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(57) ABSTRACT

Nitrogen-containing heterocyclic carboxamide derivatives
represented by the following general formula:

Rl

L g

YN} R*

O

N
A
N

wherein ring A 1s a substituted or unsubstituted pyrazine,
pyrimidine, pyridazine or triazine ring; R' is O or OH; R*is a
hydrogen atom, an acyl group or a substituted or unsubsti-
tuted carbamoylalkyl or carboxyalkyl group; and the broken
line represents a single bond or a double bond; or salts thereof
are useiul for preventing and treating virus infections and
especially influenza virus infections.

24 Claims, No Drawings
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NITROGEN-CONTAINING HETEROCYCLIC
CARBOXAMIDE DERIVATIVES OR SALTS

THEREOFK AND ANTIVIRAL AGENTS
COMPRISING THE SAME

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is Reissue of non-provisional application

Ser. No. 09/788,992, filed on Feb. 20, 2001, now U.S. Pat. No.
6,787,544, which 1s a continuation-in-part of PCT/JP99/
04429, filed on Aug. 18, 1999, of which the entire disclosure
including specification, claims, drawings and summary are
incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to antiviral agents comprising,
a nitrogen-containing heterocyclic carboxamide derivative or
a salt thereof.

BACKGROUND ART

Nowadays, antiviral agents are selected and put to use 1n
accordance with the objective viruses. For instance, Acyclo-
vir and Vidarabine are used against herpes viruses; Ganci-
crovir and Foscarnet are used against cytomegalo virus; and
interferon 1s used against hepatitis viruses.

Influenza virus 1s a central virus of the cold syndrome,
which has attacked human being periodically to cause many
deaths amounting to tens millions. Although the number of
deaths shows a tendency of decrease 1n the recent years owing
to the improvement 1n hygienic and nutritive conditions, the
prevalence of influenza 1s repeated every year, and 1t 1s appre-
hended that a new virus may appear to cause a wider preva-
lence.

For prevention of influenza virus, vaccine 1s used widely, in
addition to which low molecular weight substances such as
Amantadine and Ribavirin are also used.

Amantadine 1s used for prevention and treatment of influ-
enza. Its function mechanism 1s said to consist 1n inhibiting
the fusion between influenza virus and cell membrane, and 1t
1s effective against A-type influenza virus. Its problems are,
however, that 1t 1s ineflective against B type influenza virus,
its resistant virus appears, and 1t causes side ellects such as
nerve disturbance. Although Rimantadine which 1s a deriva-
tive of Amantadine has a more improved antiviral activity, the
problem of side eflect 1s not overcome by it. Ribavirin which
1s a guanosine derivative shows a viral RNA polymerase-
inhibitory activity and 1s effective upon A type and B type
influenza viruses. Its internal use, however, brings about no
sufficient clinical effect.

The present invention provides an antiviral agent exhibit-
ing a preventive effect and a therapeutic eflect against various
viruses, especially influenza viruses.

DISCLOSURE OF THE INVENTION

The present inventors have conducted researches and stud-
1ies on compounds showing an antiviral activity against vari-
ous viruses, especially ifluenza viruses. As a result, 1t has
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been found that pyrazine carboxamide derivatives have an
anti-influenza virus activity. The inventors conducted further
studies to find that mtrogen-containing heterocyclic carboxa-
mide denivatives represented by the following general for-
mula [1]:

N
A
N

wherein ring A represents a substituted or unsubstituted pyra-
zine, pyrimidine, pyridazine or triazine ring; R* represents O
or OH; R” represents a hydrogen atom, an acyl group or a
substituted or unsubstituted carbamoylalkyl or carboxyalkyl
group; and the broken line represents a single bond or a
double bond; or salts thereot exhibit an excellent antiviral
activity against A-, B- and C-type of mfluenza viruses and
other various viruses, these compounds have low cytotoxicity
and are useful as an antiviral agents of high safety, as well as
that novel N-containing heterocyclic carboxamide deriva-
tives represented by the following general formula [1a]:

wherein ring A' represents a pyrazine ring substituted with a
halogen atom, a hydroxyl group or an oxide group; R' repre-
sents O or OH; R” represents a hydrogen atom, an acyl group
or a substituted or unsubstituted carbamoylalkyl or carboxy-
alkyl group; and the broken line represents a single bond or a
double bond; or salts thereol exhibit an excellent antiviral
activity. Based on these findings, the present invention has
been accomplished.

The present invention will be described 1n detail below.

