9 SEP 2004 Qui nol onecar boxylic Acid Derivatives BACKGROUND OF THE -

- TNVENTION Field of the Invention: The present invention relates 2§ SEP 2004
optically active quinolonecarboxylic acid derivatives which exhibit high
tantibacterial activity and safety and have remarkable stability, and to an

anti bacterial conposition containing such a derivative. Related Art:

Qui nol onecar boxyl i c id derivatives are cl.ass known as synthetic :
anti bacteri al agents?ﬁﬁé??fgﬁ?ﬁ?Fg?x¥gﬁﬁogﬁﬁg 88F1YﬁElV8FIomﬁng fornula (1)
having a 1, 2-ci s-2- hal ogenocycl opropyl group on the nitrogen atom at the
1- position of the quinol one skel etone exhibit strong antibacterial

activity and safety, and r n Q be useful as pharmaceuti cal
agents (Japanese patent N%Eﬁ%?%@@g§ %§ﬂ3%§9fﬂYﬁ§EIQNj) wherein RL is an
am no gr a | gm no_group, a hydroxyl group, a thiol group, or a
hydrogenggg%glogﬁéﬁé2 fYeRt{0B:9 SEP 2904 substituent sel ected fromthe

group ConSIStﬁ%% %&e%g%t E%bggﬁi%% %%%%%%E QGR%ptfggﬁly active

quinolonecarboxylic acid derivatives which exhibit high
antibacterial activity and safety and have remarkable
stability, and to an antibacterial composition containing
such a derivative.

Related Art:

Quinolonecarboxylic acid derivatives are a class known
as synthetic antibacterial agents. Particﬁlarly, compounds
of the following formula (I) having a 1,2-cis-2-
halogenocyclopropyl group on the nitrogen atom at the 1-
position of the quinolone skeletone exhibit strong
antibacterial activity and safety, and thus are known to be
useful as pharmaceutical agents {Japanese patent No. 2714597

and 2917010);
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wherein R' is an amino group, a methylamino group, a hydroxyl

group, a thiol group, or a hydrogen atom; and R? is a



(wherein R3, R4, R5, and R6 each independently represents a hydrogen atom
or a Cl1-C6 al kyI group, R10 and R' each independently represent Zga% P 2004
hydrogen atomor a Cl1-C6 al kyl group, R].2 and R13 each i ndepen nl§f
represents a hydrogen atomor a Cl1-C6 al kyl group or Rl12 and R'3 may form
a polynethyl ene chain of from2 to 5 carbon atons), or a 3-

hydr oxypy, oI| rqu nay have a Cl1-C6 al kyl group; A represents
C- X3 or ésrd;u % ta%o%eoggfwgar% e I TR GRIRIETRIRE rafriaent s a hal ogen
atom X3fr¢3Tresents a___hal ogen atom a Cl1-C6 al kyl group, a Cl1-C6 al koxy
group, 1) 5g’roup, or a hydrogen atom and Z represents a

hydr ogen atom a Cl-C6 al kyl group, a Cl-C6 al koxyal kyl group, a
phenyl al kyl group of Cl-C6 al kyl, a phenyl group, an acetoxynethyl group,
a pival oyl oxynet hyl group, an ethoxycarbonyl oxy group, a chorine group, a
di et hyl am noet hyl group, a 5-indanyl group, a phthalidinyl group, a
5-substituted-2- oxgs 1, 3-di.oxol -4-yl methyl group, or a 3-acetoxy-2-oxobutyl
cage in which R is S N RLONZ R N2 2 9 SEP 2004

group; with the
3-am nopyrrol i group and Rl anl X3yyare hydlg@ ons being excl uded.
A variety ofs flupro ol onek'S anti bacteri gents have been

. H,N
devel oped t££3N e clintcal 2

(wherein R?®, R!, R®, and R® each independently represents a
hydrogen atom or a C1-Cé alkyl group, R* and R each
independently represents a hydrogen atom or a C1-Cé6 élkyl
group, R'? and R'® each independently represents a hydrogen
atom or a Cl-C6 alkyl group or R* and R* may form a
polymethylene chain of from 2 to 5 carbon atoms), or a 3-
hydroxypyrrolidinyl group which may have a C1-Cg alkyl group;
A represents C-X? or a nitrogen atom; X! and X® each
independently represents a halogen atom; X° represents a
halogen atom, a Cl-C6 alkyl group, a Cl-Cé alkoxy group,
trifluoromethyl group, or a hydrogen atom; and % represents a
hydrogen atom, a Cl1-C6 alkyl group, a C1-C6 alkoxyalkyl group,
a phenylalkyl group of Cl-Cé alkyl, a phenyl group, an
acetoxymethyl group, a pivaloyloxymethyl group, an
ethoxycarbonyloxy group, a chorine group, a
dimethylamincethyl group, a 5-indanyl group, a phthalidinyl
group, a 5—substituted-2-oxo-1,3—dioxol—4—ylmethyl group, or

a 3-acetoxy-2-oxobutyl group: with the case in which R? is a




¢henot herapy which are effective in the treatment of a broad range of
‘system c infectious diseases. Nevertheless, demands still exist Egg P 9N
conmpounds whi ch exhibit higher antibacterial activity, which are4 f§£ 004
t.han the previous conpounds, and in addition, which are endowed wth
excellent stability against [|ight and humdity. SUNNARY OF THE | NVENTI ON

I f [ ty LAV o] s on

Ng Xaeglg shgﬁpkg&?%g;c oKro%I%% ht gné k q#%é g% PoBRk9PFc aci ds
di scl ose 4] E;Cahargnentloned Japanese Patent hb 2714597, have
perforne ? Pt research and have found that a

ooty oo, SRR ek S SORNS Wnh Je dEREe
7. S8, 458 SRS e Biemtsprpsn 2o
AR e LS ST B, 5
R R A R TN N R
crcerty cheli vechl o0 ShaBLLig FRRLICLHLT RIS I oot o o

antlbaCtgéEese@? dhlgﬁeaPée§§EEr'9ﬂ§Ht£8Q Bgévgggs cg%%gﬁghgéhggdpgnﬁhe

basi s of
addition, which are endowed with excellent stability against

light and humidity.
SUMMARY OF THE INVENTION

In view of the foregoing, the present inventors,
focusing on N;-(1,2-cis-2-fluorocyclopropyl)-substituted
pyrrolidonecarboxylic acids disclosed in the aforementioned
Japanese Patent No. 2714597, have performed further research
and have found that a monohydrochloride- monchydrate of
compound No. 41 disclosed in Japanese Patent No.

2714597

but the disclosure being limited only to the
chemical formula of its free form, particularly, (-)-7-1(7S8) -
7-amino-5-azaspiro[2.4]heptan-5-yl]-6-fluoro-1-[ (1R, 28)-2-
fluoro-l-cyclopropyll-1,4-dihydro-8-methoxy-4-oxo-3-
quinolinecarboxylic acid (hereinafter referred to as compound
(la): compound (la) corresponds to a free form and is
represented by the following formula (1a)r-—exhibits.not
only excellent antibacterial activity and safety, but also
exceptionally excellent stability against light and humidity

as compared with other acid-adduct salts, and is thus useful




Accordingly, the present invention provides a conpound represented by the
following formula (1): COON 1HCI 1H20 (1) H2N which is ggsﬂ;mw
“(-)-7-[(7S)-7-am no-5-azaspiro[ 2. 4] heptan-5-yl]-6- fluoro-1-[(1

2S) - 2-fluoro-1-cycl opropyl]-1, 4-di hydr o- 8-

met hoxy- 4- oxo- 3- qui nol i necar boxylic acid nDnohydrochIoride nDnohydrate

h £ def 1
Emﬁ(r)ﬁglgfotgﬁlrorl g:rr%%g#e raialats'L r&%ﬂpo&%pr SEa)- ang%%)% MR RES™I  agent s
contalnlg%cgﬁng%%%%P%% &%E bag%ﬁpcgigzundawiﬂ} on al so provi des an

anti bacterral “"agent contdaining ‘ed by the follow ng
formula (la), u sal t t eof or. a hydrat the foll ow ng
formula (Ia) @%%ﬁ%@ng’%is?t ﬁcteh A F 4 cJt Leitio "C(%I\?‘ﬁéf?ﬁ a XConeeipnd 004 The

pr esent i u |des us of the bove-descri bed conpound of
formul a %Pé?%gﬁ@aeg % |t|f?f'\r‘l|L A9 t (013 ‘a hydrate of the formul a

(l'a) conpound or the acid-addition salt in the manuf acture of a drug for
the treatnent of infectiousodiseases. BRI EF DESCRI PTI ON OF THE DRAW NGS

F COOH

N N “1HCI + 1H,0
1
OMe ! . (1)

H,N

which is (-)—7-[(7S)-7—amino—5-azaspiro{2.4]heptan-5—yl]—6-
fluoro-1-{ (1R, 28)-2~£fluoro-1l-cyclopropyl]-1,4-dihydro-8-
methoxy-4-o0xo-3-quinolinecarboxylic acid monohydrochloride
monohydrate (hereinafter referred to as compound (1};
compound (1) is a monohydrochloride-monohydrate of compound
(1a}), and antibacterial agents containing the compound {1).
The present invention also provides an antibacterial
agent containing a compound represented by the following
formula (la), an acid-adduct salt thereof, or a hydrate of

the following formula (la) compound or the acid-adduct salt.




F|g | shows a powder X-ray diffraction spectrumof conpound (1). Fig. 2
‘shows an infrared absorption spectrumof conpound (1). Fig. 3 g”ngr
-showi ng the wei ght change of conpound (1) under 5-95% RH. DET

-DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBODI MENTS Conpound (Il a) can be
produced froma conpound (2) at high yield in accordance with the
follow ng reaction schene. Briefly, an am ne conpound (3) is reacted with
conmpound (2) (note: both of these conpounds can be obtai ned through the

thod d din J Patent 2714597 dt t of th
Tesul tant - comBOtnE L CEO YA et £ By 3 996@%3@18@26@3%%(?@ )

Al di t di at th
or oduct | SRO8P AERAELREY ehapousd BECEPIMIS (ipdy eROAGECERAIGAON 1 2o 1
Ha Wth rf9a£gereo%heogeachyaraggng%t%gnsfggggialea) cempound or

the acid-addition salt in the manufacture of a drug for the

treatment of infectious diseases.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a powder X-ray diffraction spectrum of
compound (1).
Fig. 2 shows an infrared absorption spectrum of
compound {(1). |
Fig. 3 is a graph showing the weight change of compound

(1) under 5-95% RH.

DETAILED DESCRIPTION OF THE INVENTION AND
PREFERRED EMBODIMENTS

Compound {la) can be produced from a compound {(2) at
high yield in accordance with the following reaction scheme.
Briefly, an amine compound (3} is reacted with compound (2}
(note: both of these compounds can be obtained through the
method described in Japanese Patent No. 2714597}, and
treatment of the resultant compound (1b) with a protic
solvent yields compound (la). Accordingly, compound (1b) is
a useful synthetic intermediate in the.production of compound

(la).



2 9 SEP 2004 conpound (Ib) is produced from conpound (2), for exanple, a
“sol ution of di hydrochl oride of amne (3) and triethylamne in g q SEP 2004
~dinmethyl sulfoxide is stirred (ordinary, for at nost 2 to 3 hour

enough) at roomtenperature a solution of. and thereafter, conmpound (2) is
added thereto and are reacted at roomtenperature for 10 mnutes to

several hours. In this reaction, instead of the dihydrochlpride of am ne

ype may be
9 » FQride, .
wi §lh respect to

(3), a correspaopding free base (3) or a salt of any other

used. TheF sal t of ar}%/ @é,her type may be, for exanpl &
---hKereg _nQH" and "di-" are

am ne (3) fgard c or in acid ( theqﬁigfig Al ernativel y,
t he saltfﬁay beNin the foormo hydrate or a svol vate. npl es of the
organi c or ilgkg§nu§ acid su{NabIe for acid-add sd? ?gk Er than HO)
i nclude sypf uri id, nitric aci hydr of | udt.Nc acj;gy hydrobromi c acid,
hydr0|od|c acid, p 6 2 9 SEP 2004 tol uenesul fonic acid, nethanesulfonic

aci d, trifluoroacetic acid, 4richloroacetic acid, acet]c acid, formc
acid, maleic acid, and funaq c acid. Exanples of the rgaction solvent in
addition to dimethyl sfiN. xEPQHe N, N- di met Hy at OOH
N, N- di met hyl acet am de, it hyl pyrrol i done, ad-ve nment i oned
exanpl e i-n—whic I € : i S USED, " wh a of 1H neic(3) is
enpl oyed, the anount Ok € h¥lanine is pr erabI,N%n QQU|vaIent or
nore, nore -

H.N H,N

With regard to the reaction conditions under which
compound (1b) is produced from compound (2}, for example, a
solution of dihydrochloride of amine (3) and triethylamine in
dimethylsulfoxide is stirred (ordinary, for at most 2 to 3
hours is enough) at room temperature a solution of, and
thereafter, compound (2) is added thereto and are reacted at
room temperature for 10 minutes to several hours. In this
reaction, instead of the dihydrochloride of amine {3}, a
corresponding free base (3} or a salt of any other type may
-be used. The salt of any other type may be, for example,
monohydrochloride, or a mono- or di-salt——here, "mono-" and
"di-" are both with respect to amine (3)—of organic or
inorganic acid (other than HCl). Alternatively, the salt may
be in the form of a hydrate or a solvate. Examples of the
organic or inorganic acid suitable for acid-addudct
salt{other than HCl) include sulfuric acid, nitric acid,

hydrofluoric acid, hydrobromic acid, hydreoiodic acid, p-




preferably two equivalents or nore. Wien a salt of amine (3) is enployed
the anount of triethylamne is preferably equal to or nore than §¢? ﬂm4
-.the equivalent required for rendering the salt into a free base and
equivalent required for capturing hydrogen fluoride generated fromthe
reaction. Instead of triethylamne, any other organic or inorganic bases,

m&%%%%%%%%?ﬁﬁﬁ%%ﬁ““%”ﬂﬁm%%ﬁﬁﬁm
for exanpl e, dissolyi oun i n uequs ethanol ddi n

Lghsghy#hg%gguFaiphinggnol g;acg; ﬁfpgsﬁgggldﬁggogﬁzré¥rE??t :ﬁ?tﬁﬁifeghch
s el or el Pldh Bk WE AT,
(I'b) “vhoRcRasien t8 BRBREPNDFGLRERGe: ACL UFP.gvﬂyﬁim%%§§i§ B sari | y

added. Cgnpo al. so be produced froma_cg 2 at high
yield inl gﬁ éma EXiﬁFFr%ami*ﬁé f&PPo%“H‘&tg*é?&WFGRl?% ‘(‘ )?5132 9 SEP 2004
schene. |efl%, m ne _co ound é e cte% Wit h conpound (2 to

Cher eby BBPEPH ﬁn?éPBSQyP¥ "B fp e PR S e e ve
group for %Qgea g gﬁl£g ?g) 1s employed the amount of

triethylamine is preferably one equivalent or more, more
preferably two equivalents or more. When a salt of amine (3)
is employed, the amount of triethylamine is preferably equal
to or more than a total of the equivalent required for
rendering the salt into a free base and the egquivalent
required for capturing hydrogen fluoride generated from the
reaction. Instead of triethylamine, any other organic or
inorganic bases, such as 4-{dimethylamino)}pyridine or
potassium carbonate, may be used.

