat ed aqueous solution of amoni um
chI or 0 added . to t reaction sol ution,
and tlﬁg §%§ 3 glrt? é’i%yrcé‘abé)d‘lyvﬁtﬁ QAT et at e
butsgycairbeny)l - Nam@t\lvafs'lh@dlmq—m Vidtverr QI Py 3 @) 1 dhige
(1satugat ed .8queeus &@suﬁl@%dlfve@qldl@tqﬁrﬂﬂ d@sodmﬂ , and

1om allya? r%%%%n &1 e‘%'qa‘@ drouse, g,
P&ate %\éh gasl erl;/t S r} qtof

1. éﬂd@? Wﬁédéé@édpr e@@@r‘@leFHéer @§Ed§*él%é§dpéﬁil fiogg Byr 2
hosrki ¢a pghrogehusn relmomat dafjtaphyetoviheyanreethyblyst by

flﬁgﬁégﬁgn 4by Yashidg w%kht%ﬂﬁgﬁgﬂj 1%H%£¥ﬁf¥%@téﬁw§§e

ou as_a rless s
concen raggg ger reduced pressufé to produce 9.50 g

(96%) of the crude title compound as colorless syrup.

1 H-NMR (400 MHz, CDCls;) &: 1.47 (9H, s), 2.54-2.68 (1H, m),
2.85 (3H, s), 2.97 (1H, dd, J = 11.3, 7.1 Hz), 3.07 (1H,
dd, J = 11.5, 5.6 Hz), 3.16-3.23 (2H, m), 4.36 (1H, ddd, J
= 47.6, 9.3, 6.4 Hz), 4.48 (1H, ddd, J = 46.8, 9.1, 5.1
Hz), 4.41-4.48 (1H, m).

[0134]
[Test Example 1]

The compounds of the present invention were
evaluated for their antibacterial activity according to
the standard method defined by Japanese Society of
Chemotherapy, and the results are shown in MIC (ug/ml) in
Tables 1 and 2, below. MIC value is also shown for
levofloxacin (LVFX), ciprofloxacin (CPFX), and Comparative
Compound (compound of Example 1 in the Patent Document 1)
for comparison with the MIC value of the compound of the

present invention.



1H NWMR (400 MHz, CDC13) 6: 1.46 (9H, d, J = 1.7 Hz),
2.78- 2.80 (4H, m, 3.36-3.44 (1H, m, 3.60-3.79 (3H,
m, 4.30 46 4.51 (1H, m, 4.58 (1H, d, J = 46.6 Hz),
4.79 (1H, brs), 5.11-5.20 #2H, n), 7.26-7.38 (SH, m.
[0131] [Reference Exanple 6] (38,45) -3-
(N-tert-butoxycarbonyl - N-net hyl ) am no- 4-

l_uar yl pyrrolidine [0132][F.21] M Me Boc-NfF
IRV [0133]

(3S, 4S) - 1- (bépzyl oxycar bonyl )-3-(N-tert-
but ox¥ QoiHhy| ) am no- 4-
Fquoro { pyfrolidine (15.7 g, 42.8 mmol) was
ethanol (300 m), and 10% pal |l adi um

di s €
canbonm catglyst (M water content, 50.9% 1.60 g) was
\;;§;Z? Th%ﬁﬁ2§$dﬁe was stirred at 40C for 2 hours in
Hdrogen stream After renoving the catal yst by

filtration (by washing with ethanol), the filtrate was
CO@Q@E@%PW&%égm%ﬁﬁngreduced pressure to produce 9.50 g
[00869%) of the crude title compound as col orl ess syrup.