Unless otherwise indicated, the term “halogen atom™ used
in this specification means a fluorine atom, a chlorine atom, a
bromine atom or an 1odine atom; the term “alkyl group”
means a straight or branched chain C, _, alkyl group such as
methyl, ethyl, n-propyl, 1sopropyl, n-butyl, isobutyl, sec-bu-
tyl, tert-butyl, pentyl and the like; the term *“‘alkenyl group™
means a straight or branched chain C,_, alkenyl group such as
vinyl, allyl and the like; the term “cycloalkyl group” means a
C,_« cycloalkyl group such as cyclopropyl, cyclopentyl,
cyclohexyl and the like; the term “‘alkoxy group™ means a
straight or branched chain C,_. alkyl-O— group such as
methoxy, ethoxy, n-propoxy, 1sopropoxy, n-butoxy, i1sobu-
toxy, sec-butoxy, tert-butoxy, pentyloxy and the like; the term
“cycloalkyloxy group” means a C,_. cycloalkyl-O— group
such as cyclopropyloxy, cyclopentyloxy, cyclohexyloxy and
the like; the term “alkylthio group” means a straight or
branched chain C,_. alkyl-S— group such as methylthio,
cthylthio, n-propylthio, 1sopropylthio, n-butylthio, 1sobu-
tylthio, sec-butylthio, tert-butylthio, pentylthio and the like;
the term “alkylamino group” means an amino group substi-
tuted with one or more straight or branched chain C, _, alkyl
groups such as methylamino, ethylamino, propylamino, buty-
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lamino, pentylamino, hexylamino, dimethylamino, diethy-
lamino, methylethylamino, dipropylamino, dibutylamino,
dipentylamino and the like; the term “cycloalkylamino
group’ means a C,_4 cycloalkyl-NH— group such as cyclo-
propylamino, cyclopentylamino, cyclohexylamino and the
like; the term “halogenoalkyl group” means a halogen-sub-
stituted C,_, alkyl group such as trifluoromethyl, trichloro-
methyl, chloromethyl and the like; the term “aryl group”
means a phenyl group, a naphthyl group and the like; the term
“aryloxy group” means an aryl-O— group such as phenyloxy,
naphthyloxy and the like; the term “arylthio group™ means an
aryl-S— group such as phenylthio, naphthylthio and the like;
the term “arylamino group” means an aryl-NH— group such
as phenylamino, naphthylamino and the like; the term “acyl
group’ means a C,_. alkanoyl group such as formyl, acetyl,
propionyl, butyryl, 1sobutyryl, valeryl and the like and an
aroyl group such as benzoyl, naphthoyl and the like; the term
“alkoxycarbonyl group” means a straight or branched chain
C,  alkoxycarbonyl group such as methoxycarbonyl,
cthoxycarbonyl, n-propoxycarbonyl, 1sopropoxycarbonyl,
n-butoxycarbonyl, 1sobutoxycarbonyl, sec-butoxycarbonyl,
tert-butoxycarbonyl, pentyloxycarbonyl and the like; the
term “alkylcarbamoyl group” means a carbamoyl group sub-
stituted with one or more straight or branched chain C, _. alkyl
groups such as methylcarbamoyl, dimethylcarbamoyl and the
like; the term “‘carbamoylalkyl group” means a straight or
branched chain C, _. alkyl group substituted with a carbamoyl
group such as carbamoylmethyl, carbamoylethyl, carbamoyl-
1sopropyl and the like; the term “carboxyalkyl group” means
a straight or branched chain C, _; alkyl group substituted with
a carboxyl group such as carboxymethyl, carboxylethyl, car-
boxyisopropyl and the like; the term “heterocyclic group™
means a 4-, 5- or 6-membered ring or a fused ring thereof
having, as the hetero atoms constituting said ring, at least one
heteroatoms selected from the group consisting of oxygen
atom, nitrogen atom and sulfur atom, such as oxetanyl, thi-
ctanyl, azetidinyl, turyl, pyrrolyl, thienyl, oxazolyl, 1sox-
azolyl, imidazolyl, thiazolyl, isothiazolyl, pyrrolidinyl, ben-
zoluranyl, benzothiazolyl, pyridyl, quinolyl, pyrimidinyl and
morpholinyl; and the term “oxide group” means an oxygen
atom linked to a nitrogen atom 1n a ring. The term “lower”
means that the number of carbon atoms 1s 1 to 6.

The protecting group for carboxyl group includes any
groups which can conventionally be used as a protecting
group for carboxyl group. The examples thereol include alkyl
groups such as methyl, ethyl, n-propyl, i1sopropyl, 1,1-dim-
cthylpropyl, n-butyl, tert-butyl and the like; aryl groups such
as phenyl, naphthyl and the like; aralkyl groups such as ben-
zyl, diphenylmethyl, trityl, p-nitrobenzyl, p-methoxybenzyl,
bis(p-methoxyphenyl)methyl and the like; acylalkyl groups
such as acetylmethyl, benzoylmethyl, p-nitro-benzoylm-
cthyl, p-bromobenzoylmethyl, p-methanesulfonylbenzoylm-
cthyl and the like; oxygen-containing heterocyclic groups
such as 2-tetrahydropyranyl, 2-tetrahydrofuranyl and the
like; halogeno-alkyl groups such as 2,2,2-trichloroethyl and
the like; alkylsilylalkyl groups such as 2-(trimethylsilyl)ethyl
and the like; acyloxyalkyl groups such as acetoxymethyl,
propionyloxymethyl, pivaloyloxymethyl and the like; nitro-
gen-containing heterocyclic alkyl groups such as phthalimi-
domethyl, succinimidomethyl and the like; cycloalkyl groups
such as cyclohexyl and the like; alkoxyalkyl groups such as
methoxymethyl, ethoxymethyl, 2-(trimethylsilyl)ethoxym-
cthyl and the like; aralkoxyalkyl groups such as benzyloxym-
cthyl and the like; alkylthioalkyl groups such as methylthi-
omethyl, 2-methylthioethyl and the like; arylthioalkyl groups
such as phenylthiomethyl and the like; alkenyl groups such as
1,1-dimethyl-2-propenyl, 3-methyl-3-butenyl, allyl and the
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like; substituted silyl groups such as trimethylsilyl, triethyl-
silyl, trusopropylsilyl, diethylisopropylsilyl, tert-butyldim-
cthylsilyl, tert-butyldiphenylsilyl, diphenylmethylsilyl, tert-
butylmethoxyphenylsilyl and the like; etc.

