NOVEL COMPOUNDS, PROCESSES FOR THE PREPARATI ON THEREOF AND ANTI - TUMOR
AGENTS Technical Field 5 This invention relates to nove

pyri done- carboxylic acid derivatives, anti-tunor agents contain- ing the
same as effective ingredients, and processes for the preparation of the
novel pyridone-carboxylic acid derivatives, etc. 10 Background Art There
have been known both various pyridone- carloxylic acid derivatives per se
whi ch have 2-thiazolyl groups and the fact that these pyridone-

carboxylic acid derivati h ct B
the follow ng Conpound MﬁgEg ggM?aqy E£§66#5§€§ ¥PRJgn§ng§£F%étent
Appl i cation Lai d- Qpen (KEHEREONbANPSZUGQViQUGEBhéGENﬁﬁfter referred to as

Ref. 1): 20 25 In Exanple 5 of said Ref. 1, the follow ng Conpound B is

exhi bi t ed: BO_Jerr] 2
echnical Field

5 : This invention relates to novel pyridone-
carboxylic acid derivatives, anti-tumor agents contain-
ing the same as effective ingredients, and processes for
the preparation of the'noyeT.pyridqne—carboxylic acid

derivatives, etc.
10

Background Art
There have been known both various pyridone—

carboxylic acid derivatives per se which have
2-thiazolyl groups and the fact that these pyridone-

15 carboxylic acid derivatives show anti-bacterial activi-
ty. For example, the following Compound A is disclosed
in Example 24 of Japanese Patent Application Laid-Open
(Kokai) No. 152682/1986 (hereinafter referred to as Ref.
1):
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In Example 5 of said Ref. 1, the following

Compound B is exhibited:
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Further, in Exanple 12 of Ref. 1, the follow ing Conmpound C is disclosed:
Cbnpound C5 O [err] 10 The above conpounds
‘B and C are also disclosed in Table 1 of Japanese Patent Application

Lai d- Open (Kokai) No. 33176/1987 (hereinafter referred to as Ref. 2). 15
Mor eover, the follow ng Conpound Dis nen- tioned in Exanple 24-4 of
Japanese Patent Application Laid-QOpen (Kokgi) No. 56959/ 1985 (correspondi ng
t o Eur opean Pat ent Application Lai d-Qpen . 131839 and U.S. Patent

4,730, 000; hereinafter ref erred to as Ref. 20 3 taoget her) and in Exanpl e
15 of Japanese Patent ASMAtP®%: idh Exame bpeh2( REKBEF -NJ.. dhesdahbew-
(herei nafter ieabgeCompounda< Rad .d#gc1év8pound D 25

O [err] 30 The followi ng Conpound E is nentioned in Exanple 28-16 of
Japanese Patent Application Laid-Open (Kokai) No. 163866/ 1985

(correspondi ng to European Patent AppCémmbitod LCai d- Open No. 154780 and U. S.
Patent 35 54,774,246, hereinafter referreq)to as Ref. 5 together).
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The above compounds B and C are also disclosed
in Table 1 of Japanese Patent App]ication Laid-Open
(Kokai) No. 33176/1987 (hereinafter referred to as Ref.
2). _
15 Moreover, the following Compound D is men-

tioned in Example 24-4 of Japanese Patent Application
Laid-Open (Kokai) No. 56959/1985 (corresponding to
European Patent Application Laid-Open No. 131839 and
U.S. Patent 4,730,000; hereinafter referred to as Ref.
20 3 together) and in Example 15 of Japanese Patent Appli-
cation Laid-Open (Kokai) No. 251667/1986 (hereinaffer

referred to as Ref. 4).
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The following Compound E is mentioned in
Example 28-16 of Japanese Patent Application Laid-Open
(Kokai) No. 163866/1985 (corresponding to European

Patent Application Laid-Open No. 154780 and U.S. Patent
35 4,774,246; hereinafter referred to as Ref. 5 together).

30



3 Conpound E [err] Further, the foll ow ng Conpound F is shown in Exanple 8
of Japanese Patent Application Laid-Open 10 (Kokai) No. 85255/1990
‘(hereinafter referred to as Ref. 6). Conpound F [err] 20

However, the chem cal structure of these conpounds is different fromthe
structure of Conpound (1) of this invention in the follow ng points (1) and
(2). (1) The 6-position of Conpounds Ato ¥is 25 al ways
substituted with a fluorine atom (2) The substituent at the 7-position of
Conpounds A, C, D, E and F is not a sGbwepunde® 1-pyrrolidinyl group. In
addition, Refs. 1 to 6 only nention that 3Q these Conpounds A to F exhibit
anti bacterial activity, and teach n n their anti-tunor activity or
"anti-cancer activity. It is known t ' Bds of pyri done- 35
carboxylic acid derivatives shows ctivity or anti-cancer
activity. gor exanple, Cancer Rbs

Further, the following Compound F is shown in
Example 8 of Japanese Patent Application Laid-Open ,
10 (Kokai) No. 85255/1990 (hereinafter referred to as Ref.

6).
Compound F
0
15 _ COOH
- |
X
20 : However, the chemical structure of these

compounds is different from the structure of Compound
(I) of this invention in the following points (1) and
(2).
(1) The 6-position of Compounds'A to F 1is
25 always substituted with a fluorine atom.
{2) The substi tuent at the 7-position of
Compounds A, C, D, E and F is not a
substituted 1-pyrrolidinyl group.
In addition, Refs. 1 to 6 only mention that
30 these Compounds A to F exhibit antibacterial activity,
and teach nothing on their anti-tumor activity or

anti-cancér activity.

It is known that certain kinds of pyridone-
35 carboxylic acid derivatives show anti-tumor activity or
anti-cancer activity. For example, Cancer Research 52,



4 2818 (1992) reports that the foll ow ng Conpound G has anti -t unor
activity: Conpound G[err] 10 It is reported in this treatise that 90 ki nds
‘of pyridone-carboxylic acid derivatives were investigat- ed for anti-tunor
activity, and that nost of said deriv- atives showed no anti-tunor activity
with the exception 15 of only several typgs of the derivatives. It is
further taught that the cycl opropyl group ich is substituted at the
1-position and the two hal ogen atons which are_each substituted at the 6-
and 8-positi o818 &)98R8)i mepords that the fadlawhpas Gogw ndy G ihasinor
activi- 20 tyntandumbat ad tawiitdone- carboxylic acid derivative which is
free fromsuch substituents shows no anti-tunor activity. Brief Description
.of Draw ngs 25 Figs. 1 to 9 show the change of tunor growh
inhibition rate (IR) with the | apse ddompyendnGt he case where a conpound of
this invergion was adm ni stered to nude mce into which various human
cancer cells had been transplanted. 30 Figs 10 to 14 show t he change of

t unor wei ght F COOH
|
HN ,\CN N -
| F A

10
It is reported in this treatise that 90 kinds

of pyridone-carboxylic acid derivatives were investigat-
ed for anti-tumor activity, and that most of said deriv-
atives showed no anti-tumor activity with the exception

15 of only several types of the derivatives. It is further
taught that the cyclopropyl group which is substi tuted
at the 1-position and the two halogen atoms which are
each substituted at the 6- and 8-positions play an
important role for the expression of anti-tumor activi-

20 ty, and that a pyridoneécarboxy1ic acid derivative which
is free from such substituents shows no anti-tumor

activity.

Brief Description of Drawings

25 Figs. 1 to 9 show the change of tumor growth
inhibition rate (IR) with the lapse of days in the case
where a compound of this invention was administered to
nude mice into which various human cancer cells had been

transplanted.

30
Figs. 10 to 14 show the change of tumor weight

with the Tapse of days in the above experiment.

Such numerals in each Figure as "1-1 (50)
35 [91]1" each mean in this order "Compound Number, (Admin-
istered Amount mg/kg), [Tumor Growth Inhibition Rate IR



IS S IS e e e

with the | apse of days in the above experinent. Such nunerals in each
Figurecas "1-1 (50) 35 [91]" each nean in this order "Conpound Nunber
GAdmi n- istered Anount ng/kg), [Tunor Gowmh Inhibition Rate IR 5 % on
the | ast day of observation]. Figs. 15 to 19 show reaction formnul ae of the
reactions which are nentioned in Exanple of _ Series A 5 [Production of
Internedi ates of this Invention], Exanple o Series B [ Production of Raw
Materials of this Inven- tion] and Exanple of Series C [Production of
Conpounds of t%ien| bhenflest] deay ahf vwbse beatboniloned | ater. 10 Discl osure
of Invention Seeking intensively for conpounds having anti-tunmor activity,
the present inventors have resultantly found that novel pyridone-carboxylic
aci d derivatives having §igs.-2-tShite ¥§Is@98ub§a§§7ﬁﬂyﬁﬁ!ﬂEiaQnﬁktth%ted

ShO\_Ndr emar kabl .eeaeu ohsgﬁg1%‘}¢ 'dtHé Yme ¥ énéavent Eﬁtaﬁmleatoﬁfls Sdtries A

pyri done-c | erjvative e i,azol r,ou

D Eh o ney o P ¥ Epfnafiang o te ared] 3. 608) ¥ CRi by 1K, Tndose! e
[err] \ is a hyfirogenesat Bm[ Prdduietiani kokyRawoMpteaibalsogdn tiiam Invdover
al kyl group mhéfgnTaXnQeExamp1e of Series C [Production of Compounds

of this Invention] which will be mentioned later.

10 Disclosure of Invention

Seeking intensively for compounds having
anti-tumor activity, the present inventors have
resultantly found that novel pyridone—carbbxylic acid
derivatives having such 2-thiazolyl groups as may be

15 substituted show remarkable anti-~tumor activity.

This invention relates to pyridone—-carboxylic
acid derivatives which have 2-thiazolyl groups and which
have the foTlowing general formula (I). and to salts

20 thereof:
R, O
& R,
LX)
25 Y N” N (1)
NS
\=
(Ry)m
30
wherein
'R, is a hydrogen atom, a 1ower alkoxy group, a
halogen atom, a lTower alkyl group which may be
substituted with halogen atom, or a phenyl
35 group which may be substituted with halogen

atom;



O 2

substituted wth hal ogen atom or a phenyl 35 group whi ch may

be substituted with hal ogen atom . 6 [err] is a carboxyl group or a group
*convertible to a carboxyl group; [err] is a hydrogen atom an am no group
whi ch nmay be protected, a halogen atomor a |lower 5 al kyl group

whi ch may be substituted with hal ogen ato Ais nitrogen atomor CH mis
an integer of 1 or 2; and Y is an elimnable group or a group having the 10
following fornmula Y [err] wherein Lerr is a hydrogen atomor a | ower
—al kyl 20 Ry gt®uP; 27 POXY Thy1BterP atHng FAUP ofePVErkyib1gr oup
or a group convertible tgoaahgdrboxg@ngabarg; [err] is a hydrogen atom a
a_lower alkylthio

g?l)agegr a:[aolmowgr Zgl kyl JRoub® whi Eﬁdﬁﬁlﬁg\é\gr%%t‘?ﬁ/%%#&ftﬂrﬂé{f’oagﬁ ekt om
.may be protected, a halogen atom or a lower
5 alkyl group which may be substituted with
halogen atom;
A is nitrogen atom or CH;
m is an integer of 1 or 2; and

Y is an eliminable group or a group having the

10 following formula Y*
Ra.
z-N—(CHy)n
(Y
N-
15
(Rs)p
wherein
R4 is a hydrogen atom or a lower alkyl

20 group;
Z is a hydrogen atom, a lower alkyl
group or a group convertible to a hydro-
gen atom;
Rs is a hydrogen atom, a halogen atom, a
25 lower alkoxy group, a lower alkylthio
group or a lower alkyl group which may
be substituted with halogen atom;
n is an integer of 0 or 1; and
p is an integer of 1, 2, 3 or 4.
30 '

The compounds of this invention include, of
course, their stereoisomers, optical isomers, hydrates,
solvates, etc.

The compounds (I) of this invention are clas-

35 sified into two categories according to the character'of

the substituents.



nis an integer of 0 or 1; and p is an integer of 1, 2, 3 or 4. 30 The
conpounds of this invention include, of course, their stereoisoners,

Optical isomers, hydrates, solvates, etc. The conpounds (l) of this

i nvention are clas- 35 sified into two categories according to the
character of the substituents. 7 One of the categories includes
conpounds of fornmula (I) wherein Y is an "efimnable group”, and these
conpounds are useful as direct internedi ates for conpounds wherein Y is the

ntermedi - ates for pyri G5 ardtrs toatl febol FabAdes Riratam et ai
as anti-tunor figemuda AJ)t mhersdinti Yiabs eagr Bepiminebleed riomphe aded i ni tion
Lot it s KesTE B RUR B2 0 e, S0rae LORS, S5Hai®aiRe oy
thereby el i nmi n@PBACUAAE WheMRids Yorisukhea2BP¥apYi ncl ddwsa iIpiRo@dh them a
| ower al koxy g6B§ects bFWah idl lGHvdn ©i & OVPes aihOoprs valdkyigs UlnfiePredi-oup, a
ouer oKyl sul 80X e8OBh i Wbrist o SRV Q4L 18" GRS B0 which are
useful as anti-tumor agents.
As the “e]iminable group" included in the
definition of substituent Y, any group can be used so
10 Tong as it can be substituted with the later-described
pyrrolidine derivative (III) and thereby eliminated, and
examples of such a group include a halogen atom, a lTower
alkoxy group, a lower alkylthio group, a lower
alkylsulfinyl group, a lower alkylsul fonyl group, an
15 arylisul fonyl group, a lower alkylsulfonyloxy group, an
' aryISdlfonyloxy group, etc. Among these groups, halogen
atoms such as fluorine atom and chlorine atom are pre-
ferred. As for other substituents or salts, concrete
examples thereof will be seen in the explanation of

20 Compound (I-a) of this invention below.

The compounds of this invention in another
category are compounds of the above formula (I) wherein
substituent Y is Y', and they are useful as excellent

25 anti-tumor agents or anti-cancer agents. Thus, this
invention provides pyridone-carboxylic acid derivatives
having the following formula (I-a), physiologically
acceptable salts thereof, methods to produce such deriv-
atives and salts, and anti-tumor agents which contain

30 said derivatives or salts as effective ingredients:



aryl-sul fonyl oxy group, etc. Anong these groups, hal ogen atons such as
fluorime atom and chlorine atomare pre- ferred. As for other substituents
or salts, concrete exanples thereof will be seen in the explanation of 20
Compound (l-a) of this invention bel ow. The conmpounds of this invention in
anot her category are conpounds of the above forrmula (1) wherein substituent
Yis Y, and they are useful as excellent 3 anti-tunor agents or
anti-cancer agents. Thus, this invention provides pyridone-carboxylic acid
derivatives having the fol | ow ng formula (1-a),.physiologically acceptable
salts thereof, nmethods to produce such deriv- ativ and salts, and
anti-tunor agents Wmch cogtain 30 said derivat3ve$?or salts as effective

i ngredients: [err] ar de above. e conmpounds havi ng
formula (I-a) 15 i ncl ude b&T sal @dﬁ‘?

ar foxyl group portion
zl (f-a) and acid
addition se&ts derived fromthe basicf su [ up portion which is
bound to the 3-position of the 1-pyrr I nyl group.
ncI ude sdi%@Nith

Exanpl es of said salts at the car b?% pgr oup porﬁ s

nmetal s such as sodi um potas-

(R1)m
10
wherein A, Rl’ R2, R3, R4, RS' Z, m, n and p
are as defined above.

Salts of the compounds having formula (I-a)

16 include both salts derived from the carboxyl group
portion which is contained in the definition of R2 of
formula (I-a) and acid addition salts derived from the
basic substituent group portion which is bound to the
3-position of the 1-pyrrolidinyl group.

20 Examples of said salts at the carboxyl group
portion include salts with metals such as sodium, potas-
sium, magnesium, zinc, silver, aluminum and platinum,
and salts with organic bases such as dimethyl-
aminoethanol, methylaminoethanol, triethanolamine and

25 guanidine.

As for examples of acid addition salts at the
‘basic substituent group which is bound to the 3-position
of the 1-pyrrolidinyl group of formula (I-a), there can
be taken salts with inorganic acids such as hydrochloric

30 acid, hydrobromic acid, hydroiodic acid, sulfuric acid
and phosphoric acid, and salts with organic acids such
as oxa]ic.acid. maleic acid, fumaric acid, malonic acid,
lactic acid, malic acid, citric acid, tartaric acid,
benzoic acid, methanesulfonic acid, p—toluenesulfonic

35 acid, ascorbic acid, glucuronic acid, 2-hydroxy-

e thanesulfonic acid, lactobionic acid and glucoheptonic



sium magnesium zinc, silver, alum numand platinum and salts with
organic bases such as di net hyl - am noet hanol, nethyl am noet hanol ,

tri et hanol ami ne and 25 guani dine. As for exanples of acid addition salts at
the basic substituent group which is bound to the 3-position of the
1-pyrrolidinyl group of formula (I-a), there can be taken salts with

i norgani c. aci ds such as hydrochloric 30 ac®d, hydrobromnic acid, hydroiodic
acid, sulfuric acid and phosphoric acid, and salts with organic acids such
as oxalic acidcihleic acid, fumaric acid, malonic acid, lactic acid, nalic

acid, citric acid, tartaglgnagicdsnRenza ' RPssis T o id .
p-tol uenesul fonic 35 agFgghaggoFBPc%§§%§E%quﬁjgﬁnc gc?%,ggbﬁﬁgﬁggyjn
et hanesul f oni dhitR1 1e¥iw8ioni c aci d and gl ucoheptonic 9 acid. Each of

t he above substituents ignekphal 88d cliFildattifai,] ovider | 81&k$¥1 Sgroup ™
specification, "lower a]kyl group” .5 nsg a straight-chaip alkyl group or
br anched o eIﬁﬂﬁqﬁ)ﬁ.?gr%‘engﬁﬁaAPoggiyIM?QB&ﬂnﬂﬁsbﬁﬂ"%ﬁﬁﬂ ﬁxﬁroup
i ncl ude met hylhawrioup, 1etdys gaebpn mtpmepylamgh Gisump BeProPysughodpgroulput yl
group. t-butyl GriqRs &8eny i LgPELed KURY1OHRIR TS SbIP XY GugUP having 1
isopropyl group, n-butyl group, t-butyl group, etc.
"Lower alkoxy group" means alkoxy group having 1 to 5
10 carbon atoms, and preferable examples are methoxy group
and ethoxy group.
Examples of "halogén atom" include éhlorine
atom, fluorine atom and bromine atom.
Substituent R, in formula (I-a) is located at
15 the 4- and/or 5-position of 2-thiazolyl group, and
preferable examples include hydrogen atom, halogen atom
such as fluorine atom, chlorine atom and bromine atom,
Tower alkoxy group such as methoxy group and ethoxy
group, lower alkyl group such as methyl group and ethyl
20 group, lower alkyl group substituted with halogen atom
such as trifluoromethyl group, and phenyl group which
may be substitued with halogen atom such as
3,4~difluorophenyl group.
As the "group convertible to a carboxyl group”
25 contained in the definition of substi tuent Rz- any group
can be used so long as it is convertible to a carboxyl
group by a chemical means or an enzymological means, and
preferable examples of such a group include hydroxy-
methyl group, formyl group, ester form and physio]ogi¥
30 cally acceptable salts of carboxyl group.

_ Examples of ester forms which are convertible
to carboxyl groups mainly by a chemical means include
lower alkyl esters such as methyl ester and ethyl ester.

Examples of ester forms which are convertible
35 to carboxyl group not only through a chemical means but

through an enzymological means include lower alkanoyloxy



10 carbon atons, and preferable exanples are nethoxy group and et hoxy
group.” Exanpl es of "hal ogen atont include chlorine atom fluorine atom and

Brom ne at om

Substituent [err] in formula (l1-a) is located at 15 the 4-

and/ or 5-position of 2-thiazolyl group, and preferable exanples include
hydrogen atom hal ogen atom such as fluorine atom chlorine atom and

brom ne atom

| ower al koxy group such as ngtghoxy group and ethoxy group,

| ower al kyl group such as nethyl group and ethyl 20 group, |ower alkyl

group substit
phenyl group
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contained in tnggiIﬁ%ﬁé§%bfgxfupé&ébugg§ghe%gkbﬁgngégﬁ) ), can be used so
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whi ch are convertjhl.e 35 to boxyl . group not qnly through a chem ca
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15

20

25

30

35

ans~include T"ower al kanoyl oxy
Preferable examples of substi tuent R3 include

hydrogen atom, halogen atom such as fluorine atom and
chlorine atom, amino group, amino group protected by
amino-protecting group, and lower alkyl group substitut-
ed with halogen atom such as trifluoromethyl group. As
said amino-protecting group, any protecting group can be
employed so long as it is easily eliminated by a usual
deprotecting reaction such as hydrolysis or
hydrogenolysis without giving any substantial influence
on other structural portions. Concretely, said protect-
ing group is substantially the séme as the "“group con-
vertible to hydrogen atom"™ in the definition of
substituent Z which is explained later. Preferable
examples of amino-protecting group include benzyl group
and trityl group.

Substituent R4.is hydrogen atom or lower alkyl
group, and preferably employed are hydrogen atom, methyl

group and ethyl group. Incidentally, the 3-position of

the 1-pyrrolidinyl group to which the basic substituent
group possessing R4 and Z is bound is occupied by an
asymmetric carbon atom, which can cause optical isomers
to be existent.

_Preferable examples of substituent Z include
hydrogen atom, lower alkyl group such as methyl group
and ethyl group, or "g}oup convertible to a hydrogen
atom". As said "group convertible to a hydrogen atom",
any group can be used so long as it is convertible to a

hydrogen atom by a chemical means such as hydrolysis and

25



10 I'ower al kyl esters such as acetoxynethyl ester, 1-acetoxyethyl ester and
pi val oyl oxymet hyl ester; |ower al koxycarbonyloxy |ower alkyl esters such as
1- ethoxycarbonyloxyethyl ester; di-lower alkylamno 5 | ower al kyl esters
such as 2-di net hyl am noet hyl ester; 2-(1-piperidinyl)ethyl ester;

3-butyrol actonyl ester; choline ester; phthalidyl ester; (5-nethyl-2-o0xo-

1, 3-di oxol -4-yl) nethyl ester, etc. Preferpple exanples of substituent
[err] include 10 hydrogen atom hal ogen atom such as fluorine atom and

chl orine aton1 aningpgrou rot cted by am no- protecting

group, and | o ?%?? 8¥§BB b t??tﬁﬂ' odBH*%T om such as
trifluoromethyl group. BEsamaildsanifné- rsusotseccth Ry ‘tgroupe eoyverbiblei g

group can be 15 appl pyed ﬁ?olngnga?ﬁu'dte 'Sfﬁ%? | Yhyfd o ”@é@?ebgﬁ -UP§”a'

deprotecting reactlon suc I'ysi’s or ydrogen ySIS W I vi ng
any substantlQ°ﬂ?ﬁ¢b@n€éaﬁﬁ18§h8f dydralyzab kﬁ)QrQ#Bs imghedet acyl said.

protect- imy @ rdlpd S §H@§§§nhaak hy Ghe oS@ra%ﬁﬁorme g:swp Eﬂi\nozﬁc\iartl bl e
to hydrogen atoni efinition of substltugg s expla

ed
| ater. Prefeﬁﬁﬂ%é%&%n%?& PEP tiflenSo5 Suesi AP Qﬁﬁ¢|ﬁﬁiu58rbﬁ ?VP §roup
and trityl grewmiitSubshebytanl fenyll,i & riywdtdgdrsidtydn otetoabydadkyl 25

group, and prefarallY, CiPhRYAG1 BhEsBRINYEC" AIPM 1B d¥heral, Compounds

(I-a) of this invention wherein Z is an amino acid

10 residue or peptide residue as a group convertible to a
hydrogen atom are superior, in solubility, to those
wherein Z is neither amino acid residue nor peptide
residue, and are advantageously used in the form of
Tiquid agents sucﬁ as an injection.

15 Examp]es of the above-mentioned acyl groups
include formyl, acetyl, trifluoroacetyl, etc.

Further, examples of the aforementioned groups
having an oxycarbonyl group include ethoxycarbonyl,
t—butoxycarbony1[(CH3)3C—OCO—], benzyloxycarbonyl,

20 p-methoxybenzyloxycarbonyl, vinyloxycarbonyl,
B-(p~-toluenesul fonyl)ethoxycarbonyl, etc.

Further, examples of amino acid residues
include amino acid residues per se and such amino acid
residues as are protected with a protecting group which

25 1is usually employed in peptide synthesis. Examples of
protecting groups for an amino group usually employed in
peptide synthesis include acyl groups such as formyl and
acetyl, arylmethyloxycarbonyl groups such as
benzyloxycarbonyl and p—-nitrobenzyloxycarbonyl, a

30 t-butoxycarbonyl group[(CH3)3C~OCO—]. etc.

As for amino acid residues, there can be used
any, e.g., an alanine residue [CH3CH(NH2)CO—] and a
leucine residue [(CH3)2CHCHZCH(NH2)CO—]. In general,
these amino acids are represented by a set of three

35 English letters, and this principle is followed also in
the present specification. Further, L-forms, D-forms or



groudp and ethyl group. Incidentally, the 3-position of the 1-pyrrolidinyl
group to which the basic substituent group possessing [err] and Z is bound
i's occupi ed by an asymmetric carbon atom which can cause optical isoners
30'to be existent. Preferable exanples of substituent Z include hydrogen
atom |ower al kyl group such as nethyl group and ethyl group, or "group
convertible to a hydrogen atonf. As said “ygroup convertible to a hydrogen
atont, 35 any group can be used so long as it is convertible to a hydrogen

atom by a chepjcal neans such as hydrpol ysis, and dr ogeno) ysis_or by an
ooyl ogi ol EhELRsM ERkrRRe s b ndihsnSd py, SROAATTIIE $6 a
hydrogen at on$ ymholl udte-"f,i rdd=" hydr'tDlyzabbe ¢gheupsadCarfcriche Excepl es of
hydr ol yzabl & gEeygRel.NCiddS R Qm i B OXPS: offf 2403_BAUAHLLSIESREODY!
group, am no acid residues and ‘peptide residues, and further, for exanple,
o- ni tropheny| 8ief ERFErred ket 1AA 2 IWhol eet rahydro- pyranyl, _

di phenyl ph@sphi nyl, et ccohlr@teled amgPePoyfdamb hoaheGfid trdisSi dubeent i on
wherein Z is an am.no aci,d 10 resi due or peptide residue as, a group

convertibl e tbNg1HIAr 5§81 duesmel SusihefMire pRIdE &% GhY, (2lyaiRgd.
wherein Z is Aeat (el aafne) ,adrg rEstgliuei ne), pAphi (a spatiadlime pndasy e

advant ageousl yuggdehl HRS )Or By {dWEE: REFM B18UY 1 M d SR O
His (histidine), Ile (isoleucine), Leu (leucine), Lys

10 (lysine), Met (methionine), Phe (phenylalanine), Pro
(proline), Ser (serine), Thr (threonine), Trp (trypto-
phan), Tyr (tyrosine), Val (vaTine), Nva (norvaline),
Hse (homoserine), 4-Hyp (4-hydroxyproline), 5-Hyl |
{(5-hydroxylysine), Orn (ornithine) and B-Ala.

15 Two to five, preferably two to three of the
aforesaid amino acids form thé peptide residues. As
examples of such peptide residues, there can be taken
residues of such peptides as Ala-Ala
[CH3CH(NH2)CO—NHCH(CH3)CO—]. G1y-Phe, Nva-Nva, Ala-Phe,

20 Gly-Gly, Gly-Gly-Gly, Ala-Met, Met-Met, Leu-Met and
Ala-Leu.

The residues of these amino acids or peptides
can take stereochemical configuration of D-form, L-form
or a mixture thereof, but L-form is preferred. Further,

25 when Z is a residue of an amino acid or peptide, also
such a residue may have an asymmetric carbon atom under
circumstances. Examples of amino acid residues having
an asymmetric carbon atom include residues of such amino
acids as Ala, Leu, Phe, Trp, Nva, Val, Met, éer, Lys,

30 Thr and Tyr, and, as examples of peptide residues which

| have an asymmetric carbon atom, there can be taken such
ones as have, as a constituent ingredient, these amino
acid residues having an asymmetric carbon atom.

Further, the group Z “convertible to a hydro-

35 gen atom" can be a reductively eliminable hydro-

genolyzable group, and examples of such a group include



15 * Exanpl es of the above-nentioned acyl groups include fornyl,
acetyl”, trifluoroacetyl, etc. Further, exanples of the aforenentioned
groups havi ng an oxycarbonyl group include ethoxycarbonyl, [err]

berizyl oxycar bonyl, 20 p-nmet hoxybenzyl oxycar bonyl, vinyl oxycarbonyl, [err]
etc. Further, exanples of am no acid residues include am no acid residues
per se and such am no acid residues as areyprotected with a protecting
group which 25 is usually enployed in peptide synthesis. Exanpl es of

Provecting o WRTLLGT £y TaPRuMo P UBL Lot ESRLONEL, | BRSPS | YA hesl o

I ncl ude acyl groups suc acet ycar groups
such as benzylg)R%mbéh?b‘tart@tp—dnlvﬂrfdbmfmsoky@arfmfwﬂ0&Y3euch as

t - but oxycar borydn 1 'l tf ¢y 1A2nHOTbeWBYIG Bk KPP RS m&bﬁaﬁyeamb%ywsed

any, e.g., an alanine residue [err]. and a |eucjne residue [err
general , these@ 5P at!f’ﬂsa&r bengylosygaPay b and BT'“?F\'P@éVBS Engl i sh
letters, ad tdeszpToRgtalkbony1f;oldnaeh 1Wdend étlidiey P4 EbENY 1586 ubiscat i on.

