Description Process for Produci ng Quinol onecarboxylic Acid Derivatives
Techni cal Field The present invention relates to a process for producing
an internediate for produci ng qui nol onecarboxylic acid derivatives having
hi gh safety and anti bacterial activity, and to an internediate which is a
key conmpound in the process. Background Art Quinol onecarboxylic acid
derivatives are widely used as synthetic antibacterial drugs in the
nedi cal field. However, resistant bacteria and side effects in relation to
the derivatives are critical is®essriptilee nedical treatnment. In order to
solve the problens, a variety of quinolonecarboxylic acid derivatives have
been synthesized, and anti bacterial activity and safety of the derivatives
have been studi ed. The foll ow ng conpounds represented by formula (1)
exhi bi t sProqgsanfobaEreduainac@ulch%,'Ol(lee@lab@sﬁlPatfécmd Neerivgtlissgy). 1 R
0 0002 (I)

Technical Field

The present invention relates to a process for

producing an intermediate for producing quinolonecarboxylic

acid derivatives having high safety and antibacterial

activity, and to an intermediate which is a key compound in

the process.

Background Art

Quinolonecarboxylic acid derivatives are widely used as
synthetic antibacterial drugs in the medical field. However,
resistant bacteria and side effects in relation to the
derivatives are critical issues in the medical treatment. In
order to solve the problems, a variety of quinolonecarboxylic
acid derivatives have been synthesized, and antibacterial
activity and safety of the derivatives have been studied.

The following compounds represented by formula (I)
exhibit strong antibacterial activity (Japanese Patent No.

2714597) .



[wherein R10 represents an am no group, a nethylam no group, a hydroxyl
group, a thiol group, or a hydrogen atom R' represents a substituent
represented by the following formula: (wherein RL2 and R13 form a

nmet hyl ene chain by linking with each other to forma 3- to 6-nenbered ring)
or a 3- hydroxypyrrolidinyl group whose 4-position carbon atomis
spiro-linked with cycl opropane; A represents C X3 (wherein X3 represents a
hal ogen atom a Cl1-C6 al kyl group, a Cl1-C6 al koxy group, a trifluoronethyl
group, or a hydrogen ato or a nitrogen atom each of X1 and X2
independentlyrepresentsRé hg ogen atom and Z represents a hydrogen atom
a C1-C6 al kyl groyp, a|d al koxyal kyl group, a phenyl al kyl group having
a Cl-C6 al kyl chai a 0Zan acet oxynmet hyl group, a

pi val oyl oxynet hyl xycarbonyloxy group, a choline group, a

di met hyl am noet hyl danyl ?% a phthalidinyl group, a
5-substi t ut ed- 2- oyld-1", <4 yl met hy group or a 3-acet oxy-2-oxobutyl

group]. Anong the conpghnds repr sented by forrmula (1), particularly, the
foll ow ng conpounds (1): §%;7( erein R19 represents a nethoxy group or

a chlorine aton) not only p esses strong antibacterial activity, but is
al so

[wherein R'® represents an amino group, a methylamino group,
a hydroxyl group, a thiol group, or a hydrogen atom; R
represents a substituent represented by the following

formula:

RIZ

R13

H N

(wherein R'? and R!® form a methylene chain by linking with
each other to form a 3- to 6-membered ring) or a 3-
hydroxypyrrolidinyl group whose 4-position carbon atom is
spiro-linked with cyclopropane; A represents C-X° (wherein X*
represents a halogen atom, a Cl1-C6 alkyl group, a Cl-C6
alkoxy group, a trifluoromethyl group, or a hydrogen atom) or
a nitrogen atom; each of X' and X? independentlyrepresents a
halogen atom; and Z represents a hydrogen atom, a C1-C6 alkyl
group, a Cl1-C6 alkoxyalkyl group, a phenylalkyl group having
a Cl-Cé6 alkyl chain, a phenyl group, an acetoxymethyl group,
a pivaloyloxymethyl group, an ethoxycarbonyloxy group, a
choline group, a dimethylaminoethyl group, a 5-indanyl group,

a phthalidinyl group, a 5-substituted-2-oxo-1,3-dioxol-4-



excellent in low toxicity and high safety, so this conmpound is a conpound
expected to be able to overcone problens associated with resistant
bacteria and safety. Taking a conpound (1) in which R14 is a nmethoxy group
as an exanple, an already known process for producing these conpounds

wi |l next be described, with reference to the follow ng reaction cascade:
3 (1) RHN (wherein R represents an am no-group-protective group, though
this definition has nothing to deal with the present invention). In this
reactioﬂl§@ﬁ@ﬁ@,géoﬁVnréﬁiéiﬁyﬁcgﬁ@ﬁﬁ—ﬁsoxphﬂgﬁbu@é@uphto qui nol one
skel et one conpound by the substitution at the 7th position of the

qui nol one ské&m&shdhec GRFEeHS dsavickd o8 chitedr vy EPsprdpyl(ai no noi ety at
position 1. At the initial stage, the follow ng compound (7) is to be

i ncor poPatdd cad 3Ry stibst fedéariag pesPelvAsl (6t :the qui nol one skel et one.
However, this reaction process has sone problens such that the production
cost of conpound (7) is extrenely exgensive; this conpound needs to be
introduced at the initial stage;| and|the production cost of conpound (1)

gr ows
N
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R F
HN

(wherein R' represents a methoxy group or a chlorine atom)

)]

not only possesses strong antibacterial activity, but is also
excellent in low toxicity and high safety, so this compound
is a compound expected to be able to overcome problems
associated with resistant bacteria and safety.

Taking a compound (1) in which R' is a methoxy group as
an example, an already known process for producing these
compounds will next be described, with reference to the

following reaction cascade:



nore expensive as a result. Thus, a solution is urgently needed for the
decrese of total production cost by introducing the reaction step of
conpound (7) at a later stage. In view of the foregoing, an object of the
present invention is to provide an industrially advantageous process for
produci ng conpounds (2a): OH (2 a) (wherein R5 represents a nethoxy group
or a hydrogen aton), which serve as internediates for producing the
af orenenti oned qui nol onecar boxylic acid derivatives (1) having excellent
anti bacterial activity and high safety. Another object of the invention is
to provide an internedi ate pl ayi jhtal part in the production process.
5 Disclosure of the “pvention T resent inventors haye carried out
extensive researches seeking a pr ction proe i scempabl e of nore
efficiently pfnafr;-a ( ptl8Predi arHs (2a) needed
2

gui nol onecar boxj}
that such intg /
advant ageously init

, ¥t has been found

acild delivative (1) .paAs @
at,es, i ncludi rRg—enter af'e (4a), Ycan be produced nore
industrial scale if rroloiei ne cgnpound is

i
; oM h
reacted with a e F RHN
0
F COOH
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(wherein R represents an amino-group-protective group, though
this definition has nothing to deal with the present
invention).

In this reaction scheme, a pyrrolidinyl group is
introduced into quinolone skeletone compound by the
substitution at the 7™ position of the quinolone skeletone
compound having a fluorocyclopropylamino moiety at position 1.

At the initial stage, the following compound (7) is to
be incorporated as the substituent at position 1 of the

quinolone skeletone.



conpound represented by fornula (3) to introduce a pyrrolidine substituent
into the conmpound; then the foregoing conpound (7) is reacted with said
pyrrolidine-substituted conpound just before a quinolone ring is forned by
the ring- closure reaction. Thus, the present invention was acconpli shed.
Accordingly, the present invention provides: a process for producing a
conpound represented by fornmula (2): OH (2) (wherein each of R and R2

i ndependently represents a hydrogen atom a fluorine atom a chlorine
atom a C-C6 alkyy group, or a C-C6 al koxy group; and R3 represents a

hydr ogen at om or a &n1no gr oup- pro%gﬁtive group), the process conprising:
reacting a corrpoure resented by formula (3): (3) (wherein R represents

an aryl oxy group, aIkonxy group, or a Cl-C6 al koxy group; and Rl and
R2 have the sane neanlngs as defined above) wth a conpound represented by
formula (4): (wherein has the same neaning as defined _above), to thereby
yield a conp ‘f%réél'b‘rﬁe‘beacﬁ/tlf%? RAOLEES) Nyss)some problems such

that the production cost of compound (7) is extremely
expensiﬁe; this compound needs to be introduced at the
initial stage; and the production cost of compound (1) grows
more expensive as a result. Thus, a solution is urgently
needed for the decrese of total production cost by
introducing the reaction step of compound (7) at a later
stage.

In view of the foregoing, an object of the present
invention is to provide an industrially advantageous process

for producing compounds (2a):

15
R{F
BocHN

(wherein_R15 represents a methoxy group or a hydrogen atom),
which serve as intermediates for producing the aforementioned
“quinolonecarboxylic acid derivatives (1) having excellent
antibacterial activity and high safety. Another object of
the invention is to provide an intermediate playing a vital

part in the production process.



(wherein R Rl, R2, and R3 have the sane neani ngs as defined above)
reacting the conpound represented by fornula (5) with 7 an al kyl
orthoformate, to thereby yield a conmpound represented by formula (6): (6)
(wherein R represents a d-C6 alkyl group; and R, Rl, R2, and R3 have the
sanme neani ngs as defined above); reacting the conpound represented by
formula (6) with a conpound represented by fornmula (7): (7) to thereby
yield a conpound represented by fornmula (8): 0 O (wherein R, Rl, R2, and R3
have t heéP e FiEehiHgsties defante®n above); performing ring closure of the
conpound represented by fornula (8); and 8 perform ng ester hydrolysis of
the formed rihee dPoset cONpRrRES THY S masitivh Allse i¥&s: a process

for producing a conpound represented by
researches seeking a production process that is capable of

more efficiently producing intermediates (2a) needed to
obtain the quinolonecarboxylic acid delivative (l1). As a
result, it has been found that such intermediates, including
intermediate (2a), can be produced more advantageously in the
industrial scale if a pyrrolidine compound is reacted with a
compound represented by formula (3) to introduce a
pyrrolidine substituent into the compound; then the foregoing
compound (7) is reacted with said pyrrolidine-substituted
compound just before a quinolone ring is formed by the ring-
closure reaction. Thus, the present invention was
accomplished.

Accordingly, the present invention provides:

a process for producing a compound represented by

formula (2):

OH
\ (2)

(wherein each of R' and R? independently represents a
hydrogen atom, a fluorine atom, a chlorine atom, a Cl1-Cé6

alkyl group, or a Cl-C6 alkoxy group; and R®> represents a



formula (2) : OH (2) (wherein R1, R2, and R3 have the sanme neani ngs as
defined above) conprising performng ring closure of a conpound
represented by fornula (8): (8) (wherein R, Rl, R2, and R3 have the sane
meani ngs as defined above) and perform ng ester hydrolysis of the fornmed
ring- closed conmpound. The present invention also provides a conpound
represented by formula (5): 9 (5 (wherein R represents an aryl oxy group,
an aral kyl oxy group, or a C-C6 al koxy group; .each of Rl agd R2
i ndependefftiGgeTy @508 it §1a Y ACGHERVRT BAP TESFLUEr PREURL ont8 chl ori ne
atom a Cl-C6 al kyl group, or a Cl-C6 al koxy group; and R3 represents a
hydr oge® TGRSR Tafitid-gr oup- prot ective group); a salt thereof; a
hydrate of the compound (5); or.a hydrate of the salt. The present
i nvention al SCHTOMUESS %Wﬁ&pm&é@ l?)?mluc]nanﬁgé:( 6): (wherein R
represents an aryl oxy group, an aral kyl oxy group,

0 0

R (3)

(wherein R represents an aryloxy group, an aralkyloxy group,
or a Cl-C6 alkoxy group; and R' and R®* have the same meanings

as defined above) with a compound represented by formula (4):

NH

(4)

RN
H

(wherein R® has the same meaning as defined above), to

thereby yield a compound represented by formula (5):

(5

(wherein R, R!, R?, and R® have the same meanings as defined
above) ;

reacting the compound represented by formula (5) with



or a C-C6 al koxy group; each of RL and R2 independently represents a

hydr ogen atom a fluorine atom a chlorine atom a O-C6 al kyl group, or a
Cl -C6 al koxy group; R3 represents a 10 hydrogen atom or an

am no- group-protective group; and R represents a Cl1-C6 al kyl group); a
salt thereof; a hydrate of the conpound (6); or a hydrate of the salt. The
invention also provides a conpound represented by fornula (8) . (wherein R
represents an aryloxy roup, an aral kyl oxy group, or a Cl-C6 al koxy group;
each of ¥ ady PEHGERY | FO LESrEdIntrd cadhgdFeyRAUAfom a fl uori ne
atom a chlorine atom a Cl-C6 al kyl group, or a Cl-C6 al koxy group; and
R3 reprieaRdifserd o) Moder™aém (&P ‘an ani no- group-protective group); a salt
thereof; a hydrate of the conpound (8); or a hydrate of the salt. Best
Mbde f or Carrying Qut the Invention The,conpound (2) can be produced from

t he conmpound (3) througp the fol | pw ngosteps: 11 COR COR OR (7)

(wherein R' represents a C1-C6 alkyl group; and R, R!, R?,
and R® have the same meanings as defined above);
reacting the compound represented by formula (6) with a

compound represented by formula (7):

NH,
! . )]

to thereby yield a compound represented by formula (8):

DQ (8)
R—-—N
H

(wherein R, R!, R?, and R® have the same meanings as defined
above) ;
performing ring closure of the compound represented by

formula (8); and



(8 (2) (wherein Rl, R2, R3, R, and R have the sane neanings as defined

above) In the conpound (3), each of Rl and R2 i ndependently

represents a

hydrogen atom a fluorine atom a chlorine atom a Cl-C6 al kyl group, or a
Cl-C6 al koxy group. No particular Iimtation is inposed on the selection
of these substituents so long as the substituents do not inhibit reaction
between the conmpound (3) and the am ne conpound (4). Anobng these
substituents, a fluorine atomis preferred as RL, and a, nethoxy group or a
hydr ogen at omeFfOBiateceégradyREOLygiche faffe LoEREBURENEATLIORBIr epresnt s
a hydrogen atom or an am no-group-protective group. The am no-group COR
R'HN (4)corpopingt-ecti ve group may be sel ected fromthe group consisting of

an al-koxycar bonyl group, an _aral kyl oxycarbonyl group, an ac

yl

group, an

aral kyl grouptheard reIRd:apal IRHSCgPEeY1988d a substituted silyl group. No

particular Iimtation is inposed, on the type of am no-graqu

groups, and @nPIPEESs Toak 9EUEHPId0 Ve §O8E IRy T8 TERENGRBU

b

protective
do not

inhibit reaction_ between the conmpound (3) and the am ne conpound (4) and
can ef ffoWel {296 deprotected in the course of production of the