In general formula [1], ring A represents a pyrazine ring, a
pyrimidine ring, a pyridazine ring or a triazine ring. More
specifically, ring A represents any of the following structures:

N N
DRGEON
N 2 2 N %2 %2
\/ / \N/;’ N’/’

In the structures above, the mark *1 expresses the position of
substitution with R*, and the mark *2 expresses the position
of substitution with —C(—QO)NHR".

The carbamoylalkyl or carboxyalkyl group represented by
R* may be substituted with at least one substituent selected
from the group consisting of halogen atoms; alkyl groups
unsubstituted or substituted with hydroxyl, alkoxy, alkylthio,
aryl, amino or alkylamino groups; halogenoalkyl groups; alk-
enyl groups; cycloalkyl groups; hydroxyl groups; alkoxy
groups; cycloalkyloxy groups; alkoxycarbonyl groups; mer-
capto groups; alkylthio groups unsubstituted or substituted
with one or more aryl groups; aryl groups; aryloxy groups;
arylthio groups; arylamino groups; cyano groups; nitro
groups; amino groups unsubstituted or substituted with one or
more acyl groups; alkylamino groups; cycloalkylamino
groups; acyl groups; hydrazino groups; carboxyl groups; car-
bamoyl groups; thiocarbamoyl groups; alkylcarbamoyl
groups and heterocyclic groups.

Of ning A represented by general formula [1], preferred are
pyrazine ring, pyrimidine ring and triazine ring, and more
preferred 1s pyrazine ring. The substituent on ring A includes
groups selected from the group consisting of halogen atoms;
alkyl groups unsubstituted or substituted with one or more
hydroxyl, alkoxy, alkylthio, aryl, amino or alkylamino
groups; halogenoalkyl groups; alkenyl groups; cycloalkyl
groups; hydroxyl groups; alkoxy groups; cycloalkyloxy
groups; alkoxycarbonyl groups; mercapto groups; alkylthio
groups unsubstituted or substituted with one or more aryl
groups; aryl groups; aryloxy groups; arylthio groups; ary-
lamino groups; cyano groups; nitro groups; amino groups
unsubstituted or substituted with one or more acyl groups;
alkylamino groups; cycloalkylamino groups; acyl groups;
hydrazino groups; carboxyl groups; carbamoyl groups; thio-
carbamoyl groups, alkylcarbamoyl groups and heterocyclic
groups. Ring A can have one or more of the above-mentioned
substituents. Further, the substituent on ring A 1s preferably
linked to carbon atom of the ring.

The salt of the compound of general formula [1] includes
any usually known salts formed at the site of basic groups
such as amino group and salts formed at the site of acidic
group such as hydroxyl and carboxyl groups. The salts
tormed at the site of basic group include salts of mineral acids
such as hydrochloric acid, hydrobromic acid, sulfuric acid
and the like; salts of organic carboxylic acids such as tartaric
acid, formic acid, citric acid, trichloroacetic acid, trifluoro-
acetic acid and the like, and salts of sulfonic acids such as
methanesulfonic acid, benzenesulifonic acid, p-toluene-
sulfonic acid, mesitylenesulfonic acid, naphthalenesulfonic
acid and the like. The salts formed at the site of acidic group
include salts of alkali metals such as sodium, potassium and
the like; salts of alkaline earth metals such as calcium, mag-
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nesium and the like; ammonium salts; and salts of nitrogen-
containing organic bases such as trimethylamine, triethy-
lamine, tributylamine, pyridine, N,N-dimethylaniline,
N-methylpiperidine, N-methylmorpholine, diethylamine,
dicyclohexylamine, procaine, dibenzylamine, N-benzyl-{3-
phenethylamine, 1-ephenamine, N,N'-dibenzylethylenedi-
amine and the like. Among the salts mentioned above, pre-
terred are pharmacologically acceptable ones.

Typical compounds represented by general formula [1] are

shown 1n Tables 1 to 4.
In the tables shown below, the abbreviations have the fol-
lowing meanings:
Me: methyl
Et: ethyl
1Pr: 1sopropyl
tBu: tert-butyl,
Ph: phenyl
Ac: acetyl