The production step of compound (la) from compound (1b)
may be performed by, for example, dissolving compound (1lb)} in
aqueous ethanol, adding triethylamine to the resultant
mixture, followed by refluxing for a few hours. The aqueous
ethanol may be replaced by another protic solvent, such as
agueous isopropanol. The protic solvents miscible with water
are suitable for this process, and these which can at least
dissolve compound (lb) when heated is preferable., WNote that
triethylamine is not necessarily added.

Compound (la) may also be produced from a compound (2)

at high yield in accordance with the following reacticn



J-HN (5) COON COOBF2 COOH (wherein R represents an al koxycarbonyl group, an
ar al kyl oxycar bonyl group, an acyl group, an alkyl group, an aral @y§ 36@%%04
.an al koxyal kyl group (all of these nay have substituent(s)), or a
Ssubstituted silyl group). Accordingly, conpounds (6) and (7) are useful as
synthetic internediates in the production of conpound (la). In conpound

(6), R serves as a protective group for_a am no group, and is an
aIkoxycaﬁ%%ﬂ??-gﬁ&ﬁfﬁ&ﬁ«ﬂ?ﬂﬁ%?fﬁﬂﬁ;OQRﬂx£hklﬁﬁnﬁ%§%t%ﬁ B ER KGPBROERE bony|
group which nmay have substituen&%s , an_acyl group_which may have
subst it ubhl (s§0 therebXyPPERHp2 Wit h°ﬁ¥§lﬂa9%%§ﬁ58?i&Lbnt?%g,t%ﬁF%ﬂ%N%?I
group which may have substituent(gﬁ, an,alkoxgalkgl rou whi ch nmay have
subst i t UBME (RYOLRFLHVE uBEe TR Ut el Ehe yRMGPYuPT OuRy thgﬁogﬁgcies, Ris

pref erably al koxycarbonyl group, an aral kyl oxycarbonyl group, an acyl
group, or a silyl group, 8 2 9 SEP 2004 with al koxycarb ¥ and
ar al kyl oxycar bo : CoRér,

%k&% nore preferred. Specific Bx
al koxycarb Bch avie substituent(s)

tert - but ox gr oup c) @and a 2,2, 2-t
wher ei n ¥he~Yer Xoutoxycérbony roup is preférred./ Spe 'e

F R-HN
R-HN ®

'arbonyl group,

(5}

)
F COOH F COCH
| I
e ®) — SOLX
OMGLF OMe F
R-HN H N
(1)

(ta)
{wherein R represents an alkoxycarbonyl group, an
aralkyloxycarbonyl group., an acyl group, an alkyl group, an
aralkyl group, an alkoxyalkyl group (all of these may have
substituent{s}), or a substituted silyl group). Accordingly,
compounds (6) and {(7) are useful as synthetic intermediates
in the production of compound (la}.

In compound (6), R serves as a protective group for an
amino group, and is an alkoxycarbonyl group which may have
substituent(s), an aralkylexycarbonyl group which may have
substituent(s), an acyl group which may have substituent(s),
an alkyl group which may have éubstituent(s), an aralkyl
group which may have substituent(s), an alkoxyalkyl group
which may have substituent(s), or a substituted silyl group.
Of these species, R is preferably alkoxycarbonyl group, an

aralkyloxycarbonyl group, an acyl group, or a silyl group,




£exampl es of the aral kyl oxycarbonyl which may have substituent(s) group

‘i ncl ude a benzyl oxycar bonyl group, a p- nethoxybenzyl oxycarbonyl group, and
a p- nitrobenzyl oxycarbonyl group, wherein the p- nethoxybenzylo@y?as th4
group and the p- nitrobenzyl oxycarbonyl group are preferred. Speci

exanpl es of the acyl group which may have substituent(s) include an acetyl

o oup, S hEbaR YT REFEEBORTL B AkBBRY ARG HE N BB, O hose
sp§C|e?dP§?fé%#%luoroaceE%w%grou a q?%o%ggc ?%groug?ﬂglpé¥gggyl gr oup
and a p C I X group

whi ch may, have substltuent% l nclr g atert- bu%y group. Exanpl es of the
araIFbe %%? %ﬁYc%aﬁ%ysHQtE thBE FluéﬁF%Q?elﬁglﬁaf Quﬁgﬁ%ﬂaﬁﬁﬁﬁﬂ} a

p- ni trobenzy met hoxybenz rou and a_triphenyl met hyl group,
Wi th thegr%uﬁe gbﬁﬁgy? ﬁr%u 'BHHXP}gﬁﬁggpPﬁﬁFﬁypoﬁﬁauﬁIBEPhg preferred.
Exanples of the alkox al k grou whi ch have substltuent S) |nclude a
met hoxy &1y by T %?FegFt BYE §PH%¥%yBIéPBubS preferred. Specific

2,2,2- trlchloroethox nmet h rou and a_tetrahydrofuranyl group, with the
tert- but %?Ioﬁ %%% gﬂﬂg g&ﬁ?ﬁPBPﬁ}aﬁ Fcﬁrﬁﬁﬁ ﬁ@vﬁg preferred.
Exanples of the 9 9. SEP 2004 s tituted s rou nclude a

tri mot hﬁ%?mt@?%bs) aﬂrovgobwaﬁg}ﬁai tebROFELPHTCF BBy tagroup. a p-

L RS G oLt L oo e
nitrobenzyloxycarbonyl group, wherein the p-
methoxybenzyloxycarbonyl group and the p-
nitrobenzyloxycarbonyl group are preferred. Specific
examples of the acyl group which may have substituent(s)
include an acetyl group, a methoxyacetyl group, a
triflucrcacetyl group, a chloroacetyl group, a pyvaloyl group,
a formyl group, and a benzoyl group. Of these specigs, a
trifluorcacetyl group, a chloroacetyl group, a pyvaloyl group,
and a formyl group are preferred. Specific examples of the
alkyil grbup which may have substituent(s) include a tert-
butyl group. Examples of the aralkyl group which may have
substituent({s) include a benzyl group, a p-hitrobenzyl group,
p-methoxybenzyl group, and a triphenylmethyl group, with the
p-methoxybenzyl group and triphenylmethyl group being
preferred. Examples of the alkoxyvalkyl group which may have
substituent(s) include a methoxymethyl group, a tert-
butoxymethyl group, a 2,2,2-trichlorcethoxymethyl group, and
a tetrahydrofuranyl group, with the tert-butoxymethyl group

and tetrahydrofuranyl group being preferred. Examples of the



Mth the isopropyldinmethylsilyl group, a tert- butyldimethylsilyl group
being preferred. However, Ris not limted only to the above-lis?gﬂ

speci es, and any group which is ordinarily used for the protect %P &A04
«amno group is suitable for the present invention and the protective group
selected fromthe group consisting of al koxycar bonyl groups,

aral kyl o carbon r oups u ral k groups,
alkoxyal %%d g |9§?uérbﬂﬁgu§ﬁy s%FgﬁegéYgg 9V$h9F8 Erd® the
reaction condltlons under which conpou roduced, for exanple, an
ani ne (5)SIREPHELd %@%EPY%SE%ﬁ%egﬁp?%ac?l ﬁﬁFnbﬂiﬁggﬁW?EﬂViﬁ%gaé EﬁgBWe

presence of trlnet%%ianlne at roon1te erature_for several hours to one
day. AmquaK Yh ?ﬁ%uPorﬂ?gfa FhebBo¥tdiphenylsaly 1o8TQHPor gani ¢
or |norgan|c aC|d Preferably, %é I s used in an nmount of one
eqU|vaIéﬁE1bf”ﬂ%r%ﬁoﬂﬁ%ﬂy%d¥m%ehy%%% L7 9ERPRe £5FeFE-used, a required
anount of triethylanmine. is one or nore equivalents, nore preferably two or
nor e (ﬁﬂHR&ﬂ%ﬁW%¢h¥4§%}$%tQV%VQ DGHRS %erPFreﬁ amine (5) is enployed,

the amount of triethylamne is greter ﬁ qg # or nore than a total of
the equi val erfO¥YeFr el #8r2Pkn e?%ha &YskPt thAt 8PEVPrddshgde, and
further equivalent required for turlgg dro en flyoride enerated from
t he reacﬁ?ecﬁl’-esﬁﬂ?r%l%%yﬁr%‘éﬂ’t‘ghb? ?5¥a¥ﬁ Yu‘ﬂ%e aﬁ?g tPeor gani ¢ or

10 2 9 SEP 2004 |nor§an|c acid, such as h d f qu%rlc acid,
protecticon of an amino group 1s S e

e pre
invention and the protective group selected from the group
consisting of alkoxycarbonyl groups, aralkyloxycarbonyl
groups, acyl groups, alkyl groups, aralkyl groups,
alkoxyalkyl groups, and silyl groups may serve as R.

With regard to the reaction conditions under which
compound (6) is produced, for example, an amine (5) may be
used to cause a reaction in dimethylsulfoxide in the presence
of trimethylamine at room temperature for several hours to
one day. Amine (5) may be in the form of a free base, or a
salt of an organic or inorganic acid. Preferably, amine (5)
is used in an mount of one equivalent or more. When a free
base of amine (5) is used, a required amount of triethylamine
is one or more equivalents, more preferably two or more
equivalents. Alternatively, when a salt of amine (5) is
employed, the amount of triethylamine is preferably equal to
or more than a total of the equivalent required for rendering
the salt into a free base, and further equivalent reguired

for capturing hydrogen fluoride generated from the reaction.

Examples of salts of amine (5) include salts of organic or

10



Jitric acid, hydrofluoric acid, hydrobromc acid, hydroiodic acid,

p-tol uenesul fonic acid, nethanesulfonic acid, trifluoroacetic a ig,
‘trichloroacetic acid, acetic acid, formc acid, maleic acid, an u§gﬁi2904
acid. These salts may be in a formof hydrates or sol vates. Exanpl es of
the reaction solvent in addition to dinethylsulfoxide include

N, N- di net hyl f orpam de, N, N-di net hyl acet anmi de, and N thyl pyrralidone. In
t he abov® ??bﬂeﬁ°%§anﬁPﬁhiﬁswﬁgéﬁogéf?ﬁ}ﬁy?% heng¥H£§8,¥Fﬁ§'
triethylam ne may, be replaced b any_one of organic_or .i hgrganic .bases,
such as 2L1T¥HF n@ %Qraﬂ¥ﬁ5?%§??ﬂ¥ﬁea%¥dpg?%gg?ﬁﬁg%%?bﬁﬁége.ﬁ@%ﬁ?éPQFSn of
conpound (6) to conpound (7) may be_ perforned for _exanple, dissolving
compound®¢ 'iﬂ“%ﬁ%%%ﬁ%suif%%hﬁl?G%%diWﬁg???%?%gf%ﬂ%ﬁeangfhe resul t ant

m xture, followed by ref luxing for a few hours, _.The agueous.ethanol may
be repl ateH BYOENBER %cp?ﬁ%ﬁniEg Srverraceitf %glﬁqu%8621°i§8b opanol . The
protic solvents mscible with water ar sujtable for_this process, and
these wht¥FEGnagid) gaalelq; acht vea%gn%ﬂ)'%’al?l B§LGhert Heik eagafgs gie¥ er abl e.

Note that triethylamne is not necessari added. I.n the.step of producing

conpound’ 13} # rbAFRoRboBRET2ESF , OF HEPLENUTE 1 o %Svﬁﬁ:cﬂl he protective

010U I Syef SR STLEL SOTLGLIL LN NG, RERES Ly Poolal 1EnRighgct Vo

tr eat me e tratewPESHRartie! M fahas hy fledRipide " "hucg- out throudt
methylpyrrolidone. In the above-mentioned example in which
triethylamine is used, the triethylamine may be replaced by
any one of organic or inorganic bases, such as 4-
(dimethylamino)pyridine or potassium carbonate.

Conversion of compound (6) to compound (7) may be
performed by, for example, dissdlving compound (6} in agueous
ethanol, adding triethylamine to the resultant mixture,
followed by refluxing for a few hours. The agueous ethanol
may be replaced by another protonic solvent, such-as aqueous
isopropanol. The protic sclvents miscible with water are
suitable for this process, and these which can at least
dissolve compound (1b) when heated is preferable. Note that
triethylamine is not necessarily added.

In the step of producing compound {la) from compound
(7), the conditions under which the protective group R is
removed must conform with the properties of the protective
group R. Typical exemplary cases are as follows. When R is

a tertbutoxycarbonyl group {Boc), deprotection may be carried

out through treatment with an organic or inorganic acid such

11




2 9 SEP 2004 as hydrochloric acid, sulfuric acid, nitric acid, gfq §EE 2004
hydr of | uoric acid, hydrobrom c acid, hydroiodic acid, p- toluenesulfoni
acid, nethanesul fonic acid, trifluoroacetic acid, trichloroacetic acid,
acetic acid, or formc acid. The tenperature at which deprotection is
carried out is suitably chosen fromthe range of -30 to 100C, in
accordance with the jts%pe and concentration of.the acid.enployed and with

I

the proremSARAChIriQiamif, ST At nr ot EEtT of°HRy be carried out
for a p-net hoxybenzyl oxycarbonyl. group, an.acetyl .group, a.pyyaloyl group,
a net homﬁuﬁﬁ%;ﬁc%ﬁf &Wﬁf%b%‘?%{ﬁ,a%?eﬁ?g 5?%/‘?&:'9?0%%}(13 Ret hoxynet hyl
group, a tert- butoxynethyl group, a tetrahydrofutanyl.grou a ., .