OH
\ (2

RE—N
H

2

(wherein R}, R?, and R’ have the same meanings as defined

above) comprising performing ring closure of a compound

represented by formula (8):

(wherein R, R!, R?, and R® have the same meanings as defined

above) and performing ester hydrolysis of the formed ring-

closed compound.
The present invention also provides a compound

represented by formula (5):



conmpound (1). O these, an al koxycarbonyl group, an aral kyl oxycar bonyl

gr oup,

an acyl group, an al koxyal kyl group, and a substituted silyl

gr oup

are preferred as R3, wth an al koxycarbonyl group, an aral kyl oxycar bonyl

group,

and an acyl group being nore preferred. Exanples of the

al koxycar bonyl group include C-C6 al koxycarbonyl groups which may be

substituted by one to
tert- butoxycarbonyl

group,

ar al kyl oxycar bonyl group include C7-C2
may be substituted by a d -

exanpl es i nclude a benzyl ox
met hoxybenzyl oxycar bonyl group,
a benzyl oxycar bonyl
acyl group include
group which nay be
Speci fic exanples i
trifluoroacetyl gr ou%3 a

etc.

t hree hal ogen atons. Specific exanples include a
group (Boc group) and a 2,2,2- trichloroethoxycarbonyl

with a tert-but oxycarbonyl group behng preferred. Exanples of the

Q
-

Chz group), a p-

group
Co6

hl or oacetyl group, a
N
H

(wherein R represents an aryloxy group, an aralkyloxy group,
or a Cl-C6 alkoxy group; each of R' and R?’ independently
represents a hydrogen atom, a fluorine atom, a chlorine atom,
a Cl-C6 alkyl group, or a Cl-C6 alkoxy group; and R®
represents a hydrogen atom or an amino-group-protective

group); a salt thereof; a hydrate of the compound (5); or a

" hydrate of the salt.

The present invention also provides a compound

represented by formula (6):

(6)

(wherein R represents an aryloxy group, an aralkyloxy group,

or a Cl1-C6 alkoxy group; each of R' and R®’ independently

| kyl oxycar bonyl groups which
or a nitro group. Specific

a p- nitrobenzyl oxycarbonyl group, with
bei ng preferred. Exanples of the

, a fornyl group, and a benzoyl
a d-C6 al koxy5yroup, a hal ogen atom
acetyl group, a nethoxyacetyl group, a

represents a hydrogen atom, a fluorine atom, a chlorine atom,

a Cl-C6 alkyl group, or a Cl-C6 alkoxy group; R® represents a

10



pi val oyl group, a fornyl group, and a benzoyl group, with an acetyl group
being preferred. Exanples of the aral kyl group include C7-C20 aral kyl
groups which rmay be substituted by a O -C6 al koxy group, a nitro group,
etc. Specific exanples include a 1-phenylethyl group, a benzyl group, a
p-ni trobenzyl group, a p- nethoxybenzyl group, and a triphenyl nethyl group.
Exanpl es of the al koxyal kyl group include O -C6 al koxy- d-C6 al kyl groups
and C3-C5 cycl oet her groups which nay be substituted by a hal ogen atom
Speci f i ¢ ysiagsines: tiomc loord @na amiehgxphptbybtgrbupe droept - budokynet hyl

group, a 2,2,2- trichloroethoxynmethyl group, and a tetrahydrofuranyl group.
Exanpl es egfrestea tsules Olt-Gtoed 1&ivily lorgrpup ensbdtetheirect; ach#fikgtei ¢l
groups, tri-Cr7-C20 aral kylsilyl groups, and C - C6 al kyl di phenyl silyl

gr oups. Specidnippuedansl)es otnel bdeiratet pifnshkykssilEyl group, an

i sopropyldi methyl silyl group, a tert-butyldinmethylsilyl group, a

tri benzyl si| yIhegriguentamn &l scemrayidgsdiap isemploginiy IregressRtRe parti cul ar
l[imtation is inposed on the type of R, and any groups can be enpl oyed so
| ong as fdrenygreoul® :can form a carboxylic ester. Exanples of such Rs

i ncl ude aryl oxy groups, aralkyloxy groups, and C -C6 al koxy groups.
Specific exanples include a pBenngxy group, a benzyl oxy group, 14

(wherein R represents an aryloxy group, an aralkyloxy group,
or a Cl-C6 alkoxy group; each of R! and R? independently
represents a hydrogen atom, a fluorine atom, a chlorine atom,
a Cl-Cé alkyl group, or a Cl-Cé alkoxy group; and R’
represents a hydrogen atom or an amino-group-protective
group); a salt thereof; a hydrate of the compound (8); or a

hydrate of the salt.
Best Mode for Carrying Out the Invention

The compound (2) can be produced from the compound (3)

through the following steps:

11



met hoxy group, an ethoxy group, and a propoxy group. These groups may
further contain a substituent such as a halogen atomor an al kyl group.
Anong them a C-C6 alkyl group is preferably enployed fromthe vi ewpoi nt
of sinmplicity. OF these, a nethyl group and an ethyl group are preferred.
The step for yielding the conpound (5) will next be described. The step is
acconpl i shed by reacting the conpound (3) with the am ne conpound (4)

The. am ne conpound (4) enployed nmay be a free base or a salt with an
inorganic acid or an organic fcid. Preferably, the am ne conpound is used
in an anount of one equiv Nor nore. The step is preferably perforned in
t he presence of base. S becaugg HF i bﬂgd in this step al ong
with the gfogres on, and th y inhibit reaction
with the c 'ﬁé a salt he am ne conpound from which
an essenti al ective group is réhgggd; pay corrode a reactor tank; or
may raise pr } ol | &tion. rmorder™o prevent such
probl ens, the %tep is preferably peRHir mred gn the presence of a base. The
base is preferably used in an anmount of on&) equi val ent or nore. Wen an
aci d- added safd® of the conpound (4) is used in the stebp, an additional
base is required in order to conygrt the salt thr{h @8pondi ng free
base. Exanpl es @f salt of!ghe angéFconpound (4)

co N S
[ ™ b{) R AF

N 2 F OR, e ————— R3HN
3 ; (8)
R )

DQN N
R
R,HN A'F

3

(2)

(wherein R}, R?, R?, R, and R' have the same meanings as
defined above).

In the compound (3), each of R' and R? independently
represents a hydrogen atom, a fluorine atom, a chlorine atom,
a Cl1-C6 alkyl group, or a Cl-Cé6 alkoxy group. No particular
limitation is imposed on the selection of these substituents
so long as the substituents do not inhibit reaction between
the compound (3) and the amine compound (4). Among these
substituents, a fluorine atom is preferred as R', and a
methoxy group or a hydrogen atom are preferred as RZ.

In the amine compound (4), R® represnts a hydrogen atom

or an amino-group-protective group. The amino-group-

12



salts of an inorganic acid such as hydrochloric acid, sulfuric acid,
nitric acid, hydrofluoric acid, hydrobromc acid, or hydriodic acid; and
salts of an organic acid such as is p-toluenesul fonic acid, nethanesul fonic
acid, trifluoroacetic acid, acetic acid, formc acid, nmaleic acid, or
fumaric acid. These salts may assune hydrate formor solvate form
Exanpl es of the base enployed in the step include organic bases such as
trimethyl amne, triethylanm ne, and 4- (di nmethylam no)pyridine and inorganic
bases suuiPtEsrtEiffrizup petass waleatisehdtreon $o¢ wrmodRr bonatetisgdpdm

hydr oxi de, and potassium hydroxide. O these, tertiary amnes, inter alia,
tri et hylati aleko%iren Prasfyel reshumto aparttiadikyao Aviaaraemniydn JirUPnpesedCyn t he
reaction solvent so long as the solvent does not inhibit reaction.

Exanpl esyyait uden actedt 19 & rdnaaio /N dilieetvp ldadt afoge, RPN a

di met hy1f or mam de, di net hyl sul foxide, and N- nethyl pyrrolidone, with

acet oni t¥4 %t iyt ad NlilJdilrréilf%m-ceNQn’PéétbéPﬂlarpﬂ-émé*ﬁﬁgHQnTh% FBRREEAN
tenperature can be arbitrarily selected froma range of the solidification
t enper atQt eehe THee bof |30 1ERErFI e Gl teh@noeisyi eRdnidkiyuf& OUpSef er abl y
selected from a range of roomtenperature to the boiling tenperature of
the reaedhdif BRI EED He Farttdorfhg mEous de inota ipddbdd reaction

between the compound (3) and the amine compound (4) and can
effectively be deprotected in the course of production of the
compound (1). Of these, an alkoxycarbonyl group, an
aralkyloxycarbonyl group, an acyl group, an alkoxyalkyl
group, and a substituted silyl group are preferred as R’
with an alkoxycarbonyl group, an aralkyloxycarbonyl group,
and an acyl group being more preferred.

Examples of the alkoxycarbonyl group include Cl1-C6
alkoxycarbonyl groups which may be substituted by one to
three halogen atoms. Specific examples include a tert-
butoxycarbonyl group (Boc group) and a 2,2,2-
trichloroethoxycarbonyl group, with a tert-butoxycarbonyl
group being preferred.

Examples of the aralkyloxycarbonyl group include C7-C20
aralkyloxycarbonyl groups which may be substituted by a Cl-C6
alkoxy group or a nitro group. Specific examples include a
benzyloxycarbonyl group (Cbz group), a p-
methoxybenzyloxycarbonyl group, and a p-
nitrobenzyloxycarbonyl group, with a benzyloxycarbonyl group
(Cbz group) being preferred.

Examples of the acyl group include C2-C6 alkanoyl

13



before conpl ete consunption of starting material being confirned, is
generally one hour to 100 hours, preferably one hour to 24 hours. Th
for yielding the conpound (6) will next be described. The step is

performed by reacting the conpound (5) with an alkyl orthoformate in
acetic anhydride. Al though the conpound (5) is not always required t
an isolated and 16 purified form such a formis preferred. Preferably,

al kyl

orthof ormate and acetic anhydride are each used in an anount

e step

0 be

of one

equi val groups  mer E0rThé drkyb, ophHofobAaEeYlsedonn vhickteay ne§ have a O -
C6 al kyl group. O these, ethyl orthoformate and nethyl orthoformate
pr ef er r sttosNdttatsley, bvhe &LkGE pbkeky efouhe aahRybgerthod®drn@f@-forms R of
the conpound (6) . In other words, Rl is preferably an ethyl group o
met hyl §Pegp fiicn eapded esolprénbeeaneaceish, JaAUPnoR gaRtRORERESSYIEN as
sulfuric acid; an organic acid such as acetic acid;, or a Lew s acid

as zi nc 9&wueri de trdy lberadeedyas 9aoceRy abyshloKkpagaEy i caraePli&itation is
i nposed on the reaction solvent so |long as the sol vent does not i nhi
t he rea®iivedoylpoebepably foamYal RYPUBrt RBEoRNBEBZPY 1 ugEd Rs WiFRag@ent and
solvent. The reaction tenperature can be arbitrarily selected

acetyl group being preferred.

Examples of the aralkyl group include C7-C20 aralkyl
groups which may be substituted by a C1-C6 alkoxy group, a
nitro group, etc. Specific examples include a l-phenylethyl
group, a benzyl group, a p-nitrobenzyl group, a p-
methoxybenzyl group, and a triphenylmethyl group.

Examples of the alkoxyalkyl group include C1-C6 alkoxy-
Cl-C6 alkyl groups and C3-C5 cycloether groups which may be
substituted by a halogen atom. Specific examples include a
methoxymethyl group, a tert-butoxymethyl group, a 2,2,2-
trichloroethoxymethyl group, and a tetrahydrofuranyl group.

Examples of the substituted silyl group include tri-Cl-
C6 alkylsilyl groups, tri-C7-C20 aralkylsilyl groups, and Cl-
C6 alkyldiphenylsilyl groups. Specific examples include a
trimethylsilyl group, an isopropyldimethylsilyl group, a
tert-butyldimethylsilyl group, a tribenzylsilyl group, and a
tert-butyldiphenylsilyl group.

No particular limitation is imposed on the type of R,
and any groups can be employed so long as the groups can form
a carboxylic ester. Examples of such Rs include aryloxy
groups, aralkyloxy groups, and Cl1-C6 alkoxy groups. Specific

examples include a phenyloxy group, a benzyloxy group,
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froma range of the solidification tenperature to the boiling tenperature
of the reaction mxture, preferably selected from a range of room
tenperature to the boiling tenperature of the solvent. The reaction tineg,
though this time corresponds to a period before conplete consunption of
starting material being confirmed, is generally one hour to 100 hours,
preferably one hour to six hours. The step for yielding the conpound (8)
will next be described. The step is performed by reacting the conpound
(6) wit metthexamoreueenpourdheRy OECaPsoPREnE PHOPREYpPESBRce TRAS® base.
Al t hough the conpound (6) is not always required 17 to be an_isol ated and
puri fi edydoomy mavc i ug thermcos taphefesidd L iEkanpl 68CBf afhe Basedrhcl ude
organi ¢ bases such as trinmethylamne, triethylamne, and ,

4- (di metdfprafihdpylikiilnerousnd FrergakihembadeSl st h? BsY hn?dria, 1ot assi um
carbonate, sodium carbonate, sodi um hydroxi de, and potassi um hydr oxi de.

Of t hes@®raf@andtany eammleyeds fyoaf dheedicare it efhylaRiLAELLY - p%%‘/t icularly
preferred. Wien the am ne conpound (7) is an acid-added salt, the base is
pr ef er abiieased iy lamsone andqaiy &Fher JEOHPePEENTERETESC to the

correspondi n?ﬁfree base plus at | ease in an anount r.e(iui red for capturing
hydr ogen f | uotielestggherat et hfHing Feadgqmpund (5) will next be

described. The step is accomplished by reacting the‘compound
(3) with the amine compound (4). The amine compound (4)
employed may be a free base or a salt with an inorganic acid
or an organic acid. Preferably, the amine compound is used
in an amount of one equivalent or more.