Bz: benzoyl
R2a: —CH (COOH) CH,COOH
R2b: —CH (CH,) CONHCH (CH,) COOH

TABLE 1
Gy OH
677 N
(y NHR”
2
~7Z
O

No. G, G, Gy G, G

1 N CH CH N H

2 N CH CH N—=0O H

3 N CH CH N Ac

4 N CH CH N Bz

5 N CH CH N C(O)}tBu

6 N CH CH N CH-,CONH,

7 N CH C—C(I N H

8 N CH C—DBr N H

9 N CH C—OH N H
10 N CH C—OMe N H
11 N CH C—OELt N H
12 N CH C—OiPr N H
13 N CH  C—O-cyclopropyl N H
14 N CH C—NHMe N H
15 N CH C—NMe, N H
16 N CII C—NH-cyclopropyl N H
17 N CH C—NHAc N H
18 N CH C—NHBz N H
19 N CH C—NHPh N H
20 N CH C—SH N H
21 N CH C—SMe N H
22 N CH C—COOH N H
23 N CH C—COOMe N H
24 N CH C—COOEt N H
25 N CH C—CONH, N H
26 N CH C—CSNH, N H
27 N CH C—CONHMe N H
28 N CH C—CONMe, N H
29 N CH C—ELt N H
30 N CH C—iPr N H
31 N CH C—CCl; N H
32 N CH C—CF, N H
33 N CH C—CH)CI N H
34 N CH C—CH,—SMe N H
35 N CH C—CH,—OMe N H
36 N CH C—CH,—Ph N H
37 N CH C—CH,—NH, N H
38 N CH C—CH,—OH N H
39 N CH C—CH,—NHMe N H
40 N CH C—CH=—CH, N H
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TABLE 2
No. G G, G G, R’
41 N CH C—Ph N H
42 N CH C-pyridin-3-yl N H
43 N CH C-furan-2-yl N H
44 N CH C-thiophen-2-yl N H
45 N CH C-thiazol-2-vyl N H
46 N CH C-pyrrolidin-1-yl N H
47 N CH C-piperidin-1-yl N H
48 N CH C-morpholin-4-yl N H
49 N CH C—CN N H
50 N CH C—NO, N H
51 N CH C—Bz N H
52 N CH C—Ac N H
53 N C—CONH, C—NH, N H
54 N C—NH, C—COOH N H
55 N C—NH, C—COOMe N H
56 N C—ClI C—COOMe N H
57 N C—OMe C—Me N H
58 N C—COOH C—Me N H
59 N C—COOH C—NHMe N H
60 N C—COOMe C—Cl N H
61 N C—COOMe C-piperidin-1-yl N H
62 N C—OMe C—CN N H
63 N C—Me C—Me N H
64 N C—Ph C—Ph N H
65 N C—F CH N H
66 N C—ClI CH N H
67 N C—DBr CH N H
68 N C—OH CH N H
69 N C—OMe CH N H
70 N C—OET CH N H
71 N C—O-1Pr CH N H
72 N C-cyclopropyl CH N H
73 N C—OPh CH N H
74 N C—NH, CH N H
75 N C—NHMe CH N H
76 N C—NMe, CH N H
77 N C-cyclopropyl CH N H
78 N C—NHPh CH N H
79 N C—NHAc CH N H
80 N C—NHBz CH N H
TABLE 3
No. G, G, G, G, R?
81 N C—COOMe CH N H
82 N C—CF, CH N H
83 N C—Ph CH N H
84 N C-pyridin-4-yl CH N H
85 N C—CN CH N H
86 N C—NO, CH N H
87 CH N CH N H
88 CH N CH—Me N H
89 CH N C—Et N H
90 CH N C-1Pr N H
91 CH N C—F N H
92 CH N C—Cl N H
93 CH N C—DBr N H
94 CH N C—Ph N H
95 CH N C—OH N H
96 CH N C—OMe N H
97 CH N C—OELt N H
98 CH N C—O1Pr N H
99 CH N C—SH N H
100 CH N C—SMe N H
101 CH N C—S—CH-Ph N H
102 CH N C—SPh N H
103 CH N C—NH, N H
104 CH N C—NHMe N H
105 CH N C—NMe, N H
106 CH N C-pipertdin-1-yl N H
107 CH N C—NH—Ph N H
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TABLE 3-continued
No. G, G- G, G, R”
108 C—OH N C—SH N H
109 C—OH N C—NH, N H
110 C—Me N C—OH N H
111 N CH N CH H
112 N C—F N CH H
113 N C—Cl N CH H
114 N C—F N C—Me H
115 N C—Cl N C—FEt H
116 N C—OMe N C—OH H
117 N C—NH, N C—OH H
118 N C—NHACc N C—OH H
119 N C—SH N C—OH H
120 N C—SMe N C—OH H
TABLE 4
No. G, G, G G, R
121 N C—Me N C—NHMe H
122 N C—Ph N C—OH H
123 N C—Me N C—OH H
124 N C—Me N C—S—Ph H
125 N C—Me N C—Cl H
126 N C—Me N C—OMe H
127 N C—Me N C—OPh H
1286 N C—Me N C-morpholin-4-yl H
129 CH CH N N H
130 CH C—OH N N H
131 CH C—Me N N H
132 N CH N N H
133 N C—C(] N N H
134 N C—Me N N H
135 N C—OMe N N H
136 N C—NH, N N H
137 N C—NHAc N N H
138 N C-pyndin-4-yl N N H
139 N N CH N H
140 N N C—Br N H
141 N N C—OH N H
142 N N C—O1Pr N H
143 N N C—NHPh N H
144 N N C-thiazol-2-yl N H
145 N N C—SH N H
146 N N C—SMe N H
147 N N C—Cl N H
148 N N C—NHNH, N H
149 N N C—Ph N H
150 N N C-pyridin-2-yl N H
151 N N C-thiophen-2-yl N H
152 N N C—NHMe N H
153 N N C—NMe, N H
154 N CH C—F N H
155 N CH CH N R2a
156 N CH CH N R2a

The mitrogen-containing heterocyclic carboxamide deriva-
tives represented by general formula [1] or salts thereof are
commercially available or can be produced according to any
of known processes or analogous processes or by a combina-
tion thereof. As the papers describing the production pro-
cesses thereof, J. Am. Chem. Soc., 71, 78 (1949); J. Am.
Chem. Soc., 78,242-244 (1956); J. Heterocycl. Chem., 15(4),
665-670 (1978); I. Chem. Soc., 1379 (1955); U.S. Pat. No.
5,597,823 etc. can be referred to.

More specifically, the nitrogen-containing heterocyclic
carboxamide derivatives represented by general formula [1]
or salts thereof can be produced according to the following
Production Processes 1 to 3.

10

15

20

25

30

35

40

45

50

55

60

65

Production Process 1

R*—NH,
[4]

/\.
A
\/

wherein R", R, ring A and broken line are as defined above,
and R represents a protecting group for carboxyl group.
(1-a)

A compound of general formula [1] can be obtained by
reacting a compound of general formula [2] with a compound
of general formula [4].