Further, L- forns D-fo ns ,or eir xtures are.distinguished by the
el ton of SyMESh 32 P1 Bn BrsELT4e s at  Caa

B- 1odoethoxycarbony1 etc.
The substituent “(Rs)p—“ of 1~pyrrolidinyl
group of formula Y' is bound to the pyrrolidine ring of
10 said 1-pyrrolidinyl group. The mark p denotes an inte-
ger of 1 to 4. When p is 2 to 4, R5 may be identical or
different. R5 may be bound to any position of the
1-pyrrolidinyl group, but preferably either to the
position to which the basic substituent containing both
15 R4 and Z is bound (which position is hereinafter called
- the 3-position of 1-pyrrolidinyl.group) or to the posi-
tion adjacent thereto (hereinafter called the 2- and/or
4-position of 1-pyrrolidinyl group). When R5 is bound
to a position other than the 3-position of the
20 1-pyrrolidinyl group, and when R5 is not a hydrogen
atom, it follows that said 1-pyrrolidinyl group have at
least two asymmetric carbon atoms, with the result that
the Compounds (I-a) of this invention can exist as a
stereoisomer (cis-form or transform) and an optical
25 isomer. Preferable examples of substituent R5 include
hydrogen atom, lower alkyl groups such as methyl group
and ethyl group, Tower alkyl groups substituted with
halogen atom such as fluoromethyl group and
trifluoromethyl group, lower a]koxy group such as
30 methoxy group and ethoxy group, lower alkylthio groups
such as methylthio group, and halogen atom such as.

chlorine atom and fluorine atom.

The compounds {(I-a) of this invention having
35 such substituents as have been detailedly described in

the above and their physiologically acceptable salts are



| ettters. These synbols are omtted when these isoners are referred to as a
whol e.* 5 Concrete exanples of am no acid residues include '
resi dues of such amno acids as Ay (glycine), Ala (alanine), Arg
(arginine), Asn (asparagine), Asp (aspartic acid), Cys (cysteine), GQu
(glutamc acid), H's (histidine), Ile (isoleucine), Leu (leucine), Lys 10
(lysine), Met (nethionine), Phe (phenyl al an#¢ne), Pro (proline), Ser
(serine), Thr (threonine), Trp (trypto- phan), Tyr (tyrosine), Val

E(Svalyi n(e% hN\éa d@féve&h?eéxc&aeﬁftotmﬁﬁ% ) tufo FYRc t4vAXgr.oxyprol i ne)

- - hydr oxyl ysi ne orni t hi ne WO
five, preferably two to EHrE quﬂ%?qﬁ&ﬁ g.éﬁhﬁ1h8vﬁg¢d§"f&pﬁﬁﬁﬁbiﬂﬁbtlde
residues. As serepaksfofmselah (epl)i,deamsiceesoubder ehdeh showaken

Gy Gy, Gy GYCBrohRdFoafl i e {e 3 olan B ToPlin TES, e

of these aM no acids or peptides can take stereochem cal configuration of
D-form L-formor a mxture thereof, but L-fog referred. Further, 25

when Z is a residue of an am no aci d or pepti akBo0 such a residue may
have an asymmetric carbon ®gqQm under circunst ExagQ@OOHof anino acid
resi dues having an asymretzie o#itom i AT U Ydues of such am no
acids as Ala, Leu, Phe, Trp, Nva, Va t,lggr, 30 Thr and I*Lb)and,

as exanpl %% of peptide residues which N N N

(Rep - h{__'__f

(Ry)m

15 wherein Ri,_m R4. n, RS’ p and A are as
defined in formula (I-a); R3' is a hydrogen
atom, amino group, halogen atom or lower alkyl
group which may be substituted with halogen
atom; and Z' is a hydrogen atom or lower alkyl

20 group .

In the following, compounds represented by the
above formula {(I-b) will sometimes be abbreviated as
"activé compounds"™. When a compound which is not an

25 active compound is administered into a 1iving body, said
compound is converted to an active compound in the
Tiving body under circumstances. In such a case, the
compound which is not an active compound is sometimes
abbreviated as a "prodrug”. In -this invention, exampTes

30 of such a prodrug include compounds of formula (I-a)
wherein Z is an amino acid residue or a peptide residue,
or wherein R2 is a formyl group or an ester form such as
acetoxymethoxycarbonyl.

" Further, in the description of the present
35 specification and claims, compounds which are convert-

ible to active compounds by any means such as a chemical



havé an asynmetric carbon atom there can be taken such ones as have, as a
constituent ingredient, these am no acid residues having an asymetric
tarbon atom Further, the group Z "convertible to a hydro- 35 gen atoni can
be“a reductively elimnable hydro- genolyzabl e group, and exanpl es of such
a group include 13 aryl sul-fonyl groups §gch as o-tol uenesul fonyl; nethyl
groups substituted with phenyl or benzyl oxy“such as benzyl, trityl and
benzyl oxynet hyl ; aryl met hoxycar bonyl groups such as benzyl oxycarbonyl and
o- net hoxy- 5 HRER39$ oR{caPbEMAYMOIRE 18 b BeRes hakecaeperdl 19t Jefesirt as
[err]-trichl orpet 89xyeanbemtibid démgdun@soet hoxycarbonyl, etc. The

substituent [err] of 1-pyrrolidinyl group of formula.Y' | und to the

pyrrolidine ring of 10 iéFdeJbV¥ I kﬁ#ﬁﬁr%ﬁﬁﬁﬁ?seTﬁﬁ H%rg F&Mt es an

inte- ger of Jpounds (lien)pofs thito ihventioR g bp itbertt iszeild arom-

different. &5 d 4110 -pyrrolidinyl group, but
CR pﬂ@(n{?% ?gUQ the F W V.\;H Cﬂor?%ié § gﬁta’-om! y, gdroup

preferably eit e position to asi C substituent containing
both 15 [err] and Z is béiddd (the ceompaunidsnhpyehcls mathasicskeletnn,

3-position of 1-pyrrolidinyl of Qp}i@néOchPBoRTtic diY FHprsddntdgreto
(hereinafter called the 2- and/or, 4- p‘ggﬁl on of fjé_r ¥’r1ra0|®l nyl group).

Wen R5 is bound by the owing
10 c o)
b
z .

S ®
le}l
a

15

wherein A is as defined above, and
a, b, ¢ and d denote positions at
which substituents are bound;

(2) 2-thiazolyl group which may have a

20 substituent is bound to the position
nat,

(3) a carboxyl group or a group convertible'
to a carboxyl group is bound to the
posi tion "b",

25 (4) the position "c¢" is unsubstituted, or a
group such as amino group is bound to
said position,

(5) A is either nitrogen atom or carbon atom
which is not substituted with halogen

30 atom such as fluorine atom, and

(6) the position "d" is substituted with a
specific 1-pyrrolidinyl group which has
at least a substituent represented by
the following formula @

35



to & position other than the 3-position of the 20 1-pyrrolidinyl group,
and when R5 is not a hydrogen atom it follows that said 1-pyrrolidinyl
group have at |east two asymmetric carbon atons, with the result that the
Copounds (1-a) of this invention can exist as a stereoisoner (cis formor
transforn) and an optical 25 isoner. Prefgrable exanpl es of substituent R
I ncl ude hydrogen atom | ower al kyl groups d8ch as nmet hyl group and et hyl
group, |ower al kyl groups substituted with hal ogen atom such as
fluoronet hyl group and trifluoronethyl -group, |ower alkoxy group such as 30
met hoxy group and et hoxy group, Iomerffﬂ kyl thi o groups such as nethylthio
group, and hal ogen atom such as chl ori fte at ( Ef fluorine atom _The
conpounds (l-a) of this invention hav T 5%gﬂg Rapstituents as ve been
detail edly described in the above and their physiologically acceptable

salts are 14 novel and excellent ti-4u ctivity. Ln the,
conpounds o? this invention having 'E"H(%rgegnnerr{dl * for%%&a"(%ilg) ?SCSFS‘"“

conpounds whi ch show anti -t unor act i@biome -have the following formula (1-b) 5
[err] 15 wWherReNclofpolund¥ (X-24F 6f this invention are

novel compounds which are structurally characterized in
particular by the combination of the substituents which

10 are each bound to the positions "a"™ and "d" and by the
fact that A contains no fluorine atom.

A1l of the compounds of this invention includ-
ed in formula (I-a) and their physiologically acceptable
15 salts are excellent anti-tumor agents or anti-cancer
agents. In particular, compounds wherein A is CH are
preferable as anti-tumor agents. Much preferable are
compounds wherein A is CH, m and p are 1 and n is 0.
Especially preferable are compounds wherein A
20 is CH, m and p are 1, n is O, R, is a hydrogen atom, R,
is a carboxyl group, R3 is a hydrogen atom, R4 is a
hydrogen atom or a lower alkyl group, Z is a hydrogen
atom, and R5 is a hydrogen atom, lower alkyl group or
Tower alkoxy group. Examples of such compounds include
256 1,4-dihydro-7-(3-methoxy-4-methylamino—-1-pyrrolidinyl)-4
-oxo-1~(2-thiazolyl)-1,8~naphthyridine-3-carboxylic acid
(see Compound 1-1 etc. in the later-described Table 1)

and compounds convertible thereto.

30 Although concrete examples of preferable
compounds included in formula (I-a) are mentioned in
Examples later, {he'f011owing compounds and compounds
convertible thereto can be further taken as preferable
examples of 1,8-naphthyridine type compounds of formula

35 (I-a) of this invention: .

7-(3-amino-4-fluoro-1-pyrrolidinyl)-1,4-



defi'ned in formula (1-a); [err] ' is a hydrogen atom am no group, hal ogen
atom or | ower al kyl group which may be substituted with hal ogen atom and
Z' is a hydrogen atomor |ower alkyl 20 group. In the
fol'l owi ng, conpounds represented by the above formula (I-b) will sonetines
be abbreviated as "active conpounds”. Wen a conpound which is not an 25
active conpound is adnministered into a |ivlfhg body, said conmpound is
converted to an active conpound in the living body under circunstances. In
such a case, tdichybngpedndxohril elf2-< hriazodry 1actl yé-rapipbbiyndi d$neelet i nes
abbrevi ated a é%ﬂ&%?ﬁ? Jacigl N this invention, exanples 30 of such a
prodrug include conpounds 57 % or mul a (I-a) wherein Zis an amno acid
residue or a peptide residue, or wherein [err] is a fornyl group or an

ester formsuch as acet 0791(@1Eaxxsambmlh-ofyumwnih@yﬁséﬂ&%%@'7_-01‘
t he present SSOaﬁggjfl ation and cl? e coanﬁfds whi ch are converi- ible
to active Gongofhic ’%&Sﬁﬂ' nexAs 1séen thd agadiehd tly 8 -nankt hxgpd 1 8e-3n
enzynol ogi cal ceatbuxyTfcgesedal |y referred to as "converti bl e conpounds”.

The structural characteristics of the com pounds (l-a) of this invention

lie in that said com
7-(3-amino-4-methoxy-4-methyl~1-pyrrolidinyl)-

1,4-dihydro-4-oxo-1-(2-thiazoly1)-1,8-naphthyridi ne-3-
10 carboxylic acid

7-(3-amino-3-fluoromethyl-1-pyrrolidinyl)-1,4-~
dihydro-4-oxo—-1—-(2-thiazolyl)-1,8-naphthyridine-3-
carboxylic acid

15
7-(3—-amino-4-fluoromethyl-1-pyrrolidinyl)-1,4-
dihydro-4-oxo-1-(2-thiazolyl)-1,8-naphthyridine-3-
carboxylic acid
20 7-(3—-amino-4-trifluoromethyli-1-pyrrolidinyl)-

1,4-dihydro-4-oxo-1-(2-thiazoly1)-1,8-naphthyridine-3-

carboxylic acid

7-(3-amino-1-pyrrolidinyl)-1-(4-chloro-2-
25 thiazolyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-

carboxylic acid

7-{(3—-amino-1-pyrrolidinyl)-1-(4,5~difluoro-2-
thiazolyl)-1, 4-dihydro-4-oxo-1, 8-naphthyridine-3- '
30 carboxylic acid

‘5-amino-7-(3-amino-1-pyrrolidinyl)-1-(4-
fluoro-2-thiazolyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-
3-carboxylic acid



5 pounds have the follow ng constitution: (1) the conpounds have, as a
basi ¢ skel eton, a pyridone carboxylic acid represented by the follow ng
formula [err] [err] 15 wherein A is as defined above, and a, b, ¢ and d
deriot e positions at which substituents are bound, (2) 2-thiazolyl group

whi ch may have a 20 substituent is bound to the position
"a", (3) a carboxyl group or a group convei®ible to a carboxyl group is
bound to the position "b", 25 (4) the position "c" is

unsubstituted, or a group-&lrcamigoani-py rgodip iiny Ioundd-tadi lspd dopésokben,
(5) Ais either_(i{PPe{yGF Bk Phy §20DER i3 mvame-snmtﬁgbwhutgd with
hal ogen 30 . _atom such as fldorine atom an t he
position "d" icRrmtltetRlidith a specific 1-pyrrolidinyl group which has
at | east a substituent represented by the followng fornmula [err] 35

5 7-(3-amino—1-pyrrolidinyl)-1-[4-(3, 4-di fluoro-
phenyl)-2-thiazolyl]-1,4-dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic acid

7-(3-amino-1-pyrrolidinyl)-1-(5-bromo-2-~
10 thiazolyl)-1,4-dihydro—4-oxo-1,8-naphthyridine-3-

carboxylic acid

The following compounds and compounds convert-—
ible thereto can be taken as examples of pyridopyrimi-
15 dine type compounds of formula (I-a) of this invention:

5,8-dihydro-2-(trans—-3-methoxy-4-me thylamino-
1-pyrrolidinyl)-5-0ox0-8-(2-thiazolyl)pyrido[2,3-d]~-
pyrimidine-6-~carboxylic acid
20
8-(4-fluoro-2-thiazolyl)}-5,8-dihydro-2-(trans-
3-methoxy-4-methylamino-1-pyrrolidiny1)-5-oxo-
pyrido[2,3-dlpyrimidine-6-carboxylic acid

25 Pharmacological Tests

Test Examples
The anti-tumor activity of Compounds (I-a) of

this invention is described in the following. As con-
trols, there were adopted both Compound A which is ‘

30 disclosed in Japanese Patent Application Laid-open No.
152682/1986 (Ref. 1) which is referred to in the begin-
ning part of this specification, and Etoposide, i.e., a
commercially available anti-cancer agent, which has the
later—-described structural formula.



16 [err] 5 wherein R4 , Z and n are as defined
above.” The conpounds (l-a) of this invention are novel conpounds which are
structurally characterized in particular by the conbination of the
substituents which 10 are each bound to the positions "a" and "d" and by
the fact that A contains no fluorine atom Al of the conpounds of this
invention includ- ed in formula (1-a) and {geir physiologically acceptable
15 salts are excellent anti-tunmor agents or anti-cancer agents. In

parti cul ar, cqnpo nds wherein Ais CH are preferable as anti-tunor agents.
Much preferabLeaiﬁegéﬁﬂgiﬁnAS wherein Ais CH mand p are 1 and n is O.
Especi al |y preferable waiéroompddrdsimereragiti vi &0 (1&; CH; modmd)p are 1, n

is 0, [err] is a hy?éggﬁgtfhgqﬁnhe@%héfﬁgﬁdﬁ%ﬁ¥¥@@ fé@ggmiLeEELgES a
hydrogen atom [err ; S a
hydrogen atom and [err]Testacepacyges meoif Yeskad afxy| agkbupuder| over
al koxy group. Fxeiwle§ 8kcsWahngOrROMIdS [RI40E-Phnethyl thiazol -2-y1) -

4-di hydr o- 7- ( 3- net hoxy- 4- et hyl ami_no- 1- pyrr.o] i di nyl) - ) )
-oxo-1-(2-thié%g;VP 9¥?Byﬂgﬁﬁfﬁ§PﬂdFﬂb- oo yr¥92%€+de§eg BYMBENnd 1-1
etc. in the | ®#388 degmphbed tTebhe ukendd cedmEounds convertible thereto. 30
Although concrete examplgs gf +Rref el CYMUHING "F! 6669 bn2! BB BY! 2

(I-a) are nmentioned in
murine P388 1ymphocytic lTeukemia cells and test compound

10 1in predetermined concentration was put in an amount of
0.1 .m1 in each well of 96-well plates, and the cells
were cultured for 72 hours under a condition of 37C and

5 % carbon dioxide gas in air. After the culturing, MTT
{5 mg/m1) solution was added in an amount of 0.02 ml in

15 each well, and then, the cells were cultured for further
4 hours. The culture medium was centrifuged (4C , 2,000
rpm for 20 minutes), and thus, the supernatants were
removed by suction. Then, 0.1 ml of dimethyl sul foxide
was put in each well to dissolve the formed formazan,

20 ‘and, subsequently, another 0.1 ml of dimethyl sul foxide
was added. The absorbance (0OD) of each of the obtained
solutions was measured by use of Multiskan Bichromatic
(main wavelength 570 nm, sub-wavelength 690 nm). On the
supposi tion that the absorbance of the untreated cells

25 (control) was 100 %, 50 % proliferation inhibitory
concentration (60 % Inhibitory Concentration: IC50
nrg/ml) were calculated by the least squares method.

The results are shown in Table 1.



Exampl es | ater,

the foll ow ng conmpounds and conpounds convertible thereto

can be further taken as preferable exanples of 1,8-naphthyridine type
(I-a) of this invention:

sconmpounds of formula 35

7-*(3-am no-4-fluoro-1-pyrrolidinyl)-1,4-
di hydr o- 4- oxo- 1- (2-t hi azol yl ) - 1, 8- napht hyri di ne- 3-
7- (3-am no- 4- net hoxy- 3- net hyl
1, 4- di hydr o- 4- oxo- 1- (2-t hi azol yl') - 1, 8- napht hyri di ne- 3-

17

-1-pyrrolidingD)- 5

car boxyl

carboxylic acid

c acid

7-(3-am no- 4- meL PPEY1 4- ”thyflrtjr'ooy'i[l{ﬂighlﬂbﬂ*)act1v1ty (Ics(’,)ar:b pg/ml)

1, 4- di hydr o- 4- oxo- 1- (2-t
7- ( 3- am no- 3- fIuoronethyng‘ﬂﬁﬁwMQQﬁﬂﬁn

1- (? t hi a‘rnlvl\-1 Q- nanhfh\/rlrh ne- 3.

di hydr o- 4- oxo:

hi azol y

)-1,

-naﬁhé 4 ymp ocyt1c

Teu kem1

carhoxvlic acl
30Xy +—-—a

I|c Fpld
1B

d

o

7-(3-am no- 4- | uor onet h I-1-pyrro|idiny|)-1,4-
di hydr o- 4- oxof 1- (2-t hi afol yl ) - 1, 8- napht hyri di ne-3- carboxylic acigczo
7- (3- ami no-5i- | ComMPEGEt hyl - 1- pyrrol i di nyl ) -
1, 4-di hydr o- 4f oxo- 1- (2-{hi azol yl ) -1, 8- ngphtthyri di ne- 3- car boxyl i{c (aCy@m1)
7-(3-am no-1-pyrrolidinyl)-1-(4- chlorok '!h
o
y"th N" « Hol
N©S
10 BI
_ A Ry Rs Y R
1-1 CH H H COz H 0.0107
CH;NH, %
10 Lo
CH,0"
1-2 CH| H H Same as above COz H 0.00641
[(+) form]
20 1-3 cH| H | H | Same as above CO H 0.0200
[(—) form]
CH,NH '
1-4 CH| H | H I: . COz H 0.0200
CH,0
25
H,N
2 CH H H J N- COs H 0.0178
CH;0"
30 % The steric structure of each substituent shows rela-

tive configuration (the same applies

in the followings) .




~

25 thiazolyl)-1, 4-di hydro- 4- oxo- 1, 8- napht hyri di ne-3- carboxylic acid
7-(3-am no-1-pyrrolidinyl)-1-(4,5-difl uoro-2-

-t hi azol yl ) -1, 4-di hydr o- 4- oxo- 1, 8- napht hyri di ne-3- 30 carboxylic acid

5--am no- 7- ( 3- am no- 1- pyrrolidinyl)-1-(4- : _
fluoro-2-thiazolyl)-1, 4-di hydro- 4- oxo- 1, 8-napht hyri di ne- 3-carboxylic acid
18 7-(3-am no-1-pyrrolidinyl)-1-4-di hydro-4-oxo-
1-(4-trifluoronethyl-2-thiazolyl)-1, 8 naphthyridine-3- carboxylic acid 5
7-(3-am no-1-pyrrolidinyl)-1-[4-(3,.4-difl uoro- '
phenyl)-2-thiazol yl]-1, 4-di hydr o- 4- oxo-1, 8- napht hyri di ne- 3- carboxylic acid

7-(3-amnmi nofF I-pyrroli i ) gl - 5§Pr nmo- 2- 10 J
t hi azol yl )} 1, 4-¥idi hyd'(g‘{ﬁz o}l(l)- L, 8- napht hyri,gi ne- 3- car 0%9|2i g Aci dOTI%'O:’
fol | owi ng Jconpounds pnd gonpoynds ¢onvert- | theretlo can be taken as
exanpl es df pyridopyfimi}t 15 ¢i ne {ype conpo s of fgrmula (J-a) of this
I nvention:|- 5, 8-dihydfo-2:(traps- =4- ]
1-pyrrolidinyl - 5- oxpc8[2# h azpl‘l)prhggﬁg,S-d]- pylr COLdiine- 6- gaphexey! | c
acid 20 _ 3
‘CHj3 N-
5 CH H H CHLNH COz H 0.0117
CHy™ :
CO- H .
6 CH H | H CH,NH = 0.0105
_ .
7 CH H H H,N : COz H 0.00955
CH," :
8 CH F H H,N : COz H 0.00413
O
9 CH| H |NH COx H 0.0080
: H 2 H,N _ 2 9
RO
10 |cH| H H H,N COs H 0.0192
CH, N- '
11 CH H H CHZNH CHO 0.0309
cuao“:
12 |cul| v | B, H,N COz H 0.0195
cn3\“| : -
CHy"




8- (4-fluoro-2-thiazolyl)-5,8-di hydro-2-(trans-
3- et hoxy- 4- net hyl am no- 1- pyrrolidi nyl)-5-o0xo-
pyri do[ 2, 3-d] pyri m di ne-6-car boxylic acid 25 Pharnmacol ogi cal Test
Exanpl es The anti-tunor activity of Conpounds (l-a) of this invention is

described in the followng. As con- trols,

s Test

there were adopted both Conpound

A which is 30 disclosed in Japanese Patentagpplication Laid-open No.
152682/ 1986 (Ref.
and Etoposide, i.e., a conmmercially available anti-cancer

19 Test exanple
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35 As shown in Table 1, the in vitro anti-tumor

activities (IC”) of the compounds of this invention




wereé cultured for 72 hours under a condition of 37C and 5 % carbon di oxi de
gas imair. After the culturing, MIT (5 ng/m) solution was added in an
amount of 0.02 m in 15 each well, and then, the cells were cultured for
further 4 hours. The culture nmediumwas centrifuged (4C, 2,000 rpmfor 20
mnutes), and thus, the supernatants were renoved by suctlon Then, 0.1 nm
of dimethyl sul foxide was put in each wel 1230 di ssol ve the forned fornazan
20 and, subsequently, another 0.1 m of dinethyl sulfoxide was added. The
absorbance (OB)geifnsiaaiiuofn&hP388t diymet cxnltiitd Ohsukesi ares Ul edaby @seoof
Mul ti skan Bic 1 c ( e t efength 690 nm. On

t he supp05|t||o§r’1é)m‘ta'+§? QF}-% g@%akggg'o:i tsane dﬂ?ﬁ%‘%@%é{\ls 25 (control) was
100 % 50 % proliferation inhibitory concentration (50 % Inhibitory
Ooncentratlon-rgﬁr rgx;,ﬁw; were cal cul ated by the | east squares nethod. The
results are showr 5y . 20 Table 1 In vitro antl-turmr activity
[err] agai mst nuri pe *r?yﬁﬂﬁh‘¢#ﬁ9ﬂaﬂﬁ&iﬁkﬁ?@ﬁl%9$bﬂ$t hupagocancer

configuration (the &ane Bp@bges in the follow ngs).

A cul ture medium containing 500 to 2,000 human
cancer cells was put in an amount of 0.1 ml in each well
of 96-well plate, and the cells were cultured for 20
10 hours under a condition of 37C and 5§ % carbon dioxide
gas in air. After the culturing, a solution of tést
compounds of predetermined concentration was added, and
then, the cells were cultured for further 72 hours.
After the culturing, an MTT (5 mg/ml) solution was added
15 1in an amount of 0.01 ml in the respective wells, and the
cells were cultured for further 4 hours. The
supernatants of the culture medium were removed by
suction, and then, 0.1 ml of dimethyl sulfoxide was put
in respective well to dissolve the formed formazan, and,
20 moreover, 0.1 ml of dimethyl sulfoxide was added. With
regard to the resulting solution, 50 % proliferation
inhibitory concentrations were calculated in the same
manner as in Test example 1.
The results are shown in Table 2.
25



21 f{err] 22 [err] 23 agai nst nurine P388 | ynphocytic | eukem a cells
are 25to 22 tines stronger than that of Conpound A Test exanple 2 5

n vitro anti-tunor activities agai nst hunman cancer cell lines A culture
medi um cont ai ning 500 to 2,000 human cancer cells was put in an anmount of
0.1 mM in each well of 96-well plate, and the cells were cultured for 20 10
hours under a condition of [err] and 5 % ggf bon dioxide gas in air. After
the culturing, a solution of test conpounds of predeterm ned concentration

was added, an en,, the,cells were,cul.tured for. f r hour s, tyer
the cul turi ng?aéﬁ_ MET (gl'hggﬂn%gc’ Sﬁﬁt’i_(’fr\‘mv‘\’é's aacdt::.ite‘l"d{-{tgggisﬁzéhﬂ ar'mE‘r?l/ﬁc}f) 0.01
mM in the respective wel?4E12%5 PHERLCANGRS, LTI t UTRB®for further 4

hours. The supernatants of the culture nmedi um were renoved by

Compound Human Cancer Cell
° KB HMV-2 AZ-521 | MKN45 | WiDr C-33A A-421
1-1 0.110 0.131 0.0561 0.150 0.379 | 0.137 0.0871
1-2 0.0873 | 0.114 0.0396 { 0.155 .| 0.357 | 0.0828 | 0.0925
1-3 0.208 0.234 | 0.110 0.222 | 0.503 | O0.148 0.107
10 1-4 0.147 0.197 0.0985( 0.131 [0.273 | 0.143 0.158
2 0.309 0.382 0.331 0.579 | 1.88 0.314 0.169
3 0.153 0.210 0.181 0.364 | 1.08 0.184 | 0.0588-
4 0.172 | 0.187 | 0.100 | 0.199 |0.392| 0.144 | 0.194
5 0.0805 | 0.0944 | 0.0433 | 0.0978 [ 0.218| 0.106 .| 0.0927
1% 6 0.0987 ] 0.122 0.0622 | 0.160 | 0.381 | 0.156 0.0832
1 0.111 | 0.139 0.0719{ 0.112 | 0.314| 0.105 0.0933
8 0.0494 | 0.0578 | 0.0285| 0.143 | 0.323| 0.0712} 0.0625
9 0.106 0.211 0.0625 | 0.148 | 0.412| 0.151 0.100
20 10 0.190 0.386 0.292 0.468 | 0.797 | 0.247 0.153
11 0.179 0.214 0.0307 | 0.144 | 0.264 | 0.161 0.0749
12 0.125 0.265 0.101 | 0.164 | 0.295] 0.131 0.146
13 0.150 0.171 0.0717 | 0.139 | 0.268 | 0.138 0.150
14 0.636 | 0.872 | 0.310 [ — — - —
25 15 0.0604 | 0.119 0.0288 | 0.0964 | 6.259 | 0.0854| 0.0696
16 0.126 0.181 0.0798 | 0.148 |0.322] 0.132 0.145
A 1.94 2.88 0.797 1.27 4,09 0.651 0.854
H 0.201 0.298 0.080 0.490 | 1.63 0.084 0.095
30
KB : KB human nasopharynx cancer
HMV-2. : HMV-2 human melanoma
AZ-521 : AZ-521 human stomach cancer
MKN-45 : MKN-45 human stomach cancer
36 WibDr : WiDr human colorectal cancer
C-33A : C-33A human cervix cancer

A-427 : A-427 human lung cancer



suctlion, and then, 0.1 m of dinethyl sulfoxide was put in respective well
to dissolve the formed formazan, and, 20 noreover, 0.1 m of dinethyl

Sul f oxi de was added. Wth regard to the resulting solution, 50 %
prdéliferation inhibitory concentrations were calculated in the sanme manner

as in Test exanple 1. The results are shown in Table 2. 25 24 Table 2
In vitro anti-tunor activities [err] agafPBst human cancer cell lines
Conmpound Human Cancer Cell 5 : [err]

25 As shown in Table 2, Bsnsbowis iof Tdblse i 2y cCompowomd sxbfbthisxdeMeart in
vitro anti-tu CLL YLt 8S | I st n I |1 . .ne ot her
hand, the act :Tg??f/} %k%ér}goéﬁﬂ&,l %ﬁg.mtﬁgy%n?ﬁgﬂ @l[’glggn?%tggilté%%o 1/ 50
as high as thel Eeppdungaios tt humamangen. cabls. ex@npkbe3otherehsad.in

life span of ntRe het\Wity B+ iovm dRA/R | ANPhosYLi ené eebR¥TB1GEksS omaq been

i | ant ed
al 5 1/2 to 1/50 as high as the compounds of this invention.