tri met hyfshysnespbieric & Ji%hé?ﬁ/ﬁﬁ%‘fwié?%%%,aﬁéf r%ﬁgjé? P?%?egjr‘%ups
through treatment with an acid that is suita{t;éy chosen froma NGrhe

hydr ochl@it®: deFtch s e addedtd: MeTTte 25t nyaro? oY i €°48¢H d,
hydrobrom ¢ acid, hydroiodic _acid, p-foluenesulfonic acid rretpg.tr)]fsul fonic
acid, tremBeRRUAERtE whidh IERFI TR oht PR Er LEt 0T P 5uttably

trichl oroet hoxycarbonyl group and a 2,2,2- frichloroethoxynethyl group may
be renpv@PIsR BTl Hhe deRfin T om3 Ot HRO Shd 1 ARG e 8?%3?!%

acid). Deprotection of a benzyl oxycarbonyl qgrou a_ Pz ...
met hoxyﬂ@?&%l%c‘é‘?%‘?ﬂﬁr%ﬁ%ﬁ}b,og -’?‘li??b%e?@f%i?%a?@%nﬁ'thg?%%p, a benzyl
group, a p-nitrobepzyl group, a p-.,.methoxybe I ouR, . or
tri pheny ?ﬁ/’fyg'?%u%‘%a’ﬁo%‘aénEar ﬁlgﬂ'lc?l.ﬁ)%'t'h%%& catalyt imca%rr &fuction. Acyl

gr oups ggggrfgh out for a p-methoxybenzyloxycarbonyl group, an acetyl

group, a pyvaloyl group, a methoxyacetyl group, a formyl
groﬁp, a tert-butyl group, a methoxymethyl group, a tert-
butoxymethyl group, a tetrahydrofuranyl group, a
trimethylsilyl group, a triphenylmethyl group, or from
similar groups through treatment with an acid that is
suitably chosen from among hydrochloric acid, sulfuric aéid,
nitric acid, hydrofluoric acid, hydrobromic acid. hydreoiodic
acid, p-toluenesulfonic acid, methanesulfonic aéid,
trifluoroacetic acid, and trichlorocacetic acid. A 2,2,2-
trichloroethoxycarbonyl group and a 2,2,2-
trichloroethoxymethyl group may be removed by using a
combination of zinc and an acid (HCl or acetic acid).
Deprotection of a benzyloxycarbonyl group, a p-
methoxybenzyloxycarbonyl group, a p-nitrobenzyloxycarbonyl
group, a benzyl group, a p-nitrobenzyl group, a p-
methoxybenzyl group, or a triphenylmethyl group can be
carried out through catalytic reduction. Acyl groups such as

an acetyl group, a methoxyacetyl group, a trifluoroacetyl

12



.an acetyl group, a nethoxyacetyl group, a trifluoroacetyl 12 2 9 SEP 2004

group, a chloroacetyl group, a pyvaloyl group, a formyl  group, aéﬁga§£F 004
benzoyl group may be renoved through treatnent with an acid such as og

-an al kali such as NaOH Silyl groups such as a trinethylsilyl group, an
| sopropyl dinethylsilyl group, a tert-butyldinmethylsilyl group, a

Loy benzy syl - B R0 (ELdabuty| s phent stlalp o gupo iRy b ggovec
Sui  abl ki RO e AT B T ra e e R P Der 1 es
AR T - IR T o R B
Gopr of et 3% EdrrimAH g, TRy o R BT e iR T
e LTSLEGe, | SR LBy Sl RS R gther Butpryoar bory
can, be obtaned Lol s octy A saL Pl of, SOTRPYDM, (8) MAdy a8 groanc
R e L sk LT e R b e
'n the ahove; dop ol Aithd Wl LIS 81 HPEIOHR0LPPE, ana

hydrofluoric acid, and a suitable acid must be chosen so as

to be in conformity with the properties of the silyl group.

As for the source of the fluoride ions, tetrabutylammonium

fluoride may be used. A chloroacetyl group can be removed by

use of thiourea. Details of the conditions under which

deprotection is carried out are ordinary ones and not

particularlf limited.

With reference to compound (6), when R is a tert-

butoxycarbonyl group or a similar group which can be removed

by an acid, compound (la) can be obtained through direct

treatment of compound (6) with an organic or inorganic acid

such as hydrochloric acid, sulfuric acid, nitric acid,

hydrofluoric acid, hydrobromic acid, hydroiodic acid, p-

toluenesulfonic acid, methanesulfonic acid, trifluorocacetic

acid, or trichloroacetic acid.

In the above-described two production methods, compound
(la) may be obtained in a free form or as a salt. Examples

of the salt include a salt of an inorganic or organic acid,

such as hydrochloric acid, sulfuric acid, nitric acid,

13




;(1a) may be obtained in a free formor as a salt. Exanples of the salt
i nclude a salt of an inorganic or organic acid, such as hydroclﬂ 9r SEPaRiM,
sul furic acid, nitric acid, 13 2 9 SEP 2004 hydrofluoric acid, hydrobromc
-aci d, hydroiodic acid, p- toluenesulfonic acid, nethanesulfonic acid,
trifluoroacetic acid, trichloroacetic acid, acetic acid, maleic acid, or
fumaric acid; and a salt_of an alkalj or a ka%ige earth netgl such as
sodi um BElEEEIIeE 1e At dim bHreREomti 2FHd ei FP2TOL1RAEE 8FL80nBound (1a)
being inits free formor a salt, the @g ound %éa) nag be obtained in the
form of lmRagelfomqmfid. JetrnetivieRi¢ nitfide FhOSLUPEPASE Wt h
wat er, ethanol, propanol, acetonitrole, or ap&tonei and hgﬂ;ates whi ch
may be fagifed TRHULATRAROEHE i aFidf 20F5iaractd ahledfeatdfpoliid (2) which
is used in the aforenmentioned two_reactjon schenes for producing congpound
(la) mayfumarisn epak@d a8 cugittheof it R T €2t ?ihagé{lﬁ. e?@%‘oﬁ}ﬁ%égﬂ
Ove (9) (12) COCH (2) COOBF2 , s .

such as sodium, potassium, calcium, or lithium. In either

case of compound (la) being in its free form or a salt, the

compound (la) may be obtained in the form of a solvate.

Examples of the solvate include thoése formed with water,

ethanol, propanol, acetonitrole, or acetone; and hydrates

which may be formed through absorption of moisture in air.

The compound (2) which is used in the aforementioned

two reaction schemes for producing compound (la) may be

prepared through the following reaction path.

F COOH ' = | |
JR—— —_— \
F: ; :F NMe, F F
OMe OMe OMe F

10)

(8) @ (
— I |
F F RO
OMei}F OMe i/f-' OMe
{(11) (2)

F
(12)

In the above scheme, in order to produce compound (2)
from compound (12), an ether complex of boron trifluoride may
be used. Alternatively, compound (2) may be obtained without

obtaining compound (12) but by treating compound (11) with

14



Jn .the above schenme, in order to produce conpound (2) from conpound 12|)Z
an et her conplex of boron trifluoride may be used. Alternatively fkéﬁﬁb.MH
(2) may be obtained without obtaining conpound (12) but by treating
<compound (11) with 14 2 9 SEP . 2004 tetrafluoroboric acid as shown bel ow.
Ove COCEt (11) ., (2) COOBF2 Conversion from conpound (la) to conpound (1)
can be carried out by, for . exanpl sus ndi ng conpound (la) in an

al cohol i e EBREERPTRR lﬁsa§4§r85aﬁﬁ?wﬁr giﬂﬂnol, di ssol ving the suspension
by the addition of HC, and subsequently <crystallizing froman alcoholic
sol vent such as 2#propanol or ethanol. The thus-obtai n&f conpounds (1la),
their acid-additi salts, or salts of the compo COQBFticul ar
conmpound& j £©Qkinohydr ochl or i desnmonohyy conpounds (I a),

1 2
exhi bit norg el | ght anti bacterial activity an tability against
l'i ght and g d) an, let alone-ether conpg ound Nos. 9a, 9b,
13b, 18a,F'18by 2&bb, 26aa, 26ba, 26ab, 31la, 31b, 34 b, 56b, 52bb, or
85bb di scl osed Ep Jaegnese Patent No. 2714597 or 29¢

gnd are thus
useful as antrbactara’al agents. Preferred acid--_additi salts of
conpound$1{)ia) applicable for antibacterial

Conversion from compound (la) to compound (1) can be
carried out by, for example, suspending compound (la) in an
alcoholic solvent such as 2-propanol or ethanol, dissolving
the suspension by the addition of HCl, and subsequently
crystallizing from an alcoholic solvent such as 2-propanol or
ethanol.

The thus-obtained compounds (la), their acid-addition
salts, or salts of the compounds (la), in particular
compounds (1), which are monohydrochlorides- monohydrates of

_ compounds (la), exhibit more excellent antibacterial activity
and higher stability against light and humidity than, let
alone other compounds, compound Nos. 9%9a, %b, 13b, 18a, 18b,
26bb, 26aa, 26ba, 26ab, 3la, 31b, 34b, 54b, 56b, 52bb, or
85bb disclosed in Japanese Patent No. 2714597 or 2917010, and
are thus useful as antibacterial agents. Preferred acid-
addition salts of compounds (la) applicable for antibacterial
agents are hydrochloric acid salts. Among the mentioned
compounds (la), their acid-addition salts, and salts of the

compounds (la) or the acid-addition salts, compounds (1)} are

particularly preferred.
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.agents are hydrochloric acid salts. Anong the nentioned conpounﬁs_(la ,
their acid-addition salts, and salts of the conpounds (1a) or t#4e3 SEP 2004
~acid-addition salts, conmpounds (1) are particularly preferred. 15 2 9 SEP
-2004 More preferred conmpounds (1); i.e., nonohydrochl oridesnonohydrates of
conpounds (la), are those exhibiting characteristic peaks in the vicinity
of angles of diffraction (20) of 6.9, 10.5, 14.4, 23.1, 26.9, and 27.8()
when subj ect dox® PEAERFTedr GYMAPERASct bt tySfsee Fig. 1). The conpounds
(1) satisfying the above conditions do not absorb_or fe orb noi sture under
humi di t yneeelkydseel oF ides grommhy RFAteR ot hGeMRAUNER cF#ént 2R§gFBEESI ¢
stability. The conmpounds of the present invention,.exhibiting strong
ant i bactefh ity vehgragreekeel ¢ peaks ab? |ty BheiRItY PFoREIARE Rnidity,
are useful as pharmaceuticals for the treatnment of humans, animals, and
fish. Wiiffheccbmpol2s of & Hb pres®ntl4 mbentd oh a?®- Usedn@s27-8(7)
pharmaceuticals for humans, the daily dose_for an adulg iIs _from50 ng to 1
g, pref aiben ysubiected Hy POVEATD Fyre ek fTACteBabbYinbtSeSr E19dni A st er ed
to aninals, the dose ma varg_ dependi ng on the urgose of _adm ni stration
(t her apethe ccorpopndsehl ) v tishelngethesabaue sFRRALFIPRE dRi A8F to be
treated, the nature of the pathogen that infected the ani nal gng t he
sever i t yaRFOXINeOP R pBPEYi Bl S BRI URAAT MMEILEY EPRAFELPHS Qbse F8
typically from1l to 200 , preferably fromb5, o
P 35% RH, and thus haémgxégllent h%groscoplggstablllty.
The compounds of the present invention, exhibiting
strong antibacterial activity and excellent stability against
light and humidity, are useful as pharmaceuticals for the
treatment of humans, animals, and fish.
When the compounds of the present invention are used as
pharmaceuticals for humans, the daily dose for an adult is
from 50 mg to 1 g, preferably from 100 mg to 300 mg. When
the compounds are administered to animals, the dose may vary
depending on the purpose of administration (therapeutic or
preventive), the species and size of the animal to be treated,
the nature of the pathogen that infected the animal, and the
severity of the pathological condition. However, the daily
dose is typically from 1 mg to 200 mg, preferably from 5 mg
to 100 mg, pef kg of the body weight of the animal. This
dose is administered once a day or 2-4 divided times a day.
The daily dose may exceed the above-mentioned ranges.
Antibacterial compositions containing the

aforementioned compounds of the present invention can be

formulated in a variety of formulations through any ordinary
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L0 100 ng, per kg of the body weight of the animal. This dose is

adm ni stered once a day or 2-4 divided tines a day. The daily §eSERY2004
.exceed the above-nentioned ranges. Antibacterial conpositions containing

-t he af orenenti oned conmpounds of the present invention can be formulated in
"a variety of fornulations through any ordinary 16 .0 2 9 SEP 2094 net hods

I n accordance with the manner of the adm nistratign. a he
per or al Medihadst ithaegaidaaemidh e rﬁﬂ%ﬂef%n% c‘%ﬁ? a?‘f%rﬁjr'l% %ﬁgag%?r%éund of
the present invention as an active ingredient jbncl ude.tfbl ets, powders,

gr anul eExanmesulads the | RATGRL ERFURE 19 41 6PA ol based or water-
based suspensions. Injections may contain a a#abilizeré a Ergggéggig e, or
a sol ubiflornvHg Hgare  CoHa g gre, the AR ¥ H 9N S TRt al RVERY - 8F t hese
auxiliary agents may be placed in a contaiper and(? solid gre?%léation may
be for mésatasd adfriigyHinaretienaifteluds eaRierSi PV IRRT by ST e G ng a

phar maceuti cal product for bed-side pr§£aration Nb% ovel o ogewgﬁgg_or a
pl ur al i toamFuldsse sSSPVt RO Tor B R | fil Jsl?%gl%“%o?ﬁf TRATS“vilen"t ke
conposition of the present invention is fornulated into external agents,
exanpl edased rgRuIPGRF IS - agent s i ncl ude sol utions, suspensions, enul sions,

oi ntments, el's, creans, |otions, and spr . Solid preparations
contain, in gB@jQ¢bh0@§ pap contain a stgbf¥§zer, a pgesgrvg%kgg, gy

a solubilizing agent. Therefore, a solution which may
contain any of these auxiliary agents may be placed in a
container, and a solid preparation may be formulated through,
for example, freeze-drjing, thereby yielding a pharmaceutical
product for bed-side preparation. Moreover, one dose or a
plurality of doses may be contained in a single container.

When the composition of the present invention is
formulated into external agents, examples of the external
agents include solutions, suspensions, emulsions, ointments,
gels, creams, lotions, and sprays.

Solid preparations may contain, in addition to the
.compound of the present invention, pharmaceutically
acceptable additives including fillers, volume-increasing
agents, binders, disintegrants, dissolﬁtion accelerators,
wetting agents, and lublicants, aé needed.

Examples of liquid preparations include solutions,
suspensions, and emulsions. Ligquid preparations opticonally

contain suspension aids and emulsifiers as additives therefor.

Examples

17



.- conpound of the present invention, pharmaceutically acceptable additives
i ncluding fillers, volune-increasing agents, binders, disintegraﬁt&LSEP 2004
~dissolution accelerators, wetting agents, and |ublicants, as needed.
-Exanmpl es of liquid preparations include solutions, suspensions, and

emul sions. Liquid preparations optionally contain suspension aids and

emul sifiers as additives therefor. Exanples 17 2 9 SEP 2004 The present

i nventi on wi | IThse nresenithddvien tisrme weklaite dpseRiPet axipresdetmith
shoul d not be construed as limting the invention thereto. Referenti al
Exanpl e by Btaw|of3-estamnisd aminie-wkd g - 122 £onsirued R pbeipbling
acrylate: Thionyl chloride (109.4 m; 1500 nmmol) was added dropw se at
room t erjher dituren tiom thespsditsi on cont ai ni ng 3- net hoxy
2,4,5-trifluorobenzoic acid (206.1 g; 1000 mmol ), N, N-di met hyl formam de (2
m ), and toluene (2000 m ). After conpletion of the addition, the reaction
m xture was stirred in an oil bath at 80C for 16 hours. The reaction

m xt ur e Refesreyoviald, Examptehel cool ed sol uti on was concentrated under

reduced pressure. Toluene was added to the residue, and the mxture was
concent Edthetl syal ime thsl gmiorediur € fReh e 2 + bl IreHel biptekar1e¥ t he
concentration was repeated two nore tines, to thereby yield an acid

chl ori deacrylate:

Thionyl chloride {109.4 ml; 1500 mmol) was added
dropwise at room temperature to a suspension containing 3-
methoxy 2,4,5-trifluorobenzoic acid (206.1 g; 1000 mmol),
N,N-dimethylformamide (2 ml), and toluene (2000 ml). After-
completion of the addition, the reaction mixture was stirred
in an oil bath at 80°C for 16 hours. The reaction mixture
was cooled, and the cooled solution was concentrated under
reduced pressure. Toluene was added to the residue, and the
mixture was concentrated again. The procedure from the
toluene addition to the concentration was repeated two rRore
times, to thereby yield an acid chloride.