The solvent which can be used 1n this reaction 1s not par-
ticularly limited, so far as it causes no adverse effect on the
reaction. The examples ol the solvent include alcohols such as
methanol, ethanol, 1sopropyl alcohol and the like; haloge-
nated hydrocarbons such as dichloromethane, chloroform,
dichlorocthane and the like; aromatic hydrocarbons such as
benzene, toluene, xylene and the like; ethers such as dioxane,
tetrahydrofuran, anisole, diethylene glycol diethyl ether, dim-
cthyl cellosolve and the like; nitriles such as acetonitrile and
the like; amides such as N,N-dimethylformamide, N,N-dim-
cthylacetamide and the like; and sulfoxides such as dimethyl
sulfoxide and the like. These solvents can be used 1n admix-
ture.

The compound of general formula [4] 15 used at least 1n an
equimolar amount to the compound of general formula [ 2],
and preferably 1n an amount of 1.0-5.0 mole per mole of the
compound of general formula [2].

This reaction can be carried out usually at 0-100° C. and
preferably at 20-80° C., for a period of 5-24 hours and prei-
erably for 30 minutes to 10 hours.

(1-b)

A compound of general formula [1] can be obtained by
subjecting a compound of general formula [3] and a com-
pound of general formula [4] to a dehydrating condensation
reaction.

The solvent which can be used in this reaction 1s not par-
ticularly limited, so far as it causes no adverse effect on the
reaction. The examples of the solvent include ethers such as
dioxane, tetrahydrofuran, anisole, diethylene glycol diethyl
cther, dimethyl cellosolve and the like; halogenated hydro-
carbons such as dichloromethane, chloroform, dichloroet-
hane and the like; and amides such as N,N-dimethylforma-

mide, N,N-dimethylacetamide and the like. These solvents
can be used 1n admixture.

The compound of general formula [4] can be used at least
in an equimolar amount to the compound of general formula
[3] and preferably 1n an amount of 1.0-2.0 mole per mole of
the compound of general formula [3].

The dehydrating condensing agent which can be used 1n
this reaction includes, for example, 1,3-dicyclohexyl carbo-
diimide, N,N'-carbonyl dimidazole, 1-ethyl-3-(3'-dimethy-
laminopropyl)carbodiimide and the like.
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The dehydrating condensing agent can be used at least in an
equimolar amount to the compound of general formula [3]
and preferably 1n an amount of 1.0-2.0 mole per mole of the
compound of general formula [3].

This reaction can be carried out usually at 0-100° C. and
preferably at 20-60° C., for a period of 5 minutes to 24 hours
and preferably for 30 minutes to 10 hours.

Production Process 2

Production Process 2

NH NHR?

O
5]

wherein R', R”, ring A and broken line are as defined
above, and R” represents a lower alkyl group.

A compound of general formula [1] can be obtained by
subjecting a compound of general formula [5] to alkyl-ether
SC1SS101.

More specifically, in a case where R* is a methyl group, the

reaction can be carried out according to the description of
PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, Sec-

ond edition, JOHN WILEY & SONS, pp. 145-199 (1991) or

by an analogous method.
Production Process 3

R P
A Acylatiﬂn* A
\H/NHz \/\I.rNHREE
O O
[1b] |1c]

wherein R', ring A and broken line are as defined above, and
R*a represents an acyl group.

A compound of general formula [1c] can be obtained by
subjecting a compound of general formula[1b] to acylationin
the presence of an acid-eliminating agent.

The solvent which can be used 1n this reaction 1s not par-
ticularly limited, so far as it causes no adverse efiect on the
reaction. The examples of the solvent include ethers such as
dioxane, tetrahydrofuran, anisole, diethylene glycol diethyl
cther, dimethyl cellosolve and the like; aromatic hydrocar-
bons such as benzene, toluene, xylene and the like; haloge-
nated hydrocarbons such as dichloromethane, chloroform,
dichloroethane and the like; amides such as N,N-dimethyl-
formamide, N,N-dimethylacetamide and the like; water; etc.
These solvents can be used 1n admixture.

The acylating agent can be used at least in an equimolar
amount to the compound of general formula [1b] and prefer-
ably 1n an amount of 1.0-2.0 mole per mole of the compound
of general formula [1b].

The acid-eliminating agent used 1n this reaction includes,
for example, pyridine, triethyl-amine, sodium hydrogen car-
bonate and the like.

The acid-eliminating agent can be used at least 1n an
equimolar amount to the compound of general formula [1b]
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and preferably 1n an amount of 1.0-2.0 mole per mole of the
compound of general formula [1b].

This reaction can be carried out usually at 0-100° C. and
preferably at 20-60° C., for a period of 5 minutes to 24 hours
and preferably for 30 minutes to 10 hours.

In the Production Processes 1-3, the compounds of general
tormula [2], [3], [4], [5] and [1b] can be replaced with their
salt, respectively. As the salts, the same ones as mentioned for
the compound of general formula [1] can be used.

Some of the compounds of general formulas [2], [3], [4],
[5] and [1b] and salts thereof may have various 1somers such
as optical 1somers and position 1somers, and solvated prod-
ucts. In such cases, any of these 1somers and solvates may be
used 1n the present mvention.

The compound of general formula [1c] thus obtained can
be converted to salts thereof. The salts include the same ones
as mentioned for the compound of general formula [1].