1H- NiyRe( %@ughﬂé, r@@@lh;i) tﬁat%-ﬂq%H(c%gl\ o?)ndsz-loif’lé@les%)lresent
- M), .. S . J = 11, 1.
niilei by pabplprbienfhnd] s dllly B st Gdniviey
fop) pokhzgrerHnegadive aadyfram eopiteive acteris (1H,
inddddidhg=t&6. &es9stank. badtderid.cphdd (EH kidwn
syh@k3¢lic Llgsbi1Bxambhe igagzlé%i%qh@plgmis i(?{) gaﬂ:et Elaes t
thlgvggtlog wer e _ev%lu ted for their antibacteria

&t FOPt ORBEBRAPnG Tt 61t Ré SSERTddry STty Tdefs idd- ;e
anjapanéseisgdchetyvoty Chendiher mositdnvg thee tregsid tsucr eas
stspayiotBcMiS GarBlLY I(MRSEALLES brRtthctoREIOW.PRMLS |
[0Y§5 e is also shown for [|evofloxacin (LVFX)

ci profl oxacin (CPFX), and Conparative Conpound
Ta?%%n%ound of Exanple 1 in the Patent Docunent 1)

Compound No. 1 LCompound No. 2Compound No. 3 Compound No. 4

E. coli, NIHJ =0.003 =0.003 0.006 =0.003
S. flexneri, 2A 5503 =0.003 0.006 =0.003 0.006
Pr.  wvulgaris, 08601 =0.003 0.006 =0.003 0.006
Pr.  mirabilis, 1FO-3849 0.012 0.05 0.006 0.025
Ser. marcescens, 10100 0.025 0.05 0.025 0.05
Ps. aeruginosa, 32104 0.05 0.1 0.05 0.1
Ps. aeruginosa, 32121 0.025 0.025 0.025 0.05
S. maltophilia, 1ID-1275 0.1 0.2 0.1 0.1
S. aureus, 209P 0.012 0.025 0.006 0.012
S. epidermidis, 56500 0.025 0.1 0.025 0.05
Str. pyogenes, G—36 0.1 0.2 0.05 0.1
Str. faecalis, ATCC-19433 0.05 0.2 0.1 0.1

S. aureus, 870307 0.2 0.78 0.39 0.39
S. pneumoniae, J24 0.025 0.1 0.025 0.05

MIC values (u g/ml)



for conmparison with the M C val ue of the conpound of
the present invention. 47 [0135][F.22] 0 F COOH F
IN\ N HOWwF 2z N Conparative Conpound [0136] The
results reveal that the confgdunds of the present
i nvention have broader and stronger antibacteri al
activity for both G amnegative and G am positive
[ eria including the resistant bacteria conpared to
no synt heti c qui nol one anti bacterials, and in
T3 iZul ar, that the conpounds of the present
i nvention have strong antibacterial activity for, & am
parative
positive bacterlcgmpgy‘glﬂ,o%s St aphy| ocvoccus aur eus compound

NRSA anad--pneuno E“':'

ECopgiouttdNo. 1 Corréﬁm’a No.=00@onp i@ No. <@0Q§onpé@rﬁ>a3
SNoflexderi, E2AIPF , NI EX.008. OO§@0Q§303 00.@66 : @.0003 S.0.006
Pkl exigefsi , 0B 5503 p.06d. 003 0®0O06 O.MO3 O. 09a003Pr . 0.012
Pv.ulngabilis, 1FeB66% : 00083 0. 00®19. 003 dhs006 iz 0.025
@i 1 ahideicens, | '?630684805) 012 Q.85 0.0GH 0. 025 gpSer . 005

Pgara%g&ggégs@%ggoo g 2025 0. Q% 0.025 {3, 05 R

aer ugi nosa 50.1 05 0. glno
0 m]aq1t oph| I %gé‘ @%275

Ps2 2 %04 25 0. J58°
?E?p@'ao ﬁDdQ 0% ur eusooﬁogP 0.©%F

So o12s. Q09Rpi der ni PR 5650919, 025 1 o @25 o 053012
SSt ¢ridepyidiger?6200 G- 3609. 1 0. 2.085 05 0.0139 Str .0.2f aecal 4.85,
SATGEodd483 3NS5 0.210.1 0. 005S. aurtsads, 87G807 0.®i
SO. 7RBedi3IADCBA948. 0.pneunonicae, J24 or8025 @78 0. 02K
sO. DM Gruslzues (pogd M) o2 >6.25 >6.25 0.2
S. pneumoniae, J24 0.05 0.05 0.78 0.1 0.025