The step is preferably performed in the presence of a
base. This is because HF is formed in this step along with
the progress of reaction, and the formed HF may inhibit
reaction with the compound (3) by forming a salt with the
amine compound from which an essential protective group is
removed; may corrode a reactor tank; or may raise a problem
of environmental pollution. In order to prevent such
problems, the step is preferably performed in the presence of
a base. The base is preferably used in an amount of one
equivalent or more. When an acid-added salt of the compound
(4) is used in the step, an additional base is required in
order to convert the salt to the corresponding free base.

Examples of salts of the amine compound (4) include
salts of an inorganic acid such as hydrochloric acid,
sulfuric acid, nitric acid, hydrofluoric acid, hydrobromic

acid, or hydriodic acid; and salts of an organic acid such as
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The conpound (7) may be an acid-added salt. The acid which forns such an
aci d-added salt nmay be an inorganic acid or an organic acid. Exanples
include inorganic acids such as hydrochloric acid, sulfuric acid, nitric
acid, hydrofluoric acid, hydrobrom c acid, and hydriodic acid; and organic
acids such as p-toluenesul fonic acid, benzenesul fonic acid, and

nmet hanesul fonic acid (i.e., sulfonic acids which may optionally have a
substituent such as a hal ogen atomor an alkyl group) and trifl uoroacetic
aci d, adettiod ugdiegulifendicc acadh dmetvhbereuaépdicandifunariElaerer¢etEC,
carboxylic acids). No particular limtation is inposed on the reaction

sol vent 2ciifd avptsel vents Sanmbe aséd, sBaleng asidheosofvearsc #eed- not
inhibit reaction. Exanples include toluene, N, N dinethylacetan de,

N, N- di méthedef Gedds dey asweeyhysgptexfasm oandodvatet R9FByrro 1 i done. O
these, toluene is preferred. 18 The reaction tenperature can be arbitrarily
sel ected frdmaanlasge ofthehdass iegivlicyadi én tarpeitaPuiacisdehe boiling
tenperature of the reaction m xture. However, room tenperature is

pr ef er r & 9aHe Pagesi enchi @, trhseghvipnéney | rsiebhyéaponds #8dalperi od
before conpl ete consunption of starting material being confirnmed, is

gener al | {13 thvdgrdgc) @yridipsursd prerérabrylagesi AUCBs2E o028 hdurs. The

step for yielding the conmpound (2) will next be ,
potassium carbonate, sodium carbonate, sodium hydroxide, and

potassium hydroxide. Of these, tertiary amines, inter alia,
triethylamine, are preferred.

No particular limitation is imposed on the reaction

solvent so long as the solvent does not inhibit reaction.
Examples include acetonitrile, N,N-dimethylacetamide, N,N-
dimethylformamide, dimethyl sulfoxide, and N-
methylpyrrolidone, with acetonitrile and N,N-
dimethylacetamide being preferred.

The reaction temperature can be arbitrarily selected
from a range of the solidification temperature to the boiling
temperature of the reaction mixture, preferably selected from
a range of room temperature to the boiling temperature of the
reaction mixture. The reaction time, which is a period
before complete consumption of starting material being
confirmed, is generally one hour to 100 hours, preferably one
hour to 24 hours.

The step for yielding the compound (6) will next be
described. The step is performed by reacting the compound
(5) with an alkyl orthoformate ih acetic anhydride. Although

the compound (5) is not always required to be an isolated and
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described. The step is perfornmed by reacting the conpound (8) in a solvent
in the presence of a base. In addition, a phase-transfer catalyst nay be
used in conbination. Although the compound (8) is not always required to
be an isolated and purified form such a formis preferred. Exanples of

t he base include organic bases such as trinethylamne, triethylam ne, and
4- (di met hyl am no) pyri di ne; and inorgani c bases such as ammoni a, potassium
carbonate, sodium carbonate, sodi um hydroxide, and Potassiun1hydroxide.

Of t hes@udtisskifipfithydiush de fiogmpief ered@rrthe baseresabbyefaably used at
l east in an amount required for capturing hydrogen fluoride generated
duri ng ramgradgsiate and fasret gy @gnblvgziidg effe ﬁ@ﬁ%e&sé§téﬂ.amhém83§§ may be
directly added to reaction systemor nmay be added in the form of solution
obt ai necPhyrdi sEBIWVIAERhEHASES.n a sol vent such as water. Preferably, an
aqueous solution of the base is added. The base or the solution_thereof
does not neceBxaralky ¥ ormkhforarptisctusasd it Hhens tePadEiohads Peftt™ No
particular limtation is inposed on the reaction 19 solvent so long as the
sol vent @oexlkibt 5 t Ofesberen. etEvanprebofperate aof uBpkhy!

N, N- di et hyl acet am de, N, N- di net hylf or ram de, di net hxl sul f oxi get and N ne
t hyl pyr rer B E gt e @re hisEettsidendorabpref 8ppegl kyl molety of the

alkyl orthoformate forms R' of the compound (6). In other
words, R' is preferably an ethyl group or a methyl group.

In order to promote reaction, an inorganic acid such as
sulfuric acid; an organic acid such as acetic acid; or a
Lewis acid such as zinc chloride may be added as a catalyst.

No particular limitation is imposed on the reaction

~solvent so long as the solvent does not inhibit the reaction.
Preferably, an alkyl orthoformate is used as a reagent and
solvent.

The reaction temperature can be arbitrarily selected
from a range of the solidification temperature to the boiling
temperature of the reaction mixture, preferably selected from
a range of room temperature to the boiling temperature of the
solvent. The reaction time, though this time corresponds to
a period before complete consumption of starting material
being confirmed, is generally one hour to 100 hours,
preferably one hour to six hours.

The step for yielding the compound (8) will next be
described. The step is performed by reacting the compound
(6) with the amino compound (7) in a solvent in the presence

of a base. Although the compound (6) is not always required
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No particular limtation is inposed on the phase- transfer catal yst so |ong
as the catal yst pronotes reaction. Anmong such catal ysts,

t et rabut yl ammoni um bromi de (TBAB) is preferred. The reaction tenperature
can be arbitrarily selected froma range of the solidification tenperature
to the boiling tenperature of the reaction mxture, preferably selected
from a range of roomtenperature to the boiling tenperature of the
reaction m xture. The reaction tinme, though this tine corresponds to a
period Bef &ee adormsréeécdonsdnptirehier fothrt PRGN At &PTAI 1Bei ng confi rmed,
is generally one hour to 100 hours, preferably one hour to 24 hours. In

t he pro®&sdegireche present invention, the compound (2) can be isolated and
purified by an ordinary method. Specifically, in one method, the pH of the
reaction mi xtiuraPlies &dj ddcedastr digh vdgdirEivsni6f Parcappr6pr fat e aci d
thereto, and the m xture was stirred under cooling with ice. The

t hus- pr édiipiatavdgrdnpst &Fd e6hYLRB1I8EnpALAd 4( 2F1BEE Eéﬁméﬁ?éﬁyr%ﬂ%6%gh
filtration. In another nethod, the pH of the reaction mxture is adjusted
t hr ough 2&dHi GV 3G CaR2S§SpEUFE aFe 2BEPEIBnePEFBSSAHE SﬁrQBB?BEriate
extraction kB solvent is added to the m xture, to thereby extract the
conpoundOEHM CAIL PRSI nE@IXEY RYATPE 186N c 8REr RPGASSANE PRETSHLAS:

Of these, tertiary amine is preferred, and triethylamine is
particularly preferred. When the amine compound (7) is an
acid-added salt, the base is preferably used in an amount
required for converting the salt to the corresponding free
base plus at lease in an amount required for capturing
hydrogen fluoride generated during reaction.

The compound (7) may be an acid-added salt. The acid
which forms such an acid-added salt may be an inorganic acid
or an organic acid. Examples include inorganic acids such as
hydrochloric acid, sulfuric acid, nitric acid, hydrofluoric
acid, hydrobromic acid, and hydriodic acid; and organic acids
such as p-toluenesulfonic acid, benzenesulfonic acid, and
methanesulfonic acid (i.e., sulfonic acids which may
optionally have a substituent such as a halogen atom or an
alkyl group) and trifluoroacetic acid, acetic acid, formic
acid, maleic acid( and fumaric acid (i.e., carboxylic acids).

No particular limitation is imposed on the reaction
solvent, and any solvents can be used so long as the solvents
does not inhibit reaction. Examples include toluene, N,N-
dimethylacetamide, N,N-dimethylformamide, dimethyl sulfoxide,

and N-methylpyrrolidone. Of these, toluene is preferred.
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conmpound (2) is recrystallized froman appropriate extraction solvent. In
the af orenenti oned production process, the conmpound (2) may be yielded in
a free formor a salt form Exanples of the salts include salts of an

i norganic acid such as hydrochloric acid, sulfuric acid, nitric acid,
hydrofluoric acid, hydrobromc acid, or hydriodic acid; salts of an
organi ¢ aci.d such as p-toluenesul fonic acid, nethanesulfonic acid,
trifluoroacetic acid, trichloroacetic acid, acetic acid, form c acid,

mal ei ¢ aci d, Bre fugpdiiomdidrenid s erofe arbditeanl lvetalestedn al kal i ne
earth nmetal such as sodium potassium calcium or lithium Even when the
conpound (@ a FEnareda HreesHldidhidicad ion tempre atdisoliAd the) PRay 1BE
yielded in the formof solvate thereof. The solvate nmay be fornmed by

wat er, eigirRAatBiropdndihe Feadnionr MiEtugCet oReWevetc. TOYR nmay be forned by
absorbing water contained in air. Exanples The present invention w Il next
be descri®feRpiatWeé dis mapiedrest REher 6ARFALCEXEMBEestAAWIEXERDF es.

Referential Exanple 1: Ethyl 2,4,5-trifluoro-3- _nethoxybenzoyl acetate 21
OVe CO2HFime corresponds to a period before complete consumption of

starting material being confirmed, is generally 30 minutes to
24 hours, preferably 30 minutes to six hours.

The step for yielding the compound (2) will next be
described. The step is performed by reacting the compound
(8) in a solvent in the presence of a base. In addition, a
phaSe—transfer catalyst may be used in combination. Although
the compound (8) is not always required to be an isolated and
purified form, such a form is preferred.

Examples of the base include organic bases such as
trimethylamine, triethylamine, and 4-(dimethylamino)pyridine;
and inorganic bases such as ammonia, potassium carbonate,
sodium carbonate, sodium hydroxide, and potassium hydroxide.
Of these, potassium hydroxide is preferred. The base is
preferably used at least in an amount required for capturing
hydrogen fluoride generated during ring closure and for
hydrolyzing the formed ester. The base may be directly added
to reaction system or may be added in the form of solution
obtained by dissolving the base in a solvent such as water.
Preferably, an aqueous solution of the base is added. The
base or the solution thereof does not necessarily form an
admixture with the reaction solvent.

No particular limitation is imposed on the reaction
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F O COCI F CO2Et Ove Owve Thionyl chloride (5.6 nmL, 1.5 eq.) was added to
a solution containing 2,4,5-trifluoro-3-nethoxybenzoic acid (10.00 g,
48.52 mmol ), toluene (50 nL), and dinmethylformam de (0.1 nL), and the

m xture was stirred for one hour under reflux. After the reaction m xture
had been allowed to cool, the solvent was renoved under reduced pressure.
Tol uene (10 nL) was added to the residue, and the m xture was subjected

to co-boiling for three tinmes. After conpletion of co- boiling, toluene (50
m) was saddedtt 6ot Rengoasoitheng§olEsngudoesanatdiebhyl tnafdRELe(7.77 g, 1.0
eq.) and magnesium et hoxide (11.10 g, 2.0 eq.) were added to the m xture,

f ol | onwed¥eyrlesi dnicdgdst tedeepsr Yn¥-Héuerthuipeptenédeealt¥on ni xture had
been cool ed, the organic | ayer was sequentially washed wth sulfuric acid
(19. 0 gdimedhyd fprpardce;sdimerhihdsusdptideed2sdl Nie (50 nl) The washed
organic |layer was dried over sodiumsulfate, and the solvent was renoved
under ﬂéﬁé@é@yﬁﬁ@§§@p@ﬁ-va@ért%%®ent§o%%%n%-%%lE%%%%{ﬂ?%nic aci d

No particular limitation is imposed on the phase-
transfer catalyst so long as the catalyst promotes reaction.
Among such catalysts, tetrabutylammonium bromide (TBAB) is
preferred.

The reaction temperature can be arbitrarily selected
from a range of the solidification temperature to the boiling
temperature of the reaction mixture, preferably selected from
a range of room temperature to the boiling temperature of the
reaction mixture. The reaction time, though this time
corresponds to a period before complete consumption of
starting material being confirmed, is generally one hour to
100 hours, preferably one hour to 24 hours.

In the process of the present invention, the compound
(2) can be isclated and purified by an ordinary method.
Specifically, in one method, the pH of the reaction mixture
is adjusted through addition of an appropriate acid thereto,
and the mixture was stirred under cooling with ice. The
thus-precipitated crystals of the compound (2) are collected
through filtration. In another method, the pH of the
reaction mixture is adjusted through addition of an
appropriate acid thereto, and an appropriate extraction
solvent is added to the mixture, to thereby extract the

compound (2). The obtained extract is concentrated, and the

20



22 (120 ng) were added to the residue, and the mixture was stirred for 16

hour s under

reflux. After the reaction mxture had been allowed to cool,

the m xture was subjected to extraction twice with toluene (30 nL), and
t he resul tant
g) /water (30 nL) and with saturated saline (30 nL) . The washed organic
| ayer was dried over sodiumsulfate, and the solvent was renoved under
reduced pressure, to thereby yield 11.87 g of the title conpound as pale
yel | ow ¢ldmp@BE) . (2) H-NWR QrYAT 2N Z cOVE@od6 a6 aPProgrisie £xXtyacteon Hz) |
4.02 (3H, s),
m MASS:salwent.276 (El MS) Exanple 1: Ethyl
4-[7-(S)-tert-butoxycarbonyl am no- 5- ,
azaspi r of 2. 4] Heptha- 3/ qrendnigianamb Rr Syl Hix sl adeattO™B oMR%Me oc F
C2Et 7JL.,CXRE F

(2) may be yielded in a free form or a salt form. Examples

t

organi c | ayer was washed with sodi um hydrogencar bonate (2.0

4.09 (2H, s), 4.12 (2H, g, J = 6.0 Hz, 8.0 Hz), 7.65 (1H,

of the salts include salts of an inorganic acid such as

hydrochloric acid, sulfuric acid, nitric acid, hydrofluoric

acid, hydrobromic acid, or hydriodic acid; salts of an

organic acid such as p-toluenesulfonic acid, methanesulfonic

acid,

trifluoroacetic acid, trichloroacetic acid, acetic

acid, formic acid, maleic acid, or fumaric acid; and salts of

an alkali metal or an alkaline earth metal such as sodium,

potassium, calcium, or lithium. Even when the compound (2)

assumes a free form or a salt, the compound (2) may be

yielded in the form of solvate thereof. The solvate may be

formed by water, ethanol, propanol, acetonitrile, acetone,

etc., or may be formed by absorbing water contained in air.