The objective viruses of the antiviral agent comprising the
nitrogen-containing heterocyclic carboxamide derivative
represented by general formula [1] or salt thereof according,
to the present invention include A-, B- and C-type influenza
viruses, papilloma virus, adeno virus, A type hepatitis virus,
B type hepatitis virus, C type hepatitis virus, bovine viral
diarrhea virus (surrogate virus for C type hepatitis virus),
polio virus, echovirus, Coxsackie virus, entero virus, rhino
virus, rota virus, Newcastle disease virus, mumps virus,
vesicular stomatitis virus, respiratory syncytial virus, and
Japanese encephalitis virus. The antiviral agent of the present
invention exhibits an especially high effect against influenza
VIruses.

By combining the nitrogen-containing heterocyclic car-
boxamide derivatives of the present invention represented by
general formula [1] or salts thereof with conventional known
excipients, adjuvants and additives, pharmaceutical prepara-
tions such as solutions, suspensions, powders, granules, fine
granules, tablets, capsules, syrups, elixirs, spirits, troches,
gargles, acrosols, etc. can be obtained. These pharmaceutical
preparations can be administered either orally or non-orally,
namely by injection, percutaneous administration, intrarectal
administration, intranarial administration, etc.

The method of adminmistration, dosage and frequency of
administration of the antiviral agent of the present invention
can be properly selected depending upon the age, body
weilght and symptom of the patient. Usually 1 to 10 mg/kg of
the nmitrogen-containing heterocyclic carboxamide derivative
or a salt thereof can be admimistered to an adult either at once
or 1n several portions.

Next, antiviral activity and cytotoxicity of the nitrogen-
containing heterocyclic carboxamide derivatives of the
present mnvention represented by general formula [1] or salts
thereof will be explained.

Sample:

A nitrogen-containing heterocyclic carboxamide deriva-
tive represented by general formula [1] or a salt thereot was
dissolved 1n dimethyl sulfoxide to prepare a solution having a
concentration of 10 mg/mL. At the time of use, the solution
was diluted with a culture medium to a predetermined con-
centration and then put to use.

As the host cell of influenza virus, MDCK cell (canine
kidney cell) was used. For the cytotoxicity test, Vero cell
(monkey kidney cell) was used.

Culture medium:

In the multiplication of MDCK cell and Vero cell and in the
cytotoxicity test using Vero cell, E'-MEM (product of Nissu1)
to which 10% fetal bovine serum had been added was used.
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In the measurement of antiviral activity, E'-MEM (product
of Nissu1) to which 1% bovine serum albumin had been added

was used.

Test Example 1

(Anti-influenza Activity)

MDCK cells were seeded to a 6-well plate (product of
CORNING) at 5x10° cells/well, and cultured overnight at 35°
C. 1n 5% CO,-air atmosphere. Then, the cultured MDCK
cells on the plate was treated with influenza virus A/PR/8/34
strain diluted with a serum-iree culture medium at the con-
centration of 200 PFU/mL, at 0.5 mL/well for one hour to
achieve 1inoculation and adsorption. After completion of the
inoculation and adsorption, an E'-MEM culture medium con-
taining 0.6% Agar Noble, 1% bovine serum albumin and 3
ug/mL acetyltrypsin and also contaiming a test compound at a
prescribed concentration was added to the cells. After suifi-
cient coagulation, the plate was turned upside down, and
cultured for 3 days. After completion of the culture, the alive
cells were dyed with 1% Neutral Red. Then, cells were fixed
with 10% formalin. The agar medium was removed therefrom
with running water. Thereafter, the number of plaques was
counted. The plaque inhibition rate was expressed 1n percent-
age calculated 1n comparison with control contaiming no test
compound.

The results are shown 1n Table 5, wherein the test com-
pound number are the same as those 1n Tables 1 to 4.

TABLE 5
Concentration of
test compound Inhibition
No. added (ug/mL) rate (%)
1 1 91.9
2 100 324
9 100 50.0
41 100 25.0
65 1 100
66 100 39.2
67 100 35.2
83 100 39.8
84 100 39.5
&7 100 85.7
935 100 30.5
129 100 28.0
139 100 49.3
141 100 26.3
145 100 36.8
154 100 23.0
155 10 35.5
156 100 36.0
Test Example 2
(Cytotoxic Activity)

A culture medium containing a predetermined concentra-
tion of test compound was added to a 96-well plate (product
of CORNING) 1n 100 ul/well. Then, Vero cells were adjusted
to the concentration of 2x10* cells/mL with culture medium.
The solution was added to the plate at 100 ul/well, and
culturedat37° C. 1n 5% CO,-air atmosphere for 4 days. When
the culture was completed, the number of alive cells was
counted according to the XTT method [for example, see
CANCER RESEARCH, Vol. 48, Pages 4827-4833 (1988)].

As a result, the 50% cell growth 1nhibitory concentration
(IC.,) of 3-hydroxy-2-pyrazinecarboxamide (compound No.
1) was 250 ng/mlL or more.
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Test Example 3

(Anti1-Rhino Activity)

The confluent monolayers of Hela cells 1n 6-well tissue
culture plates were inoculated with 70 PFU/well of rhino
virus typell strain. After 60 min, the tnoculum was removed,
and the test medium (E'MEM) contaiming the concentration
of 30 ug/ml of compounds, 30 ug/ml DEAE-dextran, 30 mM
MgC(Cl,, 3% basal medium Eagle vitamine solution, 2% fatal
calf serum and 0.6% agarose were added. HelLa cells inocu-
lated with rhino virus were incubated for 3 days at 33° C.
under 100% humidity. After incubation period, the test plates
were fixed with 3% formaldehyde solution and the overlay
was removed. The cell-monolayer was stained with 0.05%
methylene blue and the plaque numbers were counted. The
inhibition percent were calculated from the number of plaque
in the treated wells and that 1n the control wells.