MIC values (U g/ml)

S. aureus, 870307: levofloxacin-resistant methicillin-resistant Staphylococcus aureus
S. pneumoniae, J24: penicillin resistant pneumococcus (moderate resistance)

[0139]
[Test Example 2]

The compounds of the present invention were
evaluated for their toxicity in a single dose toxicity
test by administering the compounds to 6 week o0ld male
Slc:ddY mice. The compound was diluted with 0.1 mol/1
NaOH/physiological saline, and filtered through Millex GS
filter (0.22 um) for sterilization. The compound was
administered at a rate of 10 ml/kg and 0.2 ml/min in a
single dose by intravenous injection. The results are
shown in Table 3. The compound of Example 1 in the Patent
Document 1 was used for the Comparative Compound as in the
case of Test Example 1.

[0140]

The results indicate that the compounds of the
present invention exhibit weaker acute toxicity compared
to the Comparative Compound.

[0141]
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[0138] Table 2 Conparative
Conmpound No. 6 LVFX CPFX Conmpound E
<0.003 :0.003 0.012 50.003 50.003 s
5503 X0. 003 X0.003 0.025 0.0G5 0.006 Pr.

08601 0.006 0.006 0.012 XO0.003 0.012 Pr.
| FO-3849 0.025 0.012 0.05 0.012 0.025 Ser.

qgfce cens,

nosa,

pr lﬁ

32104 0.2 0.2

10100 0.05 0.05 0.1 0.025 0.05

0.2 0.05 0.2 Ps

coli,

fl exneri,

vul gari s,
mrabilis,

Compound No. 5

NI HJ
2A

Ps.

aeruglnosc

mal t ophi | i

R B Oy

N R

S. Comparative

D. 2 Sompound

aubess,

eicgergn di

209Pufib8t208. 882240

s, n6580TO:D O.

Rubbdr0 dFldeal
D25m@ 39 T+410. 0

Number of dead
Stfice/Total

Ol

Pyagrnes,

G 36 0.g/. 05 U.

8 1. 56pP51 ST

O=1-A\-O-A\—

ATGGL9%43

$ U. 1

on 0. 78 0.

P

7801 1f2 aur eu

87030
2/I f\ f\l_ é\/g\l—

03902

0.78 0.1 0.025

870307:

6 25>6-25 02

M C val ues

S.

. prreunorac,

(/1 g/m)

pneunoni ae, J24:

\JL‘+
S. aureus,
| evof | oxaci n-resi stant nmethicillin-resistant
St aphyl ococcus aur eus
resi stant pneunococcus (noderate resistance)

U. U9

penicillin
[0139]

[ Test Exanple 2] The conpounds of the present

i nventi on

single dose toxicity
compounds to 6 week old male

wer e

conmpound was diluted with 0.1 nol /I
and filtered through MII|ex

NaOH physi ol ogi cal saline,
G filter (0.22 m) for st
was

in a

1.
the present
conpar ed

erilization. The

singl e dose by intravenous injection.
results are
1 in the Patent
Conpar ative Conpound as in the

to the Conparative Conpound.

eval uated for their toxicity in a
test by adm nistering the
Sl c: ddY mi ce.