Examples

The present invention will next be described in detail

by way of Referential Examples and Examples.

Referential Example 1: Ethyl 2,4, 5-trifluoro-3-

methoxybenzoylacetate
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He BocHN 7-(S)-tert-Butoxycarbonyl am no-5-azaspiro[ 2. 4] heptane (3.84 g,
1.0 eg.) was added to a solution containing ethyl
2,4,5-trifluoro-3-net hoxybenzoyl acetate(5.00 g, 18.10 mml ), acetonitrile
(50 mL), and triethylamne(5.1 nL,2.0 eq.), and the m xture was
sequentially stirred at 25C for three days and at 50C for four hours.
After the reaction m xture had been allowed to cool, the solvent was
removed under 23 reduced pressure. Toluene (50 nL) was added to the
residue, and the resultant organid solution (organic |ayer) was washed
with waterfp mgp gand saturated sglif ChC) .| The organic |ayer was
n1§u|faLe,_and_Lhe sol v was enoved underreduced
pressure. FEF i due was subjected t@ [NFca gel col um chronat ogr aphy
(eluent: hexaggiethyl acetate = 3/|1), amdleseveral fractions were conbined.
The solvent of the conbined fractijon was renoved under reduced pressure,
to thereby yield 6.30 g of the titl€ conpound as- yellowgreen oil (749%.
"H- NWR (270 MHz, CDC13) 5: 0.64-0.90 (4H, m, 1.29 (3H, t, J = 7.2 Hz),
1.35 (9H, ), 3.28-4.25 (5H—mM, 3.81 (3H, s), 3.89 (%H, d, J = 3.5 Hz),
4.23 (2H,|1q, J = 7.2 Hz, 14.3 Hz), 7.34 (1H, n)F CO.Et

2

0
F CO,Et - . . .
F F COZEt OMe

OMe

Thionyl chloride (5.6 mL, 1.5 eq.) was added to a
solution containing 2,4, 5-trifluoro-3-methoxybenzoic acid
(10.00 g, 48.52 mmol), toluene (50 mL), and dimethylformamide
(0.1 mL), and the mixture was stirred for one hour under
reflux. After the reaction mixture had been allowed to cool,
the solvent was removed uﬁder reduced pressure. Toluene (10
mL) was added to the residue, and the mixture was subjected
to co-boiling for three times. After completion of co-
boiling, toluene (50 mL) was added to the co-boiling residue,
and diethyl malonate (7.77 g, 1.0 eq.) and magnesium ethoxide
(11.10 g, 2.0 eq.) were added to the mixture, followed by
stirring at 25°C for one hour. After the reaction mixture
had been cooled, the organic layer was sequentially washed
with sulfuric acid (19.0 g, 4.0 eq.)/water (50 mL) and
saturated saline (50 mL). The washed organic layer was dried
over sodium sulfate, and the solvent was removed under

‘reduced pressure. Water (50 mL) and p-toluenesulfonic acid
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MASS: mle = 469 (EIM5) Exanple 2: Ethyl 3-ethoxy-2-[4-[7-(S)-tert-

but oxycar bonyl am no- 5-azaspiro[ 2. 4] hept-5-yl]-2, 5-

di fl uorobenzoyl - 3- met hoxy]acrylate ' W OM BocHN CO2Et N f -F Ove BocHN
CO2Et CEt Ethyl 4-[7-(S)-tert-butoxycarbonyl am no-5- ‘
azaspiro[ 2. 4] hept-5-yl]-2,5-difluoro-3-nethoxybenzoyl acetate (1.00 g, 2.14
nmol ) was dissolved in acetic anhydride (1.21 nL, 6 eq.) and et hyl
orthoformate (2.13 nL, 6 eq.), and the 24 m xture was stirred for 14 hours
at 130C. (&% &)t Werer adéedofonitkeureswascal PBRe8PBomeBBHIEOWAS the sol vent
was renoved under reduced pressure. Toluene (10 nL) was added to the

resi due,stafdach&os Xbuheuwias Uadsirededd Uko DI ERT | Ty TIF P Af t er

conpl etion of co-boiling, the residue was subjected to siljca gel columm
chr omat dyrepie fecdudsen allowed to cool, the mixture was subjec ed

to extraction twice with toluene (30 mL), and the resultant
organic layer was washed with sodium hydrogencarbonate (2.0
g)/water (30 mL) and with saturated saline (30 mL). The
washed organic layer was dried over sodium sulfate, and the
solvent was removed under reduced pressure, to thereby yield
11.87 g of the title compound as pale yellow oil (89%).
'H-NMR (270 MHz, DMSO-de¢) &: 1.18 (3H, t, J = 6.0 Hz), 4.02
(34, s), 4.09 (2H, s), 4.12 (2H, g, J = 6.0 Hz, 8.0 Hz),
7.65(1H, m)

MASS: m/e = 276 (EIMS)

Example 1: Ethyl 4-[7-(S)-tert-butoxycarbonylamino-5-

azaspiro[2.4]lhept-5-yl]-2,5-difluoro-3-methoxybenzoylacetate

0 - 0
F::;::i\,COZEt BochN F CO,Et
F F , N]::j:F

OMe : D<;‘ OMe

BocHN
7-(S)-tert-Butoxycarbonylamino-5-azaspiro[2.4]heptane
(3.84 g, 1.0 eq.) was added to a solution containing ethyl
2,4,5-trifluoro-3-methoxybenzoylacetate (5.00 g, 18.10 mmol),
acetonitrile (50 mL), and triethylamine (5.1 mL, 2.0 eqg.),
and the mixture was sequentially stirred at 25°C for three

days and at 50°C for four hours. After the reaction mixture

had been allowed to cool, the solvent was removed under
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hexane/ et hyl acetate = 3.5/1), and several fractions were conbined. Acetic
acid contained in the liquid was neutralized with solid sodi um
bi carbonate, and the formed inorganic product was renoved through
filtration. The solvent of the filtrate was renoved under reduced
pressure, to thereby yield 790 ng of the title conmpound as a yel |l ow
orange solid (710). '"H NWR (270 MHz, CDC13) 6: 0.61-0.90 (4H, m, 1.19 (3H,
t, J =7.2 H), 1.21 (3H, t, J =7.2 Hz), 1.39 égFL s), 3.26-4.29 (5H,
m, 3.7FBKespregsige.2Hoguege=(J0mby wag 2d@pg tosthy yegidyp, g = 7.2
Hz, 14.2 Hz), 7.26 (1H, q, J = 6.9 Hz, 14.7 Hz), 7.59 (1H s) MASS: me =
525 ( FABVE) tbeamsisatldantt lpylgasifp( sR1BSLOP f(pGeRBLE- éRYREPr BP§| HAFABY - 2-
[4-[7-(S)-tert-butoxycarbonyl am no-5-azaspi ro[ 2. 4] he t-5R¥|]- ,
2, 5- di f [Midhobeteasy| (33 wd haey] getyratedosadipet (SRt MBde HN B CHN 2T C
(1R, 2S)-2-fluorocycl opropyl am ne p-toluenesul fonic acid salt (359 ng, 1.0
eq.) waslatffedaso 9 igsl @viegh soddmiraisnilig ter hpnd3tEehERYVELLAVES- (S)-tert -
but oxycar bonyl am no- 5- azaspi ro[ 2. 4] hept-5-yl ]-2, 5- _

removed under reduced pressure. Thé residue was subjected to

silica gel column chromatography (eluent: hexane/ethyl

acetate = 3/1), and several fractions were combined. The

solvent of the combined fraction was removed under reduced

pressure, to thereby yield 6.30 g of the title compound as

yellow-green oil (74%).

'H-NMR (270 MHz, CDCls) &: 0.64-0.90 (4H, m), 1.29 (3H, t, J

= 7.2 Hz), 1.35 (9H, s), 3.28-4.25 (5H, m), 3.81 (3H, s),

3.89 (2H, d, J = 3.5 Hz), 4.23 (2H, g, J = 7.2 Hz, 14.3 Hz),

7.34(1H, m)

MASS: m/e = 469 (EIMS)

Example 2: Ethyl 3-ethoxy-2-[4-[7-(S)~-tert-

butoxycarbonylamino-5-azaspiro[2.4]hept-5-yl]-2, 5-

difluorobenzoyl-3-methoxy]acrylate

F CO,Et 0

N E - .
[><;, Ohe DQ“ F O OEt
BocHN *
o BocHN

Ethyl 4-[7-(S)-tert-butoxycarbonylamino-5-
azaspiro[2.4]hept-5-yl1-2,5-difluoro-3-methoxybenzoylacetate
(1.00 g, 2.14 mmol) was dissolved in acetic anhydride (1.21

mL, 6 eq.) and ethyl orthoformate (2.13 mL, 6 eq.), and the
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di f | uorobenzoyl - 3- met hoxy] acryl ate (760 ng, 1.45 mol), toluene (15.2 n),
and triethylamne (0.22 nL, 1.1 eq.), and the mxture was stirred for 10
m nutes at 25C. The fornmed organic |layer was washed with water (10 nL x 2)
and saturated saline (10 nL) and dried over sodium sulfate. The sol vent
was renoved under reduced pressure, to thereby yield 790 ng of the title
conpound as a yelloworange (99% . 1H NMR (270 MHz, CDCl1l3) 6: 0.61-1.31
(6H m, 1.12 (3H, t, J =7.0 Hz), 1.39 (9H, s), 3.18-4.13 (6H, m, 3.83
(3H, s) mixkudfr W dhirked £ Hz, hbr3 Hr) 134°81 (AEtemmthers. 25 (1H, m),
8.13 (1H, d, J = 13.8 Hz) MASS: nfe = 554 (FABMS) Exanple 4:

7-[ 7- ( S)rdaertidButoixymardomd atiloorest to cool down, the solvent was

azaspiro[ 2.4] hept-5-yl]-6-fluoro-1-[2-(S)-fluoro-I-(R)-

cycl opr opndved Amdidty dreshBarkeiteepsidecoxofalnehenél 8- nbar boxydidedct

Tet r abut yl ammoni um brom de (TBAB, 8 ng) was added to a solution containing
ethyl 3-f{dRe2Que- fdnridrd mdkture was subjected to co-boiling

cycl opropylam no]-2-[4-[7-(S)-tert-butoxycarbonyl am no- 5-

azaspi r ofwl. @@ heptf-terylcpm@16Ldiohl aér cbeheoying, reehogk§ldeeyvase (740 ny,
1.34 mol ), toluene (14.8 nlL), and 3N potassium hydroxide (2.23 nL, 5
eq.), amblirechecktin eseisca sx6ly rasd vamn 3HC omert ofogiaP o ured UeBN ' Pot assi um

hydr oxi de (2.23 .
hexane/ethyl acetate = 3.5/1), and several fractions were

combined. Acetic acid contained in the liquid was
neutralized with solid sodium bicarbonate, and the formed
inorganic product was removed through filtration. The
solvent of the filtrate was removed under reduced pressure,
to thereby yield 790 mg of the title compound as a yellow-
orange solid (71%).

'H-NMR (270 MHz, CDCls) &: 0.61-0.90 (4H, m), 1.19 (3H, t, J
= 7.2 Hz), 1.21 (3H, t, J = 7.2 Hz), 1.39 (9H, s), 3.26-4.29
(5H, m), 3.78 (3H, s), 4.13 (2H, g, § = 7.2 Hz, 14.2 Hz),
4,17 (2, q, J = 7.2 Hz, 14.2 Hz), 7.26 (1H, g, J = 6.9 Hz,
14.7 Hz), 7.59 (1lH, s)

MASS: m/e = 525 (FABMS)

Example 3: Ethyl 3-[(1R,2S)-2-fluoro-l-cyclopropylamino]-2-
[4-[7-(S)-tert-butoxycarbonylamino-5-azaspiro[2.4]hept-5-yl]-

2,5-difluorobenzoyl-3-methoxylacrylate
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m., 5 eq.) was further added to the m xture, and the resultant m xture was
stirred at 50C for two hours. After <cooling of the mxture with ice, the
m xture was slightly acidified with 3N agqueous hydrochloric acid, to
thereby form a suspension. Water (15 nmL) and saturated saline (5 nL) were
added to the suspension so as to cause partition. The aqueous |ayer was
subjected to extraction with toluene (20 nL x 2), to thereby recover
organi ¢ conponents, and all the obtained organic |ayers were conbi ned. The
conbi ned organic |ayeg was dried gyer sodi um sul fate, andythe sol vent was
removed under reduced pressure. T 2r eIs@Qbe was subj ected silica ge
col um chr omat oy aeMEt ch)lor Bf or M net hanol Fss R ever al

. ||The sol of the conbine

fractions were c n was renoved
under reduc shre. Tk J esidue was di 5so| ved ! pe X4y5 i), and
hexane ( m.) was added o the solution. T i Xfurejwas stifred 25C for
t hree hours. e f@MAed precipitates were colletted t@MBugh Biﬁ}ﬁation and
dried, tg E ereby yield 410 ng of the title codpound as yell or ange
crystal L6199 . 1H NVR (270 MHz, CDC13) : Co?95ENded with the ' H NWVR
spectrum of the title conpound synthesized through a conventional nethod 27