Ethyl 3-dimethylamino acrylate (171.8 g; 1200 mmol) and
triethylamine {(184.0 ml; 1320 mmol) were added to dry
tetrahydrofuran (1500 ml). To the solution, a solution of
the above-prepared acid chloriderin dry tetrahydrofuran (500
ml) was added dropwise under ice cooling. After completion
of the addition, the reaction suspension was refluxed for 5
hours, followed by cooling. The cooled reaction mixture was
concentrated under reduced pressure, and water (1500 ml) and

dichloromethane (1500 ml) were added to the residue, followed

18



LJEthyl 3-dinethylam no acrylate (171.8 g; 1200 mmol ) and triethyl am ne

(184.0 nl; 1320 mmpl) were added to dry tetrahydrofuran (1500 n2)9 SE:PIQ@@I;

solution, a solution of the above-prepared acid chloride in dry

-tetrahydrofuran (500 mnm) was added dropw se under ice cooling. After

conpletion of the addition, the reaction suspension was refluxed for 5

hours, followed by cooling. The cool ed reaction nixturﬁ m&g concentrated
FoiEeh

under r eI IF BG ur elhen tH Gk WO BT G YA%TY WLt cHY an®™#1500 nl)
were added to the residue, followed 18_.2 9 SEP_2084 b% §§ir%kggb ﬁhe
di chl or ovlee haakeeowy clavps vas| exteactefdvitRedighisnomeipar &% ract ed
wi th dichloronethane (1000 m). The conbi ned dichl oronet hane. | ayer was
washed vitth. Sveyrcominingd bl qlrng Yhang ¢t eF¢e "0 V2 SRS dF 5. sodi um
sulfate, followed by filtration, The filtrate was cgnﬁgntrate .under
reduced pregsated hninehelpaei Bheé  wasd duhPEcPERTt BREYAFERSgEP G um
chromat ography. Fractions eluted with n-hexane[ethgl acetate (1:1) were
concent rsbfiate f of o bhededybdr FLAFTARAER - r etRR DI ERERIr B35St 0 t hereby vyi el d
270.3 g of the title conpound as yell ow sh mhitg %beagé _gptter (yield:
81. 6% . ashrepRu@bedrandepcrefiaced PYESERrey 3397188 P OPSs¥ESH, br),
3.32(3H, br), 4.00(2H, g, J=7.08 Hz), 7.09-7.13(1H hg), F7.8§£1Fg S).
Ref er ent $@bJextes| €o 2sELRGR Qeﬁ(ﬁﬁ%umn chromatography.’ Fraction
28) - 2 T o o oY e R Bya 2l 82y § (3 TBEEOH 1) were concentratea,
followed by drying under reduced pressure, to thereby yield
270.3 g of the title compound as yellowish white creamy
matter (yield: 81.6%).
-NMR(400 MHz, CDC13)8: 1.02(3H, t, J=7.08 Hz), 2.88(3H, br),
3.32(3H, br), 4.00(2H, g, J=7.08 Hz), 7.09-7.13(1H, m),
7.83(1lH, s).
Referential Example 2
Ethyl 3-[(1R, 25)-2-fluoro-l-cyclopropylaminc]-2-(3-methoxy-
2,4,5-trifluorobenzoyl) acrylate:

Ethyl 3-dimethylamino-2-(3-methoxy-2,4,5-
trifluorobenzoyl) acrylate (260.5 g: 786.3 mmol) was
dissolved in dichloromethane (2200 ml), and (1R, 2S)-2-
fluoro-l-cyclopropylamine p-toluene sulfonate {223.6 g; 904.2

mmol) was added to the solution. The resultant suspension
was cooled to -15°C, and a solution of triethylamine (138.6
ml; 994.6 mmol) in dichloromethane (300 ml) was added
dropwise to the suspension over 40 minutes while being

stirred. After completion of the addition, the temperature
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.2, 4, 5-trifluorobenzoyl) acrylate: Ethyl

3-di net hyl am no- 2- ( 3- et hoxy-2,4,5 trifluorobenzoyl) acryl ate (29?-5 E'
.786.3 mml) was dissolved in dichl oronethane (2200 m ), and (1R SS§ B-ﬂm4
-f l uor o- 1- cycl opr opyl am ne p-tol uene sulfonate (223.6 g; 904.2 mmvol) was
added to the solution. The resultant suspension was cooled to -15C, and a
solution of triethylamne (138.6 m; 994.6 mmol) in dichl oronethane (300
) was vecdethindragipwidefen t Hrowtis ks i BrevERe 49U $PRRE LS WHRFe bei ng
stirred. After conpletion of the addition, the tenperature 19 2 9 SEP 2004
was nai rdcailall droride hoer | 1 drenx hefpiheredshenstbRtiag atobPE® on ice for 1
hour, followed by stirring at room tenperature for 14 hours.

Di chl or dremtpearet (O 0Bbmi )4 dmeursat dlcpiggengbhans o ffedntb #B@ reaction

m xture, and the dichloronmethane | ayer was collected. The aqueous |ayer
was extwatded 200h ol khwereoneddedetq 508 iFgachhent BEXEBRESi né8d &P§ani c

| ayer was washed with saturated brine (1000 n%%, fol l owed by drying over
anhydr ousi o tomesthdrae elafiere was xeekeqkadf i IThe GAUefF tHRY$Y 1 2%t e was
concentrated under reduced pressure, to thereby yield 227.5 g of the title
conpouncexasraet edw Lt adicivborene thars df 500 . mdd , and theaEPMBARFHoduct was
a mxture of geonetrical isonmers (E and Z isoners). The 8rodu t was used

for the engrmegueltyeracas ovashed holth fertweatedr Prieat (ORVC1AINNVR( 400 MHz,
CDC 3)S: 0.97, 1.09(total 3H, each t, J=7.08_
followed by drying over anhydrous sodium sulfate. The

mixture was filtered, and the filtrate was concentrated under
reduced pressure, to thereby yield 227.5 g of the title
compound as yellow creamy matter (vyield: 97.7%). The
reaction product was a mixture of geometrical isomers (E and
% isomers). The product was used for the subsequent reaction
without further purification.

l§-NMR(400 MHz, CDC13)8: 0.97, 1.09(total 3H, each t, J=7.08
Hz), 1.21-1.37{2H, m}, 2.90-2.99{(1H, m), 4.01(3H, s), 4.03,
4.06(total 2H, each g, J=7.08 Hz), 4.73(1H, dm, J=63.72 Hz),
6.86-6.92, 6.98-7.04 (total 1H, each m}, 8.16, 8.23(total 1H,

each d, J=13.67 Hz)

Referential Example 3
£thyl 6,7-difluoro-1-[ (1R, 28)-2-fluoro-1-cyclopropyl]-1,4-
dihydro-8-methoxy-4-oxo-3-quinoline carboxylate:

The above-synthesized crude ethyl 3-[(1R, 25)-2-fluoro-
l—cyclopropylamino]—2—(3-methoxy§2,4,5-trifluorobenzoy1)
acrylate (276.2 g; 764.5 mmol) Was-dissolved in dry N,N-

dimethylformamide (2000 ml), and potassium carbonate (317.0
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Hz), 1.21-1.37(2H m), 2.90-2.99(1H, 1), 4.01(311, s), 4.03, 82(5%%@
2H, each q, J=7.08 Hz), 4.73(1H, dm J=63.72 Hz), 6.86-6.92, 6. 2004
(total 1H, each nm), 8.16, 8.23(total 1H, each d, J=13.67 Ft) Ref erenti al

~Exanpl e

di hydr o-

3 Ethyl 6,7-difluoro-1-[(1R, 2S)-2-fluoro-1-cyclopropyl]-1, 4-
8- met hoxy- 4- oxo- 3- qui nol i ne carboxyl ate: The above-synt hesi zed

d t hyl _3- .
irgyglgp?%p%t%%$HHT°%§(§aﬁEFH89?n§e§ &0, Fhe) 531854R% Y ?eraéfﬁlate (276. 2

; 764.5 nmmpl) was d ol.ved d hyl f 2000 m d
gota55|uﬁ?€ %%na%%l%§§9dgb¥0g 1§régg §%6458EB Xﬁﬁgggaglgﬁmés suspe%degnln
th | ut d | foll t f t
{ omper at keEPeEgHRBEh GIYESRHP iR poitt b TR SErBii g8 o he T

reaction mxture so as to a

about 3

of th |
FhPYVEY t B EH?pEﬁ@FBﬁLa;élégFFgrﬁa ﬁ%dg? a§§HE olbﬁzgﬁTﬁgS;§%p225|on

was stirred for 30 mnutes at ro egp and _cr g&ghs BreC|p|tated
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1. 41( 3H,

co1lecte88b§t%il%rg§1%n68thé thus-obtained crystals were
sequentially washed with an excessive amount of purified
water, a small amount of cold ethanol, and an excessive
amount of diethylether, followed by drying under reduced
pressure at 70°C, to thereby yield 213.4 g of the title
compound és a white powder (yield: 81.8%).

'H-NMR(400 MHz, CDCl;)8: 1.41(3H, t, J=7.08 Hz), 1.56-1.68(2H,
m), 3.83-3.88(1H, m), 4.10(3H, 4, J=2.20 Hz), 4.39(2H, g,
J=7.08 Hz), 4.85(1H, dm, J=62.99 Hz), 8.05(1H, dd, J=8.55,

10.01 Hz), 8.57(1H, &, J=1.22 Hz).

Referential Example 4
6,7-Difluoro-1-{ (1R, 28)-2-fluoro-l-cyclopropyll-1l,4-dihydro-
8-methoxy-4-oxo-3-quinolinecarboxylic acid:

A mixture of ethyl 6,7-difluoro-1-{(1R, 2S)-2-fluoro-1l-
cyclopropyl]—B—methoxy-l,4—dihydro-4-oxoquinoline—3—
carboxylate (120.8 g; 354.1 mmol), glacial acetic acid (210
ml), and conc. hydrochloric acid (420 ml) was refluxed for 6
hours, fbllowed by cooling. The cooled reaction mixture was

poured into ice/water (1500 ml) while being stirred, and the

L
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.M, 3.83-3.88(1H, m, 4.10(3H, d, J=2.20 Hz), 4.39(2H, q, J=7.08 Hz),
4.85(1H, dm J=62.99 Hz), 8.05(111, dd, J=8.55, 10.01 Hz), 8.57@F§,S€P 004
J=1.22 Hz). Referential Exanple 4 6,7-Difluoro-I-[(1R

+2S) - 2-fl uor o- 1- cycl opropyl ) - 1, 4-di hydr o- 8- net hoxy- 4- oxo- 3-

qui nol i necar boxylic acid: A mxture of ethyl 6,7-difluoro-1-[(1R

cat boxy RS IR 0746 o EHSIE. F0I 50 THALT W oabat) CUBATREEo1D SOP and conc.

hydrochloric acid (420 m) was refluxed for. 6 _hour fQll by cooli ng.
The cool kempPendtinn- niGENF e s PrSS&PégaitﬁfioWFE&/ mﬁ%%c%f%% )va l e ’

being stirred, and the 21 2 9 SEP 2004 m xture S irred fqr
addi t i orfl L Boati ol ed3nAt thYoFTY E EAPR I 4ETF 5o ﬁ?ﬁ?ii%rgéfﬁﬁﬁayg h\&Pe

collected by filtration, and the crystals we sequ | al ed with an
excessi exegeive oampur | f pEdPWaL £ ed ¥ ALY %é’gﬁnﬂ?) ?Qéhdmiirﬁ'?ﬁ?l et her
(500 mM). The crystals were purified throu recrystallization m

et hanol -&ketltnk ¢8NeH fﬁ?%u’@ﬁ) - t rgkt msﬁ*ﬁ Rl \Fé“lre#lc%(fb%lﬁr%%
filtration),, followed by _drying under reduced essyre a‘LJ 70C, to thereby
yield 10W¢@rY§]t%$1%ﬁ§t%P{‘lEr%n‘bgﬁﬂﬂoiéaﬁﬁ ?Benégiﬁgs %ﬁ’% B 96.5%.

12, 20 HEFeatmént v hnpcRiBatad Resbon BafIRL ahecrnd: sEOENER B ¢
8-84(lktdﬁ%iné4ﬁ§éé%Fgegaéegegggggaéglagxggnéf EL thereby yield 107.0
g of the title compound as white needles (yield: 96.5%).
'H-NMR(400 MHz, CDC1;)d: 1.64-1.75(2H, m), 3.97-4.00(1H, m),
4.17(3H, d, J=2.20 Hz), 4.91(1H, dm, J=63.23 Hz), 8.05(1H, 44,

J=8.55, 10.01 Hz), 8.84(1H, s), 14.31(1lH, s}.