The

conpound

adm nistered at a rate of 10 mi/kg and 0.2 m/mn

The

shown in Table 3. The conpound of Exanple
Docunent 1 was used for the

case of Test Exanple
[0140] The results indicate that the conpounds of

i nvention exhibit weaker acute toxicity




[0141] 49 Table 3 Conmpound No. 3 Conpound No. 4
Conparative Conpound Dose Nunmber of dead Nunber of
dead Nunber of dead (ng/kg) mcel/ Total m ce/ Tot al
m ce/ Total 100 0/5 0/5 1/5 350 0/3 1/2 2/3 50
CLAIM5: 1. A conpound represented by the follow ng
formula (1): [F.1]] 0 X/ COORS F 161 XXN 3 R (~)
CI%I%I R2 or its salt, or a hydrate thereof, wherein
N presents hydrogen atom an al kyl group
containing 1 to 6 carbon atons, a cycl oal kyl group
1 cont A idupGhitd Fosdd HOM: &4 0FP, t 18 BoBUBRLhGUESEmula (1) :
i bonyl group derived froman amno acid, a
di p]epti de, or a tripeptide, wherein the al kyl group
is optionallyp substituted with a group selected from
the grequp Isi s¢hdyep of hydroxy group, am no group,
5 il kyl thio group containing 1 to 6
€ar bag v nd al koxy group containing 1 to 6
X! on Mt ohs; '?'BZ repr esent(@) hydrogen atom an al kyl
Xgr ou corft ai Ri ng 1 to 6 carbon atons, or a cycl oal kyl
@1—6Np containing 3 to 6 carbon atoms, wherein the
al kyR* group is optionally substituted with a group
sel ected fromthe roup consisting of hydroxy group,
OTaritifo Sgridup Otha atgt grierg &yl tiergiwup cont ai ni ng
1 tor6 capbeseatenNBydaBgenakbkoxy @hoWRkEQANtAAING 1 to
cotGaron at %@566 gé%xgbgo‘%{)%sc%?&ss aa[‘ocﬁlé;ﬁ’éaﬂ«!ﬁ‘pgmup

cont ai.ni"n t rbon atons ,
COR&PIGERIs %b% tUtEF LA KA FFoupPT ot el T Hegried ocarbonyl

groapbdrratveds from an amino acid, a dipeptide, or a
tripeptide, wherein the alkyl group is optionally
substituted with a group selected from the group
consisting of hydroxy group, amino group, halogen atom,
alkylthio group containing 1 to 6 carbon atoms, and alkoxy

group containing 1 to 6 carbon atoms;

R® represents hydrogen atom, an alkyl group
containing 1 to 6 carbon atoms, or a cycloalkyl group
containing 3 to 6 carbon atoms, wherein the alkyl group is
optionally substituted with a group selected from the
group consisting of hydroxy group, amino group, halogen
atom, alkylthio group containing 1 to 6 carbon atoms, and
alkoxy group containing 1 to 6 carbon atoms;

R’ represents an alkyl group containing 1 to 6
carbon atoms or a halogen-substituted alkyl group
containing 1 to 6 carbon atoms;

R* represents a cycloalkyl group containing 3 to 6
carbon atoms or a halogen-substituted cycloalkyl group
containing 3 to 6 carbon atoms;

R® represents hydrogen atom, phenyl group,
acetoxymethyl group, pivaloyloxymethyl group,
ethoxycarbonyl group, choline group, dimethylamincethyl
group, 5-indanyl group, phthalidyl group, 5-alkyl-2-oxo-
1,3-dioxol-4-ylmethyl group, 3-acetoxy-2-oxobutyl group,
an alkyl group containing 1 to 6 carbon atoms, an



R4 represents a cycl oal kyl group containing 3 to 6
carbon atons or a hal ogen-substituted cycl oal kyl group
containing 3 to 6 carbon atonms; RS represents hydrogen
atom phenyl group, acetoxyethyl group,

pi val oyl oxynet hyl group, ethoxycarbonyl group,
chol i ne group, dinethylam noethyl group, 5-indanyl

rou ht.hal i dyl grou 5- al - 2- 0X0-
= BB it R S ihd 4 ke e cagthon ebarsy oF 2
PhaTsUR 1 kyaln S epraepl eony admi abkilene 60ranboaontamsing
1 &b ¥l catddax ey | gl eentekhpg 2 to 7 carbon
atomsy ghsay: Phegylal kvl 9L oL coUDEE sLog. a0 Al kylgne,. .
roup containin 0 B Carboh atons and prenyf
hagﬂﬁ%‘, a)?P”bindi%é i ndependently represent hydrogen atom