MASS: Coi nci ded( &3Stz tater afy e yepnany lemciorepmunig luenesulfonic

acid salt (359 mg; 1.0 eqg.) was added to a solution
containing ethyl 3-ethoxy-2-[4-[7-(S)-tert-
butoxycarbonylamino-5-azaspiro[2.4]hept-5-y1]1-2,5-
difluorobenzoyl-3-methoxylacrylate (760 mg, 1.45 mmol),
toluene (15.2 mlL), and triethylamine (0.22 mL, 1.1 eq.), and
the mixture waé stirred for 10 minutes at 25°C. The formed

organic layer was washed with water (10 mL x 2) and saturated

saline (10 mL) and dried over sodium sulfate. The solvent
was removed under reduced pressure, to thereby yield 790 mg
of the title compound as a yellow-orange (99%).
'H-NMR (270 MHz, CDCls) &: 0.61-1.31 (6H, m), 1.12 (3H, t, J
= 7.0 Hz), 1.39 (94, s), 3.18-4.13 (6H, m), 3.83 (3H, s),
4.10 (24, g, J = 7.0 Hz, 10.3 Hz), 4.81 (1H, m), 7.25 (1H,
m), 8.13 (1H, d, J = 13.8 Hz)
MASS: m/e = 554 (FABMS)
Example 4: 7-[7-(S)-tert-Butoxycarbonylamino-5-
azaspiro{2.4]lhept-5-yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-
cyélopropyl]—1,4—dihydro—8—methoxy—4—oxoquinoline—3—
carboxylic acid

Tetrabutylammonium bromide (TBAB, 8 mg) was added to a

solution containing ethyl 3-[ (1R, 2S)-2-fluoro-1-
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synt hesi zed t hrough a conventional nethod (me = 506; FABMS) Exanple 5:
Ethyl 4-[7-(S)-tert-butoxycarbonyl am no- 5-
azaspiro[ 2. 4] hept-5-yl]-2,5-difl uorobenzoyl acet ate
7-(S)-[tert-Butoxycarbonyl anmi no] -5-azaspiro[ 2. 4] heptane (3.11 g, 1.2 eq.)
was added to a solution containing ethyl 2,4,5-trifluorobenzoyl acetate
(3.00 g, 12.19 mol ), acetonitrile (60 nL), and triethylamne (3.4 n., 2.0
eq.), and the mxture was. stirred for 23 hours at 40C. After the
react i opysilrbureyhadibeén2al koldd (Eb-tevtbrhexgohvepnyharineehoved under
reduced pressure. Ethyl acetate (90 nL) was added to the residue, and the
m xt ur eavaspheatl @d41 beg0ES5f yi ] -di §sdli Gt iionobFheoptgani ¢ sol uti on (organic
| ayer) was washed with water (30 nmL x 2) and dried over sodium sulfate,
and t hemesbbyghecuadatendVéd udded -Bédused) preesueee KHekahen¥bo MJ was
added to the residue, and the m xture was stirred for one hour at 25C. The
f or med plepppiesaten wosogdleedfed3t Hhoughedt i |t pRdi BheantxEiredias o
thereby yield 5.10 g of the title conpound as yell ow orange crystals
(9.5% . sthixrMeR @2700REHz{oCDBIB) Boubs 6430 Pbtasldium hytr2RigeH (223 = 7.0
Hz), 1.45 (9H, s), 3.24-3.91 (5H, m), 3.85 (3H, s), 3.88(2H, s), 4.21 (2H,
q, J = RO Fzedrd. gapzfurshey eddedddo the-myxpupe, amdothp), 7.57 (1H dd,
J =7.0 Hz, 14.0 Hz) MASS: me = 439 (EIM5) Exanple 6: Ethyl
3-[ (1R, z8pu2-thinflomdxitucgcWepr spyiraridnef- 20°C for two hours. After

cooling of the mixture with ice, the mixture was slightly

acidified with 3N aqueous hydrochloric acid, to thereby form

a suspension. Water (15 mL) and saturated saline (5 mL) were

added to the suspension so as to cause partition. The

aqueous layer was subjected to extraction with toluene (20 mL
X 2), to thereby recover organic components, and all the
obtained organic layers were combined. The combined organic
layer was dried over sodium sulfate, and the solvent was
removed under reduced pressure. The residue was subjected to
silica gel column chromatography (eluent: chloroform/methanol
= 95/5), and several fractions were combined. The solvent of
the combined fraction was removed under reduced pressure.
The residue was dissolved in toluene (1.5 mL), and hexane (15
mL) was added to the solution. The mixture was stirred 25°C
for threé hours. The formed precipitates were collected
through filtration and dried, to thereby yield 410 mg of the
title compound as yellow-orange crystals (61%).
'M-NMR (270 MHz, CDCls): Coincided with the 'H-NMR spectrum

- of the title compound synthesized through a conventional

method
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[4-[7-(S)-tert-but oxycarbonyl am no-5-azaspiro[ 2. 4] hept-5-yl]- 2,
5-di fl uorobenzoyl ]acrylate 28 CO2Et CO2Et CEt BocHN L BocHN BocHN Et hyl
4-17-(S)-tert-but oxycarbonyl am no-5
azaspiro[ 2. 4] hept-5-yl]-2,5-difluorobenzoyl acetate (1.00 g, 2.29 mmol) was
di ssolved in acetic anhydride (2.16 nL, 10 eq.) and ethyl orthoformte
(3.79 mL, 10 eq.), and the mxture was stirred for three hours at 130C
After the reaction mxture was allowed to cool down, the solvent was
renoved Miifer Fedocédepr essbr éheTohbienef (hent)thasceddedr@o the residue,
and the m xture was subjected to co-boiling tw ce. After conpletion of
co- boi | isgithes itk {BEUMh a conventhiloagilnaetdro’l (M/e £ 206¢. FABYAY a
(1R 2S)-2- fluorocycl opropyl am ne p-tol uenesulfonic acid salt (564 ng, 1.0
eq.) wadxaddee to t Behys- Boilllirng§) resrboeutandceheorykenieo-was stirred for
30 mnutes at 25C. The fornmed organic |ayer was washed with water (20 nl)
and an aprsRist st Aherdicantdmat & ~séifdiosphergonl aakdEtesi 1.0 g) and
dried over

7-(S)-[tert-Butoxycarbonylamino]-5-azaspiro[2.4]heptane
(3.11 g, 1.2 eq.) was added to a solution containing ethyl
2,4,5-trifluorobenzoylacetate (3.00 g, 12.19 mmol),
acetonitrile (60 mL), and triethylamine (3.4 mL, 2.0 eq.),

and the mixture was stirred for 23 hours at 40°C. After the
reaction mixture had been allowed to cool, the solvent was
removed under reduced pressure. Ethyl acetate (90 mL) was
added to the residue, and the mixture was heated to 40°C for
dissolution. The organic solution (organic layer) was washed
with water (30 mL x 2) and driéd over sodium sulfate, and the
solvent was removed under reduced pressure. Hexane (60 mL)
was added to the residue, and the mixture was stirred for one
hour at 25°C. The formed precipitates were collected through
filtration and dried, to thereby yield 5.10 g of the title
compound as yellow-orange crystals (95%).

'H-NMR (270 MHz, CDCls) &: 0.64-0.94 (4H, m), 1.27 (3H, t, J
= 7.0 Hz), 1.45 (9H, s), 3.24-3.91 (5H, m), 3.85 (3H, s},
3.88(2H, s), 4.21 (2H, q, J = 7.0 Hz, 14.3 Hz), 6.27 (1H, dd,
J= 7.0 Hz, 14.0 Hz), 7.57 (1H, dd, J = 7.0 Hz, 14.0 Hz)
MASS: m/e = 439 (EIMS)

Example 6: Ethyl 3-[(1R,2S)-2-fluoro-l-cyclopropylamino]-2-
[4—[7—(S)—tert—butoxycarbonylamino—5~azaspiro[2.4]hept—5~yl]~

2,5-difluorobenzoyl]acrylate
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sodium sul fate, and the solvent was renoved under reduced pressure. The
resi due was subjected to silica gel colum 29 chromatography (el uent:
hexane/ et hyl acetate = 2/1), and several fractions were conbi ned. The
sol vent of the conbined fraction was renoved under reduced pressure, to
thereby yield 870 ng of the title conpound as a pale yellow solid (730).
1H NWR (270 MHz, CDC13) S: 0.69-1.50 (6H, m, 1.14 (3H, t, J = 7.0 Hz),
1.39 (9H, s), 3.16-4.00 (6H, m, 4.12 (2H. g, J = 7.0 Hz, 14.0 Hz), 4.82
(1H, m, 6.14 (1H dd, oJ = 7.0 Hz, 14.0{Hz), 7.15 (1H, dd J = 7[0 Hz,
14.0 Hz), 8.10 (1H, d, J = .5 Hz) MASS: me = pl e 7:
7-17-(S)-tert- e e §P i no- 5- F

yl]-1,

azaspirof 2. 4]hept I]-6-f|uoro;L;4£L4£D-fluoro-l-

4- di hydr 0-N q ] 30 CHt

Tet r abut yLaXqo |un1bron1de (TBAB, 8 ng) was deg to a mxture of ethyl
3-[ (1R, 2S) - uor o-| - cycl opr opyl am no] - 4

[4-[7-(S)pdalt - but oxycar bonyl am no- 5- azaspi gl 4] hept -5-yl ] -
2, 5-di fl uorobenzoyl]acrylate (16) (524 ng; 1.00 mmol ), toluene (10.0 nL),
and 3N pot assi um hydroxide (2.0 nL, 6

0

N!Hz = TsOH F CO4EL
F | 2
N FO A

A/F

Ethyl 4-[7-(S)~-tert-butoxycarbonylamino-5-

azaspiro[2.4]hept-5-y1}-2,5-difluorobenzoylacetate (1.00 g,
2.29 mmol) was dissolved in acetic anhydride (2.16 mL, 10
eq.) and ethyl orthdformate (3.79 mL, 10 eq.), and the
mixture was stirred for three hours at 130°C. After the
reaction mixture was allowed to cool down, the solvent was
removed under reduced pressure. Toluene (10 mL) was added to
the residue, and the mixture was subjected to co-boiling
twice. After completion of co-boiling, toluene (30 mL),
triethylamine (0.38 mL, 1.2 eq.), and a (1R,28)-2-
fluorocyclopropylamine p-toluenesulfonic acid salt (564 ng,
1.0 eq.) was added to the co-boiling residue, and the mixture
was stirred for 30 minutes at 25°C. The formed organic layer
was washed with water (20 mL) and an adqueous sodium
bicarbonate solution (10 mL, NaHCOs, 1.0 g) and dried over
sodium sulfate, and the solvent was removed under reduced

pressure. The residue was subjected to silica gel column
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eq.), and the resultant m xture was stirred for 15 hours at 50C. After
cooling of the mxture with ice, the mxture was slightly acidified with
3N aqueous hydrochloric acid, to thereby forma suspension. Water (15 nlL)
and saturated 30 saline (5 nL) were added to the suspension so as to cause
partition (poor partition performance) . The aqueous |ayer was subjected
to extraction with toluene (10 nL), to thereby recover organic conponents,
and all the obtained organic |ayers were conbi ned. The sol vent was renoved
under r educet tquressiy €ellleatredficcraevashdils sakevedei r 8¢hyl avdtate (50 i)
at 60C, and water (20 nL) was added to the solution so as to cause

partiti creveltsel oimgariiionsayer envasndriined .ovEne sedivent sof f @b e, camdinée

sol vent was renoved under reduced pressure. Toluene (3 nL) and hexane (30
nL) wer ef mddsibt ovashe emesieduendeand edveed yreseuwas $bi thedebgr vémrédhour at
25C. The fornmed precipitates were collected through filtration and dried,
to ther®by nyd elfd 460 g lof achmeauintd e sc enpeurd vad lawbsowndsdl’Bé) - (979 .

1H NWR (270 MHz, DVMSO-d6) S: 0.64-1.78 (6H, m, 1.39 (9H, s), 3.13-3.98
(6H, ) ,'HSNBR ((PHO M}z,6COB1{IH: d).eb-= . AG MY, m)7. 82 1¢@1H3H, tJ J 14.0
Hz), 8.66 (1H, s) MASS. nle = 476 (FABMS) Referential Exanple 2:

7- [ 7- ( S)EMQT&IE-/&Z]&S?FQ r(cﬂfHZ. ﬂ)hepﬁ--]@“l .00 (6H, m), 4.12 (2H, q, J =

7.0 Hz, 14.0 Hz), 4.82 (1H, m), 6.14 (1H, dd, J = 7.0 Hz,
14.0 Hz), 7.15 (1H, dd, J = 7.0 Hz, 14.0 Hz), 8.10 (1H, 4, J
= 13.5 Hz)

MASS: m/e = 524 (FABMS)

Example 7: 7-[7-(S)-tert-Butoxycarbonylamino-5-
azaspiro[2.4]hept-5-yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-

cyclopropyl] -1, 4-dihydro-4-oxoquinoline-3-carboxylic acid

0
F CO,Et F
I —_— l
b(;" F O NH [><;N N
ape L.

BocHN _ BocHN

0
COH

Tetrabutylammonium bromide (TBAB, 8 mg) was added to a
mixture of ethyl 3-[(1R,2S)-2-fluoro-l-cyclopropylamino]-2-
[4-[7-(S)-tert-butoxycarbonylamino-5-azaspiro[2.4]hept-5-yl]-
2,5-difluorobenzoyl]lacrylate (16) (524 mg, 1.00 mmol),
toluene (10.0 mL), and 3N potassium hydroxide (2.0 mL, 6
eq.), and the resultant mixture was stirred for 15 hours at
50°C. After cooling of the mixture with ice, the mixture was
slightly acidified with 3N aqueous hydrochloric acid, to

thereby form a suspension. Water (15 mL) and saturated
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yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cycl opropyl]-1, 4-di hydro-
4- oxoqui nol i ne- 3-carboxylic acid BocHN 3N Hydrochloric acid (0.48 nm., 3
eq.) was added to a 31 suspension of 7-[7-(S)-tert-butoxycarbonyl am no-5-
azaspiro[ 2. 4] hept-5-yl]-6-fluoro-1-[2-(S)-fluoro-I1-(R)- cycl opropyl]-1,
4- di hydr o- 4- oxoqui nol i ne-3-carboxylic acid (230 ng, 0.48 mmol) in
i sopropanol (1.1 nm), and the m xture was stirred for 1.5 hours at 70C
After the m xture was cooled to 25C, the m xture was neutralized through
dr opwi sealddei t(ibonlLof werkeethygkdnitnethe. 20spkns3orgs)y asThe salivent was
renoved under reduced pressure, and acetonitrile (11.5 nL) and water (0.23
m) wer @agddédono (Pherr peirdagiohobkofetdmbycest i rtisenpdugowheldinr at 25C.
The formed precipitates were collected through filtration and dried, to
t her eby Weiselsgibl@2 tenly tof exheatitiba woitpotnduasepale bhownter yBeBlY (560).
1H- NWVR (270 MHz, D20-NaOD) : ldentical with the 'H NVR spectrum of the
title comoved sygehdsi zedrrheoligh anknewh thet hbdaMass: ordenifcal with the
data of the title compound synthesized through a known nethod (me = 375;
El MB) EXa&ysire $ergt lepimbined- ( SThaceeivent nmor $- eekeid ofide] Hegtugd
yl]-2,5-difluoro-3-nmethoxybenzoyl acet at e

pressure. The residue was dissolved in ethyl acetate (50 mL)

at 60°C, and water (20 mL) was added to the solution so as to
cause partition. The organic layer was dried over sodium
sulfate, and the solvent was removed under reduced pressure.
Toluene (3 mL) and hexane (30 mL) were added to the residue,
and the mixture was stirred for one hour at 25°C. The formed
precipitates were collected through filtration and dried, to
thereby yield 460 mg of the title compound as a brown solid
(97%) .