The results are shown 1n Table 6, wherein the test com-
pound number are the same as those 1 Tables 1 to 4.

TABLE 6

No. Inhibition percent (%)
1 20.8
3 47.2
4 18.1
5 63.9
9 56.9
41 59.7
65 443
66 59.7
83 72.2
95 48.6
139 45.5
141 56.9

Test Example 4

(Ant1-RSV Activity)

The contluent monolayers of Hep-2 cells 1n 6-well tissue
culture plates were moculated with 70 PFU/well of respira-
tory syncytial virus (RSV)A-2 strain. After 60 min, the inocu-
lum was removed, and the test medium (E'MEM) containing
the concentration of 30 ug/ml of compounds, 0.12%
glutamine, 2% fatal calf serum and 1% methyl cellulose were
added. Hep-2 cells inoculated with RSV were incubated for 3
days at 35° C. under 100% humidity. After incubation period,
the test plates were fixed with 3% formaldehyde solution and
the overlay was removed. The cell-monolayer was stained
with Giemsa' solution and the plaque numbers were counted.
The inhibition percent were calculated from the number of
plaque 1n the treated wells and that 1n the control wells.

The results are shown 1n Table 7, wherein the test com-
pound number are the same as those 1n Tables 1 to 4.

TABLE 7
No. Inhibition percent (%)
1 61.4
6 72.8
65 74.3
67 72.4
86 74.1

Test Example 5

(Ant1-BVDYV Activity)
The confluent monolayers of MDBK cell 1n 6-well tissue
culture plates were moculated with 70 PFU/well of bovine
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viral diarrhea virus (BVDV) NADL strain. After 60 min, the
inoculum was removed, and the test medium (E'MEM) con-
taining the concentration of 30 ug/ml of compounds, 5%
horse serum and 1% SeaPlaque Agar were added. MDBK
cells mnoculated with BVDYV were incubated for 3 days at 35° 5
C. under 100% humidity. After incubation period, the test
plates were fixed with 3% formaldehyde solution, the overlay
was removed, and the cells were stained with 1% crystal
violet.

The inhibition percent were calculated from the number of
plaque 1n the treated wells and that 1n the control wells.

The results are shown 1n Table 8, wherein the test com-
pound number are the same as those 1n Tables 1 to 4.

10

TABLE 8 15

No. Inhibition percent (%)
1 0
65 35.1

20

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Next, the compound of the present invention is explained <°

with reference to Referential Examples and Examples. The
invention 1s by no means limited by these examples.

In the eluent, the mixing ratios are all by volume.

The carner used 1n column chromatography was Silica Gel
BW-1277H (product of Fuj Silicia Chemical Co.), and the
carrier used 1n the reverse phase column chromatography was
LC-SORB SP-B-ODS (product of Chemco Co.).

The symbol mark used in the Referential Examples and

Examples has the following meaming:
DMSO-d,: Deuterated dimethyl sulfoxide

30

35

Referential Example 1

In 6 mL of dichloromethane 1s suspended 0.30 g of methyl
3-hydroxy-2-pyrazinecaroxylate obtained according to the
method described in literature [J. Heterocycl. Chem., 34, 27
(1997)]. To the suspension are successively added 0.54 ml. of
triethylamine and 0.29 g of glycine methyl ester hydrochlo-
ride. The resulting mixture 1s stirred at ambient temperature
for 5 hours. After cooling, the solvent 1s distilled off under
reduced pressure. The residue is purified by reverse phase
column chromatography (eluent: water) to obtain 0.16 g of
methyl 2-{[(3-hydroxy-2-pyrazinyl)-carbonyl]
amino }acetate.

IR(KBr) cm™': 1750, 1735, 1685

NMR(DMSO-d,) d value: 3.67(3H,s),4.12(2H,d,J=6 Hz), 350
7.70-8.30(2ZH,m), 9.60-10.10(1H,m), 13.10(1H,brs)

40

Referential Example 2

In 100 ml of concentrated sulfuric acid 1s dissolved 17.00 g .
of methyl 6-bromo-3-amino-2-pyrazinecarboxylate obtained
according to the method described 1n literature [J. Am. Chem.
Soc., 2798-2800 (1949)]. Atanice-cooled temperature, 10.11
g of sodium nitrite 1s added to the suspension, which 1s stirred
for 30 minutes. The reaction mixture 1s poured into 920 mL of
methanol, and heated under reflux for 5 hours. The reaction
mixture 1s cooled and then concentrated under reduced pres-
sure. The residue thus obtained 1s added to a mixture of 500
mL of ice water and 600 mL of chloroform and separated into
layers. The organic layer 1s washed successively with satu-
rated aqueous solution of sodium hydrogen carbonate, water 65
and saturated aqueous solution of sodium chloride and dried
over anhydrous magnesium sulfate. Then, the solvent 1s dis-

60
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tilled off under reduced pressure to obtain 6.30 g of methyl
6-bromo-3-methoxy-2-pyrazinecarboxylate.