or aX hapogereratoMydandyet repsesents hybogenaatem or
a hal ogen atom 2. The conpound according to claiml1,
npound

its lt, or a drat e thereof, wherein the co
2oy epri%?@@%n$%ﬂ@¥rﬁ 59 G adhpbuntt hiatd by a0 2
hysinaget thhe reayT e sdrtmedin byhe heorfipdloiM nepfesemt @d P, 2]
frmaCYRS i d o d%ﬂﬁdﬁﬂ& H&&iﬁ@*%sé%&ué%ufékféﬁgesented

rei R2 4, R5, XI, X2, and X are ‘as
by\clzlwé1 |enefg>ﬁa}logﬂ&\?g fg.j]:’mf'}I?Leat'con'pound according to claim1

[Forl2, its salt, a hydrate thereof, wherein X1 and X2
are hydrogen gtom 4. The conpound according to claim

1 or 2X its salt, c?anq‘ﬁg,hydrate thereof, wherein one of
X and™% O atom and the other is hydrogen
atom 5. c& pound according to any one of clains 1

X! 7 Nit§ salNt, or a hydrate thereof, wherein Rl and
e/ hydrogkn at om

wherein R', R?*, R?, R*, R®, X!, X?, and X are as defined

above.

3. The compound according to claim 1 or 2, its salt, a
hydrate thereof, wherein X' and X*® are hydrogen atom.

4. The compound according to claim 1 or 2, its salt, a
hydrate thereof, wherein one of X! and X? is fluorine atom
and the other is hydrogen atom.

5. The compound according to any one of claims 1 to 4,
its salt, or a hydrate thereof, wherein R* and R? are
hydrogen atom.

6. The compound according to any one of claims 1 to 4,
its salt, or a hydrate thereof, wherein one of R! and R? is
hydrogen atom, and the other is methyl group.

7. The compound according to any one of claims 1 to 6,
its salt, or a hydrate thereof, wherein X is fluorine atom.



6. The compound according to any one of clains 1 to 4,
its salt, or a hydrate thereof, wherein one of R and
R2 is hydrogen atom and the other is nethyl group.
7. The conpound according t®@Zany one of clainms 1 to 6,
its salt, or a hydrate thereof, wherein x is fluorine
atom 52 8. The conpound according to any one of

cl ai lto ts_ sa drate ther
8i's hy roé&?@ﬁu¥é a?foﬁéﬁp%oﬂéd%%% ARTor i ﬁbaf%saﬁygo 6
1tghesft claimgdnate Brerees, saheredn ¥ h?dhﬁﬁéOGhér agpm.
wherein R3 is an alkyl group containing 1 to 6 carbon

9 atonsfél’elocomgb% @cgc;&gd%yggggcg yrg%tgngngf mgfa%s gw‘sg

15t gruf hn ratg Eherpptind'aeEsRi Ry ¥ athya HRe!
gwfur |lcmmsm ihimgy 10,to & satbdhmeseohsor a hydrate
thereof wherein R4 is cyclopropyl group or

1 s 2 hal oge cIo yl group. The, conpound
accor é’%ﬁ&%oﬁ dg TRy Y 19, Ofl ajsr&?nP by 8-
lﬁflﬂﬁﬂﬁnepnrﬁwhmﬁravmetbeneém |yh§meneo@ﬁewscabthyl group.

uni form 1, 2-ci s- 2- halogenocyclopropyl group 13 The
conp d e Ia| its
115 ‘%‘111% c%‘?rﬁa g‘ erexﬁo% ((( ) 1558 10,

or a
a-ﬁﬁ 5%§Fbﬁmeﬂ%ﬂH? therege, Wﬁ&%ﬁm@ %céé?dlng
cytcdcanyop@rie ngOqu a&yrel , Pt 10 - ha:tchéiabctchdSpﬂ)ﬂﬂyﬂr@f@up.