'H-NMR (270 MHz, DMSO-ds) &: 0.64-1.78 (6H, m), 1.39 (9H, s),
3.13-3.98 (6H, m), 5.32 (1H, m), 6.95 (1H, 4, J = 7.6 Hz),
7.82 (1H, d, 0 = 14.0 Hz), 8.66 (1H, s)

MASS: m/e = 476 (FABMS)

Referential Example 2: 7-[7-(S)-Amino-5-azaspiro[2.4]hept-5-
yl]-6-fluoro-1-[2-(S)-fluoro-1-(R)-cyclopropyl]l-1,4-dihydro-

4-oxoquinoline-3-carboxylic acid

BOCHN H.N

3N Hydrochloric acid (0.48 mL, 3 eq.) was added to a
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H Ow COR2E t AcHN AcHN CO2Et 7-(S)-Acetyl am no-5-azaspiro[ 2. 4] heptane (1.00
g, 1.05 eq.) was added to a solution containing ethyl 2,4, 5-
trifluoro-3-nethoxybenzoyl acetate (1.71 g, 6.17 mmol ), 32 acetonitrile (30
m.), and triethylamne (1.3 nL, 2.0 eq.), and the m xture was stirred for
seven hours at 70C. After the reaction m xture had been allowed to cool,
the solvent was renopved under reduced pressure. Ethyl acetate (68 nL) was
added to the residue, and the resultant organic solution (organic |ayer)
was wasmyﬁpmqﬁiomap§r7tﬁﬂ -S) ~Tiea tobyanry carpay la@snarped over sodi um
sul fate, and hexane (30 nL) was added to the residue, followed by stirring
for one araspio [228¢heTite Started-praerpiatids (Werdlesrpeétré8) thr ough
filtration and dried, to thereby yield 1.93 g of the title conpound as
pal e ydqyﬁ&QHW%ndls1@?6@¥hYdHDNWRO§2ﬂ@lWH£lnBNéCﬁGG?OByl@CSBC@d86 (4H, m),
1.18 (3H, t, J =7.2 Hz), 1.83 (3H, s), 3.45-4.04 (5H, E& 3.74 (3H, s),
3.94 (2H23%) mp,= 248 mmpl)4im ispRroganyl= (1.2 FE) 1404 HRF, ml?itgie(lH dd,
J = 7.2 Hz, 15.4 Hz)

was stirred for 1.5 hours at 70°C. After the mixture was

cooled to 25°C, the mixture was neutralized through dropwise

addition of triethylamine (0.20 mL, 3 eq.). The solvent was

removed under reduced pressure, and acetonitrile (11.5 mL)

and water (0.23 mlL) were added to the residue, followed by

stirring for one hour at 25°C. The formed precipitates were
collected through filtration and dried, to thereby yield 102
mg of the title compound as pale brown crystals (56%).

'H-NMR (270 MHz, D,0-NaOD): Identical with the 'H-NMR
spectrum of the title compound synthesized through’a known
method

MASS: Identical with the data of the title compound
synthesized through a known method (m/e = 375; EIMS)

Example 8: Ethyl 4-[7-(S)-acetylamimo-5-azaspiro[2.4]hept-5-

y1l]1-2,5~-difluoro-3-methoxybenzoylacetate

H
N
: ad :
F co,t AchN CO,EL
o ey o

F
Ohle AcHN

7-(S)-Acetylamimo-5-azaspiro[2.4]lheptane (1.00 g, 1.05
eqg.) was added to a solution containing ethyl 2,4, 5-

trifluoro-3-methoxybenzoylacetate (1.71 g, 6.17 mmol),
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MASS: me = 411 (FABMS) Referential Exanple 3: Ethyl 2,4,5-trifluoro-3-

nmet hoxybenzoate O CO2H F CO2Et F W Sul furic acid (3 nL) was added to a

solution of 2,4,5- trifluoro-3-methoxybenzoic acid (30.00 g,
et hanol (240 nlL), and the m xture was stirred for 20 hours

145.5 mmol)

under

r ef | ux.

After the reaction m xture was allowed to cool down, the solvent was

renmoved under reduced pressure. Ethyl 33 acetate (10 nlL) was added to the

in

residue, and the m xture was subjected to co-boiling. After conpletion of

co- boi | iamgtortierilesi(@femias dinsis tintedhivd agtigl (dcét ate £2180eAt), and the

organic solution (organic |layer) was washed with water (90 nlL) (aqueous
| ayer: aciditt)e mikhteireesulst anti rardgafior lseyen hasirswashéd°wu t Bidedi um

hydr ogencarbonate (1 g)/water (100 nL) (aqueous layer: slightly basic),
and t he toregarsiac Hiaype miwdsiref achdeenasiddwaict Fos gograt E8es&PLHENES50 L) The

t hus- washed organic |ayer was dried over sodiumsulfate, and the

was removed under reduced pressure. Ethyl acetate (68 mL)

was added to the residue, and the resultant organic solution

(organic layer) was washed with water (34 mL). The organic
layer was dried over sodium sulfate, and hexane (30 mL)
added to the residue, followed by stirring for one hour at

25°C. The formed precipitates were collected through

filtration and dried, to thereby yield 1.93 g of the title

compound as pale yellow crystals (76%).

'H-NMR (270 MHz, DMSO-ds) &: 0.56-0.86 (4H, m), 1.18

J = 7.2 Hz), 1.83 (3H, s), 3.45-4.04 (5H, m), 3.74 (3H, s),

(3H,

was

€,

3.94 (2H, 4, J = 2.7 Hz), 4.11 (2H, q, J = 7.2 Hz, 14.4 Hz),

7.31 (1H, dd, J = 7.2 Hz, 15.4 Hz)
MASS: m/e = 411 (FABMS)

Referential Example 3: Ethyl 2,4,5-trifluoro-3-

methoxybenzoate
F COH F COEt
F F FI;[F

Sulfuric acid (3 mL) was added to a solution of 2,4, 5-

trifluoro-3-methoxybenzoic acid (30.00 g, 145.5 mmol)

ethanol (240 mL), and the mixture was stirred for 20 hours

in

under reflux. After the reaction mixture was allowed to cool

down, the solvent was removed under reduced pressure
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sol vent was renoved under reduced pressure, to thereby yield

31.01 g of

the title conpound as pale yellow oil (910). "H NWR (270 MHz, DMSO d6) 6:
1.33 (3H, t, J =7.1 Hz), 4.02 (3H s), 4.34 (2H, q, J = 7.1 Hz, 14.1 Hz),

7.58 (1H, m Referential Exanple 4. Ethyl 4-[7-(S)-tert-
but oxycar bonyl am no- 5- azaspi ro[ 2. 4] hept-5-yl ]-2,5-di fl uoro- 3-

nmet hoxybenzoate We LNH CO Et BocHN CO2E t NSF F J-J W BocHN Pot assi um

carbonate (4.70 g, 2.0 eq.) and 7-(S)-[tert-

but oxy cardedamteanilifonl5- azas piddefd2 t4)] bpt areifded4agd the mgxfureevesadded

to a solution of ethyl 2,4,5-trifluoro-3- nethoxybenzoate (4.
mol ) | msuEcetdrid tid eo-40iMing. ahftéhecomxt et comast stdrhedl §
under reflux. After the reaction m xture was all owed to cool

00 g, 17.00
¥, sibe hours
down, the 34

formed imerighrd oaw cducto wast denerdy 1t cedgiief i(LbPanlon, aaddthehe sol vent
of the filtrate was renoved under reduced pressure. Ethyl acetate (80 nlL)
was added-damitchealesiidue, (organic layer) was washed with water (90

nl) (aqueous layer: acidic). The resultant organic layer was

washed with sodium hydrogencarbonate (1 g)/water (100

L)

(aqueous layer: slightly basic), and the organic layer was

further washed with saturated saline (50 mL). The thus-

washed organic layer was dried over sodium sulfate, and the

solvent was removed under reduced pressure, to thereby Yield

31.01 g of the title compound as pale yellow oil (21%).

'H-NMR (270 MHz, DMSO-ds) &: 1.33 (3H, t, J = 7.1 Hz),
(34, s), 4.34 (2H, q, J = 7.1 Hz, 14.1 Hz), 7.58 (1H,

Referential Example 4: Ethyl 4-[7-(S)-tert-

4.02

m)

butoxycarbonylamino-5-azaspiro[2.4]hept-5-yl]1-2, 5-difluocro-3-

methoxybenzoate
NH
F CO,Et
E CO,Et BocHN :I:;j: 2
][;j: L — N F
F F [>§il OMe
OMe BocHN

Potassium carbonate (4.70 g, 2.0 eq.) and 7-(S)-
butoxycarbonylamino]-5-azaspiro(2.4]heptane (4.34 g,
were added to a solution of ethyl 2,4,5-trifluoro-3-

methoxybenzoate (4.00 g, 17.00 mmol) in acetonitrile

[tert-

1.2 eq.)

(40 mL),

and the mixture was stirred for six hours under reflux.

After the reaction mixture was allowed to cool down,
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and the formed organic solution (organic |layer) was washed wth water (20

m.). The organic | ayer was dried over sodium sulfate,

r enoved
(80 nl)

at 25C
dried, to thereby yield 5.32 g of the title

under reduced pressure, followed by co-boiling with hexane.

and the sol vent was

Hexane

was added to the residue, and the m xture was stirred for one hour
The formed precipitates were collected through filtration and

(73% The solvent of the crystallization nother |iquor was renoved u
reduced fqrmessumrqand d $sopdpyt walsc akalbvie20 tidrpuahd fadtent 20, mahd were

added to the residue, followed by stirring for one hour under ice-cooling.
The for nete pyEcigut alfesheerfd laoldtectwed remomegh uhidetrr aktidoeednd dri ed,

t her eby

(8% t otate Fiffe .

r enoved

conpound as colorless crystals

nder

to

further yield 0.55 g of the title conpound as colorless crystals

under reduced pressure. The residue was subjected to silica

Thayidokventtef (Bhemti ystal hddatli bo tbéheesidgaor was

gel

col um chridomtoogicaptsd (etgmnic dvdxdaneret (plgaadet dtagrer) Bek) washeédsever al

fracti ons were conbi ned. The sol vent of

under reditdedvgueaass(@®,mit)o. her ebyahict heyeyi ehd Ord6dgowvért hedtim| e
conpound as colorless crystals (5% total 86% . 1H NVR (270 MHz, DVMSO d6)
6: 0.43-uat(ebH,armg ,tHe 23 (BHt tWas Femokedl Mnderl r38uCeld, Pgpssrsg- 4. 06
3.73 (3H, s), 4.25 (2H, q, J =7.2 Hz, 14.3 Hz), 7.20 (1H m,
7.25 (1HoXLowed by co-boiling with hexane. Hexane (80 mL) was added

(5H m,

to the residue, and the mixture was stirred for one hour at
25°C. The formed precipitates were qollected through
filtration and dried, to thereby yield 5.32 g of the title
compound as colorless crystals (73%). The solvent of the
crystallization mother liquor was removed under reduced
pressure, and isopropyl alcohol (20 mL) and water (10 mL)
were added to the residue, followed by stirring for one hour
under ice-cooling. The formed precipitates were collected
through filtration and dried, to thereby further yield 0.55 ¢
of the title compound as colorless crystals (8%, total 81%).
The solvent of the crystallization mother liquor was removed
under reduced pressure. The residue was subjected to silica
gel column chromatography (eluent: hexane/ethyl acetate =
5/1), and several fractions were combined. The solvent of
the combined fraction was removed under reduced pressure, to
thereby further yield 0.40 g of the title compound as
colorless crystals (5%, total 86%).