Test example 3

Increases in life span of mice to which murine P388

lymphocytic Teukemia cells had been implanted

10 1 x 10° murine P388 lymphocytic leukemia cells
were_intraperitoneally implanted in each of SLC : BODF1
mice (8 to 10 weeks ol1d, female, 7 animals per one
group). A test compound (drug) was either dissolved in
0.1 N-NaOH or suspended in 0.4 % carboxymethylcel lulose

16 solution, and the resultant solution or suspension was
diluted with distilled water or 0.4 % carboxymethyl-
cellulose solution so as to give predetermined concen-—
trations for administration. The obtained solution was
intraperitoneally (ip) administered twice, namely on the

20 day following the implantation (1 st day) and the 5th
day, each 0.2 m1. The 1ife and death of the mice were
observed over a period of 30 days, and the median sur-
vival time (hereinafter referred to as MST) was deter- .
mined for each group, and, thus, the increase in 1ife

25 span (ILS; %) was calculated according to the following

equation:

ILS (%) = [{(MST of the test group) /
(MST of the control group)} - 1] x 100
30 '

Drug effect was judged in the following man-—
ner, acco}ding to the criterion of U.S. National Cancer
Institute (NCI): '

ILS = 75 % or higher: ++ (remarkably effective);
35 20 to 74 % : + (effective);
19 % or Tower : - (ineffective)



10 - 1 x [err] murine P388 | ynphocytic | eukem a cells were
intraperitoneally inplanted in each of SLC: BDFl1 mce (8 to 10 weeks ol d,
femal e, 7 animals per one group). A test conpound (drug) was either
dissolved in 0.1 N-NaOH or suspended in 0.4 9% carboxynet hyl cel | ul ose 15
solution, and the resultant solution or suspension was diluted with
distilled water or 0.4 % carboxynet hyl - cgél ul ose solution so as to give
predet erm ned concen- trations for admnistration. The obtained solution
was intraperitoneally (i i a o the 20 day
following the inplantati g)ﬁa ?%'%{1 %a%re%n%mt’ 'E %ﬁhﬁﬂég,e e%ach 0.2 m. The
life and death of the m ce were observed over a period of 30 days, and the
medi an sur- vival tinme (hereinafter referred to as I\/BT) vvas deter- m ned
for each gro and, thys, the incre ase in i % was

cal cul at ed ac'EBPli?na toIf‘I?é'eﬂﬂqsovﬁ% ’eﬁ?ra??%ﬂ Lgu }bne— T of the
test groum /1 {iphool ttike 1eukendla g:m‘lu‘pehmpl}antedomsa Drug ef fect was
judged in the follow ng man- ner, according to the criterion of U S

National Cancer Institute (NCl): 11S = 75 %or higher: ++ (rennrkabl
effective); PTompound| Dose 20 118 (¥) % ;. +IKSef(RPct i ve) ;EvaBudeion || ower
- (ineffective) (mg/kg) | (in solution) | (in suspension) o
1-1 50 - >215 , -+
25 | 200 +
12.5 150 ' 175 .
6.25 125 o + -+
3.13 100 . 88 -+
1.56 . . 63 +
0.78 50 , +
1-2 25 >2175 ++
_12.5 > 275 213 -+ +
6.25 175 S L
3.13 125 113 ++
1.56 88 - “+ -+
0.78 50 -+
1-3 50 >2175 200 -+ -+
25 200 ++
12.5 138 125 “++
6.25 | 88 “+ -+
3.13 63 ' 63 -+
1-4 12.5 —_ 100 -+
3,13 ' 25 +



26 The results are showmn in Table 3. Table 3 Increases in life span
of nmurine P388 |ynphocytic |eukema cells inplanted m ce Conpound Dose

1LS (% ILS (99 Eval uati on (ng/ kg) (in solution)
(in suspension) [err] 27 [err] 28 [err] 29 [err] tunor cells
i mpl anted m ce 30 A2 %brei of_colon 26 nmurine tunor cells was

I ntracutaneously inplanted each 0.1 nml in £he abdomi nal part of SLC : [err]
female mce (7 to 9 weeks old, 7 aninmals per one group). Then, test

conpound (dryo) s 50 > 975 238 +
25. 213 . +
12.5 125 138 ++
6.25 100 1 **
3.13 88 63 e
1.56 50 -
3 25 > 275 - o
12.5 188 175 ++
6.25 13 +
3.13 75 88 v
1.56 63 -
4 25 150 . JEF
12.5 125 125 ++
6.25 88 R
3.13 63 63 *
5 12.5 188 188 ++
6.25 150 ++
3.13 113 88 ++
1.56 50 +
6 50 > 275 +
25 225 o
12.5 150 200 - + -
6.25 138 e
3.13 100 100 e
1.56 63 +
] 50 _ 188 ++
12.5 — 100 o
3.13 [ rr




dissolved in 0.1 NNNaOH, and diluted with distilled 35 water to give
predeterm ned concentrations for admnis- tration. The obtained sol utions
were intraperitoneally 30 (ip) adm nistered each 0.2 m once a day, from
the day (1st day) following the inplantation to the 9th day. On the 21st or
22nd day after the inplantation, tunor wei%]ht was estimated from tunor
dianeters, and thus, the 5 tunor growh igthibition rate (IR % of the drug
adm nis- tered group in conparison with the control group was cal cul at ed
according to the follgwing equation. IR(%W =111 - {(MWin the treated

group) / 10 8 12.5 (MTWin the control gngyp)}] x|100 MW ngan
tunor wei ght 31 Tahle 4 nmor growth ijnhibition rate (I R) of col §n 26
nmurine tunor kells imTI anBetB nfce 5 — Compourdd3  Dose | ( mgftkey) R (%
1-1 1 .56 0.7886 1-2 1.10 69 1-
1.56 50 10 2.21 75 75 l"ﬁ
9 50 250 + +
12.5 —_ ' 125 -+ -+
3.13 100 -+
10 50 > 275 -+
25 125 ) +
12.5 100 113 -+ -
6.25 75 . +
3.13 63 50 -+
11 50 : 225 -+ 4
12.5 e 150 -+
3.13 88 ++
12 12.5 — 75 PR,
13 50 213 -+
12.5 — 100 ' -+ 4
3.13 25 -+
14 50 > 275 “+ 4
12.5 —_ 113 ’ -+ ¥
3.13 63 -+
15 50 238 ++
12.5 — 200 -
3.13 88 -




10

186

20

25

30

35

.13 61 2 12.5 79 3
77 4 1.56 64 15
89 5 1.56 78 6 1.56
1. 56 61 3.13 95 20 8
57 1.56 91 9 - 3.13 62 6.25
3.13 74 25 0g 11 0.78
58 12 3.13 48 6.25 84 13
41 30 14 3.13 55 6. 25
3.13 68 16 3.13 77 A
2% 3° | so0 H Z5 38 .
12.5 - 138 ++
3.13 38 +
17 50 —_ 150 -+ -+
A 50 38 +
25 25 - +
12.5 0 _
H .25 >215 -+ 4
12.5 150 | I
6.25 100 — -
3.13 75 e
1.56 | 50 ' +

the effects of the com-
in 1ife span of

As shown in Table 3,
pounds of this invention on increase
mice to which murine P388 lymphocytic leukemia cells
were implanted are much superior to the effects of

Compound A as a control.

Test example 4
Tumor growth inhibition effect on colon 26 murine.

tumor cells implanted mice
A 2 % brei of colon 26 murine tumor cells was

intracutaneously implanted each 0.1 m1 in the abdominal
part of SLC CDF1 female mice (7 to 9 weeks old, 7
animals per one group). Then, test compound (drug) was
dissolved in 0.1 N-NaOH, and diluted with distilled
water to give predetermined concentrations for adminis-

tration. The obtained solutions were intraperitoneally



32 As shown in Table 4, the tunor growth inhibi- tion rate (IR) of the
conpouhds of this invention in colon 26 nurine tunor cells inplanted in

m ce are excel- lent. On the other hand, the effect of Compound Ais 5
apparently inferior to the conpounds of this invention in view of both
doses and inhibition rates. In the followi ng Test exanples 5 to 9, human
cancer cells were inplanted in nude mce, % which test 10 conpounds

di ssolved in an aqueous sol ution containing NaCOH were adm ni stered, and,

t hus, the degr(eiep bfadmomi &t enbdbekicbn 002 adneenced | dayvast obametheddayhe
results of Te S r h [ S dg 5

Figures 1 - Sﬁn&(a{%é?vgél tz‘itglwgﬂavﬁth% ?%‘HA‘%%’%B‘%J“% ?IFQI’Ji ﬁiaal]regnlo -
14 show the rdihe idts beenedBndudsy aditgin thed inl annpation . dhymorn t he case

wher e Conpoungy ey &hH‘BﬁaHSSQtHBaTSSt f‘%ﬁm}'u‘ﬁﬁ:ﬁ didhe VEFS I Cﬁhd29hu§><' %he
corresponds. tq tunor wel nd_ horizontal axis corresponds to he days

whi ch passé&d aFf‘t“E—ﬂ"t%émgg'érf“BFbé&ﬁPHl cate iR uRF the gArugead E‘éf‘i‘ﬁat ed
fromtunor di areted .gdbept EANcomplairdkoinn wHiturdse ldb ntddl NngadGpt wasr wei ght

variation with pude nmice to,which al t hou ncer cells had
been i npl ant ed"adﬁélS'[aeg?dc ?’r?orguﬂas tﬁaég'beefzﬁ’qe;aorwm%tg?‘é%@ "®3¢h of Fi gur es
shows the ampunt of each corrpound adm ni stered (ng/kg/day) and IR (% on
the |ast IR (%) = [1 - {(MTW in the treated group) /

10 (MTW in the control group)}] x 100

MTW: mean tumor weight



day of observation which is explained in Test exanple 4. 30 In the
following, there is explained schedule of adm nistration of test conpounds
in nude mce. After days of x in nunber have passed frominplantation of
hurran cancer cells in nude mce, test conpounds are 35 intraperitoneally
(ip) adm nistered for y days, followed by wash-out periods of days of z in
nunber. Thereafter, 33 test conpounds att adnini stered again for y days.
In this case, the cycle of administration (y days) and discontinuation (z
days) is cal |l eabteut se" Tumgucigravddhddh i eenoated HIRImoKkscad ohoRBows:
5 [(x) (y) (z) (course) puPlihel hewd MJdFl & finSrPh B dMi 86! OW Wi th an exam
ple. The mark [err] neans the day on which test com 10 pounds are

adm ni stered. Exanpl e: Test. conpounds are adm nistered (ip) after 25 days
frominplantation, and, then, admnistra- tion is suspended for six days,
and, there#®- 15 Compound tBobseadmgyilggy atiDR (%) conducted again. This

operation is repeated-fivetinmes—lnplantationtfertd—

1-1 1.56 86

1-2 1.10 69

1-3 1.56 50

10 2.21 75
1-4 3.13 61

2 12.5 79

3 3.13 77

4 1.56 64

15 3.13 89
5 1.56 78

6 1.56 71

7 1.56 | 61

3.13 95

20 8 0.39 57
1.56 | 91

9 3.13 62

6.25 97

10 3.13 74

25 11 0.78 50
1.56 58

12 3.13 a8

6.25 84

13 1.56 41,

30 14 3.13 55
6.25 68

15 . 3.13 68

16 3.13 77

A 12.5 53

35 H 12.5 57




Test” exanple 5 Anti-tunor effect on KB human nasopharynx cancer 30
i npl anted in nude m ce Experinent was conducted under the follow ng
condition: Condition: Aninal used: Femal e BALB/ cANNCrj - nu/ nu nude 35

mce (9 and 14 weeks old, 6 ani- nmals per one group) 34 Cancer cells
used: Human nasopharynx cancer cell KB Inplantation of cancer cells: 2.5 x
106 cancer cells were 5 32 I ntracut aneously i npl ant ed

at the abdomi nal part of nude mice Administration schedule: [(5)(1)(6)(6
courses)(ip)] Results: SkewshownFiguTebié 4,2 tal thindd deew tbxanplibie

Anti -tunor ef fiegd -CIRY"BR RhE2 o°Ys éﬁll | N . ] de mce
Experi ment was conng}l}c%%(déunger thegf %F’f"o%\%?’ng 5 cotr?d'f%?tn:gﬁq’bn T
colon 26 murine tumor cells implanted in mice are excel-
lent. On the other hand, the effect of Compound A is
5 apparently inferior to the compounds of this invention

in view of both doses and inhibition rates.

In the following Test examples & to 9, human

cancer cells were implanted in nude mice, to which test

10 compounds dissolved in an aqueous solution containing
NaOH were administered, and, thus, the degree of growth
inhibition of cancer cells was observed.

The results of Test examples 5 to 9 are shown
in Figures 1 - 14.

15 Figures 1 - 9 show the variation with the
~ lapse of days of IR.

Figures 10 - 14 show the relation between
tumor weight and the lapse of days in the case where
Compound 1-1 was used in Test examples 5 - 9. Vertical

20 axis corresponds to tumor weight, and horizontal axis
corresponds to the days which passed after the start of
administration. Tumor weight was estimated from tumor
diameter. The term Control in Figures 10 - 14 means
tumor weight variation with days in nude mice to which,

25 although cancer cells had been implanted, no test com-
pounds had been administered. '

Each of Figures shows the amount of each
compound administered (mg/kg/day) and IR (%) on the last
day of observation which is explained in Test examp1e‘4.

30

In the following, there is explained schedule
of adminiétratipn of test compounds in nude mice. After
days of x in number have passed from implantation of
human cancer cells in nude mice, test compounds are

35 dintraperitoneally (ip) administered for y days, followed
by wash-out periods of days of z in number. Thereafter,



Condi ti on: Ani mal used: Fenml e BALB/ cANNCrj-nu/nu nude nice (9 weeks old, 5
- 6 aninmals per one group) 20 Cancer cells used: Hunan breast
‘cancer MX-1 Inplantation of cancer cells: A piece of cancer tissue of 2 nmB
was subcut aneously inplanted at the back part of nude nice 25

Adm ni stration schedule: [(16 and 23)(1)(6)(6 courses)(ip)] Results: Shown
in Figures 3 - 5 and 11 Test exanple 7 3033 Anti-tunor effect on WDr
human col orectal cancer cells inplanted in nude mce Experinment was

conduct ed U”erestth%JniﬂdLmMé"Qhﬁ&nQdﬁliﬁ”ﬂst@?@d' tag@nn 315°r y days - Aphnal

used: Fenale ALB/ c AnNCr nu/n ﬂg S % €¥ %@ mal § per

35 one group) t&IFc &A% | ?ﬁﬁ%F naEHFB 1@dhc o d IﬂB antation

of cancer ceIHSsd&diﬂhdHKi@mn@erdaﬁé)sineba11ed "course"™. Such a
schedule is denoted by marks as follows:

[{(x) (y) (z) (course) (ip)]

These marks are explained below with an exam-—
ple. The mark "{ " means the day on which test com-

10 pounds are administered.

Example: Test compounds are administered (ip) after 25
days from implantation, and, then, administra-
tion is suspended for six days, and, thereaf-

15 ter, administration is conducted again. This

operation is repeated five times.

Implantation
' 0 7 14 71 28
20 After 25 days } It t ot $
y y yl— [y |— |¥
< X > z z z z
— Course Course{— Course ourse ourse —
5 Courées -
25 :
[(25)(1)(6) (5 Courses)(ip)]
Test example 5
Anti-tumor effect on KB human nasopharynx cancer
30 implanted in nude mice '
Experiment was conducted under the following
condition:’
Condition:
Animal used: Female BALB/cAnNCrj-nu/nu nude
35 mice (9 and 14 weeks old, 6 ani-

mals per one group)



A

5 _ I ntracut aneously inplanted at the abdom nal part
of nude mice Administration schedule: [(9)(1)(6)(6 courses)(ip)] Results:
Shown in Figures 6 and 12 10 Test exanple 8 Anti-tunor effect on HW-2
hufman nel anoma cells inplanted in nude mce Experinment was conducted under
the follow ng 15 condition: Condition: Aninmal used: Fenale

BALB/ cANNCrj - nu/ nu and BALB/c nu/nu nude mM%e (11 - 15 weeks old, 6 - 7

ani mal s per one 20 group) Cancer cells used: Human
mel anoma HW- 2 | npl ant@ancerotetdsceseds| | $tumbnl nasl®whaeyoer carkbes were

I ntracut aneously inplanted at the 25 cell KB abdom nal part
of nude m ce Admi nistration schedule: [(8 - 9)(f§(6)(9 courses)(ip)]-
Results: Shown in Fi gukmgl@ntagigndofacamceastcaddiipl e 9 Anti-tunor effect

on LX-1 human lung cancer cells inplang ed {06neg8RcECE eFiREWSFRNT Was
conduct ed %pder the foll ow ng

intracutaneously implanted at the
abdominal part of nude mice

Administration schedule:

[(5)(1)(6)(6 courses){ip)]

Results: Shown in Figures 1 - 2 and 10

10
Test example 6
Aﬁti—tumor effect on MX-1 human breast cancer cells

implanted in nude mice

Experiment was conducted under the following
15 condition:
. Condition: .
Animal used: Female BALB/ cAnNCr j—-nu/nu nude
' mice (9 weeks old, 5 - 6 animals
per one group) '
20 Cancer cells used: Human breast cancer MX-1
Implantation of cancer cells:
A piece of cancer tissue of 2 mm3
was subcutaneously implanted at
the back part of nude mice
25 Administration schedule:
[(16 and 23)(1)(6)(6 courses)(ip)]
Results: Shown in Figures 3 - 5 and 11

Test example 7

30 Anti-tumor effect on WiDr human colorectal cancer

cells implanted in nude mice

'Experiment was conducted under the following
condition:
Condition:
35 Animal used: Female BALB/cAnNCrj-nu/nu nude
mice (9 weeks old, 6 animals per



condition: 35 Condi tion: Animal used: Femal e BALB/ cANNCrj - nu/ nu nude
36 mce (13 weeks old, 6 aninmals per one group) Cancer cells used: Human
Fung cancer LX-1 Inplantation of cancer cells: 5 A
pi ece of cancer tissue of 2 nMB was subcutaneously inplanted at the back
part of nude mce Adm nistration schedule: [(19 and 26)(1)(6)(5 - 6 10
courses)(ip)] Results: Shown in Figures 9 d 14 As is seen in the
above-nentioned Figures 1 - 14, ‘the conpounds of this invention remarkably
i nhibited 15 the growm h of human cancee geblup)i npl anted in nude mce. Test

cxampl o 10 Aoute {0X cLik3) WoI% fod £ GREROLOS-ABLRT URERR W20,

concentrations were adm ni stered /1 wel g
CrSlc mice (5 to 10 animalangetiome ofr qgncen eetks: ol d) respectively, and,

thus, [err] values were cal cul ated fso8 khqo&Dehaldelr @%1afs tWirdn Ce
S intracufaneously implanted at the
abdominal part of nude mice
Administration schedule:
[(3)(1)(8)(6 courses)(ip)]
Results: Shown in Figures 6 and 12
10 '
Test example 8

Anti—-tumor effect on HMV-2 human melanoma cells

implanted in nude mice

Experiment was conducted under the following
18 condition:
Condition:
Animal used: Female BALB/cAnNCrj-nu/nu and
BALB/¢ nu/nu nude mice (11 - 15
weeks o1ld, 6 - 7 animals per one
20 group)
Cancer cells used: Human melanoma HMV-2
Implantation of cancer cells:
4.4 x 106 cancer cells were
intracutaneously implanted at the
25 abdominal part of nude mice
Administration schedule:
[(8 - 9)(1)(6)(9 courses)(ip)]
Results: Shown in Figures 7 - 8 and 13

30 Test example 9
Anti-tumor effect on LX-1 human lung cancer cells

implanted in nude mice

Experiment was conducted under the following
condition:
35 Condition:
Animal used: Female BALB/cAnNCriji-nu/nu nude



on the 14th day after the adm nistration. The results 25 are shown in the

foll ow ng table. 37 Table 5 Acute toxicity (LD50 ng/ kg) Conpound
1ntraperi toneal | ntravenous 5 adm ni stration

adm nistration (ip) (iv) 1-1 93.2 2

135 10 3 55.2 119 4 -

> 100 5 6867 H 71

123 15 As is shown in Table 5, the acute toxicity of the conpounds of this
i nvention are al nost equal to that aficeonpiBimbeksg Bbpos6dapimals per
commercially available 20 anti-c cancer. agent. fést exanple 11 Solubility The
solubilities of Conmpound 1-1, 1-1-3, ong HfP 3-1in 0.1 M phosphate buffer
(pH 7.2) and in d|stHGanhawﬂenIMsresqéasuHBM§naﬁdmﬂu9ﬂﬂﬂ¢Ewﬁ&©1results

were obtained. Conpoungy iy Batfo Mot Ehftcd? ickdhigue of
5 A piece of cancer tissue of 2 mm3
was subcutaneously implanted at
the back part of nude mice
Administration schedule:
. [(19 and 26)(1)(6)(5 - &
10 courses){(ip)]
Results: Shown in Figures 9 and 14

As is seen in the above-mentioned Figures 1 -
14, the compounds of this invention remarkably inhibited

15 the growth of human cancer cells implanted in nude mice.

Test example 10

Acute toxicity
Solutions of test compounds in predetermined
20 concentrations were administered (0.1 m1/10 g body
weight) to female BALB/c CrSlc mice (5 to 10 animals per
one group, 10 weeks old) respectively, and, thus, LD50

values were calculated from the mortalities of the mice
on the 14th day after the administration. The results
25 are shown in the following table.



Compound 1-1 and is prepared according to Exanple CG1 30 (5), while
Compound 3-1 is an L-Ala derivative of Com pound 3 and is prepared

according to Exanple C-6 (4). 38 Table 6 Solubility
Compound Distilled water 0.1 M phosphate 5

buffer (pH 7.2) (nmg/m) (my/mM) 1-1 2.9
20.1 1-1-3 > 98.7 > 2337% 10 3 8.3

- 3-1 79.4 - 15 As shown in Tabl e 6,
Compounds 1-1:3,3nd 3-1 who i ) id.r 'quf)exhibited a
solubility abgﬁPﬁfb i mes oégﬁfﬁhgfaﬁﬁgﬁngé?%df'Cgﬁ%ound 1-1 and 3 whose Z
is a hydrogen atom Besides, the solubility of Conpound 1-1 in neutral
state is so high that it is 20 suitable as a liquid agent such as
injection. As shown in the above test results, the com gounds of this

i nvention exhi bit GomrauRbl e ahbErersst oSl ty 3&5?&% MB¥%onl'y non-solid
‘tunors such as 25 | ynphocyti catwdkdsita atimoy but admionigk ratsosolid tunors
whi ch occur in tissues of, for exagrbg, |ung, breast, s¢owmch, uterus,

skin, intestine, bladder and nasophar-

1-1 93.2 . -
2 135 -
10 3 55.2 119
4 - > 100
5 - 66.7
H 71 123
15

As is shown in Table 5, the acute toxicity of
the compounds of this invention are almost equal to that
of Compound H (Etoposide), a commercially available

20 anti—-cancer agent.

Test example 11
Solubility
" The solubilities of Compound 1-1, 1-1-3, 3 and
295 3-1 in 0.1 M phosphate buffer (pH 7.2) and in distilled
water were measured, and the following results were

obtained.
Compound 1-1-3 is an L-Ala derivative of

Compound 1-1 and is prepared according to Example C-1
30 (5), while Compound 3-1 is an L-Ala derivative of Com-
pound 3 and is prepared according to Example cC-6 (4).



ynx: Further, the conpounds of this invention have conparatively high
safety. The conpounds are therefore 30 wuseful as agents for the treatnent
‘or prophylaxis of human tunors. The conpounds of this invention are

adm nis- tered in such an anbunt as to inhibit tumor, which amount varies
dependi ng on their pharnmacodynam c charac- 35 teristics, way of

admi ni stration, synptoms and ages, objecti3f of admi nistration (prophylaxis
or treatnent), etc. Usually, however, the conmpounds are adm ni stered 39
in an anount of abougbfe26 ng to about S@1mpi lprtef erably about 0.5 ng to
about 20 ng, per one day and per kg of body weight. For exanple, about 13
ng to about 2.5 g, preferably 25 ng to 1 g in total of active ingredient is
5 admi ni stered™per—day T a patient having a body wel ght of about 50 kg.
The above dose of a Gempowmydbe Bistdddeidnmaten t P b rimasebatfi stered
separatel ys The adm nistration route nmay be eitherbwfférofparedferal , but

parenteral admnistration is reco @ed. 10 md A1 $onpounds  of
this invention are generally adnigﬁg?ergd in the forn1%f5€ha?naceutical
prepar ati ons. “These preparations can De prepared by conpounding the
conpounds of this invention with phar@s®eutical carri- e2&.1For exanple, a
pharmaceutical carrieryforgliquid 4 gg. 7 > 233.5
10
3 8.3 -
3-1 79.4 -
15 As shown in Table 6, Compounds 1-1-3 and 3-1

whose Z is an amino acid residue eXhibited a solubility
about 10 times or higher than that of Compound 1-1 and 3
whose Z is a hydrogen atom. Besidés, the solubility of
" Compound 1-1 in neutral state is so high that it is

20 suitable as a liquid agent such as injection.

As shown in the above test results, the com-
pounds of this invention exhibit remarkable anti-tumor
activity against not only non-solid tumors such as

25 1ymphocytic leukemia tumor but also various solid tumors
which occur in tissues of, for example, lung, breast,
s tomach, uterus, skin, intestine, bladder and nasophar-
ynx. Further, the compounds of this invention have
comparatively high safety. The compounds are therefore
30 useful as agents for the treatment or prophylaxis of
human tumors. :

The compounds of this invention are adminis-
tered in such an amount as to inhibit'tumor, which
amount. varies depending on their pharmacodynamic charac-

35 teristics, way of administration, symptoms and ages,
objective of administration (prophylaxis or treatment),
etc. Usually, however, the compounds. are adminis tered
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15 agents as pharnaceutlcal preparations for parenteral admnistration
contairns a solvent as an essential ingre- dient and, if necessary,
auxiliaries such as tonicity agents, solubilizers, soothing agents,

pH adj usting agents, buffers and preservatives. 20 As for a
solvent, there are generally enployed water, organic solvent such as
propyl ene glycol or a mxture of water wi t#%or gani ¢ sol vent. Exanpl es of
tonicity agent include sugars such as Sorbit and Mannit, and sodi um

chl oride, but HagansSambuntr @ fmable ulr € . Sime. td\salbmu tpsnanijguspirag‘ea'g@ﬁty

there can be e o} a d
hydr ochl ori c an’*’ﬁ‘?g % ghg'g 6‘%” @%M}é%ﬁ%&%g {’) ?Hb ﬂld?g%gisrﬁu%g 2
surfactants 3 edyghweasgRdl.ysForaesad®lend Fhen bnid 'F98t°aﬁb°yltg§n|5c gaci ds

such as lactig ﬁ&#gﬁaﬂﬁiyr@kh ¢ fony G @ciseai 6p saniler r-rh@meaqledlt is
addi tion salt togethher with e com_ pounds, of this invent
hoay; He et

soot hi ng adéntadmh@?%teﬁﬁdbéeéhﬁpdyéd‘35 P?YH%EElh%VhQHrBC
procai ne hydroghl gpbde. 50~k gf.0r Tw&%a:rdwé idesetbEre day mayuseddivided

anti oxi - dant SAER teoageorsus AR edmTTEre tef riee bIRERLYE0, The "
administration route may be either oral or parenteral,
but parenteral administration is recommended.