thereof, wherein R4 is (1R 2S)-2- fluorocycl opropyl
1 drou 15 The conpoun ccordln to an - one of clalns
123 to%f Copg ?CCSF%&fﬁ&&th L Gfekes n 10,
1tsSsﬁy@pog@na.@w@ﬁﬁtﬁﬁthereof, whereln RY is
st%rb%c@@mﬁ@aél weri gRthyl, Ryd i i dimerdgatd o T phes
gr (28, 1R) - 2- uorocyclopropyl] 4-df%ydro 8- net hy
- xqu|noI|ne 3-carboxylic aC|d its salt, or a
hydrate thereof. 17.
137- [ 3Thkuopopethyl a4coetivigarionepyr raeld dmerllaiyld -B6-to 10,

itEl ugne- - E(%Sh§8ka%efk%%&%éf'cxﬁl JQP%F]&% 418, %gr%—

h 2 oxo%glno i ne- 3-carboxylic aci its sa
25P9 8n0ﬁ§’8|18€’€ OPHer 86PuP53 18,
7-[cis-3-am no-4-fluoronethyl pyrrolidine-I|-yl]-6-

14. The compound according to any one of claims 1 to 10,
its salt, or a hydrate thereof, wherein R* is (1R,28)-2-
fluorocyclopropyl group.

15. The compound according to any one of claims 1 to 14,
its salt, or a hydrate thereof, wherein R is hydrogen

atom.

l6. 7-[3-amino-4-fluoromethylpyrrolidine-1-yl]-6-fluoro-

-[(28,1R) -2-fluorocyclopropyl] -1, 4-dihydro-8-methyl-4-
oxoquinoline-3-carboxylic acid, its salt, or a hydrate
thereof.

17. 7-[3-fluoromethyl-4-methylaminopyrrolidine-1-yl]-6-
fluoro-1-[(2S,1R)-2-fluoro-1-cyclopropyl] -1,4-dihydro-8-
methyl-4-oxoquinoline-3-carboxylic acid, its salt, or a
hydrate thereof.



fluoro-1-[(2S, 1R)-2-fl uorocycl opropyl]-1, 4-di hydro- 8-
nmet hyl - 4- oxoqui nol i ne- 3-carboxylic acid, its salt, or
a hydrate thereof. 19.
7-[ci s-3-fl uoromet hyl - 4- met IRA ani nopyrrol i di ne-1 -
yl]-6-fluoro-1-[(2S,I R -2-fluorocycl opropyl]-1, 4-di hyd
ro- 8-nethyl-4-oxoqui noline-3-carboxylic acid, its
salt, or a hydrate thereof. 20. A conpound accordi ng
to an one of claiml to 19, its salt, or a hydrate
18 her eof [ Ciftret eihi noret cohpoipite Uiy Lpnere o ddna-{1y1] s6-
flSIc&d‘d;QI:hE(D&ﬂiR)y—mnaIL@dlSM@}@cﬁp@plﬁ Sy 21 - |1 4-dihydro-8-
p [ e
|u§%§§? .j‘ {lagrameiyloyergl dipelovl o
qu|noI|ne 3- carboxyllc acid, its salt,
or a hydrate t hereof. 22.
19- [ (38 AS)s i ugy TR v B OBy rf%iﬁapﬁe 1-

( g%% quoro cIo yl]

Vi r?hfrlél%f M Bt %ﬁwa%caéc]i%%%ﬁyffc Laaithyggo-
8TmﬂQhYLﬁ47PXQHH¥ﬂQiJﬂﬂﬂiﬁﬁarbﬁﬁyyﬂﬁr@@léonpt$S$@§tth@r a
hyeepeuthaeear ding to any one of clains 1 to 22, its

salt, or a hydrate thereof, as an effective

conponent 24. An antjbacteri al drug conprising the
20¢ o BuF@MPRAEGH AIGFP T NEhyE ORENHIORT R reC 43ty DO |13,
itsalsltor car shymroateer o hereanfqf aswlaarefid eciié veompound of
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for |nfect|ous di seases, conprising t conp
according to any one of clains 1 to 22, its salt, or