'H-NMR (270 MHz, DMSO-dg) 6: 0.43-0.91 (4H, m), 1.28 (3H, t,
J= 7.2 Hz), 1.38 (9H, s), 3.38-4.06 (5H, m), 3.73 (3H, s),

4.25 (2H, q, J = 7.2 Hz, 14.3 Hz), 7.20 (1H, m), 7.25 (1H, q,
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35J = 7.0 Hz, 15.0 Hz) MASS: me = 427 (FABMS) Referential Exanple 5: 4 -
[ 7 - (S - tert-Butoxycarbonyl am no- 5-
azaspiro[ 2. 4] hept-5-yl | -2, 5-di fl uoro- 3-net hoxybenzoi ¢ acid 3N Potassium
hydroxide (4.0 nL, 1.08 eq.) was added to a solution of ethyl
4-17-(S)-tert-butoxycarbonyl am no- 5-
azaspiro[ 2. 4] hept -5-yl]-2,5-di fl uor o- 3- net hoxybenzoate (4.75 g, 11.14
mmol) in ethanol (47.5 nL), and the m xture was stirred for two hours at
80'C. Afgjer Ttodling vf.ahezreaction mixture with ice, the mxture was
neutralized through addition of 3N aqueous hydrochloric acid, and the
sol vent nwess: nmemvedizmderaBmesiuced pressure. Methanol (95 nl) was added to
the residue, and the fornmed inorganic product was renoved through
filtratimafedde: fal tEadmo Wass dr ded 7oV el -sedituButsulfarbonghdmnihe-5ol vent
was renoved under reduced pressure, to thereby yield 5.19 g of the title
conpounda asswed wdi 2 e4 ] lsebt-€5- 1 H-NVR d 127102 dvidr 3 -DvBBcd@oemzod.c4 2c0.d91 (4H,
m, 1.38 (9H, s), 3.31-3.85 (SH, m, 3.75 (3H, s), 7.25 (1H qgq, J = 7.0
Hz, 14.6 Hz)3WASS:ta¥éiem3BBAfEIME Ref@rent ikl 0Exanpl evad d&ded to
2,5-difluoro-3-nmethoxy-4-[7- :
(S)-[1 - (8)sphenydetdiyl ¢ enyhot -5t Az &S)pt trexf 2- k4] treptedizbonylamino-5-
azaspiro[2.4]lhept-5-yl]-2,5-difluoro-3-methoxybenzoate (4.75
g, 11.14 mmol) in ethanol (47.5 mL), and the mixture was

stirred for two hours at 80°C. After cooling of the reaction
mixture with ice, the mixture was neutralized through
addition of 3N aqueous hydrochloric acid, and the solvent was
removed under reduced pressure. Methanol (95 mL) was added
to the residue, and the formed inorganic product was removed
through filtration. The filtrate was dried over sodium
sulfate, and the solvent was removed under reduced pressure,
to thereby yield 5.19 g of the title compound as a white
solid.
'H-NMR (270 MHz, DMSO-dg) 8: 0.47-0.91 (4H, m), 1.38 (SH, s),
3.31-3.85 (5H, m), 3.75 (3H, s), 7.25 (1H, q, J = 7.0 Hz,
14.6 Hz)
MASS: m/e = 398 (EIMS)
Referential Example 6: Ethyl 2,5-difluoro-3-methoxy-4-[7-
(S)-[1-(S)-phenylethyl]lamino-5-azaspiro[2.4]hept-5-
yllbenzoate

Potassium carbonate (9.40 g, 4.0 eq.) and a 7-(S)-[1-
(S) -phenylethyl]amino-5-azaspiro[2.4]heptane oxalic acid salt

(6.26 g, 1.2 eq.) were added to a solution of ethyl 2,4,5-
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yl ] benzoat e Pot assi um carbonate (9.40 g, 4.0 eq.) and a 7-(S)-[I-

(S) - phenyl et hyl ] am no-5-azaspiro[ 2. 4] heptane oxalic acid salt (6.26 g, 1.2
-eg.) were added to a solution of ethyl 2,4,5 36 trifluoro-3-nethoxybenzoate
(4.00 g, 17.00 mmol ) in acetonitrile (60 nm.), and the m xture was stirred
for six hours undre reflux. After the reaction mxture was allowed to
cool, the formed inorganic product was renoved through filtration, and the
solvent of the filtrate was renoved under reduced pressure. Ethyl acetate
(80 nL) twast ladded I-mdthexyvbesizdaee ard Otthe,f a7ned omgani ¢nsol uti on (organic
| ayer) was washed with water (40 nL) and saturated saline (20 nL) . The
or gani ¢ deayernvasi 1y i @ aler, sodi wmesumifdatee and thérsebvént swas renoved
under reduced pressure, to thereby yield 7.99 g of the title conpound as
pal e yelHoaw oidndrd+NVRUx270AKEEr €DE1BRabtiOn30ift2de (Wak @)lowe4-1.55
(6H m, 2.65 (1H, m, 3.37-4.02 (SH, m, 3.80 (3H, s), 4.39 (2H, q, J
7.2 Hz, tit.dbdiz) ,tie Abriadb ieitgan)i dVaSSduiE waé31efBABNBEhRefighent i al
Exanple 7: 2,5-Di fluoro-3-nethoxy-4-[7-(S)-[I-

(S) - phenfd etdet i@ni noxdb-Araspilvenz. 4thdpte Sijltdadrz vias aeind ve8NuRdeadssi um
hydroxide (S.3 nL, 1.1 eq.) was added to a solution of ethyl

2, 5-di f | wedwesd netdoxyeel- [ ZEh8)- pket8fe (80 mL) was added to the

residue, and the formed organic solution (organic layer) was
washed with water (40 mL) and saturated saline (20 mL). The
organic layer was dried over sodium sulfate, and the solvent
was removed under reduced pressure, to thereby yield 7.99 g
of the title compound as pale yellow oil.
'H-NMR (270 MHz, CDCls) &: 0.39-1.24 (4H, m), 1.24-1.55 (6H,
m), 2.65 (1H, m), 3.37-4.02 (5H, m), 3.80 (3H, s), 4.39 (2H,
q, J = 7.2 Hz, 14.4 Hz), 6.90-7.45 (6H, m)
MASS: m/e = 431 (FABMS)
Referential Example 7: 2,5—Difluoro—3—methoxy—4—[7—(S)—[l—
(S) -phenylethyllamino-5-azaspiro[2.4]lhept-5-yllbenzoic acid
3N Potassium hydroxide (5.3 mL, 1.1 eq.) was added to a
solution of ethyl 2,5-difluoro-3-methoxy-4-[7-(S)-[1-(S)-
phenylethyl]amino-5-azaspiro[2.4]lhept-5-yllbenzoate (6.22 g,
14.45 mmol) in ethanol (93 mL), and the mixture was stirred
for 1.5 hours at 80°C. After cooling of the reaction mixture
with ice, the mixture was neutralized through addition of 1IN
hydrochloric acid (ethanolic), and the solvent was removed
under reduced pressure. Ethyl acetate (50 mL) was added to
the residue, and the formed organic solution (organic layer)

was washed with water (50 mL x 2). The solvent was removed
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phenyl et hyl | am no- 5- azaspiro[ 2. 4] hept-5-yl | benzoate (6.22 g, 14.45 mmol)
in ethanol (93 nL), and the m xture was stirred for 1.5 hours at 80'C.
After cooling of the reaction mxture wth ice, the mxture was
neutralized through addition of 1IN hydrochloric acid (ethanolic), and the
sol vent was renoved under reduced pressure. Ethyl acetate (50 nlL) was
added to the residue, and the forned organic solution (organic |ayer) was
washed with water (50 nL x 2) . The solvent was renoved 37 under reduced
pr essur eyndand rkexare PF@sslu)yewasnddtedane t(hé migsiwdaeadflefll boethby
stirring for one hour at 25C. The formed precipitates were collected
t hr ough fdditdad,i @ l1artieddbiyedt itre iherebyoykehdu4. 4t gsef. timdetitl e
conpound as colorless crystals (719% . The solvent of the crystallization
not her lioquerd was aigiedd sumdere cedleedepr ébsungh Thétregspduendas
di ssolved in ethyl acetate (1 nL), and hexane (30 nlL) was added thereto,
f ol | onedithiedst itrar ithg rfebry grieldodr. 14t g 25CLhEhéitdenmedmppecidpitat es were
collected through filtration and dried, to thereby further yield 0.83 g of
the titdeel cxdmeeund vasadel dilléds ciist absvendoftiohal cB8BhalliravRy 270
MHz, DMSO-d6) 6: 0.45-0.91 (4H, m , 1. 23-1.35 (6H, m, 2.59 (1H m,
3. 37- 3. 93t Ifqucd. 8@s( 3dmosied Tntier TeBRCEEHPIRpsuNAsSS: Thte = 403
(FABMS) Industrial Applicability

residue was dissolved in ethyl acetate (1 mL), and hexane (30

mL) was added thereto, followed by stirring for one hour at
25°C. The formed precipitates were collected through
filtration and dried, to thereby further yield 0.83 g of the
title compound as colorless crystals (14%, total 85%).

'H-NMR (270 MHz, DMSO-ds) &: 0.45-0.91 (4H, m), 1.23-1.35

(6H, m), 2.59 (1H, m), 3.37-3.93 (5H, m), 3.80 (3H, s), 7.12-

7.32 (6H, m); MASS: m/e = 403 (FABMS)

Industrial Applicability

According to the present invention, the compounds
represented by formula (2), which are useful as an
antibacterial agent, can be produced having a high yield at

low cost.
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According to the present invention, the conpounds represented by formula
(2), which are useful as an antibacterial agent, can be produced having a
high yield at lowcost. 38 Clains 1. A process for producing a conpound
represented by fornula (2): OH (2) (wherein each of Rl and R2 independently
represents a hydrogen atom a fluorine atom a chlorine atom a Cl-C6

al kyl group, or a Cl-C6 al koxy group; and R3 represents a hydrogen atom or
an am no- group-protective group), the process conprising: reacting a
conpound represented by forrmula (3)¢138}s (wherein R represents an aryl oxy
group, an aral kyl oxy group, or a C-C6 al koxy group; and Rl and R2 have
the sanme neanings as defined above) with a conpound represented by fornula
(4): 39 (4) (wherein R3 has the same neaning as defined above), to thereby
yi el d a conpound? ®FCESERt €@ ThPrreiming poyompound represented by

formula (2):

(2)

RN
H
(wherein each of R!' and R® independently represents a
hydrogen atom, a fluorine atom, a chlorine atom, a Cl-C6
alkyl group, or a C1l-C6 alkoxy group; and R’ represents a
hydrogen atom or an amino-group-protective group), the
process comprising:

reacting a compound represented by formula (3):

(wherein R represents an aryloxy group, an aralkyloxy group,
or a Cl-C6 alkoxy group; and R' and R? have the same meanings

as defined above) with a compound represented by formula (4):
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(5) (wherein R, Rl, R2, and R3 have the sane neanings as defined above);
reacting the conpound represented by fornula (5) with an alkyl
orthoformate, to thereby yield a conpound represented by fornmula (6): (6)
(wherein R represents a Cl1-C6 al kyl group; and R, Ri, and R3 have the
sanme neani ngs as defined above); R2 40 reacting the conpound represented by
formula (6) with a conmpound represented by formula (7): (7) to thereby
yi el d a conpound represented by formula (8): 0 0 (8) (wherein R, Rl, R2,
and R3 have the sane ani ngs as defined above); performng ring closure
of the conpound rieprgsemiltd by fornula (8) ; and performing ester
hydr ol ysis of the med| ri ng-cl osed conpound.

(4)

R—N
H

(wherein R® has the same meaning as defined above), to

thereby yield a compound represented by formula (5):

(5

(wherein R, R!, R?, and R® have the same meanings as defined
above) ;

reacting the compound represented by formula (5) with
an alkyl orthoformate, to thereby yield a compound

represented by formula (6):

(wherein R' represents a C1-C6 alkyl group; and R, R, R%

and R® have the same meanings as defined above);
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2. A process as described in claim1, wherein the conpound represented by
formula (4) is reacted in the presence of a base. 3. A process as
described in claim2, wherein the base is trimethylamne, triethylam ne,
4- (di et hyl am no) pyri di ne, anmoni a, potassium carbonate, sodi um carbonat e,
sodi um hydroxi de, or potassium hydroxide. 4. A process as described in
claim?2, wherein the base is triethylamne. 41 5. A process as described
in any one of clains 1 to 4, wherein the conpound represented by formula
(7) is react edcdatingetiorearafou atqmp%ﬁﬁief@@m fiards i "Hépresence
of a base. 6. A process as described in claim5, wherein the salt of the
conpound-dreprEse ntek dieftedniiva {ormuls o9&l t thereof with hydrochloric
acid, sulfuric acid, nitric acid, hydrofluoric acid, hydrobromc acid,
hydriodi c acid, pgytoluenesulfonic acid, methanesulfonic acid,
trifluoroacetic did, acetic acigY)fornic acid, maleic acid, or fumaric
acid. 7. A proces ag described in"claim5 or 6, wherein the base is
trimet hyl am ne, gFiﬂﬂhylanine, 4- (di net hyl am no) pyri di ne, ammoni a,

pot assi um car bonate, sodium carbonate, sodi um hydroxide, or potassium

hydr oxi de. ‘
to thereby yield a compound represented by formula (8):

DQ (8)
RE—N
H

(wherein R, R', R?, and R® have the same meanings as defined
above) ;

performing ring closure of the compound represented by
formula (8); and

performing ester hydrolysis of the formed ring-closed
compound.

2. A process as described in claim 1, wherein the
compound represented by formula (4) is reacted in the
presence of a base.

3. A process as described in claim 2, wherein the base
is trimethylamine, triethylamine, 4-(dimethylamino)pyridine,
ammonia, potassium carbonate, sodium carbonate, sodium
hydroxide, or potassium hydroxide.