10 The compounds of this invention are generally
administered in the form of pharmaceutical preparations.
These preparations can be prepared by compounding.the
compounds of this invention with pharmaceutical carri-
ers. For example, a pharmaceutical carrier for liquid

15 agents as pharmaceutical preparations for parenteral
administration contains a solvent as an essential ingre-
dient and, if necessary, auxiliaries such as tonicity
agents, solubilizers, soothing agents, pH-adjusting
agents, buffers and preservatives.

20 As for a solvent, there are generally employed
water, organic solvent such as propylene glycol or a
mixture of water with organic sotvent.

Examples of tonicity agent include sugars such
as Sorbit and Mannit, and sodium chloride, but sugars

25 are much preferable.

As for pH-adjusting agent, there can be em-
ployed bases such as sodium hydroxide and acids such as
hydrochloric acid and phosphoric acid.

' Examples of solubilizer include surfactants'

30 such as Polysorbate 80 and Pluronic F68, and organic
acids such as lactic acid and methanesulfonic acid which
can form an acid addition salt together with the com-
pounds of this invention. _

As for soothing agent, there can be employed

35 1idocaine hydrochloride and procaine hydrochloride. As

for preservative, there can be used benzylalcohol, and



enpt oyed salts of acid such as phosphoric acid, citric acid and lactic
acid. 5 Li qui d agents such as injections and infusions can be
prepared by dissolving or suspending, preferably dissolving the conpounds
of*this invention in a solvent, and by, if necessary, conmpounding other
auxiliaries before or after the dissolution or suspension. Lyophi- 10 |ized
pharmaceutical preparations can be prepareggby freeze-drying these |iquids.
When admi ni stered, the |yophilized pharnaceutical preparations are

re-di ssol ved or re-suspende for. ri in | I ti Gal
prepa- 15 ratidfis®$80R " &S t°gfblsgtsasﬁi0{:’azge§fﬂ egﬁgﬁ‘%aﬁéﬁegg E?ﬁeemar%glrtwﬁﬁe—s and
powders, any cdanliesusddaso dsmaybeic tawid do Ast feeabuffiern tthereofBuRR of

this invention, agfosd Qad ¢35 d%e Al SHeRUas phBLBhBIic BRAY,CLS 5@l es
of such carriers inClude starches, mannitol, crystalline cellu- 20 | ose,

carboxynpthylcépﬁdlé§é,1@FGﬁCTWE§é’pharnaceuticaI preparations may further
contain inggedi ents usef yljquird rREncHd suchtasni npebel onlsamntdid nfarspicursds

of the compourB8nops; IrE AR LS L' 181 P badoLangsatds R Sty o
i nvention and dhiesb1vdlnigs than deanprepds edf athdsdingendipa) imyer glaivendt ,
substi tution rsgat L%’ i@ hdddib 1 S Min $0und £AG! beAe r{ Ghxtiidailed
reaction, etc. (a) rr'ol i di ne substifutlon reaction
before or after the dissolution or suspension. Lyophi-
10 1ized pharmaceutical preparations can be prepared by
freeze-drying these liquids. When administered, the
1yophilized pharmaceutical preparations are re—-dissolved
or re-suspended.
As for carriers in solid pharmaceutical prepa-
15 rations such as tablets, capsules, granules, fine gran-
ules and powders, any can be used so long as they do not
react with the compounds of this invention and so long
as they'are used in this art. Concrete examplies of such
carriers include starches, mannitol, crystalline cellu-
20 1lose, carboxymethylcellulose, etc. _
These pharmaceutical preparations may further
contain ingredients useful for medical treatment other

than the compounds of this invention.

25 Preparation processes
Processes for the preparation of the compounds

of this invention are as follows. Compounds (I) of this
invention and their salts can be prepared according to
(a) pyrrolidine substitution reaction, (b) ring closing

30 reaction, (c) oxidation reaction, etc.

(a) Pyrrolidine substitution reaction

Among the compounds of this invention of
formula (I), both compound (I-a) wherein Y is
35 1-pyrrolidinyl group (Y') having a substituent and a

salt thereof can be prepared by making a compound having



Anmohg the conpounds of this invention of formula (1), both conpound (I-a)
wherern Y is 35 1-pyrrolidinyl group (Y') having a substituent and a salt
t hereof can be prepared by nmaki ng a conpound havi ng 41 the foll ow ng
formula (11) or a salt thereof [err] 15 react with a pyrrolidine derivative
of the followng fornula (111) [err] As for the elimnable group (L) in the
formula (I1), there can be nentioned the sgqe groups as in the case of
formula (1) where Y is an elimnable group, and 30 preferabl e exanple of
group (L) include hal ogen at | r o] r I kyl t hi o group,
| ower al kyl - sﬁ'lg?i E?/Jf qg?'&'}a, ciniz’]orv\“/'eur Al g;# tu%?o%yggg;;o&g‘\,ge'geroﬁ sul fonyl group,
| ower al kyl sul fonyl oxy group, aryl sul fonyl oxy group, etc. 35 The above
reaction can be conducted eitherR' 042 wi t hout any solvent or in a
suitabl e solvent, and pref- 3

R,

5 , A ] (I1)

L/k\ N” N
0
10 (Rym

wherein L is an eliminable group, and A, Ri’
RZ' R3 and - m are as defined above,

15 react with a pyrrolidine derivative of the following
formula (III)

Hﬁ.
2-N—(CH,)n (II1)
20
NH
(Rs)p
wherein R‘, RS’ Z, n and p are as defined

25 above.

As for the eliminable group (L) in the formula
(II), there can be mentioned the same groups as in the
case of formula (I) where Y is an eliminable group, and
30 preferable example of group (L) include halogen atom,
lower alkoxy group, lower alkylthio group, lower alkyl-
sul finyl g}oup, lower alkylsulfonyl group, arylsulfonyl
group, lower alkylsulfonyloxy group, arylisulfonyloxy
group, etc.
35 |
The above reaction can be conducted either '



erably in the presence of a base,
As for the solvent,

at a tenperature ranging from1l0 to [err]
there can be used acetonitrile, water, ethanol,

byridine, di mret hyl 5 sul foxide, 1-nmethyl-2-pyrrolidone, etc. As for the

base,

there is enpl oyed such one as functions as an acid acceptor,

concrete exanpl es of such a base include triethylam ne,

1, 8-di azabi cycl o[ 5. 4. 0] - 7-undecene, and cafBonates such as sodi um
and sodi um bi carbon- 10 ate. Compound (I11) rmay be used in excess
it may al so aoki@hoat aaydsAGRINIOTor GuTPAUSES tabll g, sulivedh ) and askr-@s- r aw

i- als, ar . |, d b d, _f I b
ol Fowi ng 1 ncP ERBLnd", $R6t AIForios iy R Bot PosPhg & GRPRaNR Il

and

car bonat e
so t hat

t he
ounds (1)

of this inventramgang ffitemr 1€alties 1G0IChe pAepfovedtby swjvestt ,ndg hee oo ngeonind
repre- sented f i .qr [rul 4 . '
DL e oo 5%, e ALLRHS A 4] CORRRERL s oo dinglhETCL"

Lis an elimn

re as

ove

to ring cl &si rpul€axiden. 1aAgetdnimZ-Rynrohbdengsotpcl, Aserforcdhoe

enpl oyed the 9988e Jr PHRFe2S of RAA dyEd Wigeh i SnbhBsdelunct3D nl tdPafacdi das
Is explained in the above with regard to formula_(11). s,
acceptor, and concrete examples of such a base include

triethylamine, 1,8-diazabicyclo[5.4.0]-7-undecene,

and

carbonates such as sodium carbonate and sodium bicarbon-
10 ate. Compound (III) may be used in excess so that it

may also act as an acid acceptor.

Compounds (II), which are used as raw materi-

als, are also novel, and can be prepared, for example,

by the following ring closing reaction.
15

(b) Ring closing reaction

Compounds (I) of this invention and their
salts can be prepared by subjecting a compound repre-

-sented by the following formula (IV)
20
R; O

7
LT av)

Y
s X
' N\:l _/s
(Ry)m
30 wherein L is an eliminable group, and @
R A, Y and m are as defined above

i
to ring closing reaction.

As to the eliminable group L, there can be
employed the same groups as those included in the defi-

35 nition of Y, as is explained in the above with regard to

formula (II).



43 This ring closing reaction can be conducted by stirring a m xture of
Compound (IV) with a solvent in the presence of a base such as potassium
‘car bonat e, sodi um carbonat e, sodi um hydri de, potassiumt-butoxide 5 or

pot assi um fl uori de, the anount of which base is one to three tinmes in nole
as much as Conpound (IV), at a tenperature ranging from30 to [err],
preferably 30 to [err], for 1 to 6 hours. ggxanpl es of suitable sol vent

i ncl ude et hanol, dioxane, tetrahydrofuran, dinmethyl- 10 formam de,

di met hyl sul f oxi de, et c.TbhgongpHp SC{LmhFdi iﬁéﬁtta‘%?‘h%%q‘j s émmgg%al S,

are al so novel, and can be prepafed acco 0 - processes I n k | es
whi ch are dese&ttiilsed naataemi xure of Compoupd) (IM) aekthra reatyemh DBnpounds

of this inventihgh oA PYb 586 MYLRN(bL P¥ta3dl{um (EeFS{aka) be
prepared by sub- jecting a conpound_ represented by the follow ng formula
[err] 30 sodium Ga{honate e Fpdiug Aydrddss c!i’é’r'ﬁar%%l“ﬂbob'\g"f oxhde.

oxi dati on 5ea6lri pdtabdiundxi Tied ¢ Dde | ethiei amous tcaifr iveti chutbdye ni i oget he
esul ting i xEQr hree diil " otfLoRe amianm s tarsBing of 1Y) i o,
preferably O temperature ranging from 30 to 150C , preferably 30 to
100°C, for 1 to 6 hours. Examples of suitable solvent
include ethanol, dioxane, tetrahydrofuran, dimethyl-
10 formamide, dimethyl sulfoxide, etc.
Compounds (IV), which are used as raw materi-
als, are also novel, and can be prepared according to

the processes in Examples which are described later.

15 (c) Oxidation reaction
Compounds of this invention represented by
formula (I) and salts thereof can be prepared by sub-
jecting a compound represented by the following formula

(V)
20 Ry O
A7 ' CHO
As
Y N” °N V)

. A

\+/

(Ry)m
30 wherein R1, R3, A} Y and m ére as defined

above
to an oxidation reaction.
This oxidation reaction is carried out by
mixing the above Compound (V) with an oxidizer in a
35 solvent and stirring the resulting mixture for several

hours at a temperature of 100°C or lower, preferably O



44 to [err]. Exanples of the oxidizer include 2, 3-

di chl or 0- 5, 6-di cyanobenzoqui none, tetrachl oro- 1, 4-benzoqui none,

f et racyanoet hyl ene, pall adi um carbon, N bronosuccini m de and manganese
di oxide. As for exam 5 ples of the solvent, there can be taken

1, 4- di oxane, toluene, xylene, ethanol, t-butanol, ethyl acetate,

di met hyl f ormam de, etc. Conpounds (1) of thjs invention and salts 10

t hereof can al so be prepared by naking Conpound (1) of this invention

wherein Z is hy gen atom react with am no, acid, or tide according to .
a usual netho,°c§%ﬁy'a ﬁﬁFPﬂﬁsOﬂﬁxﬁﬂﬁi?43 Mﬁ%Fe?ﬁcﬂgﬁg]2P§‘a hal ogen
atom so as to coelvkst os8j, 6-ddryantbemicgwi monpoutet waehdioroerr] 15 is an
am no group. “}V‘e‘i‘-éé‘r?ﬁgﬂ?%ﬂ%s ¢ ttr}yc%/élﬂnve%%ﬁ%%%géglag?gdlir&mt—aearb n

&
above- nenti oned’ manner re qspér orns, sald ( C an be convert ed
i nt o car boxyl iN-keomo sueatnimideamndmanarnise diox hdeest &s Famn exgma

usual methegd. PledUs# hehe 5BTveRTtROMHd e afddl Baréskeh oARQAYRGANd,) can
al so be esterified by a usual nethod. _Furthernore Z of the compounds

of this inventidUeR anx&FrFHS’aEitd‘ar"é‘s]i-du"e‘Wt?)'é?ﬂid%gp‘é@i aset8t&ect ed by
a protecting grimgpthypbfdrpantdeti rtcgroup can be elimnated by a 25 usual
met hod.

Compounds (I) of this invention and salts

10 thereof can also be prepared by making Compound (I) of
this invention wherein Z is a hydrogen atom react with
amino acid or peptide according to a usual method, or by
aminating Compoﬁnd (I) wherein R, is a halogen atom so
as to convert said compound into a compound wherein R3

15 1is an amino group.

When the compounds of this invention obtained
in the above-mentioned manner are ester forms, said
compounds can be converted into carboxylic acid forms by
means of hydrolyzing the ester parts by a usual method.

20 Further, the carboxylic acid parts of Compounds (I) can
also be esterified by a usual method. Furthermore, when
Z of the compounds of this invention is an amino acid
residue or peptide residue protected by a protecting
group, said protecting group can be eliminated by a

25 wusual method.

The compounds of this invention thus prepared
can be isolated and purified by usual processes. Ac-
cording to the conditions of isolation and purification,
these compounds are obtained in the form of salts, free

30 carboxylic acids or free amines, which are then convert-
ed from one into another in accordance with purposes,
and, thus, there can be obtained compounds in desired
forms.

When the compounds of this invention are

35 racemic, fhey can, if necessary, be separated into
respective optical isomers by known methods. The



The” conpounds of this invention thus prepared can be isolated and purified
by usual processes. Ac- cording to the conditions of isolation and
purification, these conpounds are obtained in the formof salts, free 30
carboxylic acids or free am nes, which are then convert- ed fromone into
anot her in accordance wth purposes, and, thus, there can be obtained
conmpounds in desired forms. Wen the conpdtthds of this invention are 35
racemc, they can, if necessary, be separated into respective optical
|?onﬁrs by knewmnﬁﬂﬂﬁfherahecis 4brat andoitsarey SFqrowk ¢ Or hhencompanpdisor m)
of the conpoun . this | [ ca I f CESSAr : e om one
anot-her accor éﬁs\gﬁl‘os a '?J‘ééuﬁ?ﬁ%t gga’sﬂgh naes?%% or e'xgtbe Ib%,zégpﬁg{j:t ?gﬁgl
crystallizati omengnwther acchrding ﬁat@gMaﬂﬁﬂlﬂﬂﬂh&ﬁ)ﬁqchsa%f £8dir se

possible to U35t ,ti%a#rséeﬁrs;.aqr cRySIt@N19G! SAHRIn e Bhé @Yo FBA CEhRb-and
lead it to a desired substance corresponding thereto, and such a nethod is

general |y &dvartaparhy me thednpl es This invention is detailedly explained
by working exanpl es bel op¢ {8 bhecbalrsewpdsiblamieusé &eropsidalncl ude

isomer or a stereoisomer as a raw material and lead it
to a desired substance corresponding thereto, and such a
method is generally advantageous.
10 Examples
This invention is detailedly explained by
working examples below.
In the following, Examples of Series A include
specific examples of processes for the preparation of
15 intermediates (II) [general formula (II)}, Examples of
Series B include specific examples of processes for the
preparation of raw materials (III) [general formula
(I111)], Examples of Series C include specific examples
of processes for the preparation of object substances
20 (I-a), and Examples of Series D include specific exam-
ples of processes for the preparation of pharmaceutical
preparations.
Further, the attached Figures 15-19 show
reaction formulae of the reactions which are mentioned
25 1in the following Examples of Series A, Series B and
Series C-14.

1. Series A
Example A-1 Preparation of intermediate (II)
30 7-chloro-1,4-dihydro-4-oxo-1-(2-thiazolyl)-1,8-

naphthyridine-3-carboxylic acid ethyl ester

(1)-1 2,6-Dichloropyridine (20 g) was dis-
solved in tetrahydrofuran (200 m1), and, to the result-
35 ing solution, there was added dropwise a solution of
n-butylithium (1.6 M) in n—hexane (84.5 ml) in a flow of



specific exanpl es of processes for the preparation of 15 intermediates (I1)
[general formula (11)], Exanples of Series B include specific exanples of
processes for the preparation of raw materials (111) [general fornula
(1'1'1)], Exanples of Series C include specific exanples of processes for the
preparation of object substances 20 [err], and Exanples of Series D

I ncl ude specific exam ples of processes f t he preparation of
pharmaceutical preparations. Further, the attached Figures 15-19 show

reaction fornul ae of the reactions ich ar tioned 25 in.the follow n
Exanpl es of SetTeQnp02&cpfcd eﬁ‘r‘?(fr&r'ire% -1-2’.; AP e’ ReERQHpI%f RO )

Preparati on ofmiméeesed Afée(l the3Gresul ting solution was stirred for

7-chl -1, 4- dj hydg 0- 4- 9¥03 1-.(2-t hi - 8- i di_ne-3- | i
foid ethyl esiehd (R ¥l BalY Aheniady e, (PRRRYY EXR85E SR €
t et r ahydr of ur ehi ¢2dde n{$o1idd, was taddedesulAfttes shireongt ifom, onieethouras

added. dr opvj se; gms@F4ti P8 @hsNTRYIEd Y UMd@. 6 Md! NtReRSXaae84na M) in
a flow of 46 argon_gas at a tenperature of [err] over a period of 30
mnutes. AfterhYREOeRLIAriFngedd wmeren agdedin reede6r sendhpdupHamighd same
tenperature, geatly xcend,caheerafter, the resultant solution was
extracted with ethyl acetate. After the obtained ex-
tract was dried over anhydrous sodium sulfate, solvent
10 was distilled off under reduced pressure to dryness. To
the obtained solid, there was added thionyl chloride (40
ml1), and the resulting mixture was heated to reflux for
three hours. The excess thionyl chloride was distilled
off under reduced pressure, and, then, crude product was
15 distilled under reduced pressure to form 2,8-dichloro-
nicotinoyl chloride (19.8 g).
Boiling point : 97-99C /.1 mmHg
IR (neat) cm ! : 1784

20 (1)-2 A mixture of 2,6-dichloronicotinic acid
(50.6 g) with thionyl chloride (100 m1) was refluxed for
2 hours. The excess thionyl chloride was distilled off
under reduced pressure, and crude product was distilled
under reduced pressure to give 2,6-dichloronicotinoyl
25  chloride (44.9 g).
Boiling point : 115-120C / 3 mmHg
IR (neat) cm ! 1784

(2) Ethoxymagnesiummalonic acid diethyl ester
30 derived from metal magnesium (5.36 g), malonic acid
diethyl ester (35.4 g) and ethanol (27 m1) was dissolved
in a mixed solution composed of tetrahydrofuran (35 ml)
and toluene (140 m1). The resultant solution was cooled
. with ice, and, to this solution under stirring, there
35 was added dropwise a mixed solution composed of
tetrahydrofuran (19 ml1) and toluene (32 ml1) containing



di oxi de (solid) was added. After stirring for one hour, 5 tenperature was
raised to [err] , and, then, water and hydrochloric acid were added in
order so that pH mght be 1 - 2, and, thereafter, the resultant solution
was extracted with ethyl acetate. After the obtained ex- tract was dried
over anhydrous sodium sul fate, solvent 10 was distilled off under reduced
pressure to dryness. To the obtained sol i4, there was added t hi ony
chloride (40 m), and the resulting m xture was heated to reflux for three
hours. The exagss ddi dnyhlehiidei 064\A@sgd| oibitid e n ubbier abevecéd) -1

pressure, and, f _grudg %PdFS‘“m 33 gﬁ-‘h 19558“'@"108#\9@'5& L8d¥esdnhr essure

to form 2, 6-dichl - nlco I noy l1ng point : [err]
/ 1 mHg IR Uﬁhﬂ)OQtaned m¥8iupe was St1rred(Q3QEP‘9PH1§FUF%°Gf

2, 6- d'Ch'Oromﬂﬁﬁﬁé¥£t@Féd ($ﬂe6mgkvwﬂé1ﬁd§(HBHcéH%ﬁ&td@ (A86r Mrpdvee d
refI uxed for ours. The excess thion c.hl Orlfdg‘%'a‘é?'!'ft i Ll ed of,f under

reduced préssiResse cr e BAYAALE RE Lb'i‘s°t'\ 19 2G1CeBCP¥8Fre to
give 2, 6-di chlgjded codi tRygl r3516h|equackel (4t41éh g)theBonixtlgrpowas exferr] / 3

nmHg | R (neat) cm th
derived from ne g‘megﬁ‘ f("n%%'gli )%‘:mrrgleglm c acég({]}11 dlgt? gtg{:g)r/l"igswr ¥
and et hanol (ZWWﬁq Wwwrdaebwﬂvedﬂ ﬁqynﬂm«ﬁﬂkf#tﬁqoﬂnéo gséglypent was
tetrahydrof urgn {&p Ly 8Pf LRLYPNGeldldTpre SEIFrd SSuhd 2Nthas! Utharenas

cool ed
10 was produced an oily material. Water (190 ml} and
p-toluenesul fonic acid (0.1 g) were added to the oily
material, and the mixture was refluxed for 2 hours.
After cooled, the mixture was extracted with chloroform
and dried over anhydrous sodium sulfate, and then, the
15 solvent was distilled off under reduced pressure to give
an oily material. The obtained crude product was dis-
tilled under reduced pressure to produce 2,6-dichloro-
nicotinoylacetic acid ethyl ester (45.2 g).
Boiling point : 135-140C / 2 mmHg
20
(3) A mixture of the compound (44.9 g) ob-
tained in the above (2), acetic anhydride (43.8 g) and
ethyl orthoformate (37.7 g) was refluxed for one hour.
The mixture was concentrated to dryness under reduced
25 pressure, and, under ice cooling, diisopropyl ether (500
m1) and 2-aminothiazole (20 g) were added, and then, the
resulting mixture was stirred at room temperature for 5
hours. The crystaIs were taken by filtration to give
2-(2,6- d1chloron1cot1noy1) -3-(2-thiazolyl- am1no)acrylxc
30 acid ethyl ester (52.8 g).
Melting point : 119-122C (recrystallized
) from diisopropyl ether)

' . 1700

IR (KBr) cm’

35 (4) The compound (51.7 g) obtained in the
above (3) was dissolved in dioxane (310 ml1), and, then,



with ice, and, to this solution under stirring, there 35 was added dropw se
.a m xed solutlon conposed of tetrahydrofuran (19 m) and toluene (32 nm)
contalnlng 47 the acid chloride (44.9 g) obtained in the above (1)-1 or
(1)-2. After conpletion of the dropw se addition, the obtained nmixture was
stirred overnight at roomtenperature. The m xture was concentrated under
reduced 5 pressure, and aqueous sol ution ofghydrochloric acid was added to
the residue, and, then, the m xture was ex- tracted with ethyl acetate. The

bt d t t d di If t th t
ves di ati |1 cd RYFRSRAUP FeaboRs el b o bk ot pate o nand Ko i Sauced
an oily materiahg miMtare( ¥a8 sit)i rareti pa t BQ€nefalf oniec hawird ((Aflteg) e e
added to the Qjlye PBy gLl Qh 3nd tmenﬁ‘ Lﬁiee v¥\$§ ﬁ&ﬂ%ngegf«ﬁ&o%i o Af LET

ed with chlor nhyd

cool ed, the m xiure was ex adt ornland ried over a r ous
sodi um sul f at c@9yeQus hemutn@nl@f dutdraghlexsi di acidl. ecandf fthengnystalmged

pressure tg glvV@rélntleeM BRt hii1dlrathitf Obtid "elystafle RePdUGe S -
tilled under reduced gressure to produce 2, 6-di hIoro- nlcotlnoylacetlc

acid ethyl estktz¢dsfson)a mixed splidiion °°T%?$f /o figrofors and

m xt ure of thmixxmwuady(4ét9eg)t@bg1ve 7-chloro-1, 4-dihydro-4-oxo-
1-{(2-thiazoly1)-1,8-naphthyridine- -3- —carboxylic acid
. ethyl ester (44.6 g).
10 Melting point : 176-177C
IR (KBr) om | : 1724
NMR (CDCls) 6 : 1.43 (t, 3H, J =6.5 Hz), 4.45
(q, 2H, J =6.5 Hz), 7.38 (d, 1H, J =3.6 Hz), 7.52 (d,
1H, J =8.5 Hz), 7.75 (d, 1H, J =3.5 Hz), 8.78 (d, 1H, J
16 =8.5 Hz), 10.00 (s, 1H)

Example A-2 Preparation of intermediate (II)
7-chloro-1-{4-fluoro-2-thiazolyl )-1,4-dihydro-
4-oxo0-1,8-naphthyridine-3-carboxylic acid ethyl

20 es ter

A mixture composed of the ester (250 mg)
obtained in Example 1 (4), N-fluoro-2,6-dichloro-
pyridinium tetrafluoroborate (240 mg) and 1,2-

25 dichloroethane (10 ml1) was heated to reflux for two
days.

Water was added to the reaction solution, and
the resultant solution was extracted with chloroform.
After the obtained extract was dried over anhydrous

30 sodium sulfate, solvent was distilled off under reduced
pressure. . The obtained residue was purified by silica
gel column chromatography (eluent: chloroform), and the
above-identified compound (40 mg) was obtained by
recrystallization from ethyl acetate.

356 ' Melting point : 174-175C

IR (KBr) cm ' : 1700



tained in the above (2), acetic anhydride (43.8 g) and ethyl orthoformate
(37.7°g) was refluxed for one hour. The m xture was concentrated to dryness
under reduced 25 pressure, and, under ice cooling, diisopropyl ether (500
m ) and 2-am not hiazole (20 g) were added, and then, the resulting m xture
was stirred at roomtenperature for 5 hours. The crystals were taken by
filtration to give 2-(2,6-dichlo ronicoti I

)-3-(2-thiazolyl-am no)acrylic 30 acid ethyl ester (52.8 g). Melting point

- [err] (recrystallize pr.opyl r 4
The conpound (51.7 Q) ogf'@é &Sﬁn Sh pyavé‘tz?g)t)v@'dl‘%soﬁv%a“f% d| oﬁgn( )
(310 M), and(d,heH, J =B. HoHadsi @nB8ar(sandtt, (REH. §)Hahs addkd{dand t he

result- ing myxtur re rrlyfor faerelce ter was
added, the n1£?hréﬁmggﬁ%§i algzgg &? 1{% &)ggﬁéggggsolih§%n(é Ly

hydrochlorlc acid, and the crystals 5 were taken by filtration. The
crystals wes e hahiy d=a | | BRGphF @i 8niored nyalddaonppEpd of chi orof orm

and di i sopropyt—etireT e 7-chlorq- 4-dj h
1- (2-thiazol yl )-1, éi'nap‘fﬂ‘%'/}?ﬂ?né 4- E’élhlé’(ﬁlf ‘{c ‘éfﬂ egﬁy&bgf%}yzll 6 Q).
10 N@Itﬂr&yﬁﬁbﬁ&hyriiGnélBQcarboxy]1c acid

(1) To a mixture composed of 4-amino-2,6-

10 dichloropyridine (5.5 g), cuprous chloride (4.4 g) and
concentrated hydrochloric acid (50 ml), éodium nitrite
(3.5 g) was added little by little under cooling with
ice and sodium chloride. After the resultant mixture
was stirred for one hour at the same temperature and for

i5 one and a half hour at a room temperature, water was
added, and the m1xture was extracted with chloroform.
After the obtained extract was dried over anhydrous
sodium sulfate, solvent was distilled off under reduced
pressure to give 2,4,6-trichloropyridine (5.5 g).

20 IR (neat) cm'1': 1563, 1357, 1155, 851, 823

NMR (CDC13)  : 7.31 (s, 2H)

(2) To a mixture composed of the compound

(5.5 g) obtained in the above (1) and tetrahydrofuran

25 (55 ml1), there was added dropwise a solution of
n-butylithium (1.6 M) in n-hexane (20 ml) at a tempera-
ture of -78C . After the resulting solution was stirred
for one hour at the same temperature, greatly excess
carbon dioxide (solid) was added. After stirring for

30 one hour, temperature was raised to 0°C, and, then, an
aquéous solution of hydrochloric acid was added so that
the solution might be acidic, and, thereafter, the
resultant solution was extracted with ethyl acetate.
After the obtained extract was dried over anhydrous

35 sodium sulfate , solvent was distilled off under reduced

pressure. To the obtained residue, there was added



IR (KBr) [err] : 1724 NWR [err]: 1.43 (t, 3H, J =6.5 Hz), 4.45 (q, 2H, J
=6.5 Hz), 7.38 (d, 1H, J =3.5 Hz), 7.52 (d, 1H, J =8.5 Hz), 7.75 (d, 1H, J
=3.5 Hz), 8.78 (d, 1H J 15 =8.5 Hz), 10.00 (s, 1H Exanple A-2
Preparation of internediate (I1) 7-chloro-1-(4-fluoro-2-thi azolyl

)-1, 4-di hydro- 4-oxo-1, 8-napht hyri di ne-3-carboxylic acid ethyl 20

ester A m xture conposed of the ester (25@gm) obtained in Exanple 1 (4),
N-fluoro-2,6-dichloro- pyridiniumtetrafluoroborate (240 ng) and 1,2- 25

di chl or oet hang.( s, heat ed or, I : s added
to the reactigﬁg§%ﬂﬂ€%¥fi%ﬁﬁ?ﬁheaégséfpégél%w“ﬁ%%;f%£g§e§ ragigggmdth
chl orof orm Attien.t @ndbbtthyed therecvagaebdriioedover anhydrous 30 sodi um

sul fate, solveny, was dicHid +&6hi & tikndenchiadyecd pessure. The obt ai ned
resi due was purified by silica gel, colum_chromatography (el uent:
chloroforn), and the abd@%lﬁkﬁﬁn??1%3 &oﬁﬁgﬁﬂ&q%ﬁo nmg) was obtai ned by

recrystall6zation fromeﬂRnﬂKBwEtaf@. 351715 Melting point : [err]
[err] 49 '
(3) A mixture of the compound (6.5 g) ob-
tained in the above (2) with thionyl chloride (25 ml)
was refluxed for three hours. Excessive thionyl chlo-

10 ride was distilled off under reduced pressure, and crude
product was distilled under reduced pressure to give
2,4,6-trichloronicotinoyl chloride (6.6 g).