Referential Example 5
6,7-Difluocro-1-[ (1R, 28)-2-fluoro-1l-cyclopropyl]-1,4-dihydro-
8-methoxy-4-oxo-3-guinolinecarboxylic acid diflucroboron
chelate:

6,7-Difluoro-1-1 (1R, 28)-2-fluoro-1l-cyclopropyl]-1,4-
dihydro-8~methoxy—4—oxo—3-quinolinecarboxylic_acid (90.30 g;
288.3 mmol) was suspended in dry diethylether {1000 ml), and
boron trifluoride/diethylether complex_(653 ml) was added
dropwise to the suspension under ice cooling. After
completion of the addition, the reaction suspension was
stirred for 24 hours at room temperature, and crystals
precipitated were collected by filtration, followed by
washing with an excessive amount of dry diethylether. The

washed crystals were dried under reduced pressure at room
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+6,7-Difluoro-1-[(1R 2S)-2-fluoro-1-cyclopropyl]-1, 4-di hydro-

8- met hoxy- 4- oxo- 3- qui nol i necar boxyl i ¢ aci d difluoroboron chel ated 9 SEP 2004
6, 7-Difluoro-I-[(1R, 2S)-2-fluoro-1-cyclopropyl]-1, 4-

~di hydr o- 8- met hoxy- 4- oxo- 3- qui nol i necar boxylic acid (90.30 g; 288.3 mmol)
was suspended in dry diethylether (1000 m), and boron

trifluoride/diethylether complex (653 ) s added [ i e
suspengtﬁmﬁﬁﬁﬁﬁuﬁ%xaEﬁxﬂh?Eﬁb¥v¥¥ﬁld(égmﬁﬁfgdﬁgoﬁh?hglgg%1??%%?u%ﬁe
reaction suspension was stirred for 24 hours at room tenperature, and
cryst al s @ edriie @RI %olTkcted by filtration, followed by washing

Wi th an excessive anmount of dry diethylether. The mashﬁg Ccrys gEs gere
dri ed urdtieNMRdd@Oe Har,.esDGe)tt Fobht 2298(3Hspp) p0b43PEnPer S uFa2-?

thereby yield 96. 47 of the title conmpound _as_a .te p 92.79 .
1HN|VR(ZHJ®)Nf&-,fi&:m‘g‘)blﬁ-l.ﬂ?)hlfeg%ﬂzw-#?'45.’?3 3%??3:5\.!\32{1{5&)‘?5&
4.38-4.44(1H, m, 5.03(1H, dm J=62.50 Hz), 8.17(1H, dd, J=8.06, 8.79 Hz),
9. 14( 1H,3=9 . ORef&r BhtHA) - Exabbi 16 B) 7-Di fl uoro-1-[ (1R,

2S) - 2-fluoro-1-cycl opropyl]-1, 4-di hydr o-

8- met hoxy- 4- oxo- 3- qui nol i necar boxylic acid difluoroboron chelate
(alternative synthesis nmethod): A mxture of ethyl 6,7-difluoro-1-[(1R

29) - 2- f IRpferantigd| BpamRL®]2 1, 4- di hydr o- 8- net hoxy- 4- oxo- 3-

quinol | nee,c'?-rgio%( late (260, 10;, 0y 733 0LL - RSy L EELA0LYRT 91, 4-dinydro-
8-methoxy-4-o0xo-3-quinolinecarboxylic acid difluoroboron
chelate (alternative syﬁthesis method) :

A mixture of ethyl 6,7-difluoro-1-[{1R, 2S}-2-fluoro-1-
cyclopropyl]-1,4-dihydro-8—methoxy-4-oxo—3-
guinolinecarboxylate (260 mg; 0.733 mmol) and tetrafluoro
boric acid (42%: 5 ml) was stirred in an oil bath at 90°C for
3 hours. The reaction mixture was cooled, and an excessive
amount of purified water was added to the solution. Crystals
that precipitated were collected by filtration, and
sequentially washed with purified water (excess amount) and
‘diethylether (excess amount). The crystals were collected by
filtration, and dried under reduced pressure at room
temperature, to thereby yield 241 mg of the title compound as
a white powder (yield: 91.1%). The ‘H-NMR data of the
reaction product was in agreement With the data of that

synthesized in accordance with other synthesis methods.

Example 1

(-)-7-{(7S)-7-Amino-5—azaspiro[2.4]heptan-S—yl}-6-fluoro-1—
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«boric acid (42% 5 m) was stirred in an oil bath at 90C for 3 hours. The
reaction mxture was cool ed, and an excessive anount of purifi ¢Igw8Epr 2§@s
added to the solution. Crystals that precipitated were collected by
“filtration, and sequentially washed with purified water (excess anount)
and diethyl ether (excess armunt) The crystal S were coI | ected by

filtration, and dried under red S

t her eby [yil®.d 2254)1“2f'rgﬂ(51|°r1°hé'ﬂytq g&gglal adt hﬁ‘@ 1?yl el d

91.1% . The 3H NVR data of the act Wr odu(i1 in agr eerrent with the
dat a of opieat3- %&ﬂlﬂ%ef@&bi%yéé&orad%‘#ce( synt hesi s net hods.

Exanple 1 (-)-7-((7S)-7-Am no-5-az Ir het roI232
9 SEP 2004 [ (XRS)29)-Animoger élzlasé’g%cﬁ"j%r o”‘ﬁ@ﬁp éﬁr%‘%i ‘%P IE:ihoxy 4-

0x0- 3- qui nol i necar boxylic aC|d ( r]d% fhol fo 1de (

(79) - 7 Afilnd. T a4 G0 )a [ TS S L 4 %%Oz )
was di ssolved in dIrTEthy|SU|fOXId &ﬁ? rguei rhg)trleth

0.994 ) wandddde thy lamene ddiig At S ih ani ogen a m)sphere
at roomtenperature, followed stirrin for urs.

e ol R o i i Heblibacess

met hoxy- 4- oxo- qU|no i necar hoxylic aci | hO C ate o;
0.276 nﬂ%‘“ﬂ%a&ﬁm«r 5k Wﬁe@s By RAAF (f'd heoq%reactldﬁiem xt ur e,

f_oI | owed Stl rri nlg for 25) houfrisuoal;o Ogynéfoeﬁ?o%ﬁ}”f 4 T&%§&f‘&té on

m xture

methoxyf4~0xo-3~quinolinecarboxylic acid difluoroboron
chelate (100 g; 0.276 mol) in powder form was slowly added to
the reaction mixture, followed by stirring for 40 hours at
room temperature. The reaction mixture was concentrated
under reduced pressure, and ethanol (90%: 1000 ml) and
triethylamine (20 ml) were added thereto, followed by
refluxing for 2.5 hours. The reaction mixture was left to
cool, and crystals that precipitated were collected by
filtration. The crystals were sequentially washed with
ethanol and ether, followed by drying under reduced pressure
at 70°C for 16 hours, to thereby yield 72.5 g of the title
compound {(as 0.5 hydrate) as a pale yellow powder (yield:
61.4%). Solvents were removed from the filtrate under
reduced pressure, and water (2000 ml}) was added to the
residue. An agueous sodium hydroxide solution (3N) was added
to the mixture so as to adjust the pH value to 10.0 while
being stirred under ice cooling. Subsequently, an agueous
hydrochloric acid solution (3N) was added to the mixture so

as to adjust the pH to 7.4, followed by stirring for 16 hours
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-under reduced pressure, and ethanol (900: 1000 ml) and triethyl n§ ézo
m) were added thereto, followed by refluxing for 2.5 hours. Th eakl i 2004
m xture was left to cool, and crystals that precipitated were coll ected by
filtration. The crystals were sequentially washed with ethanol and ether,
foll owed by drying under reduced pressure at 70C for 16 hours, to thereby

yield 72.5 g of the title conpound _(as,0.5 hydrate) .as.a pale yellow
powder (8% efeP™ EMRRALEEE ve ity rgcg’rPoR/le’y?cFl(ﬁﬁ Ef‘lteeqi"fe?r

e

Fate under
reduced pressure, and_ water (2000 m s.added to the. residue. .An agueous
sodi um HRkRGERA oY U T DRTakRgn wa‘%a%%%‘gﬁ“’l?ﬂ YRESH x?ﬁ?ed%egsuflgeﬁdj ust
the pH value to 10.0 while being stirred under ice cooling. Subsequently,
an aqueotsdudgdrpeesIiTe aki t0'Sol 9 JreEahy wEeldidetr 4 F t %ture so as

to adjust the pHto 7.4, followed b siirring fJo_r 16 Pours 24 2 9 SEP 2004
at room Herdrre@mRendy (3% of ssttﬁé@r%?% i PPt &t R He¥ B11CH) PRELEEH by

filtration, washed with water, and dried under reduced pressure at 70C, to
thereby (Wieakin1933-¢%bf the title conpound (as 0.5 hydrate) as a pal e

yel | ow powder (yield: 33. 618}. " H- NVR(400 NMHz, 0. 1N NaOD)8: 0.53-0.59(2H,
m, 0.62HoMNIR(HY0 MAz. @A dlagi Py, 0#,3*9.@89-(?%0('%, Une2-0 PR ),

HEEIE N NN R BT RO
8.43(1H &) 1_10.3, 26.0 Hz), 3.52(3H, s), 3.72(1H, d, J=10.0 Hz),
3.89-4.00(2H, m), 4.93(1H, dm, J=64.2 Hz), 7.62(1H, 4, J=14.2
Hz), 8.43(1H, s).
Elementary analysis: on the basis of C3oHzF:N304°0.5H20
Calculated: C 57.97; H 5.35; N 10.14
Found: C 57.97; H 5.31; N 10.11

Specific rotation: [alp®®-25.5°(c=0.832, 0.1IN NaOH).

Melting point: 207-209°C.

Example 2
(-}-7-{(78)-7-amino-5-azaspiro[2.4]heptan-5-yl1}-6-fluoro-1-
[(1R, 28)-2-fluoro-l-cyclopropyl]-1,4-dihydro-8-methoxy-4-
oxo-3-quinolinecarboxylic acid monohydrochloride monohydrate
{Compound 1}:

In a 3-liter teardrop flask, crystalline (-)—7-[(78)-7—
amino-5-azaspiro[2.4lheptan-5-yl]-6-fluoro-1-[ (1R, 2S)-2-
‘fluoro—l-cyclopropyl]-1,4—dihydro—s—methoxy-4-oxo-3—
gquinolinecarboxylic acid 0.5 hydrate {61.3 g; 148 mmol:
calculated based on the free form: 60.0 g) was suspended in

2-propanol (720 ml). Subsequently, hydrochloric acid (5N:
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-El ementary analysis ; on the basis of C20H21F2N30O4 0.5H20 Calcul ated: C
57.97; H 5.35; N 10.14 Found: C 57.97; H 5.31; N 10.11 Specific r@t&tSEh:2004
[ a] D22- 25. 5(¢=0.832, 0.1N NaOH). Melting point: 207-209C. Exanple 2

“(-)-7-((7S)-7-am no-5-azaspirof 2. 4] heptan-5-yl }-6-fluoro-1- [(1R,
2S) - 2-fl uoro-1-cycl opropyl ] -1, 4-di hydr o- 8- net hoxy- 4- oxo-
3-qui nol i necarboxylic acid nonohydrochl ori de. nonohydrate_(Conpound 1): In a
3-liter G%& dlop F9Gaamok) eas §irely -3‘5‘{7‘5—% (di’"s"Pnge £ Coiké

am no- 5-azaspiro[ 2. 4] hept an-5-yl ] -6-fluoro-1-] (1R - 2-

f | uor o- BUSRENSH YL LE LA of @%t%‘i@r 41-‘%%‘3%@215%{19 nol e dxyl i ¢
acid 0.5 hydrate (61.3 g; 148 mmol . cal cul ated based on the %ree form 60.0
g) was Sipdifdmesy MIKTUre, HRakFoygh R )TOW IR TYE® hyDchl ori ¢ acid
(5N 25 2 9 SEP 2004 59.2 m; 296 mmol) was_ sl owlg/ ?,f";odfd drgpwi se to the
suspensidistidiled pEtRE st449 dul Lt 3L e TRYtC THEC e d oBY ai ned

m xture was brought to roomtenperature, and distilled water (420 ml) was
added t lariegtgng didnoviedl minukes r r iThe PéxtiFenivas deaterde tH &AL e WHad heat ed
to 60Cin a water bath while being stirred. After the suspension turned
into a wWaiedpdadh Weile ReLnS PRt c TG TP WRRensdRMY t‘{%‘?‘ito, and
the adm xture was stirred for 20 m nutes, at an exlgern(azl t)en“gerat&trie of
80C. Thé-™H@ iay AansRaTRmt wElution, activated carbon g as added

thereto, and the admixture was stirred for 20 minutes at an

external temperature of 80°C. The activated carbon was

filtered off, and the filtrate was concentrated under reduced
pressure, followed by concentrated to driness through
evaporation. The residue was dried in a water bath at 76°C
for 1 hour by use of a vacuum pump, and 2-propanol (96%: 1800
mlj was added thereto, followed by stirring in a water bath
at 80°C. After a homogenous (clear) solution was obtained,

the solution was stirred at 60°C. After a while, crystals

began to precipitate, when the temperature of the water bath
was brought to 25°C over about 1.5 hours, followed by slow
stirring for 20 hours. Crystals that precipitated were
collected by filtration, washed with 2-propanol, and dried
under reduced pressure at 70°C, to thereby yield 56.3 g of
the title compound as pale yellow crystals (yield: 82.7%).
H-NMR{400 MHz, 0.1N NaOD)§: 0.57-0.70(3H, m}, 0.81-0.85(1H,
m), 1.40-1.64(2H, m), 3.13(1H, t, J=4.39 Hz), 3.46(1H, dd,
J=10.5, 24.6 Hz), 3.60(3H, s), 3.84(1H, 44, J=7.81, 10.3 Hz),
3.99-4.06{2H, m), 5.01(1H, dm, J=64.5 Hz), 7.66(1H, 4, J=14.1

Hz), 8.42(1H, 4, J=1.95 Hz).
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-filtered off, and the filtrate was concentrated under reduced pressure,
foll owed by concentrated to driness through evaporation. The resz' §“§EW§DU4
dried in a water bath at 70C for 1 hour by use of a vacuum punp,” &n
v2-propanol (96% 1800 m ) was added thereto, followed by stirring in a
water bath at 80C. After a honmpbgenous (clear) solution was obtained, the
solution was stirred at 60C. After a while, crystals began t.o _precipitate,
when t hé&teareraatyuranakysie: vt cihe 3 15l frotefizNe8: 25 et faBout 1. 5
hours, followed by slow stirring for_20 hours. Crystals that precipitated
were cdéldlentlatead: 16132 a4 ofl hedhied' wl th 2- propanol , and dried under
reduced pressure at 70C, to thereb ield 56.3 g of the title conpound as
pal e yelHwowdr yGtad slwilélﬁj-:?-%-z.f?%/: 7' H NVR(400 MHz, 0. 1N NaOD) &:
0.57-0.70(3H, m, 0.81-0.85(1H,_ m, 1.40-1.64(2H n), 3.13(1H t, J=4.39
Hz), 3. 4&f{eldd £idd rotation; Datlf*+E96. % do¢PH %), BOda(1H, dd, J7.81, 10.3
Hz), 3.99-4.06(2H, m, 5.01(1H, dm J=64.5 Hz), 7.66(1H, d, J=14.1 Hz),
8. 42( 1HMedl t il . [9&itz) . 192%-208°CSEP 2004 El ementary anal ysis: on the basis
of C20H21, F2N3O4' 1. OHCI' 1H20 Calculated: C 52.24; H 5.26; N 9.14 Found:
C 52.15; H5.25; N 9.07 Specific rotation: [a] D22-166.5 (c=0.990, H20)-
Melting point: 199-208C. Exanple 3

(-)-7_{ (E&mLeAnd no- 5- azaspi ro[ 2. 4] hept an-5-yl )-6-fl uoro-1 -

(-)-7-{(75)-7—Amino-5—azaspiro[2.4]heptan—5—yl}—6-fluoro—1-
[ (1R, ZSf—z-fluoro-1¥cyclopropyl]—1,4-dihydro-8-methoxy-4-
oxo-3-quinolinecarboxylic acid-difluoroboron chelate (1b):