21a hydrdt(e sy Ker edf-amiao -dn fefifcermiatdClgnponenitdiss-1 2611 -
6 -Alpbaioracqubis;alr) c@rr&q]csidﬁdnbﬁqup the c&ﬂﬂp&lﬂg-s—
rdi e .0 , 4t a
megﬁgﬁ q %%hég a &%%ﬁ%ﬁ?%hucéFry a%%iﬁ%%bfe a
YéaﬁF?therﬁ?f -An antlbacterlal drug conprising the
conmpound according to any one of clains l1to 22, its

228al ty_Qr1a, 4§¥d§aEQubQ%%%QE_ ﬁ g%?dﬂﬁdlne—
1- Ei g ggle carrlar ropgy a tlc an

B4 BPECartad 8§ﬁﬁ315|n Yadcordihg to
dlbwr@né @ﬁt@l}’él'ﬁsoxoﬁ@lﬁ@llﬁt@s3‘Wﬁbox}fllal' yairat eits
salber eef aangaaapbarmaeeudirsical |y acceptable carrier.

23. A drug comprising the compound according to any one
of claims 1 to 22, its salt, or a hydrate thereof, as an

effective component.

24. An antibacterial drug comprising the compound
according to any one of claims 1 to 22, its salt, or a
hydrate thereof, as an effective component.

25. A prophylactic and/or therapeutic drug for
infectious diseases, comprising the compound according to
any one of claims 1 to 22, its salt, or a hydrate thereof,

as an effective component.



29. A prophylactic and/or therapeutic nmethod, which
conprises adm ni stering an effective anount of the
compound according to any one of clainms 1 to 22, its
salt, or a hydrate thereof 5430. A prophylactic and/or
therapeutic nmethod for an infectious di sease, which
conprises adm nistering an effective anount of the

und according to a one of claing 1 to it
26t & G e he oS S110M, SPBREbs PGy the confound
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salt, or a hydrate thereof, as an effective anount

therein. 32. A process_ for producing an antibacteri al
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A process for producing a prop IC an
therapeutlc drug, which conprises incorporating the
28conpéupd cgdgaredimig tamdgior aree rfpeanl tai arsdiug oc@Bpri$dng

thealdomp RINA dWH L6 d ft%eé}{ Se %E%fa?ﬁ%évf AF0YAL itg
Sa_tlhereln und accordlnglto any

5
Se oF @ dvaEee t@ﬁeﬁ—oﬁt g maind Scgerdlog, ¢
accrptadfle fcernite production of a drug. 35. Use of the
conmpound according to any one of clainms 1 to 22, its

|t t, , n
223t 1. Batt e?a AR BB/ st R M AT PR
COPBTARE So Wﬁn%ﬁQSQﬁQQLaQ(?ﬁﬁ?CQ%Y?sﬁﬂqun%ro %@%rate
cotmbpenedf actordimg proodugt icore off @l gpmophyl@actdz, andd ogalt,
ort BehgRedkiC tHalGor .

30. A prophylactic and/or therapeutic method for

an infectious disease, which comprises administering an
effective amount of the compound according to any one of
claims 1 to 22, its salt, or a hydrate thereof.

31. A process for producing a drug, which comprises
incorporating the compound according to any one of claims
1 to 22, its salt, or a hydrate thereof, as an effective

amount therein.

32. A process for producing an antibacterial drug,

which comprises incorporating the compound according to
any one of claims 1 to 22, its salt, or a hydrate thereof,
as an effective amount therein.

33. A process for producing a prophylactic and/or
therapeutic drug, which comprises incorporating the
compound according to any one of claims 1 to 22, its salt,
or a hydrate thereof, as an effective amount therein.



34.

to
of

35.

to
of

36.

to
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55

Use of the compound according to any
22, its salt, or a hydrate thereof, for
a drug.

Use of the compound according to any
22, 1its salt, or a hydrate thereof, for
an antibacterial drug.

Use of the compound according to any
22, 1its salt, or a hydrate thereof, for
a prophylactic and/or therapeutic drug.

one
the
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of claims 1
production

of claimg 1
production

of claims 1
production