BoiTing point : 93-95C / 1 mmHg
IR (neat) em ! i 1791

16
_ (4) A solution of methylmagnesium bromide
(3M) dissolved in ether (19 m1) was added dropwise at a
temperature of OTf to a mixture composed of malonic acid
monoethyl ester (3.6 g) and tetrahydrofuran (30 ml).

20 After the resultant solfution was stirred for one hour at
room temperature, a mixture composed of the compound
(6.6 g) obtained in the above (3) and tetrahydrofuran
(30 m1) was added dropwise, and the resulting solution
was heated at 60C for one hour and a half. Solvent was

25 distilled off under reduced pressure, and aqueous solu-
tion of hydrochloric acid was added to the obtained
residue, and, then, the mixture was extracted with
chloroform. The obtained extract was dried over anhy-
drous sodium sulfate, and the solvent was distillied off

30 under reduced pressure, and, then, the obtained crude
product was distilled under reduced pressure to produce
2,4,6-trichloro-nicotinoylacetic acid ethyl ester (4.8
g).

Boiling point : 160-162C / 2 mmHg

35 IR (neat) cm ' : 1746



[ert] 5 Exanple A-3 Preparation of internediate (I1)

5, 7-dirchl or o- 1, 4- di hydr o- 4- oxo- 1- (2-t hi azol yl ) -

1, 8- napht hyri di ne-3-carboxylic acid (1) To a m xture conposed of

4-am no-2,6- 10 dichloropyridine (5.5 g), cuprous chloride (4.4 g) and
concentrat ed hydrochloric acid (50 m ), sodiumnitrite (3.5 g) was added
little by little under cooling with ice af® sodiumchloride. After the
resultant m xture was sti rred for one hour at the sane tenperature and for
15 one and a hal f hour(&l aArmb:atheepefattuheepam:tomndma&eﬁjob)j olend t he

m xt ure was e>i:tract u# CQ{,&,Q“ 342} was I\%cfa#oﬁe%fé%r&f Ngs dried

over anhydrous ascf'cﬁ ms ate sol uced
pressure to gievehy?, Zbﬁthafa:hh@t@pflﬁlﬁl ad @@SS rga)ﬂuz@d for one hourpragdeat)

[err]: 1563, 13 1f1155rh§5r?nxi333 '\Wgs["crorn]cen t%‘a%%(( Sto c?l"%négé JRdér

m xture conpose of t he conpound g). obt ai ned |n t he ove (1 nd
t et r ahydr ofur dipdused 55"?#3“"? he?Bdwaﬂ"'QGd’ed cH GRS b1 1390 éY?

n-butylithi umgghdyr 100 mt hexage2(3mi ﬁb)tharazameermera gl uner@faﬂeed]
After the resul solution was,stirred for one haour. & S2

t enper at ur e, t 'éxc e E%\?BB% 199007 AU SoMES) S \L/%s at ded (;A?Ter
stirring for aﬁ.-mp:elmtmm foenpkracuhouwss r Siccleento Was rd i stihtll ed hefif an
aqueous ‘5ol uti. g of WAIOEN 9Fe Ebd URR eV idier e Yo M ot

be aci dic, suftant solution was extracted W|th et hyl
acet at e. 10 purified by silica gel column chromatography (eluent:

chloroform), and, thus, 2—(2,4,6—tr1ch1oron1cot1noy1)-
3-(2-thiazolyl-amino)acrylic acid ethyl ester (4.0 g)
was produced by recrystallization from ethyl acetate.
Melting point : 126-127C
15 IR (KBr) cm ' : 1691

(6) A mixture composed of the compound (4.0
g) obtained in the above (5), potassium carbonate (1.5
g) and ethyl acetate (40 ml1) was heated at 60C for one
20 hour. Solvent was distilled off under reduced pressure,
and water was added to the obtained residue, and, then,
the resultant mixture was extracted with chloroform.
The obfained extract was dried over anhydrous sodium
sulfate, and the solvent was distilled off under reduced
25 pressure, and, then, the obtained residue was purified
by silica gel column chromatography (eluent: chloro-
form), and, thus, 5,7-dichloro-1,4-di hydro-4-oxo-1-
(2-thiazolyl)~-1,8-naphthyridine-3-carboxylic acid ethyl
ester (2.5 g) was obtained by recrystallization from
30 chloroform.
Melting point : 226-227°C
‘IR (KBr) cm | : 1737, 1692

(7) A mixture of the ester (1.8 g) obtained
35 1in the above (6) with 20 % aqueous solution of hydro-
chloric acid (60 m1) was heated to reflux for five



After the obtained extract was dried over anhydrous 35 sodiumsulfate ,
solvent was distilled off under reduced pressure. To the obtained residue,

thre was added 50 diisopropyl ether, and crystals were taken by filtra-
tion, and, thus, there was obtained 2,4,6-trichloronicotinic acid (6.5 Q).
Melting point @ [err] 5 IR (KBr) cm : 1715 (3) A m xture of

the conmpound (6.5 g) ob- tained in the abog (2) with thionyl chloride (25
m) was refluxed for three hours. Excessive thionyl chlo- 10 ride was
distilled off under 83% ressure, and crude ? 8duct was disti]|ed under
reduced pressu‘?%“f% gi 0Etsrs Whe Mt uronras: $ A8y PdchMatrde Wes @ dfed.

Boi ling point anfleerystals mehl@ [faKeredh y fialt]*ahoﬁZthHS t(hfé)n A tgad ution
of net hyl magne ( i ved. ] t per dded
dropwi se at a ‘fs*#%}égggﬁg?(?f Sh%ds%ﬂth ck"'a?upebgo g(q)"s%egk v%m’céjeanm d
nmonoet hyl est ekifBed Q)Taddc&dmmﬁnﬁk%ﬁdnhwﬂ(Ge4nb¥0—26(kfﬁ@naﬂ«§xk&nﬂtant
sol ution was Si'éiﬁgpBQﬁy?@%1m%u%iﬂaﬁﬁgﬁ%ff@pﬁéﬁﬁU(Q 43gfy1 xture conposed

of t he conpound (6.6 g) obtained in the ove 3% and tetrahydrofuran
Melting point :

-1 . 1729

IR (KBr) cm
Example A-4 Preparation of intermediate (II)
10 5—-amino~7-chloro-1,4~-dihydro-4-oxo-1-(2-thiazolyl) -
1,8-naphthyridine—-3-carboxylic acid

(1) A mixture of the compound (500 mg) ob-
tained in Example A-3 (6), benzylamine (140 mg), trieth-
15 ylamine (280 mg) and toluene (15 ml) was refluxed for 30
minutes. Solvent was distilled off under reduced pres-
sure, and water waé added to the obtained residue,'and,
then, the resultant mixture was extracted with chloro-
form. The obtained extract was dried with anhydrous
20 sodium sulfate, and then, the solvent was distilled off
under reduced pressure. The obtained residue was sub-
jected to recrysallization from ethyl acetate, and,
thus, 5-benzylamino-7-chloro-1,4-dihydro-4-oxo-1-
({2-thiazolyl)-1,8-naphthyridine-3-carboxylic acid ethyl
26 ester (510 mg) was produced.
Melting point : 141-143%C
IR (KBr) om ! : 1733
NMR (CDC13) d : 1.42 (t, 3H, J =7 Hz), 4.41
(q, 2H, J =7 Hz), 4.49 (d, 2H, J =6.5 Hz), 6.47 (s, 1H),
30 7.31 (d, 1H, J = 3.5 Hz), 7.32-7.40 (m, S5H), 7.70 (d,
1H, J =3.5 Hz), 9.87 (s, 1H), 11.2-11.7 (m, 1H)

(2) A mixture composed of the ester (1.0 g)
obtained in the above (1), concentrated sul furic acid (2
35 ml1) and acetic acid (8 ml) was stirred at 110C for five

hours. After cooling, 8 ml of water was added, and then,



(30 h1) was added dropw se, and the resulting solution was heated at [err]
for one hour and a half. Solvent was 25 distilled off under reduced
pressure, and aqueous solu- tion of hydrochloric acid was added to the
obt’ai ned residue, and, then, the mixture was extracted with chloroform The
obt ai ned extract was dried over anhy- drous sodium sulfate, and the sol vent
was distilled off 30 under reduced pressurgg and, then, the obtained crude
product was distilled under reduced pressure to produce . :
2,4,6-trichlorp-nicotinoylacetic .acid, ethy ter. (4.8 Boiling point, :
[err] / 2 mmggﬁg mIXture was IS‘I:}{‘(rrf'eea‘{ )2 n{” T “foyne ra HRE of

t he conpound (wWeBegltaklen baitndy ifni tteatbonea(d) wasbeld witthwlrtede €al. 2 Q)
and et hyl O”hﬁ%”?hﬁ g.%- ‘8fg)thwsabro%—”%@gniwi89%'&%&%&%". a half. The

m xture was concefntrated to dryness under reduced pressure, and, under

i ce cooling, diisopropyl Meflkama POG Nt ): ah@4226H10hot hi azole (1.6 g) were
added, and g hen, the resqhtkkgrqiﬁhpﬂe wagszsyirred at roomtenperature for
three hours. Solvent was distilled off under reduced pressure, and the
obt ai ned residue was 10 purified by silica gel colum chromatography
(eluent: chl orekemple ARE, Phreparkiidt, &Ff t1htoFaconaaet i(IAYl ) -

3 (2 Lhi azol yI=am o) BEEYLLC 126! S0 SR 6ko (- C20knigRoiguged OV

recrystallization fro dcetat'e. .
trifluoromethyl-1,8-naphthyridine-3-carboxylic acid
10 ethyl ester

(1) A mixture of 2,6-dichloro-4-trifluoro-
methylpyridine (5 g) with tetrahydrofuran (50 ml) was
cooled to -78°C , and a solution of n-butylithium (1.6 M)

15 1in n-hexane (j6 ml) was added dropwise to the mixture,
which was then stirred for 30 minutes. Then, greatiy
excessive carbon dioxide (solid) was added to this
mixture, which was subsequently stirred for one hour.
After the temperature was raised up to 0C , the mixture

20 was extracted with ethyl acetate and dilute hydrochioric
acid, and the resul tant orgnaic layer was dried over
sodium sulfate. Solvent was distilled off under reduced
pressure, and thionyl chloride (20 ml1) was added to the
obtained residue, and then, the resul ting mixture was

.25 heated to reflux for six hours. Excess thionyl chloride
was distilled off under reduced pressure, and then, the
obtained residue was distilled under reduced pressure to
give 2,6-dichloro-4-trifluoromethylnicotinoyl chloride
(3.8 g).

30 Boiling point : 77-78C / 2 mmHg

IR (neat) cm ' : 1797

{2) A drop of carbon tetrachloride was added

to a mixture of magnesium (0.36 g) with ethanol (1.5

35 m1), and then, a mixture composed of diethyl malonate
(2.4 g), ethanol (1.5 ml) and toluene (10 m1) was added



_Melting point : [err] 15 IR (KBr) cm : 1691 (6) A nmixture
conposed of the conpound (4.0 g) obtained in the above (5), potassium
carbonate (1.5 g) and ethyl acetate (40 nml) was heated at [err] for one 20
hour. Solvent was distilled off under reduced pressure, and water was
added to the obtained residue, and, then, the resultant m xture was
extracted with chloroform The obtai ned ex# act was dried over anhydrous
sodi um sul fate, and the solvent was distillTed off under reduced 25

pressure, and,, then, a|n d resi.dye urified b ilica | col um
chr omat ogr aphy? (‘é‘?"ﬂ’e%? "o Ef‘ﬁra oMy i X Ltd"rfc?’ t‘ﬁh‘sch was Subseauently
5, 7-di chl or o- s ¥ dhrdd/dfor4tewohdburs. After the mixture was cooled

(21 220, Y1) s 1 EORS 1 OGE AERBRAY GRCHfh bbofRhctale 9 var

obt ai ned by recrys i zat1 on orm er ]
(KBr) [err] ohtmimedecbne thp Aanﬁt&ﬂé<ﬁndrt9tﬁahxd(qfergy 6b0amﬂéd 35

in the aboge WAls V&&J‘egod /BQGHISQU%oS@h'ét 'nﬂ@cthréanPfcﬁm&’é' Ghéﬁ' d (60 m)
was heated to reflux for five 52 hours. After the m xture was cool ed,

wat er was addé&‘%ﬁﬁ#cf?§t5P§eﬁeP€"53kéﬁlﬁ?qqlﬁ%ﬂﬁ?Emtuéﬁd t hagn.¢ kbe
crystal s wereniasiinte Wad Rteactedgwia H Raiowcditete and dilute

hydrochloric acid, and the resultant orgnaic layer was
dried over sodium sulfate. Solvent was distilled off
10 under reduced pressure, and water (20 m1) and
p-toluenesulfonic acid (50 mg) were added to the ob-
tained residue, and then, the resulting mixture was
heated to reflux for three hours. The mixture was
subsequently extracted with chloroform and water, and
15 the resultant orgnaic layer was dried over sodium sul-
fate. Solvent was distilled of f under reduced pressure
to give 2,6-dichloro-4-trifluoromethyl-nicotinoyl acetic
acid ethyl ester (0.9 g).
IR (neat) cm ' : 1744, 1721
20 MS (m/z) : 330 (MH')

(3) A mixture composed of the compound (0.9

g) obtained in the above (2), ethyl orthoformate (0.6 g)
and acetic anhydride (0.7 g) was heated to reflux for

25 1.5 hours at 140°C , and then was concentrated to dryness
under reduced pressure.' Isopropyl ether (20 ml1) was
added to the obtained residue, and then, under ice
cooling, 2-aminothiazol (0.3 g) was added. After stir-
ring for three hours at room temperature, solvent was

30 distilled off. To this residue, chloroform and water
were added for extraction, and the resultant orgnaic
layer was dried over sodium sulfate. Solvent was dis-
tilled off under reduced pressure, and the obtained
residue was purified by silica gel column chromatography

35 (eluent: chloroform) to give 2-(2,6-dichloro-—4-
trifluoromethylnicotinoyl)-3-(2-thiazolylamino)acrylic



tified 5, 7-dichloro-1, 4-di hydro-4-oxo-1-(2-thiazolyl)-

1, 8-napht hyri di ne-3-carboxylic acid (1.4 g). Melting point : [err] IR (KBr)
Terr] : 1729 Exanple A-4 Preparation of internediate (I1) 10

5-am no- 7-chl or o- 1, 4- di hydr o- 4- oxo- 1- (2-t hi azol yl ) -

1, 8-napht hyri di ne- 3 carboxylic acid (1) A n1xture of the conmpound (500 ny)
ob tained in Exanple A-3 (6), benzylani neSP140 ny), trieth- 15 yl anine
(280 ng) and toluene- (15 mM) was refluxed for 30 m nutes. Solvent was
distilled off antdretbsilced tered0 Sif eg) and water was added to the obtained
resi due, and, then, the &nghgg Hpctlure yppgextracted with chloro- form
The obtai ned extract was drie th anhydrous 20 sodium sul fate, and then,
the sol vent was distil | eMSofm/#der 44QiMkkbr essure. The obtained resi due
was sub- jected to recrysallization fromethyl acetate, and, thus,

5-b I 1 .no- 7-chl -1 ydr.o-
(ot h azol Yy - 1. 6 napht hiAD G AL MINELIT A TROSR okt kD semeaune (BT
was produced. dﬂﬂobhg1pednﬁn ther rabdvie ((B)) éeta#suu&7&3rMHRd£€rdo 13.42

t, 3H J =7 4 H J,=6.5 Hz AT &s,
gro 30 7.31 h?) 1?? §thdy §°ﬁ§%te7¢i?7mﬁb4?n1 ?§EE9 18 (3f1fg 28
Hz), 9.87 (s, nlwutqq 2- Ethﬂ(ﬁtpelha)te( And\ vakenrwecenpdded do ttﬂte ester
(1.0 g) obtainefktdrd NeorbE%e radl i hONGEY ri&dreshii ¥aht 8%ghat? 1ayer

10 was dried over sodium sul fate. Solvent was distilled
off under reduced pressure, and the obtained residue was
subjected to recrystallization from ethyl acetate, and
thus, the above-identified 7-chloro-1,4-dihydro-4-
oxo-1-(2-thiazolyl)-5-tri fluoromethyl-1,8-naphthyridine-

15 3-carboxylic acid ethyl ester (0.27 g) was obtained.

Melting point : 184-185%C
IR (KBr) cm ' : 1736, 1703

Example A-6 Preparation of intermediate (II)
20 §,8-dihydro—-2-methanesul fonyl-5-ox0-8~
(2-thiazolyl)pyrido[2,3-d]lpyrimidine-6~carboxylic

acid ethyl ester

_ (1) A solution of malonic acid monoethyl

25 ester (12.3 g) dissolved in fetrahydrofuran (80 m1) was
cooled with ice, and then, to the resulting soiution. a
solution of methylmagnesium bromide (3 M) in ether (64
ml) was added dropwise. After the resultant mixture was
stirred for 20 minutes, a solution of 2-methylthio~-

30 4-chloropyrimidine-5-carbonylchloride (8.6 g) dissolved
in tetrahydrofuran (100 m1) was added dropwise to the
mixture, which was then stirred for two hours at a room
temperature. This reaction mixture was poured into ice
water, and then, concentrated hydrochloric acid was

35 added to the resulting solution so that pH might be
adjusted to be § - 6, and the solution was subsequently



35 m) and acetic acid (8 ml) was stirred at [err] for five hours. After
coollng 8 m of water was added, and then, 53 the m xture was stirred
at [err] for one hour. Crystals were taken out by filtration and washed
with water to give 740 nmy of the above-identified conpound. Melting point

[err] 5 IR (KBr) cm1 : 1727 Exanple A-5 Preparation of
internmediate (11) 7-chloro-1, 4-di hydro-4- -1-(2-thiazolyl)-5-
trifluoromethyl-1, 8- naphthyrldlne 3-carboxylic acid 10 et hyl ester

Lol rahydr of ur B (GRS HaENC ar'gé“”e[‘*é% TR S ket bEfofxst et Was

n-butylithiumddidéd Mvds an hydrbemrse:d(ﬂsﬁn rdu1 fabe adaded dodpente was t he
mxture, whichy; fi?@ SEFT Bﬁgg @é%%éﬂd“ﬁ#ﬁ%thgn ﬂﬁ@ﬁt'éug¥QQ%%'Ve

car bon di oxi de (so thi's mxture, whi sequently
stirred for orteiam LWaSAF?e#UFﬁédt éh’pér‘dtm% aml ¢l wan apresategrarh he

m xture 205\Mﬁbfﬁéﬁ@cteéhWbefsv&ml @WﬂEﬂﬁhéﬂﬂhiké*ﬁéthyﬁkﬁQBLQLlC acid,
and t he result(ﬂh or&nalc a eé Mﬁ3 r|e over. sod |un153 % Solvent was
GiSti et of f AkRAORERUBLA S Brosy e S-akPRIARART: & A6 fde thyd RO
added to the q@&.@ ned wesi dbeaiasd. then the resulting m xture was

IR (neat) cm"1 1743

MS (m/z) : 275 (MH')

10
(2) A mixture composed of the compound (7.95
g) obtained in the above (1), orthoethyl formate (6.80
g) and acetic anhydride (7.76 g) was heated to reflux at
130°C for one hour, and then was concentrated under
15 reduced preSsyre. Under ice cooling, diisopropyl ether

(100 m1) and 2-aminothiazol (3.28 g) were added to the
mixture, which was then stirred over night at room
temperature. Crystal was taken by filtration and then
was washed with diisopropyl! ether. This crystal was
20 dissolved in 1,4-dioxane (70 ml1), and, to the resulting
solution under ice cooling, potassium carbonate (2.72 g)
was added, and the resulting mixture was stirred at room
temperature for five hours. This mixture was cooled
with ice, and ice water (200 ml) was added to the mix-
25 ture, which was then neutratized with 10 % aqueous
solution of hydrochloric acid. Crystal was taken by
filtration, and the crystal was washed with water,
1,4-dioxane and diisopropyl ether successively, and,
thus, 5,8-dihydro-2-methylthio-5-o0x0-8-(2-thiazolyl)-
30 pyridol[2,3-d]lpyrimidine-6-carboxylic acid ethyl ester
(6.0 g) was obtained.
Melting point : 183-184T
IR (KBr) em ' : 1736

35 (3) A solution of the compound (5.99 g)
obtained in the above (2) dissolved in methylene chlo-



25 'heated to reflux for six hours. Excess thionyl chloride was distilled
of f under reduced pressure, and then, the obtained residue was distilled
under reduced pressure to give 2, 6- di chl or o- 4- trifluoronethyl nicotinoyl.
chloride (3.8 g). 30 : Boiling point : [err] [/ 2 mrHg IR (neat)
[err] : 1797 (2) A drop of carbon tetrachl oride was added to a m xture of
magnesi um (0.36 g) with ethanol (1.5 35 nmgy and then, a m xture conposed
of diethyl malonate (2.4 g), ethanol (1 5 n1) and toluene (10 M) was added

54 dropw se tq.t Xt ure subse que stirred for.two
hours. After thg' %é"ﬁa w3%of 88 ﬁngt H'\Aqi'@ce ‘E ¥%o Ssﬁﬁsﬂﬁfﬁg

conpound (3.8mgytnnqurﬁﬂj%rm%hb1aboper@§pznuttanwdﬂ&%r%ﬂughnWQ$Oadﬂ¢d5
was added droﬁW'tStelet%&] h&y Eéeurgnd\’\’@hgh AR5 1LY %ﬁi:(é@ﬂefﬂﬁy%”’t??réﬂurs

at room tenperature m xture was extracted Wt acetate and
di | ute hydrocRIV&h M ighly, ahn@?%etﬁﬂgﬁfﬁéﬂtreorgﬁ%% Tiybyracowasr thanover

SOdlUnlSU'Eat&a§ﬂ€dﬂwﬁtWW§nC&&&ébhﬁdseﬁmtﬁ@nuﬁﬂe%duﬁhﬁeﬂh96§§ﬁFéee,and
water (20 m) and p-tol uenesu fonlc a0|%_$§$ qg) wer e added o th ob- .
tai ned resi du@n GHEH, S HE T%%u?flﬁﬁ Hup s rpge pearhong r%? u® for

three hours. sHBHtnmatddirsywesus solution of sodium chlioride succes-

sively. After the mixture was dried over sodium sul-
fate, solvent was distilled off under reduced pressure.

10 Then, the above-identified 5,8-dihydro-2-me thane-
sul fonyl1-5-ox0-8-(2-thiazolyl)pyrido[2,3-d] pyrimidine-
6-carboxylic acid ethyl ester (4.48 g) was obtained by
recrystallization from a mixed solution composed of
ethyl acetate and diisopropylether.

15 Melting point : 185-187%C

IR (KBr) cm™ ' : 1741

2. Series B

20 Example B-1 Preparation of raw material compoﬁnd (II1)
Trans—-3-{(N-t-butoxycarbonyimethylamino)-

4-methylpyrrolidine

(1) Trans-3-amino-1-benzyl-4-methyl-

25 pyrrolidine (19 g) was dissolved in methylene chloride
(200 m1), and, to the resulting solution, a solution of
di-t-butyl dicarbonate (22.9 g) in methylene chloride
{20 m1) was added under ice cooling. The resultant
mixture was stirred at room temperature for one hour.

30 Then, this reaction solution was concentrated under
reduced pressure to give trans-1-benzyl-3-(t-
butoxycarbonylamino )-4-me thylpyrrolidine (28.2 g).

Melting point : 138-140C (recrystallized from
ethyl acetate-n—hexane)

35 IR (KBr)cm 3198, 1706

MS (m/z) : 291 (MH')

1



subsequently extracted with chloroformand water, and 15 the resultant
orgnaic | ayer was dried over sodiumsul- fate. Solvent was distilled off
under reduced pressure to give 2,6-dichloro-4-trifluoronethyl-nicotinoyl
aceétic acid ethyl ester (0.9 g). IR (neat) cm1 : 1744, 1721 20

MS.(mz) : 330 [err] (3) A mixture conposed of the conpound (0.9 9)
obtained in the above (2), ethyl orthoforn®e (0.6 g) and acetic anhydride
(0.7 g) was heated to reflux for 25 1 .5 hours at [err] , and then was
concentrated to dryness oaderAr§0u%edqmuxnnnsnlutb@erQQImbﬂhef 620 inim)

was added to the %egt,g%@ﬁgxgggg%g@)@ter A hy&'éi#&e'assf'ﬂ%gesved in

2- am not hi azolb'( for three hours at room
tenperature, sb@emt ofistadueineti lansy dfd . tWQ)t¢ﬁ%‘tea9d§e1uéhP0noﬂ6Fh1and

wat er were ad%é&&nﬂxuacu)oabtam.we.ﬁetsmétm&v@r emlﬁagaxaaewas dri ed

over sodiums ate. Solvent was dis- tilled of fB ce pressure,
P

and the obtti retit¥tei Buelhdd1umrdedd ise s‘f??]ch“%el EHPSf’ratrGGr"aphy
35 (eluent: ghoermf Redtet wagl he adedd, o il @% Ofdr one hour, and,

oo B LR 08, LAY | ARGl BocomBBabd Uh e

water. Then, insoluble substance was separated by
filtration, and the obtained filtrate was dried over
10 anhydrous magnesium sulfate, and solvent was distilled
off under reduced pressure. The resultant residue was
dissolved in'methy1ene chloride (100 ml), and to the
resulting solution, there was added under ice-cooling a
solution of di—-t-butyl dicarbonate (7.5 g) in methylene
15 chloride (10 m1).' The obtained mixture was stirred at
room temperature for 3.5 hours, and then, was concen-
trated under reduced pressure. The resultant residue
was purified by silica gel column chromatography (eluent
n-hexane : éthyl acetate = 5 : 1) to give trans-1-
20 benzyl-3-(N-t-butoxycarbonylmethylamino)-4-methyl-
pyrrolidine (9.9 g}.
IR (neat)cm"I : 1694
MS (m/z) : 305 (MH')

25 (3) The compound (1.52 g) obtained in the
above (2) was dissolved in ethanol (50 ml1), and, to the
resulting solution, there was added 10 % palladium
carbon (200 mg), and was absorbed a theoretical amount
of hydrogen at 50C . After the catalyst was separated

30 by filtration, solvent was distilled off under reduced
pressure, and thus, trans-3-(N-t-butoxycarbonylmethyl-
amino)—4—ﬁethylpyrro1idine (950 mg) was obtained.