(78) -7-Amino-5-azaspiro[2.4lheptane dihydrochloride
(615 mg; 3.32 mmol) and triethylamine (1.40 ml) in
dimethylsulfoxide (5 ml) was stirred for 20 minutes at room
temperafure. 6,7-Difluoro-1-[ (1R, 2§)-2-fluoro-1-
cyclopropyl]—l,4—dihydro-8—methoxy—4—oxo—3—
quinolinecarboxylic acid difluoroboron chelate (1.00 g; 2.77
mmol) was added thereto, and the resultant mixture was
stirred for 20 hours at room temperature. The reaction
mixture was concentrated under reduced pressure, and purified
water (50 ml} was added thereto. The pH of the resultant
mixture was adjusted to 7.0 with aqueous 1N NaCOH solution,
and the aqueous layer of the mixture was taken up with
chloroform (100 ml x 5). Thelorganic layer was dried over
sodium sulfate, and the solvent was evaporated. The residue
was purified through recrystallization from ethanol, to

thereby yield 1.14 g of the title compound as pale yellow

2

crystals (yield: 91%).
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[ (1R, 2S)-2-fluoro-I-cyclopropyl]-1, 4-di hydro- 8- net hoxy- 4-

0X0- 3- qui nol i necar boxylic aci d-di fl uoroboron chelate (IDb): -

(7S)-7- Ami no- 5-azaspiro[ 2. 4] hept ane di hydrochl oride (615 ng; 3. gzg naﬁf )ZUUI'
‘and triethylamne (1.40 m) in dinethylsulfoxide (5 m) was stirred for 20
mnutes at room tenperature. 6,7-Difluoro--1-[(1R 2S)-2-fluoro-I-

o1 vor drwsciebic e 6o | 2?"”461’9%‘(‘2:? ol el ferdite i ehe
reactiont Bt bl :‘ﬁérifs’f%fﬁgﬂ okl FIHL U 7
5% B T SRS B O
&g: dL:??IgiefhfégHEupﬁgglz??%flﬁndd?he 58% Fnka é&ﬁlpatgd 37 hg ?esidue
ves purificd thiguah recrystalligatlon Trom sthanol, tothereby yield 114

1/50-1 GoR(3 é‘ﬁﬁlsm@r‘r??%%% o 088 54091, Phpa 2 J88 S, G0AE: Tpp.
S0 ke, B8 RN 3R B By, B GR  )
|ROKBE QetdiSq points 0102 00708 Xddcompoged o> 1710 1631
Elementary analysis: on the basis of C,oH2oBF N0y t 0. 25H,0
- Calculated: C 52.48; H 4.51; N 9.18
Found: C 52.33; H 4.36; N 9.01

Specific rotation: [alp'® '=-29.3° (c=1.03, DMF)

Example 4:
{(-)-7-{(7S)-7-2mino-5-azaspiro[2.4]heptan-5~-yl}-6-fluoro-1-
[{1R, 28)-2-fluoro-l-cyclopropyll-1,4-dihydro-8-methoxy-4-
oxo-3-quinolinecarboxylic acid (1):
(-)-7-{{(78)-7-Amino-5-azaspiro[2.4]heptan-5-y1}-6-
fluoro-1-[ (1R, 2S)-2-fluoro-l-cyclopropyl]-1,4-dihydro-8-
methoxy-4-oxo0-3-quinolinecarboxylic acid difliuoroboron
chelate (1.14g; 2.52 mol) was dissolved in 80% hydrated
ethanol (100 ml; prepared by mixing 4 volumes of ethanol and
one volume of water). Triethylamine (2 ml) was added thereto
and the resultant mixture was subjected to reflux for 3 hours.
The solvent was evaporated, and the residue was dissolved by

the addition of concentrated HC1 (5 ml) and IN-HC1 (5 ml),

followed by washing with chloroform (100 ml x 3). The pH of
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1560, 1522, 1441, 1363, 1331, 1288, 1257, 1225. Melting point: 194-197C
(deconposed) Elenentary analysis: on the basis of C20H20BF4N304 2)9258202[][]4
Cal cul ated: C 52.48; H 4.51; N 9.18 Found: C 52.33; H 4.36; N 9.01 Specific
rotation: [a] D19.7=-29.3 (c=1.03, DW) Exanple 4:

(-)-7-{(75)-7- Am no- 5-azaspiro[ 2. 4] heptan-5--yl }-6-fluoro-1- [(1R
28)-2-f|uoro-l-cyclopropyL]-1,4-dLhydro-8-nEIho§¥-4- . .
oxo-3-qGﬁﬁoﬂﬁﬁ@é&ﬁ@ﬁkﬂQ¥ﬁ%ﬁﬂﬁPRRB%OH was adjusted to 8.0 in an ice

(-)-7-{(7S)-7- Am no-5-azaspiro[ 2. 4] heptan-5-yl }-6- fluor.q-1- R,
25)-2-f|(twamitéy@%m%w1]01ﬁ,@% RPg-Ien and aqueous’ 1N Tdddt

met hoxy- 4- oxo- 3- qui nol i necar boxylic acid difluorqboron chelate (1.14g;

2. 52 nolsplwdsoni.s fellered toostiiydiae foretiitifs RoWE At 19%ared by

m xi ng 4 volunes of ethanol and one volunme of water). Triethylamne (2 m)
was adddempeseduge dpd @ ate AAMPARL LA ST A %eted to ref lux for 3
hours. The sol vent was evaporated, and the residue was dissolved. b t he
addi t i of1ats tedsc dvecdRid aiel (wha codd@oteddy G R g washi ng
with chloroform (100 mM x 3). The pH of 28 2 9 SEP 2004 %ge resul t ant

aci di ¢ swiden aedueedd@ueasire.o @ Fheredy ideldHatdl Wg wiad % ON NaOH
solution and aqueous |IN NaOH solution, follaowed Qy stirring Bpr three
hours atforomt tdepdridihe CEPeErd &5 s S B ¥y 2% 5).

Crystal s.-precipitated were coltected by filtration and dried
crystals were purified through recrystallization from a

mixture of 28% ammonia water and ethanol, then dried under
reduced pressure, yielding 561 mg of the title compound as
yellowish white crystals (yield: 55%).

} H-NMR (400 MHz, 0.1N-NaOD) 6: 0.53-0.59(2H, m), 0.62-0.66(1H,
m), 0.78-0.82(1H, m), 1.38-1.60(2H, m), 3.07(1H, s), 3.39(1H,
dd, J=10.3, 26.0 Hz), 3.52(3H, s), 3.72(1lH, 4. J=10.0 Hz),
3.89-4.00(2H, m), 4.93(1H, dm, J=64.2 Hz), 7.62(1H, 4, J=14.2

Hz), 8.43(1H, s).

Example 5
7-[(7S8)-5-Aza-7-tert-butoxycarbonylaminospiro[2.4}heptan-5-
vl}-6-fluoro-~1-[ (1R, 2S)-2-fluoro-1l-cyclopropyl]-1,4-dihydro-
8-methoxy-4-oxo-3-quinolinecarboxylic acid difluoroboron
chelate:

To 6,7-difluoro-1-[ (1R, 25)-é—fluoro—l—cyclopropyl]—
1,4—dihydro-8—methoxy-4-oxo—3—quinolinecarboxylic acid
difluoroboron chelate (1.00 g:; 2.77 mmol) in
dimethylsulfoxide (5 ml), (75)-5-aza-7-tert-

butoxycarbonylaminospiro[2.4]heptan (706 mg: 3.32 mmol) and
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~under reduced pressure, to thereby yield 980 ng of a crude formof the
title compound as pale yellow crystals. The crystals were purif?dd SHp ¢0fh
recrystallization froma mxture of 28% amopni a water and et hanol, then
“dried under reduced pressure, yielding 561 ng of the title conpound as
yell owi sh white crystals (yield: 55%. 'H NVR (400 MHz, O 1N NaOD) 8:
0.53-0.59(2H, m, 0.62-0.66(1H, m, 0.78-0.82(1H, Ha 1.38-1.60(2H, m,
3.07(1H tsietBy3emine (8a7 frlowsreosddefy) The cpeapltant mizdprewag
J=10.0 Hz), 3.89-4.00(2H, nm), 4.93(1H, dm J=64.2 Hz), 7.62(1H d, J=14.2
Hz), 8.48tizredsht Eggwppgmgerature for 20 hours. Thé reaction

7-[(7S)-5-Aza-7-tert-butoxycarbonylaninospirg&?.%]heg&gn-S- .

yl |- 6-f | nérbuKre] par coBpentirpEsto UNAEFFEFPGEY PLrEssudeny @Gt purified

8- met hoxy- 4- oxo- 3- qui nol i necar boxylic acid difluoroboron chelate: To

6, 7- di f | vakexr] {RP1RL)2wps- adfedots- thecFepdrspy Frystals

1, 4- di hydr o- 8- net hoxy- 4- oxo- 3- qui nol i necar boxyl i.c.acid dif] uoroboron

chel at e pregdpgtated7veRsl )vasheddﬁﬁepﬁwt&ellfla&w&éh( Bunified water and

(7S)-5-aza-7-tert- butoxyca(bonylaninospirﬁé2.4 heptanﬁ%?OG X 3.32 nmol )

and 29 2agssgploemeupti eEnigkhnd e§57r) TRetRUdHRShRE FEXEHERASt nixture

was stirred at roomtenperature for 20 houri. Th% reaction ure was
i

m xt
concent riese dageplvedudadchresefrem 44800k eFeﬁB§ﬁﬂﬁ&:was added

to the residue. Crystals
solution was washed with water (50 ml x 2) and saturated

brine (50 ml). The organic layer was dried over sodium
sulfate, and the solvent was evaporated. The thus-obtained
crude product was purified through recrystallization from a
mixture of n-hexane and ethanol, followed by drying under
reduced pressure, to thereby yield 1.47 g of the title
compound as pale yellow crystals (yield: 96%).

' H-NMR (400 MHz, CDCl,) &: 0.69-0,.79(2H, m), 0.83-0.97(2H, m),
1.43-1.53{1H, m), 1.45(9H, s), 1.68-1.77(1H, m), 3.49-3.52(1H,
m), 3.70(3H, s}, 3.79(1H, 4, J=11.5 Hz), 3.88(1H, s}, 4.00-
4.03(1H, m), 4.16-4.22(1H, m), 4.23-4.25(1H, m), 4.76(1H,
br.s), 4.96(1H, dm, J=62.7 Hz), 7.90(1H, 4, J=13.7 Hz),
8.84(1H, 4, J=2.44 Hz).

IR{KBr disk)em ': 3450, 3415, 3082, 3001, 2976, 2935, 2881,
1716, 1631, 1568, 1525, 1444, 1365, 1331, 1286, 1257.

Melting point: 152-155°C

Elementary analysis: on the basis of CysHy3BF4N30

Calculated: C 54.27; H 5.10; N 7.59

Found: C 54.12; H 5.13; N 7.41

Specific rotation: [alp’®’=-23.9° (c=1.00, CHC1;)
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~preci pitated were washed sequentially with purified water and a snal

anmount of diethyl ether.

chl oroform (100 m ), and the resu

The thus-washed crystals

t ant

“m x 2) and saturated brine (50 m).

sodi um sul fate,

wer e di ssol ved2i $ SEP 2004

sol ution was washed with water (50

The organic | ayer was dried over
and the sol vent was evaporated. The thus-obtained

crude

product was purified through recrystallization froma mxture of n--hexane

and et haR¥RIPL6| Powed by drying un
1.47 g of the title conpound as

(400 MHz7-EO233y56R28-89 er?gPEFPXﬁfar opyl Gmé?PEP}rO
3. 49- 3. 52( 1H

#OEe- 1405§a99r°ﬁy11411&-@1@§(dm m,
4. 96( 1H
J=13.7 HBymetRoB#(419X0d3- QuznﬂllPﬁFarPRFK%FCd?§&Fcn}1 3450,

1.68-1.77

m, 1.45(9H,

s),

4.23-4.25(1H, n), 4.76(1H, br.s),
3001, 2976, 2935, 2881,
1257.

C25H28BF4N306 Cal cul ated: C _54. 27;

3.79(1H Y4}~ Q-ilusrpu} [glgg(zﬁ) g)fl

der
pal e

reduced pressure to thereby yield
e||OMICF stal s %Id 960) . 1H NWR
-4 ?QP§anr 53( 1H,

dm J=62.7 Hz), 7.90(1H d,

3415, 3082,

1716, 1631, 1568, 1525, 1444, 1365, 1331, 1286,
Mel ting-pé7se - 515231§5GeEFéPﬁﬁ?éyﬁagﬁgpyéﬁgln8ﬁpﬂﬁ€ basi s of

N.7.59 Found; C 54.12; H 5.13;

N 7.41 Spactihertanabroal -pafoeero= 12é(éR(c2§)oé t&ers-1L-30 2 9 SEP 2904

Exanple 6 7-]

(7S) - 5- Aza 7-tert- butox¥carbonylan1nosp|ro[2 4] hept an- 5-
cyclopropyli-1,4-dihydro-8 hoxy-4

guinolinecarboxylic acid difluoroboron chelate (1.47 g: 2.66

mmol) was dissolved in 80% hydrated ethanol (50 ml).

Triethylamine (2 ml) was added thereto,
mixture was subjected to reflux for three hours.
was evaporated under reduced pressure,
acid solution (50 ml) was added to the residue.

was extracted with chloroform (100 ml x 2}.

layer was washed with saturated brine (50 ml),

over sodium sulfatse,

thereby removing the sclvent.

and the resultant

The solvent
and agqueous 10% citric
The mixture
The organic

and then dried

The

residue was purified through recrystallization from a mixture

of n-hexane and chlorofdrm,

followed by drying under reduced

pressure, to thereby yield 1.37 g of the title compound as

pale yvellow crystals (guantitative yield).

!H-NMR (400 MHz,

1.45(9H, s), 1.49-1.52(1H,

J=10.5 Hz), 3.62(3H, s),.

4.06-4.10{(1H, m},

CDC1; )0: 0.64-0.75(2H, m),

m},

'3.63-3.67(1H, m),

4.76-4.79(1H, m),

1.54-1.62(1H, m},

0.81-0.94(2H, m),
3.37(1H, 4,
3.83-3.90(3H, m),

4.85(1H, dm, J=62.7 Hz),

7.83(1H, 4, J=13.5 Hz), 8.70(1H, 4, J=2.20 Hz}.
IR(KBr disk)em™*: 3448, 3361, 3074, 2979, 2935, 2881, 1734,
1693, 1622, 1512, 1448, 1325, 1352, 1252.