4. A process as deséribed in claim 2, wherein the base

is triethylamine.
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8. A process as described in claim5, wherein the salt of the conpound
represented by formula (7) is a p- toluenesulfonic acid salt and the base
is triethylamne. 9. A process as described in any one of clains 1 to 8,
wherein RL is a fluorine atom 10. A process as described in any one of
claims 1 to 9, wherein R2 is a hydrogen atom 11. A process as descri bed
in any one of clains 1 to 9, wherein R2 is a nethoxy group. 12. A process
as described in any one of clains 1 to 11, wherein the
ani no- gr oup- pr ot écbirpeegroap CepEEsbAtednbPnRYRINESCA GalPSsel Bet2ed from
the group consisting of an _al koxycarbonyl group, an_aral kyl oxycarbonyl
group, arhersin 4heycempouad Festefengesupy arralaxydl kyE §eeGhedand a
substituted silyl group. 13. A process as described in claim12, wherein
the anitire gioup-ot credtd i agidnsh sedpr ddemesd By KBS $r856P66pC sél ect ed
fromthe group consisting of an aral kyl oxycarbonyl group and an acyl
group. MBSk process as described in claim13, wherein R3 is a
tert-but oxycarbonyl group or an acetyl group. 15. A process as described in
any one of cl@i mé ProgesE, aswiessrAbrd dnaglatRoxy YPEGUEL8r tRemEBhbxy
roup.
g P of the compound represented by formula (7) is a salt thereof
with hydrochloric acid, sulfuric acid, nitric acid,
hydrofluoric acid, hydrobromic acid, hydriodic acid, p-
toluenesulfonic acid, methanesulfonic acid, trifluoroacetic
acid, acetic acid, formic acid, maleic acid, or fumaric acid.
7. A process as described in claim 5 or 6, wherein the
base is trimethylamine, triethylamine, 4-
(dimethylamino)pyridine, ammonia, potassium carbonate, sodium
carbonate, sodium hydroxide, or potassium hydroxide.
8. A process as described in claim 5, wherein the salt
of the compound represented by formula (7) is a p-
toluenesulfonic acid salt and the base is triethylamine.
9. A process as described in any one of claims 1 to 8,
wherein R! is a fluorine atom.
10. A process as described in any one of claims 1 to 9,
wherein R® is a hydrogen atom.
11. A process as described in any one of claims 1 to 9,
wherein R?* is a methoxy group.
12. A process as described in any one of claims 1 to
11, wherein the amino-group-protective group represented by

R’ is a group selected from the group consisting of an

alkoxycarbonyl group, an aralkyloxycarbonyl group, an acyl
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16. A process as described in any one of clains 1 to 15, wherein R is an
ethyl group or a nethyl group. 17. A process for producing a conpound
represented by forrmula (2): OH (2) (wherein R, R, and R3 have the sane
meani ngs as defined above) conprising performng ring closure of a
conpound represented by forrmula (8): 43 (s) (wherein RR R, R2, and R3
have the sanme neani ngs as defined above) and perform ng ester hydrolysis
of the forned ring- closed conmpound. 18. A process as described in claim
17, whegeionpR ahsaaalkllopirneprat em alBoxpapkpEegsonas, daserd bed in claim 17
or 18, wherein R2 is a hydrogen atom 20. A process as described in claim
17 or 18ubwhereitrd R21yd grmephoxy group. 21. A process as described in any
one of claims 17 to 20, wherein the am no-group-protective group
represented By. RB psogegsoap @@$@ti@@dfi@n@l%émgf%upmvﬁﬁ§ﬂsﬂﬂﬁg of an

al koxycar bonyl group, an aral kyl oxycar bonyl groug, ap acyl
amino-group-protective group represented by R° 1s a group

selected from the group consisting of an aralkyloxycarbonyl
group and an acyl group.

14. A process as described in claim 13, wherein R?® is a
tert-butoxycarbonyl group or an acetyl group.

15. A process as described in any one of claims 1 to
14, wherein R is an ethoxy group or a methoxy group.

16. A process as described in any one of claims 1 to
15, wherein R' is an ethyl group or a methyl group.

17. A process for producing a compound represented by

formula (2):

OH
\ )

RN
H

(wherein R}, R?, and R’ have the same meanings as defined

above) comprising performing ring closure of a compound

represented by formula (8):

43



group, an aral kyl group, an al koxyal kyl group, and a substituted silyl
group. 22. A process as described in claim2l, wherein the

am no- group- protective group represented by R3 is a group selected from

t he group consisting of an aral kyl oxycarbonyl group and an acyl group. 23.
A process as described in claim22, wherein R3 is a 44 tert-butoxycarbonyl
group or an acetyl group. 24. A process as described in any one of clains
17 to 23, wherein Ris an ethoxy group or a nethoxy group. 25. A conpound
represented by fornmula (5): (5) (wherein R represents an aryl oxy group, an
aral kyl oxy group, or a Cl-C6 alkoxyOgroup; each of Rl and R2 independently
represents a hydrogen,atom a quor||e aton1 a chlorine atom a Cl1-C6

al kyl group, or a Cil- ; “ﬂ represents a hydrogen atom or
an am no- group-protecti v sal't thereof a hydrate of the
conmpound (5); or a hydr alt. 26. A conpound a salt thereof, a
hydrate of the d, ; iof the s4dB) as described in cl ai m

25, wherein R1 a f uor”ﬂe atom A conpound, a salt thereof, a
hydrate of the
R——N

(wherein R, R!, R?, and R’ have the same meanings as defined
above) and performing ester hydrolysis of the formed ring-
closed compound.

18. A process as described in claim 17, wherein R' is a
fluorine atom.

19. A process as described in claim 17 or 18, wherein
R’ is a hydrogen atom.

20. A process as described in claim 17 or 18, wherein
R? is a methoxy group.

21. A process as described in any one of claims 17 to
20, wherein the amino-group-protective group represented by
R®> is a group selected from the group consisting of an
alkoxycarbonyl group, an aralkyloxycarbonyl group, an acyl
group, an aralkyl group, an alkoxyalkyl group, and a
substituted silyl group.

22. A process as described in claim 21, wherein the
amino-group-protective group represented by R’ is a group
selected from the group consisting of an aralkyloxycarbonyl
group and an acyl group.

23. A process as described in claim 22, wherein R® is a
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conpound, or a hydrate of the salt as described in claim25 or 26, wherein
R2 is a hydrogen atom 28. A conpound, a salt thereof, a hydrate of the
conpound, or a hydrate of the salt as described in claim25 or 26, wherein
R2 is a methoxy group. 45 29. A conpound, a salt thereof, a hydrate of the
conpound, or a hydrate of the salt as described in any one of clains 25 to
28, wherein Ris an ethoxy group or a nethoxy group. 30. A conpound, a
salt thereof, a hydrate of the conpound, or a hydrate of the salt as
descri betkdt-amoone rdonyil airtsip2brt an2dcewlyér girnuphe

am no- group-protective group represented by R3 is a group selected from
the group cai sk pgoaksanaal Kexyeabbdnyh gngupneanfacabkybokycto bonyl
group, an acyl group, an aral kyl group, an al koxyal kyl group, and a
substit wted wwidndirgmoup. adl.etAoxgnmpaouwug, ocx sahmethbeyegitoug.hydrate of the
conpound, or a hydrate of the salt as described in claim30, wherein R3 is
a group sel ec2®d A rampdend reprecsmrgiest img fofrmudm akal:kyl oxycar bonyl  group
and an acyl group. 32. A conpound, a salt thereof, a hydrate of the
conpound, or a hydrate of the salt as described in any one of <clains 25 to
28, wherein R3 is a tert-butoxycarbony¥ grodWp or

(5)

RE—N
H

(wherein R represents an aryloxy group, an aralkyloxy group,
or a Cl-C6 alkoxy group; each of R' and R® independently
represents a hydrogen atom, a fluorine atom, a chlorine atom,
a Cl-C6 alkyl group, or a Cl-C6 alkoxy group; and R’
represents a hydrogen atom or an amino-group-protective
group); a salt thereof; a hydrate of the compound (5); or a
hydrate of the salt.

26. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 25,
wherein R' is a fluorine atom.

27. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the sélt as described in claim 25
or 26, wherein R?® is a hydrogen atom.

28. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 25

or 26, wherein R® is a methoxy group.
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an acetyl group. 33. A conpound represented by formula (6) (6) 46 (wherein
R represents an aryl oxy group, an aral kyloxy group, or a O-C6 al koxy
group; each of RL and R 2 independently represents a hydrogen atom a
fluorine atom a chlorine atom a Cl-C6 alkyl group, or a O-C6 al koxy
group; R 3 represents a hydrogen atom or an am no-group-protective group;
and RI  represents a C-C6 alkyl group); a salt thereof; a hydrate of the
conmpound (6); or a hydrate of the salt. 34. A conpound, a salt thereof, a
hydrat e of th29. cénpompduncr, & pdrattbegkotfheasaltirasededcthbed in claim
33, wherein RL is a fluorine atom 3S. A conpound, a salt thereof, a
hydr at e ofmpdiend conpaunid;dmortea df drtet esadft talse dealdr idsddesc rinyednienoél ai m 33
or 34, wherein R 2 is a hydrogen atom 36. A conpound, a salt thereof, a
hydr at e ofaimhe 2Tdmpdhd,wherraimhyRiriat erofetthox ys @lntougs odesc mieliédxiyn cl ai m 33
or 34, wherein R 2 is a nmethoxy group. 37. A conpound, a salt thereof, a
hydr at e @fowhe conpound, or a hydrate of the salt as described in any one
of clains 33 to 36, wherein Ris an ethoxy group or a methoxy group.
30. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in any one of
claims 25 to 29, wherein the amino-group-protective group
represented by R® is a group selected from the group
consisting of an alkoxycarbonyl group, an aralkyloxycarbonyl
group, an acyl group, an aralkyl group, an alkoxyalkyl group,
and a substituted silyl group.
31. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 30,
wherein R® is a group selected from the group consisting of
an aralkyloxycarbonyl group and an acyl group.
32. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in any one of
claims 25 to 28, wherein R?® is a tert-butoxycarbonyl group or

an acetyl group.

33. A compound represented by formula (6):

(6)
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38. A conpound, a salt thereof, a hydrate of the conpound, or a hydrate of
the salt as described in any one of <clains 33 to 37, wherein R is an
ethyl group or a nmethyl group. 39. A conmpound, a salt thereof, a hydrate
of the conpound, or a hydrate of the salt as described in any one of
claims 33 to 38, wherein the am no-group-protective group 47 represented by
R 3 is a group selected fromthe group consisting of an al koxycar bonyl
group, an aral kyl oxycarbonyl group, an acyl group, an aral kyl group, an
al koxyal iHemriouR regnuksErsithsin ruotyddxyi lydougr oap. a4@lkxlesgpoundp, a salt
thereof, a hydrate of the conpound, or a hydrate of the salt as described
in clai mB3% CIMiE eilrkdRy igrcagr ewehs elfe® ednfir B trtemprolgntdonsi sti ng of
an aral kyl oxycarbonyl group or an acyl group. 41. A conpound, a salt
t her eof ,reprtpahrdtse aofhtdrgasomiomnd a drl ue rhiydr atteref at ke loglineastdmscri bed
in any one of clainms 33 to 38, wherein R3 is a tert-gutoxycarbonyl gr oup
or an aaiCaqradiqyl 420wl ,canpaeurd Céprdsentye g ioprf;oRnurery8jentsherei n R
represents an aryl oxy group, an aral kyloxy group, or a C-C6 al koxy group;
each of RdmrgerR atdmdependeanting - grepreyante et ived ioogai /aeds Ra f 1l uori ne
atom a chlorine atom
represents a Cl1-C6 alkyl group); a salt thereof; a hydrate of
the compound (6); or a hydrate of the salt.
34. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 33,
wherein R' is a fluorine atom.
35. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 33
or 34, wherein R® is a hydrogen atom.
36. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 33
or 34, wherein R? is a methoxy group.
37. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in any one of
claims 33 to 36, wherein R is an ethoxy group or a methoxy
group.
38. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in any one of
claims 33 to 37, wherein R' is an ethyl group or a methyl
group.
39. A compound, a salt thereof, a hydrate of the

compound, or a hydrate of the salt as described in any one of

claims 33 to 38, wherein the amino-group-protective group
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a Cd-C6 alkyl group, or a C-C6 al koxy group; and R3 represents a hydrogen
atom or an am no-group-protective group); a salt thereof; a hydrate of the
conpound (8); or a hydrate of the salt. 48 43. A conpound, a salt thereof,
a hydrate of the compound, or a hydrate of the salt as described in claim
42, wherein RL is a fluorine atom 44. A conpound, a salt thereof, a
hydrate of the conpound, or a hydrate of the salt as described in claim42
or 43, wherein R2 is a hydrogen atom 45. A conpound, a salt thereof, a
hydr at e rafpridienteemourd, 1er aaghyds atel ot tthersahttias glesgs i bed in claim42
or 43, wherein R2 is a nethoxy group. 46. A conpound, a salt thereof, a
hydr at e eafndile i reorownd al®oxgchybate ofrotipe sal braskdeskychedohnl any one
of clains 42 to 45, wherein Ris an ethoxy group or a methoxy group. 47.
A conmpoundhupg sal tadyiergefup,a ahy drati&yaf gfhep, canpaliRdxyel kgl hydoape of the
salt as described in any one of clainms 42 to 46, wherein the

am no- graoup-gpreafecttiitue: egr aup y1r epoegpent ed by R3 is a group selected from
the group consisting of an al koxycarbonyl group, an aral kyl oxycar bonyl
‘group, an acyd0 gr aupocmapuadal kykagtouheranfal kokyatkyé ¢f otipe

compound, or a hydrate of the salt as described in claim 39,
wherein R’ is a group selected from the group consisting of
an aralkyloxycarbonyl group or an acyl group.

41. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in any one of
claims 33 to 38, wherein R’ is a tert-butoxycarbonyl group or
an acetyl group.

42. A compound represented by formula (8):

(wherein R represents an aryloxy group, an aralkyloxy group,
or a Cl-C6 alkoxy group; each of R' and R? independently
represents a hydrogen atom, a fluorine atom, a chlorine atom,
a Cl-Cé6 alkyl group, or a Cl-Cé6 alkoxy group; and R>
represents a hydrogen atom or an amino-group-protective
group); a salt thereof; a hydrate of the compound (8); or a

hydrate of the salt.
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and a substituted silyl group. 48. A conpound, a salt thereof, a hydrate of
the conmpound, or a hydrate of the salt as described in claim47, wherein
R3 is a group selected fromthe group consisting of an aral kyl oxycar bonyl
group and an acyl group. 49. A conpound, a salt thereof, a hydrate of the
conpound, or a hydrate of the salt as described in any one of <clains 42 to
46, wherein R3 is a tert-butoxycarbonyl group or 49 an acetyl group. 50

43. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 42,
wherein R' is a fluorine atom.

44, A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 42

"or 43, wherein R? is a hydrogen atom.

45, A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in claim 42
or 43, wherein R? is a methoxy group.

46. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in any one of
claims 42 to 45, wherein R is an ethoxy group or a methoxy
group.

47. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in any one of
claims 42 to 46, wherein the amino-group-protective group
represented by R’ is a group selected from the group
consisting of an alkoxycarbonyl group, an aralkyloxycarbonyl
group, an acyl group, an aralkyl group, an alkoxyalkyl group,
and a substituted silyl group.

48. A compound, a salt thereof, a hYdrate of the
compound, or a hydrate of the salt as described in claim 47,
wherein R’ is a group selected from the group consisting of
an aralkyloxycarbonyl group and an acyl group.

49. A compound, a salt thereof, a hydrate of the
compound, or a hydrate of the salt as described in any one of

claims 42 to 46, wherein R® is a tert-butoxycarbonyl group or
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an acetyl group.

50