IR (neat)em™' : 3337, 1685
MS (m/z) : 215 (MH')



g) bbtained in the above (3), potassium carbonate (0.13 g) and et hyl
acetate (10 nl) was heated to reflux for 15 mnutes. Ethyl acetate and
Wwat er were added to the m xture for extraction, and the resultant orgnaic
| ayer 10 was dried over sodiumsulfate. Solvent was distilled off under
reduced pressure, and the obtained residue was subjected to
recrystallization fromethyl acetate, and hus, the above-identified
7-chl oro- 1, 4-di hydr o- 4-
oxpal-(ﬁ-fhiaz@*aﬁb?é-B#EflB@&pﬁtmhybﬂLdfrﬁqﬁﬂM@tédiab-cQﬁpBuodrMdinic
acid -ethyl ester (0O . S K0htai.ne | ' : : Ra(KBr
[err] : 1736, 1703 Eﬁgng%gw%-g gbedgﬁaﬁ%ﬁ?éﬁ*ﬁ?ﬁiﬂﬁ%&?%ﬁgh?%?? 58 :

5, 8- di hydr o- 2- net hamethbkpnyirrsldxdin@-
(2-thiazolyl)pyrido[2,3-d]pyrimdine-6-carboxylic acid ethyl ester (1) A
solution of nalonic acid nonoethyl 25 ester, (12.3 g) disi | ved in
tetrahydrofran (80 n) $a3 CEGPQGWﬂWﬂTﬂWRf1%Rﬁ"fﬁgﬁf'ﬁﬁ 8ﬂéyFesuIting
ZghUélgn, &fﬂﬂyigfﬂiGEREEIhthﬁGQﬂgazndﬂgﬂﬁdﬂséﬁoﬂﬁdimneﬂbﬂhnéﬁé'ﬂ) was

e r opw se. er res ant. .m xture S k41, r LNt es, a
sol ution of Zﬁﬂ% ﬂ???ﬁpo-a§6"%4}8%h6ﬁﬁ%ﬁ??ﬁ he§§4t3?38%9|8ﬁﬁo?Pd§ §8.6 9)
aLSSEIved i n tefrihyaroauianacido were whisssaldeed dimpmethano it K858 miurne,

ich was then [ d h t r b& I tion
m xture was pdﬂﬁédéfﬁt5L§§é&ﬁgﬁe%gﬁ§H§‘?ﬂéﬁ%ggEﬁﬁgﬁf?g§2d§ﬁ g?%@hf%?ﬁé acid
was 35 added rRerabereefart Pn§oysisut i &ir evirntbated ki §artpate was taken

by filtration, and then, was subjected to recrystal-

lization with methanol and water, and thus, there was

obtained trans-3-amino-1-benzyl-4-methoxypyrrolidine
L-tartrate (14.1 g) having the following physical prop-
15 erties. Then, all the mother liquors were put together,
and the solvent was distilled off under reduced pres-
sure, and then, a saturated brine was added, and, subse-
quently, potassium carbonate was added so that the
obtained mixture might become basic. Then, the mixture
20 was extracted with ethyl acetate. The obtained extract
was washed wi th saturated brine, and was then dried over
anhydrous sodium sulfate, and solvent was distilled off
under reduced pressure. The resultant residue and
D-tartaric acid (6.73 g) were dissolved in methanol (180
25 m1), and the obtained solution was left still at room
temperature for 7 hours. Precipitated D-tartrate was
taken by filtration, and was then subjected to
recrystallization with methanol and water, and thus,
there was obtained trans-3-amino-1-benzyl-4-methoxy-
30 pyrrolidine D-tartrate (9.9 g) having the following
physical properties.

L-tartrate
Melting point : 206-208°C (decomposed)
35 [al,?® +33.0° (c = 1.003, water)



adjusted to be 5 - 6, and the solution was subsequently 56 extracted
with ethyl acetate. The obtained extract was dried over anhydrous sodi um
sul fate, and solvent was distilled off under reduced pressure. Then,
pufifica- tion was conducted by silica gel colum chromatography 5 (el uent:
chloroform, and thus, 3-(2-methylthio-4-

chl oropyri mi di n-5-yl)-3-oxopropionic acid & hyl ester (8.0 g) was obtai ned.
10 [err] (2) A m xture composed of the conpound
(7.95 g) obtained in theepdmyrtéty, aanledishyk)f or et &C,(;HGONHP-and acetic
anhydride (7.76 g) was heated to reflux at [err] foy,one jqyr, and then was
concentrated under 15 reduced pressure. Under ice ‘cool4 iy, 8 diisopropy
ether (100 m) and 2- aniGmtéw habed( 8a28eg) Caed8 ddded « B t3e: NxtGr 49 whi ch
was then stirred over night @tvgq)g?terrperguwg .g8YH 2le VP& ; tRKES . BY
filtration and then was was ed with diisopropyl ether.’ This crystal was 20
di ssol ved ®n Pﬂ¢ﬂfﬁﬁ@ﬁﬁe(70 m), and, to the resulting solution under ice
cool ing, potassium carbopeti €i hg- pdi ﬁ)t Waeoaddmrcar((hédsmnsaswnl ng mixture
was stirred at roomtenp gnme E‘a/a e ho Th| s xgure was cool ed
with ice, and ice water F §a8ed'to 2 ture, which was
then neutralized with 10Ev&quEang analysis (%) : aS 012 HgNO-

3/20‘ H6 06
10 Calculated value: C, 50.11; H, 6.31; N, 6.49
Found value: C, 50.35; H, 6.32; N, 6.47

(2) Saturated brine was added to the
L-tartrate (3.65 g) obtained in the above (1), and the
15 resu]t{ng mixture was neutralized with potassium carbon-
ate, and was then extracted with ethyl acetate. The
obtained extract was washed with saturated brine, and
was subsequently dried over anhydrous sodium sulfate.
Then, solvent was distilled off under reduced pressure,
20 and thus, there was obtained (+)-trans-3-amino-1-
benzyl-4-methoxypyrrolidine (1.23 g).
fal2’ +32.2° (c = 1.063, methanol)

(3) The compound (5.74 g) obtained in the
25 above (2) was dissolved in methanol (65 ml), and, under
ice cooling, di-t-butyl dicarbonate (7.29 g) was added
to the resulting solution, which was then stirred at the
same temperature for 30 minutes, and at room témperatqre
for 4 hours. Solvent was distilled off under reduced
30 pressure, and the resultant residue was purified by
silica gel column chromatography (eluent chloroform :
methanol = 50 : 1), and thus, there was obtained
(+)-trans-1-benzyl1-3-(t-butoxycarbonylamino)-4-
methoxypyrrolidine (8.55 g).
35 Melting point : 44-45C
[a]u29 +9.5° (c = 1.044, methanol)



solutlon of hydrochloric acid. Crystal was taken by filtration, and the
grystal was washed with water, 1,4-dioxane and diisopropyl ether

successi vely, and, thus, 5, 8- dlhydro 2- met hyl t hi o- 5- oxo0-8-(2-thi azol yl) -
pyri do[ 2, 3- d]pyrlnldlne 6-carboxylic acid ethyl ester (6.0 g) was obtai ned.
[err] 35 (3) A solution of the conpound (5.99 g) obtained in
the above (2) dissolved in nethylene chlo-gqy 57 ride (450 m) was cool ed
with ice, and, to the resulting m xture, 80 % m chl oroperbenzoic acid (9.30

was added little by Ii d the resultan | Xt ur stirred over
%l)ght at room terrpera%/uré"‘ Th«‘s %?Yt"lﬂ @'Cbﬁ’é ?‘H@_n’ggmmghza\,’\%ét #’a¥ 3 queous
sol ution of sculispestedsihf andydarowsueoticabyd nofonaof (460i mh), and, to
hydr ogencar bongg g ?@Qu?t?ﬁ%”%%ts%‘l&qlbﬁpusaéoéh'ﬁw%gfs %QQ'r%rﬁ'y@*}'oqfdr%

succes- sively. Af ture er so vent
was distilledo?tutiheer (FBdMddd ofr dhaureompoundhEd. 4t g3 gbd@d nederit fhihey

5, |8f di hlydr(!'rzd%mn(ﬂﬁ) was Iadded dropwise, and the resul tagt mixture »
AT HE A R IE AT A o UL O
sol uti on conpasixitwie ewlagl refduxies amﬁtﬁlhnuwspyéz¢hes.réegeht was
decomposed with water under ice cooling, and then,
insoluble substance was removed by filtration. Then,
10 the obtained filtrate was extracted with ethyl acetate.
The resultant extract was washed with saturated brine,
and was then dried over anhydrous sodium sulfate.
Solvent was distilled off under reduced pressure, and
the obtained residue was dissolved in methylene chloride
15 (180 ml1), and, to the resultant solution, di-t-butyl
dicarbonate (6.3 g) was added under ice cooling. The
resultant mixture was stirred at the same temperature
for 30 minutes, and at room temperature for 2 hours, and
then, solvent was distilled off under réduced pressure.
20 The resultant residue was purified by silica gel column
chromatography (eluent chloroform : methanol = 50 : 1),
and thus, there was 6btained {(+)-trans—-1-benzyl-3-
(N-t-butoxycarbonylmethyl amino) -4-methoxypyrrolidine
(8.26 g).
25 [al,?% +9.9° (c = 1.002, methanol)

(85) The desired (+)-trans-3-(N-t-butoxy-
carbonyimethylamino)-4-me thoxypyrrolidine (5.59 g) was
obtained from the compound (8.15 g) produced in the

30 above (4), in the same manner as in Example B-1 (3).
faly?? +12.5° (c = 1.051, methanol)

IR (neat) cm | : 3318, 1693

MS (m/z) : 231 (MH')

35



2. Series B 20 Exanple B-1 Preparation of raw material conpound (I11)
Trans- 3- (N-t - but oxycar bonyl net hyl am no) - 4-met hyl pyrrol idine (1)

Trans- 3- am no- 1- benzyl -4-methyl - 25 pyrrolidine (19 g) was dissolved in
met hyl ene chloride (200 m), and, to the resulting solution, a solution of
di -t-butyl dicarbonate (22.9 g) in nethylene chloride (20 m) was added
under ice cooling. The resultant mxture wgs stirred at room tenperature
for one hour. 30 Then, this reaction solutlion was concentrated under

reduced pressyre to.giye, trans-1-hbenzyl-3-(t- . :
but oxycal bony IERRNE1 LaBE3, R At e [ 245w BRterdmt semad (hh}
(recrystallized frofretfybnacSdiNe-tr~-thetkaxegaf bony1me thy 1@Ni nad -4~ %

t ol uene solution (4 i Hj s(2- met hoxyet hoxy) al um num hydri de was
di ssolved in 150 n1R%?L%6?E %3?‘32&?“%0 the resulting solution, the

conpound (10 g) obtained in the above (1) was added 5 little by little

under ice goling. The op43i ngd )y gqGndiRNNami Kbl Eb¥AS yeat-gé dhdxyel | ux for

one hour, and, after. ice cggling, excess reagent s deconposed with water.
S

Then, insol ublRY&UdLt dhee Odegar Masy eRtatned from the D-tartrate

(2.57 g) produced in Example B-2 (1), in the same manner
as in Example B-2 (2).
[al,®! -32.7° (¢ = 1.016, methanol)
10 _

{2) (-)-Trans-1-benzyl-3-(t-butoxycarbonyl1-
amino)-4-methoxypyrrolidine (4.5 g) was obtained from
the compound (3.03 g) produced fn the above (1), in the.
same manner as in Example B-2 (3).

15  Melting point : 44-45C
“'fG]DZQ -9.5° (c = '1.080, methanol)

(3) (-)-Trans-1-benzyl-3-(N-t-butoxy-
carbonylmethylamino)-4-methoxypyrrolidine (4.25 g) was
20 obtained from the compound (4.25 g) produced in the
above (2), in the same manner as in Example B-2 (4).
[al;?% -10.1° (c = 1.054, methanol)

{(4) The desired {-)-trans-3-(N-t-butoxy-

25 carbonylmethylamino)-4-methoxypyrrolidine (2.81 g) was
obtained from the compound (4.25 g) produced in the
above (3), in the same manner as in Example B-2 (5).

[al,?? -12.2° (c = 1.003, methanol)
IR (neat) cm | : 3318, 1693
30 MS (m/z) : 231 (MH')

Example B—-4 Preparation of raw materiaj compound (III)
3-(N-t-butoxycarbonylmethylamino)}-3-

me thylpyrrolidine
35
(1) 1-Benzyl-3—-(N-t-butoxycarbonylamino)-



filtration, and the obtained filtrate was dried over 10 anhydrous magnesi um
sul fate, and solvent was distilled off under reduced pressure. The

resul tant residue was dissolved in nethylene chloride (100 m), and to the
resulting solution, there was added under ice-cooling a solution of

di -t-butyl dicarbonate (7.5 g) in nethylene 15 chloride (10 m). The
obtained m xture was stirred at roomtenpeggature for 3.5 hours, and then,
was concen- trated under reduced pressure. The resultant residue was

purified by s | e col chro o aphy e exane : ethyl
acetate = é é%k#b %ér{ging g%%.@,63 W $5€51ne9 ¥rom
benzyl - 3- (N-tﬂmﬁmmy@a]bbﬁ&kﬂ%tﬁyh&MhﬂDpyrnniiﬂdnep920090dﬁnet09 Sage.

[err] 25 - manner éé), Tﬁﬁnﬁ qgognq (q 2 g) obtained in the above (2)
was di ssol ved 1 n ethanol ? to the resultlnggsolutlon t here was

added 10 % pal | adi um carbBn T?Béjnﬁw arid 3928 abtot®HedT@ T heoreti cal anount
of hydrogem at [err] . Aise(mybg capshygmulas separated 30 by filtration,
solvent was distilled off under reduced pressure, and thus,

trans- 3- (N-t-but oxycar bonyl net hyl - anino)-4-nethy|pyrro|idine (950 ny) was
obtained. [err] 59 Ex62pl t~BeRzleBa(d- torbudf oxyarambbdeyiak tbghpound

(rer) amino)-3-methylpyrrolidine (7.5 g) was obtained from the
compound (11.4 g) produced in the above (1), in the same
10 manner as in Example B-1 (2).
IR (neat) cm ' : 1697
MS (m/z) : 305 (MH')

(3) The desired 3-(N-t-butoxycarbonyl-
15 methylamino)-3-methylpyrrolidine (5.5 g) was obtained
from the compound (7.5 g) produced in the above (2), in
the same manner as in Example B-1 (3).
IR (neat) cm | : 3337, 1682
MS (m/z) : 215 (MH')
20
3. Series C

Example C-1 Preparation of desired product (I)

1,4-Dihydro-7-(trans-3-methoxy-4-methylamino-1-

25 pyrrolidinyl)-4-oxo-1-{(2-thiazolyl)-1, 8-
naphthyridine-3-carboxylic acid, its salt and its
L-Ala derivative '

(1) Triethylamine (18 ml) was added to a
30 "suspension composed of 7-chloro-1,4-dihydro-4-oxo-
1-(2-~thiazolyl1)-1,8-naphthyridine-3-carboxylic acid
ethyl ester (7.1 g) obtained in Example A-1 (4),
trans-3-methoxy-4-methylaminopyrrolidine dihydrochloride
(6.0 g) and acetonitrile (150 m1). The resulting reac-
35 tion mixture was stirred at room temperature for 5

hours, and was then concentrated under reduced pressure.



(+ )-Trans-3-(N-t-butoxycarbonyl net hyl am no) - 4- net hoxypyrroli dine 5

(1) Trans-3-anino-1-benzyl - 4-net hoxy- pyrrolidine (racenic; 22.4 g)

di scl osed i n Japanese Lai d-open Patent Publication No. 69474/ 1990 and 19.6
g of L-tartaric acid were dissolved in nmethanol (350 m), and the resulting
solution was left still at roomtem 10 perature for 7 hours. Precipitated
L-tartrate was taken by filtration, and thh, was subjected to recrystal-

i zation with nethanol and water, and thus, there was obtained tran

S- 3-ani no- 1- berem , -#n MeguboNEPBoniudiioh ref Lod didm o gd (dde dcgybbaaiteg t he
fol |l owi ng physi cal op- 15 e |es I r li X ut

t oget her, and h i) %‘g 5§nt ans Pst'i ﬁquz %’n%g(r?rre‘gggeakg?ggiagm%hgnd
then, a satumﬁh&bbufoemwasA&&éﬁdthﬁuwbtaﬂnﬁﬂ epracy wast deiednov&rbonat e

vas added SO‘!E“y%pqubéaBQQH ghﬁ%%&% méﬂ*véﬁ%“%ﬁéb@§éf1ITQﬁnofWhe

m xture 20 was racte acetate. The obtained extract was
washed wit P satnder cgedurad P&ﬁés\}&a@ st [ o"r'l%dr‘?ﬁ}é}t%ﬂﬁyﬂPﬁugugoHF&m

sul fate, and %@ﬁﬂﬁﬂ{eaasydgsnhbhe@equdnuhﬂ dﬁmbmeﬂogreﬁﬁyree1ibat
resul t ant re&éﬁubo D-tartaric acid (6. 73 i ﬁ sso ed i n_met hanol
(180 25 nl), ERECEB: Ai MEEDRBIO: i ’ef?n tFPYSa 85Fh ¥&fperature
for 7 hours. Ryietaipnédt ed49dhah|ytlrrai—é—wasramd<-éh—mgtﬂ0kvfﬁt-melhhyandﬁms- t hen
subjected to rec L n _ t 5 £56h e was
obt ai ned trans rr%%l(l) }1 ﬁ%l@ r‘ Zvr%eﬁﬁoxyqqg )Vﬁ [ d| ne %’—’t gyﬁ’rré?gﬁ%
g) havi ng tthe Stﬂ:adwnghc ac1d ethyl ester (

Melting point : 73-76C

~ (2) A solution composed of the above ester
(6.0 g) nd an 18 % aqueous solution of hydrochloric acid
15 (100 ml1) was stirred at 100C for 28 hours. Crystals
were taken by filtration, and washed with a mixed solu-
tion composed of ethanol and diisopropyl ether to give
1,4-dihydro-7-(trans-3-me thoxy—4-methylamino-1-
pyrrolidinyl)-4-oxo-1-{(2-thiazolyl)-1,8-naphthyridine-
20 3-carboxylic acid hydrochloride (Compound 1-1)(4.45 g).
Melting point : 270-273C

{(3) A solution composed of the hydrochloride
(51.5 g) obtained in the above (2), water (500 ml1) and

25 aqueous ammonia (40 ml) was stirred overnight at 50T .
Acetonitrile was added to this solution, which was then
concentrated under reduced pressure, and crystals were
taken by filtration. The crystals were washed with
water and acetonitrile to give 1,4-dihydro-7-{(trans-

30 3-methoxy-4-methylamino-1-pyrrolidinyl)-4-oxo-1-(2-
thiazo]y])—1.8—naphthyridine—S—carboxy1ic acid (Compound
1-1-1)(32.6 g).

Melting point : 290-292°C (decomposed)

35 (4) A mixture composed of the compound (2.0
g) obtained in the above (3), lactic acid (3.1 g) and



physi cal properties. L-tartr ate [err] 60 [err] ate, and was then
extracted with ethyl acetate. The obtai ned extract was washed with
saturated brine, and was subsequently dried over anhydrous sodi um sul fate.
Then, solvent was distilled off under reduced pressure, 20 and thus, there
was obtained (+)-trans-3-am no-1- benzyl - 4-met hoxypyrrolidine (1.23 g).
[err] (3) The conpound (5.74 g) obtained i&P t he 25 above (2) was dissol ved
in methanol (65 m ), and, under ice cooling, di-t-butyl dicarbonate (7.29
g) was added udsithid reabwdt &g 60l ml ) onaswhiealt edhatt IBOCstiorkkel diisthe sane

temperature g 30,41 Nyl pe, - apfl AL o LAT W ATRY A ch s 4 001ES - 1SOLUBIN

was distilled”ot r reduced 30 pressure, resul tant residue was
purified by sitlempe rpetumml verbhane b7 8gmdphwaseladded . @nbrefy? hdhet hanol =

50 : 1), and MQH% LV WRSFPPEALR®En and washed with ethanol to give
+)-trans-1-benzyl - 3- (t - but oxycar bonyl am -4- i di
é)? [err] 5 2 Qlof a 1actatg (Compguﬁg‘qe%-ZJ.HEthOXypyrrO|Idlne (8.55

Melting point : 288-291C (decomposed)

(6) To a mixture composed of the ester (1.89
g) obtained in the above (1), N-t-butoxycarbonyl-L-

10 alanine (1.26 g) and methylene chloride (80 ml), there
was added 1.27 g of 1—ethy1-3—(3—dimethy1aminopropy1)—
carbodiimide hydrochloride (WSC), and the resultant
mixture was stirred at room temperature for 3 hours.
After washed with water, the mixture was dried over

15 anhydrous sodium sulfate, and was then concentrated
under reduced pressure. The resulting concentrate was
purified by silica gel column chromatography (eluent
chloroform : methanol = 50 : 1) to give 7-{trans-3-
[N-(N-t-butoxycarbonyl-L-alanyl)]lmethylamino—-4-

20 methoxy-1-pyrrolidinyl}-1,4-dihydro-4-oxo-1-(2-
thiazolyl)-1,8-naphthyridine-3-carboxylic acid ethyl
ester (2.15 g).

Melting point : 120-123C
[a]n28 +10.2° (¢ = 1.0, chloroform)

25 A mixture composed of this ethyl ester (1.71
g), 0.5N hydrochloric acid (42 ml) and ethano1'(22m1)
was stirred under heating at 80C for 17.5 hours. The
resultant solution was concentrated under reduced pkes—
sure, and crystals were taken by filtration, and were

30 then washed with 10 % hydro-chloric acid and ethanol to
give 1.16 g of 7-[trans-3-(N-L-alanylmethylamino)-
4-methoxy-1-pyrrolidinyl]-1,4-dihydro-4-oxo-1-
(2-thiazolyl)-1,8-naphthyridine-3—-carboxylic acid hydro-
chloride {(Compound 1-1-3).

35 Melting point : 230-233C

[a]ozg +8.4° (¢ = 1.0, water)



61 (4) Lithi ' ydride (3.43 g) was suspended | )\ -
t et r ahydr of ulrhgrgh&aﬁamn)neplam to the resul ti ng suspensijofsasHEETWAS 86BN

t et rahydr of ur rr_1) of the conpound (8.4 g)| obt aikgedscnpt he 5
above (3) was , and the resultant m xture i f
tenperature f our After the m xture was refluxed for 5 hours,

excess reagent was decorrposed with water w@gder ice cooling, and then,

:cnlsol ubl e substance was rem)ved by filtration. Then, 10 the obtained
iltrate was gxtracte th ceta S &t t was washed
with saturat eg_ﬂﬂuﬁg—%agd %eﬁgdr‘}'e osérgqér?ﬁy rous Srgdl{l sul fate. -
Sol vent was distil I(Gd)-df.f4-tﬁrdwdredlltéu renesSume tharxy t4remebh ] aBineesi due

wes di ssol ved in 1 §2415x0l18Qoth caihy Ky £ - esul tant
solution, di-t- butyl I car bonate was added under ice, coo The
resul tant mixture W&Phkhytiding- %a§gﬁéyt1éﬁpé‘r"dldur Qo wpd ] 7 %t gg and

at room tegperat ur @nfri t hppd Soc RNEr § BeQComplovadt 1wes) distilled of f under
reduced pressure. 20 The resultant residue was purified by silica gel

col um chr omat ogr aphy (el uent chloroform: nethanol = 50 : 1), and thus,
there was obtai ned (+)-t@ians-Wiblenzgé-8f 7-chloro-1,4-dihydro-4-oxo-

(N-t-but oxycagbeay iRt 1EM 1107 ; ¢= REHRKRYRY bh He-B-2% ABb:aP1 43 -ad £ ]

ethyl ester obtained in Example A-1 (4) and (+)-trans-

10 3-(N-t-butoxycarbonylmethylamino)-4-methoxypyrrolidine
obtained in Example B-2, there was produced
(+)—7—[trans—3—(N—t—butoxycarbony]methy1amino)—4—
methoxy-1-pyrrolidinyl]l-1,4-dihydro-4-oxo—-1-(2-
thiazolyl)-1,8-naphthyridine-3-carboxylic acid ethyl

15 ester (amorphous) in the same manner as in Example C-1

(1).
[a]n29 -9.1° (¢ = 1.006, chloroform)

(2) The above-captioned hydrochloride (Com-
20 pound 1-2) was obtained from the ethyl ester obtained in
the above (1), according to the process described in
Example C-1 (2).
Melting point : 278-282C (decomposed)
[al,?% +24.8° (c = 0.500, water)
25
(3) A solution composed of the hydrochloride
(28.1 g) obtained in the above (2), water (300 ml) and
aqueous ammonia (25 ml) was stirred overnight at 50C ,
, and was then concentrated under reduced pressure.
30 Crystals were washed with water and methanol to give the
desired carboxylic acid (Compound 1-2-1) (19.5 g).
Melting point : 268-271°C
[al,*? +53.1° (c = 1.005, 1 N NaOH)

35 Example C-3 Preparation of desired compound (1)
(-)-1,4-Dihydro-7-(trans-3-methoxy—-4-methylamino—




(5) The desi red—(—H_t—LaHSLS—(—NLt__but oXy-

carbonylnethylan1@Q;S I|d|ne (5.59 9) ghtai-ned-—fromt he
conpound (8. 15 g) qggﬁggx. mago above (4), in THES SAPE AapEENag | N
Exanple B-1 (3) anple B-3 Pr epar{at i onR&PLAGBDMAL er || al
conmpound (I'11) (- ut oxycar bonyl met hytamno)=4=

met hoxypyrrol i d|ne 5 (1D 67

§ ) - TrﬁnsD? am no- 1- benzyl - 4- nethoxy pyrrolidine (1.01 g) was obtained
romthe D-tartrat 2. 57 din I t he sane
manner as in Exanpﬁ BrEo %%1 oxo—EX?EEt% ? %@99) irh

(-)-Trans- 1- benzylnapmﬂﬂhmntﬂqnﬁﬁﬁmmgfbOauﬂmg)a¢ﬂ#eﬂh6k9§¥h?@f1@¢ne (4.5 Q)

was obt ai ned from |u%y1 .03 g) produced in the above (1 in the
same nmanner as in g;%m%%e - (é [err] (3) (v,
(-)-Trans-1-benzyl - 3- (N-t - but oxy- carbonyl net hyl am no) - 4- met hoxypyrrol i di ne

(4.25 g) wgs 20 obtai neq 1fyr owifre @Qgpeﬁnd—(:ma&ogh Ja—adiupedré-n t he above
(2), in the Sgngxganqerj¥i1az§¥ —F gtnag4lhyLe%Jne 3-carboxylic
acid ethyl ester obtained in Example A-1 (4) and
(-)-trans-3-(N-t-butoxycarbonylmethyl amino)-4-
methoxypyrrolidine obtained in Example B-3, there was
10 obtained (-)-7-[trans-3-(N-t-butoxycarbonyl-
methylamino)-4-methoxy-1-pyrrolidinyl]-1,4-dihydro-
4-ox0o-1-(2-thiazoly1)~1,8-naphthyridine-3-carboxylic
acid ethyl ester (amorphous) in the same manner as in
Example C-1 (1).
15 n [a]DZS +9.0° (¢ = 1.002, chloroform)

(2) The above-captioned compound was obtained
from the ethyl ester produced in the above (1), accord-
ing to the procedure described in Example C-1 (2).
20 Melting point : 278-282°C (decomposed)
[al,2? -25.2° (¢ = 0.504, water)



(4)° The desired (-)-trans-3-(Nt-butoxy- 25

car bonyl net hyl am no) - 4- net hoxypyrrolidine (2.81 g) was obtained fromthe
“conpound (4.25 g) produced in the above (3), in the same nanner as in
Exanple B-2 (5). [err] Exanple B-4 Preparation of raw material conpound
(ren) 3-(N—t-butoxycarbony|nethylanino)-S-@gethyl py rrol i di ne 35 (1)
1- Benzyl - 3- (N-t - but oxycar bonyl am no) - 63°3- net hyl pyrrolidine (28.3 @)
was obt ai ned from 3-am no-1-benzyl -3-nmethyl pyrrolidine (20 g) in the sane
manner as in Bocampte 8- C-@1lpnd] &8 @Ereparation of desired compound
l-BenzyI-3-(h+é1putoxycarbonylnethyl- am no) - 3-net hyl pyrrolidine (7.5 Q)
was obtai ned fromthe conpound (11.4 g) produced in the %bqve (%?, in the
sane 10 manner as in Exafkbee fR11owing [compoynds were gbitpjped accord-

3- (N-t - but oxyGapopy| a1mes el dun)prodeddwe pys rédkediribeds.in Exangsl e
obtained fromgthe conmpound (7.5 g) produced in the above (2), in the sane
manner as ith ékéhple B-1 (3). 20

Example { Compound : : _ Melting point (C)
(o]
Y NTNT, x
N‘LS :
==/
Y’ Ra X .
_ . * - -
C-4 CH,NH Et 253-259
I N- (decomposed)
CH,0 |
1-4 Same as above H HC1 263-269
(decomposed)
c-5 H,N Et — 98-100
L
CH,4O" .
2 Same as above H HCL 268-271
{(decomposed)

*: Et denotes ethyl.
(the same applies in the

followings)



3. Series C Exanple G 1 Preparation of desired product (I)

1, 4-D’hydro- 7- (trans- 3- met hoxy- 4- net hyl ani no- 1- 25
pyrrolidinyl)-4-o0xo-1-(2-thiazolyl)-1, 8- naphthyridine-3-carboxylic acid,
its salt and its L-Ala derivative (1) Triethylamne (18 m) was added to a
30 .suspensi on conposed of 7-chl oro-1, 4-di hydr o- 4- oxo-
1-(2-thiazolyl)-l,8-naphthyridine-3-carbox%9ic acid ethyl ester (7.1 Q)
obtained in Exanple A-1 (4), trans-3-nmethoxy-4-nethyl am nopyrrolidine
dihydrochlorid@xiﬁpﬂeg¢—andPaeehomkﬁum(aﬂiﬁibimed gheduetukfdng reac- 35
tion mxture was st4r d 0 Is . ad s then
concentrated under * Sﬁcé B?eggb>$¢%q{%éﬁﬁijcw gﬁygggggﬁsasgﬁﬁtlon of
sodlun1hydrogencarbbné?ethaszaddéd 1a8d narh theeti d bme— 3 e nbexydd cercisct ed

wi th chl oroform AfﬁFEIrBQmQIPttab”Q@oﬁPHoﬁﬁﬁi Samleésouemanhudr*w%wdl um

sul fate, solvent m&g distil g 5 5 under reduced pressure, and
resul tant residue %°BE?PFPe ~By silica gel colum chronatography (eluent
chloroform: nethanol = 6 : and thus, there was obtained

1, 4-di hyd 7- 3- . . )
PR SR S Al J“Fi ?‘\gs& i ;*yrfa'ae e ) eonteining. 3zAmIn0N .

acid ethyl estreyr{®lidghe (1 6 g) was added dropwise to a suspension

composed of the ester (2.0 g) obtained in Example A-t

10 (4) and acetonitrile (80 ml). The resulting mixture was
stirred at room temperature for one hour and a half, and
crystal was taken by filtration. Thus, 7-(3-amino-1-
pyrrolidinyl)-1,4-dihydro-4-oxo-1-(2-thiazolyl1)-1,8-
naphthyridine-3-carboxylic acid ethyl ester (1.89 g) was

15 produced by recrystallization from a mixed solution
composed of chloroform, methanol and diisopropylether.