1367,
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|]-6-fluoro-I-[ (IR 2S)-2-fluoro-I|-cyclopropyll-1,4-di hydro-

nmet hoxy- 4- oxo- 3- qui nol i necar boxyl i ¢ aci d: 29 SEP 2004
[ (7S)-5-Aza-7-tert-but oxycarbonyl am nospi r o-

‘[ 2. 4] heptan-5-yl|-6-fluoro-1-[(IR 2S)-2-fluoro-I-

cycl opropyl | -1, 4-di hydr o- 8- net hoxy- 4- oxo- 3- qui nol i necarboxylic acid

di fl uoroboron chelate (1.47 g; 2.66 mmol) was dissolved in 801 hydrated

et hanol N&lting roimteth§T a2k h€ (2 M) was added thereto, and the resultant
m xture was subjected to reflux for three hours. The solvent was

evapor atFEnaeary cahabes bt esetur ehe Bre by uebuszsiediale?s @ - 34Pd sol ution
(50 M) was added to the residue. The m xture was extracted with

chl or of draaquigttef: £ 238 - Ihe Bryaffc N1&yef was washed with saturated brine
(50 m), and then dried over sodiumsulfate, thereby ~rernoving the

sol vent .Ford: rei R0 inad Duf?f iR thf ough recrystaliization froma nixture
of n-hexane and chl oroform foh%qmed béodrying under reduced pressure, to
t her eby Spegific Iopbion hel@ld [ e=c8Rpdunbical- 238t C¥elt dbw crystal s
(quantitative yield). IHNW (400 MHz, CDC13)5: 0.64-0.75(2H, m,
0.81-0.94(2H, m, 1.45(9H, s), 1.49-1.52(IH, nm, 1.54-1.62(IH m,
3.37(IH,_d, J=10.5 Hz), 3.62(3H, s), 3.63-3.67(IH m, 3.83-3.90(3H, in),
4.06- 4. BRaWRIe7 4.76-4.79(1H, m, 4.85(1H, din, J=62.7 Hz), 7.83(IH d,
J=13.5 Hz), 8.70(IH,_d, J=2.20 Hz)._ | Br.disk)cem1: 3448_.3361, .3074,
2979, 2935 -g8h’S h7hzAnIingys; a5 ,r‘ip](sifz{i]‘ﬁ% ,n%@?ﬁ'léé’%,lu‘iﬁgzl'lzsz. 31

29 SEPI%RBﬁ; 28)-2-fluoro-1l-cyclopropyll-1l,4-dihydro-8-methoxy-4-

-y
8
-7

]oxo—3-quinolinecarboxylic acid (1):
7-[(78)~5-Aza-7-tert-butoxycarbonylaminospiro-
[2.4]heptan-5-yl]-6-fluoro-1-[(1R, 2S}-2-fluoro-1-
cyclopropyll-1,4-dihydro-8-methoxy-4-0oxo-3-
quinolinecarboxylic acid (1.37 g: 2.66 mmol} was dissolved by
the addition of concentrated hydrochloric acid (5 ml) and 1N
HC1l (5 ml) on ice. The resultant solution was washed with
chloroform (100 mlL x 3). The pH of the resultant acidic
solution was adjusted to 11.0 in an ice bath with aqueous 10N
NaOH solution. Subsequently, the pH of the obtained basic
solution was adjusted to 7.4 with concentrated HCl and 1N HC1,
followed by stirring for three hours at room temperature (pH
after completion of stirring = 7.4). Crystals precipitated
were collected by filtration and dried under reduced pressure,
to thereby yield 1.01 g of a crude form of the title compound
as pale yellow crystals. The crystals were purified through
recrystallization from a mixture of 28% ammonia water and

ethanol, yielding 351 mg of the title compound as yellowish
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-Melting point: 167-169C El ementary analysis : on the basis of ,
C25H29BF2N306' 0 . 5H20 Calcul ated: C 58.36; H 5.88; N 8.17 Fouhd SEP 2004
.58.50; H5.70; N 8.17 Specific rotation: [a]nl9 .=-95.2 (c=0.930, CHC13)
‘Example 7 (-)-7-{(75)-7-Ani no-5-azaspiro[2.4] heptan-5-yl}-6-fluoro-|-

[ (1R, 2S)-2-fluoro-I-cyclopropyl]-1, 4-di hydro- 8- net hoxy- 4-

0x0- 3- qui nol i necarboxylic acid (1).'

7-[ (7S) ¥ouiften oyl k68 ST bohyl -am nospi r o-

[ 2. 4] heptan-5-yl]-6-fluoro-1-[(1R,_ 29 -2--fluorq- 1- _

cycl opr 693/41\]1‘11?{11,‘29%1%&111{00811117@4571@%@34-0)0)?@-@-'%2%{11 i“h)e'ca(}b%%(ycl)i%ﬁ G (1.37
g; 2.66 mmol) was dissol ved by the addjtion of co rated hy loric
acid (5™, GiB1NBHIH (I )L oifik .0(13??%' rr%gUI:%anFg‘%l u%?bng\'/vgalést)g\géhed
with chloroform (100 M x 3). The pH of, t tapt acidi | uti on was
adj ust edi¢.0 FLD®- 3 n %ﬁ-?éézbat%'@ﬂ:ﬁ{'aq?ko[}f'fmm%-l 'ga;lﬁflso}r{\.ésj'
Subsequently, the pH of the obtained basi utio, dj ysted,40,7. 4
with co@wﬂﬂT%ﬂQﬂﬁﬁh] mhd 4N HAH- q%ﬂl%Véﬁ'%aé%itr?i%g§%gf ?hrgelﬁbars at
room tenperature é{)H after conpletion of stirring = 7.4). Crystals

preci pi thadled 8 vkFelBolFbcted by filtration and dried under reduced
pressure, to thereby yield 1.01 g of a crude formof the title conpound
as pale yellow crystals. The crystals were purified through

recrystallization froma m xture of 28% amoni a water and et hanol,
yi el di nResEarertbrlBEamPLe o’ conpound as yel | owi sh 32

Methanesulfonic acid salt of (-)-7-{(7S}-7-amino-5-
azaspiro[z.4]heptan-s-yl}-6-f1uoro-1—[(1R, 28)~2-fluorc-1-
cyclopropyl]-1,4—dihydro-a-methoxy—4-oxo—3—
quinolinecarboxylic aci@:

(—)—7~{(7S)—7-Amino~5-azaspiro[2.4]heptanw5—yl}-6-
fluoro-1-1 (1R, ZS)-2-fluoro~1-cyclopropyl]—1,4-dihydro-8—
methoxy—4—oxo-3-quinolinecarboxylic acid (la}) (2.51 g) was
suspended in ethanol (20 ml). Methanesuifonic acid (1.2
equivalents) was added thereto, and the resultant mixture was
stirred for five minutes at room temperature. Subsequently,
diethyl ether (80 ml) was added thereto. Crystals
precipitated were washed with diethyl ether, and collected
through filtration (2.01lg, 94%).

The above-obtained crude crystals of methanesulfonic
acid salt (900 mg) was dissolved in hot isopropanol (100 ml),
and the solution was concentrated under heating until the
volume of the entire solution became 40 ml. The concentrate
was allowed to cool at room temperature, and crystals

precipitated were collected through filtration, followed by
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-2 9 SEP 2004 white crystals (yield: 33%. 'H NVR(400 MHz, O 1N-NaQOD)8:

. 0.53-0.59(2H, m, 0.62-0.66(1H, m, 0.78-0.82(1H m, 1.38-1.6022gtﬁﬁp,2004
.3.07(1H, s), 3.39(1H, dd, J=10.3, 26.0 Hz), 3.52(3H, s), 3.72(1R,

*3=10.0 Hz), 3.89-4.00(2H, m, 4.93(1H, dm J=64.2 Hz), 7.62(1H, d, J=14.2
Hz), 8.43(1-H, s). Referential Exanple 7 Methanesul fonic acid salt of
(-)-7-{(75)-7-am no- 5- azaspiro£2.4 heptan-géﬁI}-G-fluoro-l-[%lR,

2S) - 2- f | wasbing wthopeopyppancl. dthpdesYsVisilRdRY- 128xpa3of the

qui nol i necar boxyl i c aci d:
()-7--{tiBle7compnong- 4¥aepfr oP2%A} hept an-5-y1}-6- fluoro-1-[ (1R

2S) - 2-fluoro-1-cycl opropyl]-1, 4-di hydr o- 8-

met hoxy-Medbxdng- goiindlki A8CaRB8XYlic acid (l1la) (2.51 g) was suspended in
et hanol (20 m). Methanesul fonic acid (1.2 equivalents) was added thereto,
and t he tHsNMRAADONMKEUr @ . MiSNa®Di}dr ell. PBr 0f V4 €3Hi Nt es0aBOrB8ofP (1H,
tenperature. Subsequently, diethyl ether (80 m) was added thereto.

Cryst al sm}pr écitpi-iabdd2ier @) wa2h8a (Rt hSdi-eBhyP -8t Rl LHanB ) coPl- édt ed
through filtration (2.01g, 94% . The above-obtai ned crude crystals of

net hanesal #80RH. awi d §a6§(§§®05dg)3mﬁ§<éﬁss@ﬁve§=ﬁn4ﬁ®t9P§8p¥86anol (100
m), and the solution was concentrated under heating until the _volune of
the enti#e85oluPBonShedafetifearh $héHcoRdent’r &4 1Hwad  alFdied ot H2dool at
roomtenperature, and crystals precipitated were collected through
filtrati 8and2(adHl.o%dd by

Test Example 1 (Confirmation of the crystal morphology of
compound (1))

(1) Fig. 1 shows the results of powder X-ray diffractometry
of compound (1) (by means of an X'pert powder X-ray
diffraction apparatus, product of Philips), and Fig. 2 shows
the IR spectrum of compound (1)} (obtained using model FT-720,
FT-IR, product of HORIBA). Thermal analysis of compound {1)
revealed that the weight loss was 4.2% by weight, which was
in agreement with the theoretical value (3.9%) of monohydrate.
(2) Quantitative analysis by the Karl Fischer's method
revealed that the water content of compound (1) is 4.11%,

which is in agreement with the result of thermal analysis.

Test Example 2

Moisture absorption/desorption of compound (1) was
investigated by using samples each weighing approximately 10
mg and a moisture absorption analyzer manufactured by VTI

(model SGA-100). The measurement was performed at 25°C, and
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=33 2 9 SEP 2004 washing with isopropanol, thereby yielding 720 ng of the
title conpound (yield: 80%. Melting point: 257-258C 'H NVR(400 EﬁngEP 2004
0. IN-NaOD)6: 0.58-0.72(3H, m, 0.80-0.90(IH, m, 1.40-1.62(2H, m,
"2.82(30, s), 3.10-3.12(1H, m, 3.41- 3.49(20, m, 3.58(3H, s), 3.81(1H dd,
J=2.44, 9.77 Hz), 4.85-4.93, 5.04-5.07(each 0.5H, m, 7.65(1H, d, J=14.16
Hz), 8.42(1H, s). Test Exanple |I (Confirmation of the crystal norphol ogy
of conpcuedrélddive)h@Erydity sheaschangedsint $hef rppagertXxSrafo 25%
diffractometry of conpound (1) (by neans of an X pert powder X-ray

di f f r actabnimpgoval sisef pfddoct 10% . PHitépshhe gl ghly. clrargevef &he IR
spectrum of conpound (1) (obtained using nodel FT-720, FT-IR, product of
HORI BA) .sdinelenlis ahad §%i srolessnpdthidn(3p misvéakedthhasampdewdisght | oss
was 4.2% by wei ght, which was in agreenent with the theoretical val ue
(3.9% ofommhidyeldate. be(2h Quahateavfvedandlipsiympyanfeiraithipsi $eisdr.' s

met hod revealed that the water content of conpound (1) is 4.11% which is
i n agr ectteat Lowgdst hequietibtrioh thwmenmuisafarytpsbeTe8? Einntes-2 Thesture
absor ption/ desorption of conpound (1) was investigated by using sanples
each weiwdlgigt agipange naf eegciOsamglandtadiBfsrent apiatpveohumadiyies

manuf actured by VTI (nodel SGA-100). The neasurenent was perfornmed at 25C
and was determined. As a result, as shown in Fig. 3, compound

(1) was found to be stable, neither absorbing or desorbing

moisture within the relative humidity range of 5-95% RH.

Test Example 3

Acid addition salts of compound (la) (methanesulfonic
acid salt, p-toluenesulfonic acid salts, citric acid salt,
and malic acid salt) were prepared, and their stability under
various levels of humidity was evaluated. All the tested
salts showed a tendency toward moisture absoxrption under
high-humidity conditions. In the meantime, although attempts
were made to prepare an acetic acid salt and a lactic acid

salt of compound (la), no salt was formed.

Test Example 4

Solubility of compound (1) in water was investigated.
Compound (1) was found to have a high solubility in water;

i.e., 100 mg/mL or more.

Test Example 5

Compound (1)} (1.5 mg) was stored for one week under the
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34 2 9 SEP 2004 the relative humdity was changed in the range of 5% to 95%
at intervals of 5% or 10% Wen the weight change of a sanple i ¢ 9. 8BPo 2004
less within 30 minutes, the sanple is considered to be in a state of
equilibrium and in this test, the longest equilibriumtine was set to be
180 m nutes. The weight change of each sanple at different relative
humdities was determned. As a result, as shown in Fig. 3, conpound (1)
was foungbiDowingtabh@ithens hetl phisordi sepbed desbtbéngt #O7Gt uf2) within the
relative humdity range of 5-95% RH. Test Exanple 3 Acid addition salts of
conpoundar | eperd r&ihasestet f obni B0°GCi7Td s &R ,(NaGlol uenesid ¥ ciwrcadtatienl ts,
citric acid salt, and malic acid salt) were prepared, and their stability
under valtlpuBidievehs DEO hood dityh wWes, Seal iret £0h ) Al ISulseduestiely . stihe s
showed a tendency toward noi sture absorption under high-humdity

condi t i anssidwal hamowaht o fregompotmdighl htwaspigantetat huddyt depeapanedan
acetic acid salt and a lactic acid salt of conpound (la), no salt was

for med. thestednxanpf el #gGod ubhtongtefrapmmpouResul)ts mnmtas Hwmblows:

i nvestigated. Conpound (1) was found to have a high solubility in water;

i.e., 10Compduhdofl horemaimsd &xkalpdt o BoTompdemgoiny #hy5 ny) was stored
for one week under the 35
decomposition, even when exposed to light irradiation.

Moreover, the stability of compound (1) when exposed to light
was superior to that of compound No. 26bb disclosed in

Japanese Patent No. 2714597.

Test Example 6

Slc:ddY mice (male; 3 weeks old) were used in groups of
ten. Compound (1) was dissolved in distilled water in order
to prepare injections, .and the resultant solution was
cisternally administered in a volume of 5 pg/mouse. To the
members of the group where compound (1) and biphenylacetic
acid were used in combination, biphenylacetic acid (400
mg/kg) was perorally administered first, and 30 minutes
following the administration, compound (1) was cisternally
administered in a manner similar to that employed for the
single use of compound (1).