Melting point : 219-221°C

{(2) A suspension composed of the above ester
20 (1.0 g) and a 10 % aqueous solution of hydrochloric acid
(15 m1) was stirred at 95C for 3.5 hours. Crystals
were taken by filtration, and washed with a mixed soclu-
tion composed of chloroform and methanol to give
7-(3-amino—-1-pyrrolidinyl)-1,4-dihydro~4-oxo-1-(2-
25 thiazolyl)-1,8-naphthyridine-3-carboxylic acid hydro-
chloride (Compound 3)(0.93 g).
Melting point : 267C (decomposed)

(3) To a mixture composed of the ethylester
30 (2.1 g) obtained in the above (1), N-t-butoxycarbonyl-
l.—alanine (1.5 g) and methylene chloride (80 ml1), there
was added 1.6 g of 1-ethyl1-3-(3-dimethylaminopropyl)-
carbodiimide hydrochloride (WSC), and the resulting
mixture was stirred at room temperature for two hours.
35 After washed with an aqueous solution of sodium hydrogen
carbonate, the mixture was dried over anhydrous sodium



[err] (2) A solution conposed of the above ester (6.0 g) nd an 18 % aqueous
solutton of hydrochloric acid 15 (100 m) was stirred at [err] for 28
hours. Crystals were taken by filtration, and washed with a m xed sol u-
tion conposed of ethanol and diisopropyl ether to give

1, 4-di hydro-7-(trans- 3- net hoxy- 4- nethylamlyh

pyrrolldlnyl) 4- 0x0-1-(2-thiazolyl)-1,8 naph hyri di ne- 20 3-carboxylic acid

hydr ochl ori de (CO¢%.und 1-1)(4.45 g). [err] (3) A solutlon conpgsed of the
hydrochl ori de E31.f3t@. ndiwag thepheoaisand reted wider (5p8uspd BRESIS

aggegus aanm %t(r@ rﬂﬁdﬁsﬁgubéedu%&w giuname[cgrwdm AL ehogel I icod unas
added to this sqluti i C t centrated un uceg.pressure,
and crystals V\ESU"t"éﬁ%e‘?P'b?pl”IﬁiFF ﬁ" LY HRA S v%? ﬂ gno ter
and acetonitri&@1g:wy\E&n34(N+hyuu¢oRy@anhunytHL-a1any1)am1n0-1-
3- et hoxy- 4xne - 1-DYIrgo Q

. ? Sbﬁgr%mﬂu%%ﬁpg_g h 95ﬂ¥h}o A6 %2 th1azo}y1 é32 6 a).

t hi azol yl) - pht hyr i carboxylic aci
[err] 35 naphthysyidineritropebesyddse@cid terféntbmmﬁ (2.
obt ai ned in the above (EDMe1€$ﬁnga€h@ (31883 40¢ 65 dIStI||ed water (4
m) was heated at [err] tPIPQ I S- 246° (c = 1.0, chloroform)
10 (4) A mixture composed of the ester (1.4 g)
obtained in the above (3), 0.5 N hydrochloric acid (30
mi) and ethanol (16 ml1) was stirred at 70C for two
days. Solvent was concentrated under reduced pressure,
and 7—(3—Lfa1any1amino—1—pyrro1idiny])—1,4—dihydro—4—
18 oxo-1-(2-thiazolyl)-1,8-naphthyridine-3-carboxylic
acid hydrochloride (Compound 3-1) (0.77 g) was obtained
by recrystallization from 10 % hydrochloric acid and
e thanol.

Melting point : 229-231C (decomposed)
20 [a]u27 +10° (c = 0.5, water)

Examples C-7 - C-10 Preparation of desired product (1)

The following compounds were produced by
almost the same method as mentioned in Exampie C-1
25 '



sol v‘ed.\ After the resultant solution was cooled to roomtenperature,
et hanol (70 m) was added, and crystals were taken by filtration and washed

with et hanol

to give 5 2 g of a lactate (Conpound 1-1-2).

[err] (5) To a

m xture conposed of the ester (1.89 g) obtained in the above (1),
N-t - but oxycar bonyl -L- 10 alanine (1.26 g) and nethyl ene chloride (80 m),
there was added 1.27 g of 1-ethyl-3-(3-di metthyl ani nopropyl )- carbodii n de

hydr ochl ori de (WSO,
tenperature for 3 hours.

pressure.

chr omat ogr aph ofof orm ‘met hanol. = 50: 1) to gi\
[ N-(N-t-but pxycar bohyé. L- al @anyl )] et hyl@m no-4- 20
met hoxy- 1- pyrrolidipyl }-1 , 4-di hydr GOQRa
t hi azol yl) -1, 8- napht hyri di n¢- 3- car, i a&i d ethyl ester}(2.15 g). [err]
25 A mikture conposed of thik eChyl ester (1 .71 g), 0.5N
hydrochlorif acid (42 m) apd ethanol P28 ) was stirred ufder heating at
[err] for [I7.5 hours. Thefjresultant solution was concentfated under
reduced prep- sure,] and crygtals were taken by filtration, Jand were 30
then washed| wi th 10 % hydr ofehtort+e—acte—ant—ethapotr—te—gtye 1. 16 g of
7-[trans-3-[N-L-al gnyl net hy| anmi fo) - Ra
c-7 ' CH,. * Et —_ 95-97
Boc”
CH3 N-
4 CH,NH H HC1 297-299
CH, LU N- (decomposed)
CHg.py .
c-8 Boc‘NE ‘ Et — 154-156
N-
CH,™
CH;NH
5. C”‘ H HCI 279-282
CH,\ (decomposed)
c-9 CHoNH Bt | — 157-159
N-
6 | Same as the above H HCL 266-270
(decomposed)
BocNH, . .
c-10 C - Et - 238-240
CHz™
) HzN .
7 I N- H HCl1 269-271
CH;" {decomposed)

After washed with water,

and the resultant m xture was stirred at

room

the m xture was dried
over 15 anhydrous sodium sul fate, and was then concentrated under reduced

T

Jl entrate wasS puriritred by silTica
e Lopkboiy

Hertfng pofhe o)

*: Boc denotes t-butoxycarbonyl.

(the same applies in the

followings)



4-n€thoxy-1-pyrro|i di nyl ] -1, 4-di hydr o- 4- oxo- 1-
(2-thiazolyl)-1, 8 napht hyri di ne-3-carboxylic acid hydro- chloride (Conpound
1-1-3). [err] 66 Exanple C-2 Preparation of desired conpound (1)

(+)-1, 4-Di hydro- 7- (trans- 3- net hoxy- 4- net hyl am no- 1-pyrrol idinyl

) -4-oxo-1-(2-thiazolyl )-1 .8- naphthyridine-3-carboxylic acid (Conpound
1-2-1) 5 and its hydrochlorid (Comp d.1-2) (1) Wth use of

7-chl oro- 1. 4-di hydr o- 4- oxo- 1-(2-thiazolyl)-1, 8-naphthyridi ne-3-carboxylic
a

cid ethyl ester obtaiped in Exanple A- and trans-
3- (N-t - but oxy EX3BRIE et hi| nFﬁSfaJaﬁéFkuyéyq??ﬂﬁ?% HE°GBP§|2§8 in Exanpl e

B-2, there was prodneea—AminB ﬂ%p&neoaﬂ@NﬂyﬁmﬂnxyﬁafboaybHEPhylan1 no) - 4-
met hoxy- 1- pyrroI|d| di, hydr

t hi azol yl ) -1, 8- naph me? a}xi)BHCér yilc é%f%x thﬁ? ﬂ%ph§P¥F1féﬁ8rphous)
in the sane manner %mcanbﬁkahpbeacqﬂ ¥ drayali1 g2ide THeombouadcEpt i oned

hydrochl origde (Com 20 pound 1-2) was obtained fromthe ethyl ester

obtained in the above (12 according to the process described in Exanple
C1(2). 1) A mixture composed of 7-chloro-1-

(4-fluoro-2-thiazoly)-1,4-dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic acid ethyl ester (30 mg)
obtained in Example A-2, 3-(t-butoxycarbonylamino)-

10 pyrrolidine (19 mg), triethylamine (26 mg) and acetoni-
trile (10 m1) was stirred at room temperature for 30
minutes. Solvent was distilled off under reduced pres-
sure, and water was added, and fhen, the resulting
mixture was extracted with chloroform. The obtained

15 extract was dried over anhydrous sodium sul fate, and
solvent was distilled off under reduced pressure. The
resulting residue was subjected to recrystallization
with use of ethyl acetate, anq thus, there was obtained
7-(3-t-butoxycarbonylamino-1-pyrrolidinyl)-1-(4-

20 fluoro-2-thiazolyl)-1,4-dihydro-4-oxo0-1,8-
naphthyridine-3-carboxylic acid ethyl ester (40 mg).

Melting point : 233-2347C

(2) A solution composed of the above ester
25 (40 mg) and 20 % hydrochloric acid (2 ml1) was heated to
reflux for 1.5 hour. After cooling, crystal was taken
by filtration, and was then washed with dilute aqueous
solution of hydrochloric acid, and thus,_the above-
captioned Compound 8 (32 mg) was obtained.
30 Melting point : 283-284C (decomposed)

Example C-12 Preparation of desired product (I)
5-Amino~7-(3—-amino-1-pyrrolidinyl1)-1,4-dihydro-
4-oxo-1-{2-thiazolyl)-1,8-naphthyridine-3-

35 carboxylic acid hydrochloride (Compound 9)




25 7 . [err] (3) A solution conposed of the
hydrochlorlde (28.1 g) obtained in the above (2), water (300 m) and
‘aqueous amonia (25 m) was stirred overnight at [err], and was then
conhcentrated under reduced pressure. 30 Crystals were washed with water
and nethanol to give the desired carboxylic acid (Conpound 1-2-1) (19.5 Q).
[err] 35 Exanple CG3 Preparation of desi @& conpound (1)

(-)-1, 4-Di hydro-7-(trans- 3- net hoxy- 4- et hyl am no- 67

1- pyrrolidinyl)-4-o0xo0-1- ((A)} hisZAh ¥ho¢- 1+ &h1oapRi1hW-idli hyed Co <+ by i ¢ aci d
hydrochlorlde

7-chl oro-1, 4- dlﬁgggﬁﬂﬁfﬁﬁ&Qﬁf(b qh?%%BFyyfg%%ge-[ﬂﬁ?@k?fﬁhbc3a%éﬁb6}yplc
aci d ethyl estgn obttaiimed nnIEﬁanpﬁbeAAi4(4?)ammd am1nopyrrol1d1ne (800

(-)-trans- 3 (NalDyRe GRId0 N Ed i nah &5 IO SING [iRRA L FCagPS A1 NEd
in Exanple B-3 2o f utoxycar onyl -
net hyl ani nof- 4EHédeﬁyCrhnnﬂQﬂ tmwﬁyltTela 9&@Wﬁﬁﬂi‘°“ed Compound 9

4- oxo-1- (2-t hi pgly Ink)] wels NARSddYEa di ne-3-carboxylic acid ethyl ester
(amor phous) in the sane anner as in anngs? S%%%§1) [err] '

elting poin

Examp]eé Cc-13 Preparation of desired product (I)

10 The following compounds were produced by
almost the same method as mentioned in Example C-1

Example | Compound Melting point (°C)
15 No. . 0 -
COORa
a8
Y' NN . X
N4€
=/
20
Y’ Ra X
C-13 HzN Et | — 248-251
CH, N-
25 |  [TTTIT
10 Same as the above H HC1 243-246

Example C-14 Preparation of desired product (I)
30 3-Formyl-1,4-dihydro-7-(trans-3—-methoxy-4-
me thylamino-1-pyrrolidinyl )-4-oxo-1-(2-thiazolyl)-
1,8—ﬁaphthyridine hydrochloride (Compound 11)

(1) Triethylamine (13.4 m1) was added to a
35 suspension composed of 7-chloro-1,4-dihydro-4-oxo-1-
(2~thiazolyl)-1,8-naphthyridine-3-carboxylic acid ethyl



(2) "Th___e above-capti oned conpound was obtained fromthe ethyl ester produced
i'n the above (1), accord- ing to the procedure described in Exanple G 1

(2): [err] 68 Exanples C-4 and C-5 Preparation of desired conpound (1)
The follow ng conpounds were obtained accord- ing to al nost the sane
procedure as described in Exanple G 1. [err] 69 Exanple C-6 Preparation

of desired product (I) 7-(3-Am no-1-pyrrolidinyl)-1,4-dihydro-4-oxo-
1-(2-thiazolyl)-1, 8- napht hyri di ne- 3-carboxylic acid hydrochl oride (Conpound

3) and its LA acdpr i KaoVg S optaind CTRORENAIA) ALY (AEl Qidid L (10 )
-cont ai ni ng 3-am no- Eyrrollglneifﬂ}b g) was adde érop®|§é to a suspension
conposed of tHeetBexy-@2metdylaningmrrel Bthngl dipvdroghlprigded (6.5 g)
acetonitrile ($Rdhee t&Ae traAW LD MY Ur EAPRS St FPddb VRMNJIITREY at ur e
for one hour and a half, and ] ) .
room temperature, the resulting reaction mixture was
5 concentrated under reduced pressure. Then, an aqueous
solution of sodium hydrogen garbonate was added, and the
resultant mixture was extracted with chloroforﬁ. The
obtained extract was washed with saturated brine, and
was then dried over anhydrous sodium su1fate, and there-
10 after, solvent was distilled off under reduced pressure.
Methylene chloride (500 m1) was added to the obtained
residue, and, to the resultant mixture, di-t-butyl
dicarbonate (6.4 g) was added under ice cooing. .After
stirred overnight at room temperature, the resulting
15 reaction mixture was concentrated under reduced pres-—
sure, and the resultant residue was purified by silica
gel column chromatography (eluent chloroform : methanol
= 100 : 1) to give 7-[trans-3-(N-t-butoxycarbonyl-
methylamino)-4-methoxy-1-pyrrolidinyl]l-1,4-dihydro-
20 4-oxo0-1-(2-thiazolyl1)-1,8-naphthyridine-3-carboxylic
acid ethyl ester (9.1 g).
IR (KBr) em™! : 1735, 1695

MS (m/z) : 530 (vuh)

25 (2) A 1 N aqueous solution of sodium hydrox-
ide (150 m1) was added to a mixture composed of the
compound (8.95 g) obtained in the above (1) and ethanol
(150 ml1), and the resulting mixture was stirred at the
same temperature for 30 minutes, and overnight at room

30 temperature. Then, the mixture was made acidic with an
aqueous solution of -acetic acid, and was then extracted
with chloroform. The obtained extract was washed with
saturated brine, and was then dried over anhydrous
sodium sulfate. Solvent was distilled off under reduced

35 pressure, and thus, 7-[{trans-3-(N-t-butoxycarbonyl-
methylamino)-4-methoxy—-1-pyrrolidinyl]-1,4-dihydro-



crystal was taken by filtration. Thus, 7-(3-am no-1-
pyrrolidinyl)-1,4-di hydro- 4- oxo-1- (2-thi azol yl)-1, 8-

napht hyri di ne-3-carboxylic acid ethyl ester (1.89 g) was 15 produced by
recrystallization froma m xed solution conposed of chloroform nethanol
and diisopropylether. [err] (2) A suspension conposed of the above ester 20
(1.0 g) and a 10 % aqueous sol ution of hydrggchloric acid (15 nm) was
stirred at 950C for 3.5 hours. Crystals were taken by filtration, and

washed with a ji oley- ki 0 .akMm_a . {0 give
7-?3-an¥%o-l-ﬁ£%§g TSréerfﬁkg%¥§ﬁﬁ§gfggifé§gF%??gggingyiég¥dgyy%1é Y
t hi azol yl ) -1, sagagh{RynPdigde W Atvkaimed. aci d hydro- chlori de (Conpound

3)(0.93 g). [err] (3) ToM@1qukqﬁﬁﬁquppSﬁgsoisgﬁp ethylester 30 (2.1 g)
obtained in the above (1 t - hut oxyyicar bopyl - L-alanine (1.5 g) and

met hyl ene chl oride (80 n&?,wkﬁﬂ?e‘mbs addkﬁ¥§!61888f

1- et hyl - 3- (8- di met hyl am MSpKep\d)) -: BoDdotMit) de hydrochl ori de (WsC), and
the resulting m xture was stirred at roomtenperature for two hours. 35
After washed with an aqueous sol ution of sodi um hydrogen carbonate, the
m xture was dried over afBydrdies asoulixinre gompabedt oF dit wompound

concentrated uppefsr §JueBYaRn@Y in the above (2) and methanol (400
ml), there was added 2.16 g of sodium borohydride under
10 1dice cooling, and the resulting mixture was stirred for
18 minutes at the same temperature and then stirred
overnight at room temperature. Solvent was distilled
off under reduced pressure, and the obtained residue was
extracted with chloroform. The resul tant extract was
15 washed with saturated brine, and was then dried over
anhydrous sodium sulfate. Solvent was distilled off
under reduced pressure, and the obtained'residue was
subsequently purified by silica gel column chromatogra-
phy (eluent chloroform : methanol = 100 : 1) to give
20 7-[trans-3—-(N-t-butoxycarbonylmethylamino)-4-methoxy-
1~pyrrolidiny1]1-1,2,3,4-tetrahydro-4-oxo~1-(2-
thiazolyl)-~-1,8-naphthyridine (3.9 g).
IR (neat) cm | : 1690
MS (m/z) : 460 (MH')
25
(4) The compound (3.8 g) obtained in the
above (3) was dissolved in tetrahydrofuran (500 m1),
and, to the resulting solution, there was added dropwise
6.1 ml of a solution of n-butylithium (1.6 M) in
30 n-hexane at a temperature of -78C . After the obtained
solution was stirred for 30 minutes at the same tempera-
ture, ethyl formate (1.34 ml) was added, and then,
temperature was raised slowly, and the resultant mixture
was stirred overnight. Solvent was distilled off under
35 reduced pressure, and an aqueous solution of acetic acid
was added to the obtained residue, and then, the result-



surgé, and was subsequently purified by silica gel colum chromatography
(eluent chloroform nethanol = 20 : 1) to give
7-[3-(N-t-butoxycarbonyl -L-al anyl )am no-1- 5
pyfrolidinyl]-1,4-di hydro-4-oxo-1-(2-thiazolyl)-1, 8-
.napht hyri di ne- 3-carboxylic acid ethyl ester (2.9 g). [err] 10
(4) A mxture conposed of the ester (1 .47@) obt ained in the above (3),
0.5 N hydrochloric acid (30 mM) and ethanol (16 mM ) was sti rred at [err]
gor tro days.i|ﬁphwEmtumaswasneannﬁﬂuuaﬂ wiider  ¢cleblucefiopmessilihe, resai7 (
-L-al anyl amng -1 3 ol . di - ol -85
oxo-l-(2-thia§%?€€ %*i?égﬁa%ﬁfhgki |ﬁ%Fﬁﬁghﬁﬁ%§$F¥g%8a§Fbaﬁyd?SShF?ﬁ de
(Conpound 3- 1)t lfeén 7¢r pdvay eshrahysraysy satiymisy] §abe: onSea¥rn£oWAshyd
Gesi red produdt g1 ] ER Bl e e oead By amoat the
Wi onpoynds wer oduce al, pos e
sane met ho® as’ T h‘f?’bﬁéﬁ‘?”‘ﬁi&ﬂgl%‘ygaf °2’5"1me§'1y{%?‘? T°Sj_ 3L 8ty -
1-pyrrolidinyt1]-3-formy1-1,2,3, 4-tetrahydro-4-oxo-

1-(2-thiazoly1)-1,8-naphthyridine (3,87 g) was obtained.
IR (neat) cm ': 1690, 1615
'MS (m/z) : 488 (MH")

10
(5) The compound (3.6 g) obtained in the
above (4) was dissolved in 1,4-dioxane (160 ml1), and, to
the resulting solution, 2,3-dichloro-5,6-dicyanobenzo-
quinone (2.51 g) was gradually added. After the resul-

15 tant mixture was stirred for 2.5 hours, solvent was
distilled off under reduced pressure; and an aqueous
solution of sodium hydroxide was added to the obtained
residue, and the resultant mixture was extracted with
chloroform. The resultant extract was washed with

20 saturated brine, and was then dried over anhydrous
sodium sulfate. Solvent was distilled off under reduced
pressure, and the obtained residue was subsequently
purified by silica gel column chromatography (eluent
chloroform : methanol = 100 : 1) to give 7-[trans-3-

25 (N-t-butoxycarbonylmethylamino)-4-methoxy-1-
pyrrolidinyl]-3-formyl-1,4-dihydro-4-oxo-1-(2-
thiazolyl)-1,8-naphthyridine (1.73 g).

Melting point : 130-1327C
IR (KBr) cm ! : 1695, 1645, 1615
30 MS (m/z) : 486 (MH')

'(6) A mixture composed of the compound (1.65
g) obtained in the above (5), a 10 % aqueous solution of
hydrochloric acid and ethanol (40 m1) was heated at
35 50-60C for seven hours. Crystal was taken by filtra-
tion, and was then washed with ethanol and diisopropyl-



72 Exanple C- 11 Preparation of desired product (I) 7- ( 3- Ani

no- 1-pyrrolidinyl)-1-(4-fluoro-2-

thlazolyl) 1, 4- di hydr o- 4- oxo- 1, 8- napht hyri di ne- 3 carboxylic acid

hydr ochl ori de (Conpound 8) 5 (1) A mixture conposed of 7-chloro-1- (4-fluo
ro-2-thiazol y)-1,4-di hyd ro-4-oxo-1, 8 naphthyridine-3-carboxylic acid
ethyl ester (30 ng) obtained in Exanple A- 27 3-(t-butoxycarbonyl am no)- 10
pyrrolidine (19 ng), triethylamne (26 ng) and acetoni- trile (10 m) was
stirred at roo a foQr tgs n I f_under
reduced pres- gﬁ&g?pg% hag%éfpdgﬁqgghnp,g dhﬁyh¥g 9tﬁgﬁﬁggulléé?hni ure
was extract ed HroftBK1amINeh-PyIe i taybli-450xexi 4@ theiaznliet) over
anhydrous sodi uyBsHhpalty radd neolhad o dRFo Fi &él ktemp@iindindey (redisegh .
pressure. The resulting &gﬁkdue was subj ééﬁ ég re%rystalllzatlon w'th use
of ethyl acetate, and th i & PAULE oh12PRe3TC (decomposed)

7- (3-t-but &ycar bonyl ani A& {KBy)r @m |rnH3469(41696 1645
fluoro-2-thiazolyl)-1, 4- gich §y9-4;o -m pht hyri di ne- 3- carboxyllc acid
ethyl ester (40 ng). [err ¥ ] osed of the above ester 25
(40 mg) and 20 % hydrochloric acid (2 n1) mas heated to reflux for 1.5
hour. After cooling, crystal was taken by filtration, and was then washed
wi th dilute aqueous solution of hydrochloric acid, and thus, the above-



capti oned Conpound 8 .(32 ny)

4- ox0-1-(2-thiazol yl
hydr ochl ori de (Conmpound 9)

)-1, 8-napht hyri di ne-3- 35

was obt ai ned.

73 (.

[err] Exanple C 12

Preparation
of desired product (I) 5-Am no-7-(3-am no-1-pyrrolidinyl)-1,4-di hydro-

carboxylic acid
1) 5-Amino-7-chloro-1 ,4-dihydro-4-oxo-

1-(2-thiazolyl)-1, 8- napht hyri di ne-3-carboxylic acid (1.0 g) obtained in
Exanple A-4 (2) and am nopyrrolidine (800 nt8 were nade to react

the sane manner as in 5 Exanple C 1, and thus,

I n al nost
t he above-capti oned Conpound

9 (610 ng) wasEraepuessl.ciesrl Examnpl ePr@ph?rathrﬁW ale8R reld PIodrsh

product (1) 10 1
the sanme nethod as nent|QH$d
of desired product (1) 30

hydr ochl ori=le (Cbnpound 11)

ne TOIIOWI gq

|n err

Exanmp

conpounds wer e produced by al nost
| e C.14 Preparation

éowan P%P&%qﬁ/qu predysed. aaerpdr 4-
met hyl am no- 1- pper dloi dibeyIne ﬂhcdomén@iohleldazml yExampll 8- @aphbt hyri di ne

(1)

Trlethylan1ne (13.4 m) was added to a- 35

suspensi on cof §u>eu 8 chforo—t=-di nyuro 4-0OX0- I~ Melti
(2-thi azol yl ) { ¥X3m 1Fﬂ'§r| Hi ne- 3- car boxyl i %am d et hyl ng point
' Rs
| pound o COORa (°c)
No. s I |
Yy N o X
N*S
.Ri)—“_
A Rs R]’_ Y Ra X
C-15 'HzN ‘ .
CH|H |H CHa“'I N- Et| — 92-95
CH,\
12 |CH|H |H Same as the above H|HCL|  245-248
C-16 CoHzNH
CH|H H | N- Et — amorphous
CH,0"
13 |CH|H H Same as the above H | HC1 293-295
(decomposed)
c-17 .
H,N
N (H [H \CN_ Et || — 228-230
14 [N |H H Same as the above H | HC1 288-291
(decomposed)
CH3NH,
Cc-18 15 CH| NHz| H I N- H —_ 247-250
CHZ0V
CH3NH
c-19 CH|H |F ] : 3 Et | — 198-199
CH;0v
16 [CH|H F Same as the above H | HC1 277-279
(decomposed) |




74 ester (8.49 g) obtained in Exanple A-1 (4), trans-3-

nmet hoxy- 4- met hyl am nopyrrolidine di hydrochloride (6.5 g) and acetonitrile
(400 m ). After stirred overnight at roomtenperature, the resulting
reaction mxture was 5 concentrated under reduced pressure. Then, an
aqueous sol ution of sodi um hydrogen carbonate was added, and the resultant
mxture was extracted with chloroform The’8btai ned extract was washed with
saturated brine, and was then dried over anhydrous sodi um sul fate, and
there- 10 after, solvent was distilled off under reduced pressure.

Met hyl ene chloride (500 m) was added to the obtained residue, and, to the

resul tant nfxtur yI—_di carbonate (6.4 g) was added un
cooi ng. Aftp ?xg@qelre la" DFEI ght at room fgenperature, the result(-)l{elti'!‘ug pomt
reaction mgture pédnacient r at ed und/ gres- sure, ang t(I‘(e)
resul tant residue was purfified by silliclp dgl colum chromatogrgphy (el uent
chloroform{ nethanpfe= 1j00 : 1) ta'g INE -4 Krans- 3-( N-t - but oxycar bonyl -
nmet hyl am no) - 4- met hjoxy- 1-|pyrrol i dinyl]- k*ds di hydro- 20
4- oxo-1-(2-t hiazoly]l)-1, § napht hyri di nez&(car boxylit acid ethyl] ester (9.1
g). [err] 2b (2) A1 N aggeourssol ution of sodi umjhydrox- ide
(150 m) V\a§ added jto a nmi xture conposed of the _
R1 Rl' Y’ ‘Ra X
Cc-20 CH
| n . AcNH, F'9 o Et | — 152-155
nN. CH:
17 |H | H HZN‘C H | HC1 296-299
i (decomposed)
c-21 F | H HyN Et | — 246-2417
| cnaﬂ:,\n- .
18. F “H Same as the above H | HCI | 300 or higher
C-22 H |l BocNH . Bt | — | 228-229
19 |H | Cl )::: H | HC1 236-237
BocNH )
H|H D Et | — 236-238
c-23 : .
20 |H | H ]:; H | HCL 259-262
CH, (decomposed)

* Ac: acetyl




conpound (8.95 g) obtained in the above (1) and ethanol (150 m), and the
resulting mxture was stirred at the sane tenperature for 30 minutes, and
overnight at room 30 tenperature. Then, the mixture was made acidic with
an aqueous sol ution of acetic acid, and was then extracted with chl oroform
The obtained extract was washed with saturated brine, and was then dried
over anhydrous sodium sul fate. Solvent wasgg# stilled off under reduced 35
pressure, and thus, 7-[trans-3-(N-t- butoxycarbonyl

met hyl am no) - 4- met hoxy- 1- pyrrolidinyl]-1, 4-di hydr o- 75

4- 0x0- 1- (2-thiazol yl)-1, 8 napht hyri di ne- 3- carboxylic acid (7.19 g) was
obtained. [err] (3) To a mxture conposed of the conpound (7.15 g) obtained

in the above (2) and nmethanaol (400 ml), there ‘
bor ohydri de | Bxdap1d P cose ool i ng, and the resulting mxture was| Bélitinebol e
15 minutes 4t the same tefrperature and then stirred overnight G@g
tenperature{ Sol ven®oWE| distilled of fsuer uced pressure,| and’t he
obt ai ned regi due ma>Nsxtr50ted with c he resultant fextract was
15 washed wjth satufated prine, and grled over. anhydrous sodi um
sul fate. Soffvent wap dist|lled off ¥nder Ugdh ed pressure, and |t he obtai ned
resi due was
u:l
Rs Y . Ra| X
H Csz~N/\C Et | — 109-111
C-24 Boc
21 |H T H | HC1 | 300 or higher
CszNH’\C ] '
- Bt} — 208-209
C-25 CFg H,N
T
‘22 {CFg| Same as the above H | HCI 291-292
(decomposed)
' HzN .
C-26 23 | c1 ]:‘/N. ' H | HCI | 300 or higher
_ H ' Et| — | 128-132
. BocNH _
c-27 . N-
24 |0 | Hzn’j:N HHCL| 285-288
Cl (decomposed)




sub§équent|y purified by silica gel colum chromatogra- phy (el uent
chloroform: nethanol = 100 : 1) to give 20
7-[trans-3-(N-t-butoxycarbonyl net hyl am no) - 4- net hoxy-
1-pyrrolidinyl]-1,2,3,4-tetrahydro-4-ox0-1-(2-.thiazolyl)-1,8-naphthyridi ne
(3.9 9. 25 [err] (4) The conpound (3.8 g) obtained
in the above (3) was dissolved in tetrahydBafuran (500 m), and, to the
resulting solution, there was added dropwise 6.1 m of a solution of

n-butylithi umgstafphe CR280 IPhG@FEt B ndoFeaREA #bU" § rldd¥ rdr) After the

obt ai ned sol ut Tred f. 0 m nujes he .sane tenper.g-, fure,

othol for ot o (1 o4l Dy sy Coring nacme byl BRd Ao WATHY AP S by,

and the resul tant npyirud iddnydt)-r4-ask@ver (2gbhiaz8diyidrtt ,\8xs distilled off

under 35 reduced pr f N Ac tign of { id was added
R BN Ry r3ol A SRS P} U1 w879 Chy A itk

to the obtai ned resi hen, the tés m xture was
extracted wth chl of6pmPaunth@S)esul - tant extract was washed with
saturated brine, and was then dried over anhydrous sodi um sul fate. Sol vent

was distilled off under reduced pressure, and thus, 5 .
7-[trans-3- (N-t - but oxycakBadny Widthy! 86 9b) 72chEP RExy > 4~dihyd ro-4-oxo-
1-pyrrolidinyl{-82fenigkolyd )3 14 8-aid@iynly 6idi A¥O3-carboxylic acid

1-(2-thia20|yléi%y§rggggah%g€gi%% %W?ﬁEg;mg?g RQHakQSdhnd trans-3-

10 methylamino-4-methylthiopyrrolidine, there was obtained
1,4-dihydro-7-(trans-3-methylamino—-4-methyl thio-1-
pyrrolidinyl)-4-oxo-1-(2-thiazolyl)-1,8~-naphthyridine-3-
carboxylic acid ethyl ester in the same manner as in
Example C-1 (1).

15 Melting point : 164-165C

(2) The above-captioned compound was produced
from the ethyl ester obtained in the above (1), in
accordance with the process mentioned in Examplie C-1

20 (2).
Melting point : 271-272%C

4. Series D

25 Example D-1 Preparation of liquid agent

Prescription

Compound 1-1 ' 2 g
30 Sorbi tol ' 850 ¢
Sodium hydroxide appropriate amount
Distilled water for injection appropriate amount
1000 mi

35



[err] 10 (5) The conpound (3 6 g) obtained in the above (4) was dissol ved
in 1,4-dioxane (160 m ), and, to the resulting solution,

2, 3-di chl oro-5, 6- dlcyanobenzo- qgui none (2.51 g) was gradually added. After
thé resul- 15 tant mxture was stirred for 2.5 hours, solvent was
distilled off under reduced pressure, and an aqueous solutlon of sodi um
hydr oxi de was added to the obtained reS|du§ and the resultant m xture was
extracted with chloroform The resultant extract was washed wi th 20

sat ur at ed brid%reaadamﬁsntNGdhmdexiover anhydr ous sodi um sul fate. Sol vent
was distilled off under gﬁﬂ"pﬁe§§ ﬂbf981095?b”9q E%ﬁh@Mﬁ-M@s
subsequently purified by silica gel unn chromat ogr aphy (el uent

chl orof orm neR@aBhopf=digdi 1ed G’Qﬁﬁfe fror timheckions apf theuresicalponyl

t”ﬁ_t hyl | arr} )no) dlwﬂg?ﬁu- Wg‘tewrvila@ |7a3<£Hé’B’|s1[.o3tﬁ92:”HH &f4tflbhy¢rsm4:amo 1-(2-
i azo a ri e s : r re osed

t he conpgu (ﬁ°g39b?“gﬂfgh&é&%I?Q#ﬂégﬁﬂwg %? Qa 10 éau§83§ &Wﬂﬂ?ﬁlof
hydrochl oric aﬁiﬁtanddehﬁ&MOh(muhuﬂénQW$iheateGOaZZSEmDetb]gﬁ@b even

hours. C)ystal]¥@31&a¥gp ijgégyg%_tion, and was then washed with ethano
and dii sopropy

10 Example D-2 Preparation of freeze-dried agent

Prescription

Compound 1-1 . 1g
15 Manni tol 5 g
Sodium hydroxide appropriate amount
Distilled water for injection appropriate amount
100 m1

20
Preparation method _

Compound 1-1 and mannitol were dissolved in
part of distilled water for injection, and the residual
distilled water was added so that pH of the resul tant

25 solution might be adjusted to be 5.0. This solution was
filtered with a membrane filter (0.22 pm), and the ob-
tained filtrate was freeze-dried to give a powder agent

for injection.

30
Industrial Applicability

‘The compound of this invention is useful as
medicine, in particular as anti-tumor agent, for mammals

including human beings.



77, éther to give 3-fornyl -1, 4-di hydro-7- (trans- 3- net hoxy- o
4- et hyl am no- 1- pyrrolidinyl)-4-oxo-1-(2-thiazolyl)- 1,8-naphthyridine
hydrochl ori de (Conpound 11) (1.05 g). [err] 78 Exanples C- 15 - C 27

Pr &parati on of dQ§LL99ﬁ9%9ﬂ;§L1(') The fol |l owi ng conmpounds were produced
ing to the netho i-oned-in Exanple C-1. [err] (deconposed)

[T —

accord-
79 [err]

1.

Pyridone-carboxylic acid derivatives which

have the following general formula (I), or salts there-

of:

R; O
2 |22
0
4’L§
Y "N N (1)
N/
\f
(Ry)m
wherein
R, is a hydrogen atom, a lower alkoxy group, a

1
halogen atom, a Tower alkyl group which may be

substituted with halogen atom, or a phenyl
group which may be substituted with halogen
atom;

R2 is a carboxyl group or a group convertible
to a carboxyl group;

R3 is a hydrogen atom, an amino group which
may be protected, a halogen atom or a lower
alkyl group which may be substituted with
halogen atom;

A is nitrogen atom or CH;

m is an integer of 1 or 2; and

Y is an eliminable group or a group haiing the

following formula Y'



81 Exanmple G 28 Preparation of desired product (1)
174- Drhydro-7-(trans- 3- net hyl am no- 4- rrethylthlo 1-

‘pyrrolidi nyl)-4-ox0-1-(2-thi azolyl)- - napht hyri di ne- 3-carboxylic acid
hydrochl ori de 5 ( Conpound 25) (1) Wth use of

7-chl oro-1, 4-di hHanmum"”mmphl azol yl') -1, 8-napht hyri di ne- 3-car boxylic
acid ethyl ester le A-1 (8a and trans-3- 10
net hyl am no- 4- met hyl © hitopyrr 8l i ti ne, there was obt ai ned .

1, 4-di hydro-7- (trans- 3- net hyl am no- 4- net hyl t hi o- 1-

pyrrol i di nyl)-4-oxo-1-(2-thiazol yg -1, 8-naphthyridine-3- carboxylic acid
ethyl ester in the sanme manner as |4nyE_x_ ey C1 (1). [err] (2) The
above-captioned conpound was prod fr )\Q

above (1), in accordance with the process

et hyl ester obtained in the
ned in Exanplg GJd 20 (2).

[err] 4. Series D 25 Exanple D-1 Preparationf of Nd qui d agent cr| ption
Conpound 1-1 2 g Sor bi t ol
50 g Sodi um hydr oxi de a&nswri ate anount Distilled water
for injection appropriate anmount 1000 -

wherein

R4 is a hydrogen atom or a lower alkyl group;
Z is a hydrogen atom, a lower alkyl group or a
group convertible to a hydrogen atom;

Rﬁ'is a hydrogen atom, a halogen atom, a lower
alkoxy group, a lower alkylthio group or a
lower alkyl group which may be substituted
with halogen atom;

n is an integer of 0 or 1; and

p is an integer of 1, 2, 3 or 4.

2. The pyridone~carboxylic acid derivatives or
salts thereof of claim 1 wherein Y is an eliminable

group in the above formula (I).

3. ' Pyridone-carboxylic acid derivatives having
the following formula (I-a) or salts thereof:

R; O
R,. R
z-N—(CHyn A% ] 2
; S
N° °N” -
' N (I-a)
(Rs)p - NS
L/
(Ry)m

wherein

R1 is a hydrogen atom, a lower alkoxy group, @&



35 ° 82 Preparation nethod: Conpound 1-1 and sorbitol were dissolved in
art _of distilled water for injection, and the residual distilled water was
added so that pH of the resultant 5 solution might be adjusted to be 4.0.
Thi's solution was filt ane filter (0.22 pm to give a
liquid for injection. mnmm‘mwmnﬂepar ation of freeze-dried agent
Prescri pti on Conpound 1 g 15 Manni t ol

5 g Sodi um hydr oxi de approprlate anount Distilled water
for injection appr opr hat egenpatoml0@ moﬁHthbpaTayroupnwthﬂ @aypdend
1-1 and mannitol were di p 0 I or ction,
and the residual dlst|||§§B§£$gPt%gsqédﬁ' %#ﬁ 39 bfg?hé ggﬁ??ant 25
sol ution m ght be adjustedoup bb1§h0maﬁﬂhﬁs§ﬂhntbhuhﬁ§ wi thehed ogiemh a
menbrane filter (0.22 [epibh, and the ob- tained filtrate was freeze-dried

to give a powder agent for Injection.
R2 is a carboxyl group or a group convertible

to a carboxyl group;

R3 is a hydrogen atom, an amino group which
may be protected, a halogen atom or a lower
alkyl group which may be substituted with
halogen atom;

Ry
Z is a hydrogen atom, a lower alkyl group or a

is a hydrogen atom or a lower alkyl group;

group convertible to a hydrogen atom;

Rs is a hydrogen atom, a halogen atom, a lower
alkoxy group, a lower alkylthio group or a
Tower alkyl group which may be substituted
with halogen atom;

A is nitrogen atom or CH;

m is an integer of 1 or 2;

nis an integer of 0 or 1; and

p is an integer of 1, 2, 3 or 4.

4, The pyridone-carboxylic acid derivatives of
claim 3 whose salts are either salts derived from the
carboxyl group of R, of formula (I-a) or acid addition
salts derived from the basic substituent group portion
which is bound to the 3-position of the 1-pyrrolidinyl
group.

5. The pyridone-carboxylic acid derivatives or
salts thereof of claim 3 wherein the group convertible
to a carboxyl group in R2 of formula (I-a) is a formyl

group or an ester.

6. The pyridone-carboxylic acid derivatives or
salts thereof of claim 3 wherein the group convertible



30 I'ndustri al Applicability - The compound of this invention is useful as
n€§|C|ne in particular _as anti-tunmor agent, for mammal s includi ng human
beings 83 CLAIMS 1 . — Pyridene-carboxylic acid derivatives which
have the follow ng el ), or salts there- of: [err] wherein
[err] is a hydrogen m’m’ﬂm&pﬂ]@xy group, a hal ogen atom a | ower

al kyl group which may* be su i wth ﬁﬁlogen atom or a phenyl group
whi ch nmay be substituted with hal ogen.atom [err] is a carboxyl group or a
group convertitbbeat bydrogemoatoyromnpl ¢ &r Fprmsla Kfcradgeirs aamnam dnoam no
group whi ch ney.bg péggggga$re%iygﬁgmgeapggyggea | ower al kyl group which

may be substituted wth hal ogen at om Is nitrogen atomor CH mis an
i nteger of 1 or 2; and
7. Pyridone-carboxylic acid derivatives having

the following formula (I-b) or salts thereof:

R,..
Z'~N—(CHy)n (I-b)
(Rs)p
wherein

R' is a hydrogen atom, a lower alkoxy group, a
halogen atom, a lower alkyl group which may be
substituted with halogen atom, or a phenyl
group which may be substituted with halogen
atom;

Ra' is a hydrogen atom, amino group, halogen
atom or lower alkyl group which may be substi-
tuted with halogen atom;

Ry
Z' is a hydrogen atom or a lower alkyl group;
R

§
alkoxy group, a lower alkylthio group or a

is a hydrogen atom or a lower alkyl group;
is a hydrogen atom, a halogen atom, a lower

lower alkyl group which may be substituted
with halogen atom;

A is a nitrogen atom or CH;

m is an integer of 1 or 2;

n is an integer of 0 or 1; and

P is an integer of 1, 2, 3 or 4.

8. The pyridone-carboxylic acid derivatives or



Y.is an elimnable group or a group having the following fornmula Y
LQ;L]~[err] Is a hydrogen atomor_a | ower al kyl group; .Z is a hydrogen
atont a lower alkyl group or a group convertible to a hydrogen atom R5 is
a Hydrogen atom a ha“mmmm"m,me al koxy group, a lower alkylthio
group or a |lower alKky be substltuted wi th hal ogen atom n
Is an integer of 0 or: d ptissan*inte®f of 1, 2, 3 or 4. 2.

The pyridone-carboxyllc aC|d derivatives or salts thereof of claim1
wherein Y is anabtsnthebéefgbdupﬁaimiﬂawﬂnn&ﬁdcﬁrﬁéaCﬂljn formula

Pyri done- carbqg ? acid derivatives having the followng formula (I-a) or
salts thereof: {er ] wherein [err] is a hydrogen atom a |ower al koxy
group, a 85 hal ogen atom a | ower al kyl group which may be

9. The pyridone-carboxylic acid derivatives or

salts thereof of claim 7 wherein both m and p are 1, and

n is 0 in formula (I-b).

10. The pyridone-carboxylic acid derivatives or
salts thereof of claim 7 wherein A is CH, both m and p
are 1, n is 0, R1 is a hydrogen atom or a fluorine atom,
R3' is a hydrogen atom, R‘ is a hydrogen atom or a lower
alkyl group, Z' is a hydrogen atom, RS is a Tower alkyl
group or a lower alkoxy group in formula (I-b).

11. The pyridone-carboxylic acid derivative of
claim 1 or 3 which is either 1,4-dihydro-7-(3-methoxy-
4-methylamino-1-pyrrolidinyl)-4-oxo-1-{(2-thiazolyl)-
1,8-naphthyridine-3-carboxylic acid or a compound con-

vertible thereto.

12. The pyridone-carboxylic acid derivative of
claim 11 which is either cis isomer or trans isomer of
1,4-dihydro-7-(8-methoxy-4-methylamino-1-pyrrolidinyl)-
4-0ox0-1-(2-thiazoly1)-1,8-naphthyridi ne-3-carboxylic
acid, or an optically active substance thereof, or a
compound convertible thereto.

13. An anti~tumor agent which contains, as an
effective ingredient, either the pyridone-carboxylic
acid derivative of formula (I-a) of claim 3 or physio-
logically acceptable salts thereof.

14. An anti-tumor agent which contains, as an
effective ingredient, either the pyridone-carboxylic
acid derivative of formula (I-b) of claim 7 or compounds

convertible thereto.



supStituted with hal ogen atom or a phenyl group which nmay be substituted
mﬁlh hal ogen atom [erT] Ts & Cdruuxyr—group or a group convertible to a
carboxyl group; [err] n1 an am no group which may be

pr ot ected, a hal ogen ﬂlﬁa “Em m kyl group which may be substituted
wi t h hal ogen atom [er atom or a |lower alkyl group; Zis a
hydr ogen atom a | ower al kyl group or p convertible to a hydrogen
atom J[err] is a hydrogen atom a halogen atom a | ower al koxy group, a

| ower al kyl t hit&.group orThe | @nki-htpr goemt wfi o atwy bd eubb4ivldied with
hal ogen at ot 14 gh WIdPOFoP! PRLOR rERemBNE 37 AR afl s lofr 2 0 IS an
I nteger of O or Is an Inte , or 4. The

pyri done- carb@ﬁﬂﬂﬁ?kﬂﬂ(ﬁwmwrvafl§8 igdf tameirm 3 whose salts are either
salts derived fromthe carboxyl group of [err] of formula (I-a) or acid
addition salts derived fromthe,basic substi r.ou ortion.which. s
bound to the g-eposition- et?ugglfgk’f"f’b'l P&lerw:l 3”0‘1}%‘ p1§) whereiy said
pyri done- car beoyl-sb laicd dtwies  vasi Yeakem igalotrs ntd*lergmdnbfly:hahams.mher ein
the group convertible

17. The anti-tumor agent of claim 15 wherein said
solid tumor is such one as occurs in tissues of 1lung,
breast, stomach, skin, ovary, uterus, intestine, urinary
bladder, nasopharynx, head and neck, esophagus, liver,
biliary tract, pancreas, kidney, testis, prostate, bone

or brain.

18. A pharmacological composition which comprises
both the pyridone-carboxylic acid derivatives of formula
(I-a) of claim 3 or of formula (I-b) of claim 7 or
physiologically acceptable salts thereof, and a pharma-

cologically acceptable carrier.

19. The composi tion of claim 18 wherein said

carrier is a solvent.

20. The pharmacological composition of claim 18

which is in the form of a solution.

21. The pharmacological composition of c¢laim 20
which is an agent for injection or transfusion.

22. The pharmacological .composition of claim 18

which is a freeze-dried preparation.

23. A process for preparing pyridone—carboky1ic
acid derivatives of the following formula (I-a) or salts

thereof:



fd
to,a carboxyl

gste(. 6.

group in [err] of fornmula (1-a) is a formyl group or an

The pyridone-carboxylic acid derivatives or salts thereof

of ctaim3 mhereln-%he—g#eup—een#e#%+ble 86 to a hydrogen atomin Z of

formul a (1-a)

i's

an am no acid residue or a peptide residue. 7.

Pyri done- car boxyl i c fuﬂ Hﬂ I " ﬁﬂnhaV|n the following fornula (1-b) or
salts thereof: [err] a hy ogen atom a | ower al koxy

group, a hal ogen aton1 a | owner aIkyI group which nay be substituted with
hal ogen atom or a phenyl group which may be substituted with hal ogen atom
[err] is a hydrogen atom am no group, hal ogen atom or |ower al kyl group

whi ch may be substi- tuted with hal ogen atom
group;
is a hydrogen atom a hal ogenNtto({GHa)hower
group or a lower alkyl group which y he s

| ower - al kyl

i ©a hydrogen atomor a
a l kyl group; [err]
_2 a lower alkylthio
V\./Ith tﬁl_%%en atom

[err] i54a hydr ogen atom or

| (Rg)p "N

(Ry)m

R

wherein A, Rl’ RZ' R3’ R 5 Z, m, n and p

4
are as defined in claim t,

which is characterized in that a compound having the
following general formula (II) or salts thereof

L/k\N N (11)

wherein L is an eliminable group, and A, Ri’
R2, R3 and m are as defined in claim 1,

is made to react with a cyclic amine having the follow-

ing

general formula (III)

Ry,
zfﬂ—(CHz)n .

NH (III)

(Rs)p

wherein R4, R5 ., n and p are as defined in



A L§ a nitrogen atomor CH mis an integer of 1 or 2, nis an integer of O

Ok=1; “and p is an Imteger—of—H—2; 4. 8. The

pyrldone car boxyl i rlvatlves or 87 salts thereof of claim?7
wherein Ais CHin fs,m ,@mwu | I‘n The pyri done- car boxyl i ¢ acid
derivatives or salt 7 e|n both mand p are 1, and n
is Oin forrmula (lI-b). 10. , The pyr| e carboxylic acid derlvatlves

or salts thereof of claim7 wherein Ais CH both mand p are 1, nis O,
[err] is a hydrogen aton¢baim fll.uorine atom [err] is a hydrogen atom
[err] is a hydrogen atomor a |ower alkyl group, Z' is a hydrogen atom
[err] is a lower alkyl group or a | ower alkoxy group. |n formula (l-b). 11.
The pyri done- &tboxylic %c?ﬂ°8§?§v§l°i"vé’r(9fp§ﬂ‘d?9n Ry 6id gngncebpVdjitther

1, 4-di hydr o- 7-a(c?i-dTﬁié10K\Yat1 ves of the following formula (I) or salts

4- nethylanlno ?é I|d|nyI) 4- 0xo0- 1-(2-thiazolyl)-

1, 8- naphthyrl carboxylic acid or a conpound con- vertible thereto.
12. The pyrldone carboxylic_acid derivative of claim1ll which is
either cis isomer or trans isoner o)

1, 4-di hydro- 7- ( 3- met hoxy- 4- et hyl

1 No 1-pwq£olidinyl)-

N (1)

L/
(Ry)m

wherein A, Y, RI’ Rz. R3 and m are as defined
in claim 1,
which comprises subjecting a compound having the follow-
ing general formula (IV) /

R; O
A/ R2
A,
Y N NH (IV)

N
\:'-.-./
(Ry)m

wherein L is an eliminable group, and A, RI .

Rz, R3’ Y and m are as defiﬁed in claim 1,
to a ring closing reaction.



4- oxo0- 1- ( 2- thlazolyl) 1, 8- naphthyrldlne 3- carboxyllc acid, or an optically
Iastlve subst ance thereof or a canpound :convertible thereto. 13. An
‘ant ivs t unor agent which contalns a$ an effecti've i ngredient, either the
pyTi done- car boxylic acid derivatlve of formula (I-a) of claim3 or physio-
| ogically acceptable salts thereof. 14. An anti-tunor agent which
contains, as an effective ingredient, eitf® the pyridone-carboxylic acid
derivative of formula (I1-b) of claim7 or conpounds convertibl e thereto.
88 88 15. The anti-tunor agent ofapgTRADTIL3 or 14 which is an agent
for the treatnent or prophylaxis of non-solid tunor or solid tunor. 16.
The anti-tunor agent of claim 15 wherein said non-solid tunor is | eukem a
or malignant |ynphoma. Tihis inveﬂhéoanfb]h&m&‘tqynﬁrtﬂoméabarﬁwaﬂdbein
said solid tugRs g Yeiiih & \¥edSo PCEHESfUhtoga%esfoqud gorbégﬂ st omach,
skin, ovary, uterus, intestine, urinary bla nasophar ynx, ead and
neck, esophagﬁ@eﬂqoﬁer biliary tract, pancreas, kidney, testis, prostate,
bone or brain. 18. A pharnacological conposi tion which conprises

(Ry)m
wherein
Rl is a hydrogen atom, a halogen atom, etc.,

R2 is a carboxyl group etc.,

R3 is a hydrogen atom etc.,

A is a nitrogen atom or CH,

mis 1 or 2, and

Y is an eliminable group or a group having the
following formula:

R,. .
Zz-N—(CHy)n

N-
(Rs)p

wherein

R4 is a hydrogen atom or a lower alkyl
group,

Z is a hydrogen atom, a lower alkyl

group, etc.,



bo-h t he pyridone-carboxylic acid derivatives of formula (1-a) of claim3
: gﬁaonfTornula (I-b) of claim?7 or physiologically acceptable salts thereof,
anqéé pharma- col ogically acceptable carrier. 19. The conposition of
claim 18 wherein said carrier is a solvent g520. The phar macol ogi cal
conposition of claim18 which is in the formof a solution. 21. The
- phar macol ogi cal conposition of _claim?2 ich is . an age for iLpnjection or
transfusion. 22. The phaﬁhabﬁlﬁgﬁngéggﬂp ﬁqﬂkﬁ%zﬁoﬁ?aiﬁfkgthich is
a freeze-dried preparation. 23group, elcprocess for preparing
pyridone-carboxylic acid derivgtiyeg gf yhe following formula (1-a) or
salts thereof: 89 [err] wherein Eerr] dre as defined in claim1, which
is characterized in that a conpoifdlinha®in@ ©fe 4ol | owi ng general fornul a
(1) or salts hhqreef driydds sder€) P thé SprBpalakiBabloF AHike cdlpdunds)r],
[err] and mare as defined.in claimil, is mad§ to r.e%ct with a C’¥C|IC am ne
havi ng t he fol Pof. further to anti-tumor agents which contain the above

compounds as effective ingredients.



ing general fornula (I11) [err] wherein [err] n and p are as defined in
90 cl.aim 1. 24. A process for preparing pyridone-carboxylic acid
derivatives of the following formila (1) or salts thereof [err] inclaiml
whi ch conpri ses subjecting a conpound having the foll ow ing.-general
formula (1V) [err] wherein L is an elimnable group, and A [err], [err]
and mare as defined in claiml1, to a ring closing reaction.

66

Example C-2 Preparation of desired compound (I)
(+)-1,4-Dihydro-7-(trans-3-methoxy-4-methylamino-
1-pyrrolidinyl )-4-oxo-1-(2-thiazolyl)-1,8-
naphthyridine-3-carboxylic acid (Compound 1-2-1)

5 and its hydrochlorid (Compound.1-=2) H

(1) With use of 7-chloro-1,4-dihydro-4-oxo-
1-(2—thiazon1)—1,8—naphthyridine-3-carboky1ic acid '
ethyl ester obtained in Example A-1 (4) and (+)-trans-

10 3-(N-t-butoxycarbonylmethylamino)-4-methoxypyrrolidine
obtained in Example B-2, there was produced
(-)—7-[trans-3-(N—t~butoxycarbonylmethylamiqo)—4-
methoxy-1-pyrrolidinyl]-1,4-dihydro-4—-oxo-1-(2- '
thiazolyl)-1,8-naphthyridine~-3-carboxylic acid ethyl

15 ester (amorphous) in the same manner as in Example C-1

(1). -
[a]n29 -9.1° (¢ = 1.006, chloroform)

(2) The above-captioned hydroch16ride {Com-
20 pound 1-2) was obtained from the ethyl ester obtained in
the above (1), according to the process described in
Example C-1 (2).
Melting point : 278-282C (decomposed)
[a]n29 +24.8° (¢ = 0.500, water)
25 _
{3) A solution composed of the hydrochloride
{(28.1 g) obtained in the above (2), water (300 ml) and
aqueous ammonia (25 ml) was stirred overnight at 50C ,
and was then concentrated under reduced pressure.
30 Crystals were washed with water and methanol to give the
desired carboxylic acid (Compound 1-2-1) (19.5 g).
Melting point : 268-2717C
[al,*? +63.1° (c = 1.005, 1 N NaOH)

35 Example C-3 ‘Preparation of desired compound (1)
(-)-1,4-Dihydro-7-(trans-3-methoxy—-4-methylamino-




ot
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1—pyrr01idiny1)-4—oxo-1—(2-thiazo1y1)—1.8¥
* naphthyridiﬁe-3-carboxy1ic acid hydrochloride
(Compound 1-3)

(1) With use of 7—chloro-1,4-dihydro-
4-oxo-1-(2-thiazoly1)-1,8-naphthyridine-3-carboxylic
acid ethyl ester obtained in Example A-1 (4) and
(-)—trans—3-(N-t-bu{oxycarbonylmethy1amipo)—4—
methoxypyrrolidine obtained in Example B-3, there was
obtained (+)-7-[{trans-3-(N-t-butoxycarbonyl-
methy1amino)-4—methqu—1—pyrro1idinyl]—1,4—diﬁydro—
4-oxo-1-(2-thiazoly1)-1,8-naphthyridi ne-3-carboxylic
acid ethyl ester (amorphous) in the same manner as in
Example C-1 (1). _

[a]n29 +9.0° (c = 1.002, chloroform)

(2) The above-captioned compound was obtained
from the ethyl ester produced in the above (1), accord-
ing to the procedure described in Example C-1 (2).
Melting point : 278-282C (decomposed) '

[alp2? -25.2° (¢ = 0.504, water)