The results are as follows: In both cases of solo
administration of compound (1} and combined administration.of
compound (1) and biphenylacetic acid. Compound (1) caused
neither spasm nor death and was proven to have very weak

central toxicity. Thus, compound (1) is a very safe compound.
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=2 9 SEP 2004 followi ng conditions: (1) in a sealed bottle at 70C §2 in
an open-air state at 50C, 75% RH (Nad ), or (3) irradiation mﬁtﬁ i 404
_100, 000 I xh (2,500 | xx40h). Subsequently, the residual anmount of conpound
(1) was quantitatively determ ned by neans of |iquid chromatography.
Results are as follows: Conpound (1) remained stable, not undergoing any
deconposi tion, even when exposed to |ight irradiatiaon. NMreover, the
stability of &BnpenAdact) WRBANGSEE&EHON, O GAMPARAL NG &R that of
conpound No. 26bb disclosed in Japanese Patent No. 2714597. Test Exanple 6
Sl c: ddY atcthenapme Gogecksdpray sepemudBJItWR Fi&GOVSF O% &r‘fin-cO}%ﬂJSBnd (1)
was dissolved in distilled water in order +to prepare in'ectionﬁ,. and t he
r esul t antheskuvasnonas deatht amaap| FhadhPhi Bi&fed HATEOVEFund™ o8 g/ nouse.
To the nenbers of the group where conpound_ (1) and bhi phenylacetjc acid
were usedags ofnbpmhinef, anpRéAFratéenc Vathd PARBERYHGARH NS skt al | y
adm nistered first, and 30 mnutes follow ng the adm nistration, .conpound
(1) was @esteibafll gboxeni therer varpnfQUFaAREF™s CRSES oG R A& yed for
the single use of conmpound (1). The results are as follows: In both cases
of sol o oulinPhi $0rmbirén of conpound (1) and conbi ned admi ni stration of
conpound (1) and bi phenyl acetic acid, conpound (1) caused neither spasm
nor death andCempagedies COMREPEdyéry weak central toxicity. Thus,
conpound (1) is a very safe conpound.

Test Example 7

Groups of young beagles (male; 3-4 months old), each
group consisting of 3 dogs, were used in the test. Compound
(1) was perorally administered to each dog for eight days.
Thereafter, important diarthroses were pathologically
examined. Results: Members of the groups to which compound
No. 26bb disclosed in Japanese Patent No. 2714597 was
administered at high doses of 14.1 mg/kg or more showed
formation of blebs or erosions in arthrodia; cartilage,
whereas in the compound (1) administration groups (7.5 mg/kg,

15 mg/kg, and 30 mg/kg)., formation of blebs or erosions was
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36 2 5 SEP 2004 In contrast, adm nistration of conparative conpound A at
~the sane dose induced spasmin two mice out of ten. Also, there2W@sSBPe2()4
_death anong the ten mce. Mreover, in the case of conbined adm nistration
wi t h bi phenyl acetic acid as described above, there were four spasm cases
and two deaths out of 10 m ce. Conparative Conpound A : Test Exanple 7
G oups of young beagles (nmale; 3-4 nonths old), each group consisting of 3
dogs, webhetusddald ohseryed. CERPSUnArtiePlREs tRSASAAN wiaferwiosel ed to
each dog for eight days. Thereafter, inportant diarthroses were
pat hol ogi(dal iy cavide wedk Reslinsiomfigantof RIRVHDUPRE e onpound
No. 26bb disclosed in Japanese Patent No. 2714597 was adm nistered at high
doses of (14. isng/ Kerar safice oomPRd f or mati on of bl ebs or erosions in
arthrodial cartilage, whereas in the conpound (1) adm nistration groups
(7.5 mg/ kg, 15 ng/kg, and 30 ng/kg), formation of blebs or erosions was 37
2 9 SEP 2004 not at all observed. Thus, articular toxicity of conpound (1)
i s quiteTesdk BExeaiplesi®gni fi cant, proving that conmpound (1) is a very safe
conpound. Test Exanple 8 G oups of Balb/c mce (female; 5 weeks ol d), each
group Groups of Balb/c mice (female: 5 weeks old), each group
consisting of 5-6 mice, were used in the test. After
compound (1) was intravenously administered to each mouse,
the mouse was exposed to long-wavelength UV light (UV-A) (20
J/cmz) for four hours. Thereafter, the auricle was visually
observed for 96 hours. Subsequently the mouse was sacrificed
for examination of the tissue. In the groups where compound
(1) was administered at (100 mg/kg), no abnormality was
observed either during visual observation or at the time of
tissue examination. Thus, compound (1) is a very safe

compound, being free from phototoxicity, which is often

observed with quinolone-based antibacterial agents.

Test Example 9
(1) Therapeutic effect on mouse pneumonia model by use of
pneumococcus of low penicillin sensitivity:

Groups of CBA/J mice, each group consisting of 5 mice,
were used in the test. The mice were nasally infected with
pneumococcus SFI-13 at 5.3x10° CFU/mouse. Compound (1) was
subcutaneously administered to each mouse at doses of 7.5
mg/kg, 15 mg/kg, or 30 mg/kg, for three consecutive days from

the day following infection, twice a day at an interval of 6
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"consisting of 5-6 mce, were used in the test. After conpound (%2 ngt

intravenously administered to each nouse, the mouse was exposed €& SEP 2004
_long-wavel ength WV light (Uv-A) (20 J/cnR) for four hours. Thereafter, the
auricle was visually observed for 96 hours. Subsequently the nouse was
sacrificed for examnation of the tissue. In the groups where conpound
(1) was admi nistered at (100 /kg), no_abnormality was _observed either
duri ng vheuas - obBee vef fbpaey gg ¢oBPoVRR bf) YRSsABSeRSATNEYi SAURFADS,
conmpound (1) is a very safe conpound, being free from phototoxicity, which
i s of t enthebsumbed @ift fheuinsrapulpasagyaRerhesisr P8 th§ed?Y. Test Exanple
9 (1) Therapeutic effect on nouse pneunonia nodel by use of _pneunpcoccus
of | ow pEalépwing $basifdnailt pdmdpigpsasionpa Berptes: edth Frdfe Dhsi sting
of 5 mce, were used in the test. The nmce were nasally infected with
pneunpcod@uBgsky- 08 A6 B9Zk9e5cerprbdsél)carpessd thp tegdddut aneousl y
adm ni stered to each nouse at doses of 7.5 ng/kg, 15 ng/kg, or 30 no/Kkg,
for threeounhstoubplevwdipe fiesactine dapiftol PO A§ PnPEEE &F, 7tWi ce a day
at an interval of 6 38 2 9 SEP 2004 hours. The efficacy of compound (1) was
assessedngykgounedngedt fhenbaséerénlt ROUNGt CRpEPRBERELT &Y Md fot itte day
followng the final adm nistration. Results: At a dose of 30 ng/kg or 15
ny/ kg, cefpthadcenrtredduced the bacterial count to bel ow the detection

limt, and at a dose of 7.5 )
{2} Infection-preventing effect on mouse sepsis model.

Groups of Slc:ddY mice, each group consisting of 7 mice,
were used in the test. The mice were intraperitoneally
inoculated with methicillin-resistant Staphylococcus aureus
(MRSA) strain 7866 (1.07x10° CFU/mouse) or E. coli strain
E77156 (8.08x10° CFU/mouse)}. Compound (1) was given as a
single injection into the tail vein of each mouse immediately
after infection. On the basis of the survival count on day 7
after infection, 50% efficacy was calculated using the probit
method, to thereby evaluate the efficacy. Results: The 50%
efficacy of compound (1) against MRSA strain 7866 was found
to be 3.34 mg/kg, and the same efficacy against E. coli
strain E77156 was found to be 0.57 mg/kg.

From (1) and (2} above, it can be concluded that
compound (1) has excellent preventive and therapeutic effects

against different infectious diseases when tested in vivo.

Test Example 10 (Antibacterial activity)
Antibacterial activity was investigated by comparing

compound (1) with comparative compounds B and C (see next
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*nmg/ kg, reduced the bacterial count to approximately half that of the
~control. (2) Infection-preventing effect on nouse sepsi.s nodel . 2@@512529’[]4
,Slc:ddY mice, each group consisting of 7 mice, were used in the test. The
mce were intraperitoneally inoculated with nethicillin-resistant
St aphyl ococcus aureus (MRSA) strain 7866 (1.07x108 CFU nouse) or E. col
strain E77156 (8.08x10' CFU nouse). Conpound_ (1) was given as a. single
i nj ecti opage) o tMe d didstyeras aferEEMem RICITHERN £l e Ftardakfection. On
the basis of the survival count on day 7 after infection, 50%efficacy was
cal cul atmeithisd nge torenendédt by ndaphanese oSeaéeEhyofvahaReEREREPE!f | TRy .
Results: The 50% efficacy of conmpound (1) against MRSA strain 7866 was
found toebt BeSdliuy/&ge shdwohinsZpblefiicacy against E. coli strain
E77156 was found to be 0.57 ng/kg. From (1) and (2) above, it can be
concl uded that conmpound (1) has excellent preventive and therapeutic
effects against different infectious di seases when tested in vivo. Test
Exanple 10 (Antibacterial activity) Antibacterial activity was investigated
by conparing conpound (1) with conparative conmpounds B and C (see next 39
2 9 SEP 2004 page). This test was perforned according to the standard
met hod recomrended by Japanese Society of Chenotherapy. The test results
are shown in Table 1. 40
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"2 9 SEP 2.004 Table 1 Antibacterial Activity MC (g/nL) Conpound

- (1) Conparative Conparative Conpound BConpound C E.
. NI HJs0. 0030. 0060. 025 Pr.
101000. 050. 200. 20 Ps.
321210. 050. 200. 39 S. aureus,
565000. 050. 100. 20 Str.
Conpar ati ve Conpound B HzN Conpar at
t he present

faecal i s,

vul gari s.

Co

(0]

col i,

08601. 0. 0120. 050. 05 Sear.
aer ugi nosa, 321040.200. 390.78 Ps.

und C * Kk kk*

2 9 SEP 2004
mar cescens,
aer ugi nosa,
209P0. 0060. 0250. 05 S. epi derm di s;
A 94330. 100. 200. 39 H3C (cis) H2N
The conpounds of
i nvention are endowed w th excellent antibacti i?l thivity and
safety, Mmdibactental AekiviEwbl e against |ight or humi it @, pEERky

findin utty—as antThacteri af caggdisd (4) | Comparative | Comparative
Compound B Compound C
E. coli, NIHJ <0.003 0.006 0.025
Pr. vulgaris, 08601 . 0.012 0.05 0.05
Ser. marcescens, 10100 0.05 0.20 0.20
Ps. aeruginosa, 32104 0.20 0.39 0.78
Ps. aeruginosa, 32121 0.05 0.20 0.39
S. aureus, 209P 0.006 0.025 0.05
S. epidermidis, 56500 0.05 0.10 0.20
Str. faecalis, ATCC 19433 0.10 0.20 0.39
o 0
F. COOH F. COOH
N N
N ¥ H;C
OEt
Ot Z&»»F (cis) : Z&V,F
N H,N

Comparative Compound B

kkkik¥k

Comparative Compound C

The compounds of the present invention are endowed with
excellent antibacterial activity and safety, and also are
very stable against light or humidity, thereby finding

utility as antibacterial agents.
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2 9 SEP 2004 Clainms: 1. A conpound represented by the follow ng fornul a
(1). COOH H2N I 2. A conpound as claimed in claim1, which ass s§ P 2004
crystals exhibiting characteristic peaks in the vicinity of angle F
diffraction (20) of 6.9, 10.5. 14.4, 23.1, 26.9, and 27.8() when subjected
to powderiPgimay: di ffractonetry.. 3. An antibacterial conposition containing
a conpound represented by .the following. formula (1). COOH Ove N (1) An .
anti bacterial pomposidripyues céprepdntadchby i fobbseingt Fersemmoynd of
formula (1) assumes crystals- exhlbltlng characterlstlc In the vicinity

. of. angl es of. diffraction (20) of ;' 9..910.5,°14.4. 23.1, 26.9, and
27.8() mhen subjected to pomder X-ray dlffractonetry 42 2 9 SEP 2004

cmz-l

_— AHCI 1O e

:a aRgi§S af diffxaﬂtlﬁn {26} of 6. 9 13 5 14 &, 23 3: 26 ﬁ

"5fanﬁ,2?,3{ ) ﬁhgn.guﬁjegtaﬂ tn gcwﬂer xnray éiffractamﬁtry
3. En aatibactarlal ﬁﬁﬁpﬂ&itiﬁn ecntaining A cvmpaﬁnd

' reyresanted by the following formula {l}

_COOH

a0
e

' exh;blting aharaﬂteristiﬂ peaks in th& vialnity af anglea of -

- "aiffs:mtmn tz@) of 6.9, 10.5, 1a. 4, 23.1, 26, 9, and 27. s{ }
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5- Use, in the manufacture of a drug for the treatnent of infectious

di seases, of a compound represented by the follow ng formula (1)2dq I%IP. 2004
H20 Owe 6. The use as clained in claim1ll, wherein the conpound o
formula (1) assumes crystals exhibiting characteristic peaks in the
vicinity of angles of diffraction (28) of 6.9, 10.5, 14.4; 23.1, 26.9, and
27.8() when su ;ecﬂfs@,t dnp dohebe maxufae taizfef mﬁcﬁomfﬁr the Amﬁmﬁ or

the treatment of infectious di seases, which is characterized by
~admi-ni st erf @Mﬁmmsmaﬁ aazmmui rmtﬁﬁﬁ%ﬁtﬁééfol 1 owi ng -
::forrrula(l) - COOH- R
SR :Eollow;ng fnmu:}.a (1}

{38} of 5 9 iﬂ 5 14 4 23 1, 2& 9 ami 27 8(9) wban

_subjeatad to gaw&&r X-ray diffractometry,. '

7. a mﬂthcad far ‘the Lreatment ok 1nfae:t3.mxs dlseases,'

(o]
C
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‘H2N 8 . The nmethod as clained in claim 16, wherein the conpound 43 2

-9 SEP 2004 of formula (1) assunmes crystals exhibiting characteris igc%fpabﬁm

inthe vicinity of angles of diffraction (28) of 6. 9, 10.5, 14.4, . 1]

26.9, and 27.8() when subjected to powder X-ray diffractonetry. 440

ABSTRACT OF THE DI SCLOSURE

(-)-7-[(7S)-7- Am no-5-azaspiro[ 2. 4] heptan-5-yl | -6- fluoro-1-[(1R,

2S) - 2-fl uoro-1-cycl opropyl ] -1, 4-di hydr o- 8-

met hoxy- 4- oxo- 3- qui nol i necarboxylic acid [err] 1HO [err] 1H20 and

ant | bact i AbrROMPQIY td HIEOREPL AL DY i iDICARRAUNLL o HIE: s SOIPOUDESOf L he

present invention exhibits not only excellent ~antibacterial activity and

The ot e BESABTRLAOR R BLAY Wl ¥ - 30RLOR " 26} U 628! 1Y NihYy, And T
23

t hus use as “an an rral

.1, 26.9, and 27.8(°) when subjected to powder X-ray

diffractometry.
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ABSTRACT OF THE DISCLOSURE

(-)-7-1(75)-7-Apino-5-azaspiro[2.4]heptan-5-y1]-6-
fluoro-1-f (1R, 2S)-2-fluoro-l-cyclopropyl]-1,4-dihydro-8-
methoxy-4-o0xo-3-quinolinecarboxylic acid *+ 1HC1l- 1H,0 and
antibacterial compositions containing this compound. The
compound of the present invention exhibits not only excellent
antibacterial activity and safety, but also remarkable
stability against light and humidity, and is thus useful as

an antibacterial agent.
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