IR(KBr) cm™": 1734

NMR(CDCI,) o value: 3.97(3H,s), 4.06(3H.,s), 8.37(1H,s)

Referential Example 3

In a nitrogen atmosphere, 11.38 g of methyl 6-bromo-3-
methoxy-2-pyrazinecarboxylate 1s dissolved 1 227 mL of
toluene. To the solution are successively added 10.32 g of
benzophenone-imine, 0.42 g of tris(dibenzylideneacetone)
dipalladium, 0.86 g of (s)-(-)-2,2"-bis(diphenylphosphino)-
1,1'-binaphthyl and 6.20 g of sodium t-butoxide. The result-
ing mixture 1s stirred at 80° C. for one hour. The reaction
mixture 1s cooled and filtered. The filtrate 1s purified by col-
umn chromatography (eluent: toluene:ethyl acetate=20:1).
The oily product thus obtained 1s dissolved in 140 mL of
tetrahydrofuran, 7 mL of 2 mol/mL hydrochloric acid 1s
added thereto and the resulting solution 1s stirred at ambient
temperature for 15 minutes. A mixture of 200 mL of chloro-
form and 50 mL of water 1s added to the resulting reaction
mixture, and alkalified with 1 mol/mL of sodium hydroxide,
and the organic layer 1s separated. The organic layer 1s washed
with saturated aqueous solution of sodium chlornde, dried
over anhydrous magnesium sulfate, and the solvent is dis-
tilled off under reduced pressure. The residue thus obtained 1s
purified by column chromatography (eluent: toluene:ethyl
acetate 1:1) to obtain 3.64 g of methyl 6-amino-3-methoxy-
2-pyrazinecarboxylate.

IR(KBr)cm™*: 1716,1670

NMR(DMSO-d,) o value: 3.80(3H,s), 3.82(3H,s), 7.20
(2H,brs), 7.77(1H,s)

Referential Example 4

In 70 mL of methanol 1s dissolved 3.50 g of methyl
6-amino-3-methoxy-2-pyrazinecarboxylate. (Gaseous
ammonia 1s mntroduced to saturate the solution with ammonia.
The solution 1s stirred at ambient temperature for 14 hours.
The solvent 1s distilled off from the reaction mixture under
reduced pressure to obtain 3.1 g of 6-amino-3-methoxy-2-
pyrazinecarboxamide.

IR(KBr) cm™"': 1684

NMR(DMSO-d;): 3.79(3H.,s), 5.87(2H,brs), 7.30-7.75
(3H,m)

Referential Example 5

In a nitrogen atmosphere, 1.50 g of 6-amino-3-methoxy-
2-pyrazinecarboxamide 1s dissolved i 12 mL of 70% pyri-
dine hydrofluoride under ice-cooling. Then, 0.71 g of sodium
nitrite 1s added thereto at —50° C., and the resulting solution 1s
stirred at 10° C. for 1 hour. The resulting reaction mixture 1s
stirred at ambient temperature for an additional 1 hour. There-
after, a mixture of 50 mL of ice water and 100 mL of chloro-
form 1s added thereto and the resulting mixture 1s separated
into layers. The organic layer 1s washed with saturated aque-
ous solution of sodium chloride and saturated aqueous solu-
tion of sodium hydrogen carbonate, and dried over anhydrous
magnesium sulfate. Then, the solvent 1s distilled off under
reduced pressure to obtain 1.29 g of 6-fluoro-3-methoxy-2-
pyrazinecarboxamide.

IR(KBr) cm™": 1706

NMR(DMSO-d;): 3.95(3H,s), 7.55-8.15(2H,m), 8.39
(1H,d,J=8.3 Hz)

Referential Example 6

In 100 mL of methanol 1s suspended 1.96 g of methyl
S-amino-3-methoxy-2-pyrazinecarboxylate obtained accord-
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ing to the method described 1n literature (JP-A-50-105675).
The resulting suspension 1s saturated with ammonia by 1ntro-
ducing gaseous ammonia thereinto at —20° C. Then, the solu-
tion thus obtained 1s allowed to react at 95° C. for 24 hours in
a stainless steel-made closed vessel. After cooling, the solvent
1s distilled off under reduced pressure to obtain 1.57 g of
S-amino-3-methoxy-2-pyrazinecarboxamide.

IR(KBr) cm™': 1654, 1637

NMR(DMSO-d,) ¢ value: 3.82(3H,s), 7.00(3H,brs), 7.30
(1H,brs), 7.43(1H,s)

Referential Example 7

In a nitrogen atmosphere, 0.5 g of 5-amino-3-methoxy-2-
pyrazinecarboxamide 1s dissolved in 9 mL of 70% pyridine
hydrofluoride under ice-cooling. Then, 0.23 g of sodium
nitrite 1s added thereto at =70° C., and the resulting solution 1s
heated to a temperature of —10° C. 1n 30 minutes. Further, the
solution 1s stirred at ambient temperature for 30 minutes. A
mixture of 30 mL of ice water and 100 mL of chloroform 1s
added thereto and the resulting mixture 1s separated into
layers. The organic layer 1s washed with saturated aqueous
solution of sodium chloride and dried over anhydrous mag-
nesium sulfate. The solvent 1s distilled off under reduced
pressure. The residue thus obtained 1s purified by column
chromatography (eluent: chloroform:methanol =10:1) to
obtain 0.37 q of 5-fluoro-3-methoxy-2-pyrazinecarboxam-
ide.

IR(KBr) cm™': 1705

NMR(DMSO-d,) 6 value: 3.94(3H,s), 7.65(1H,brs), 7.85
(1H,brs), 8.12(1H,d,J=8.3 Hz)

EXAMPLE 1

In 3 mL of methanol 1s suspended 0.6 g of methyl 6-bromo-

3-hydroxy-2-pyrazinecarboxylate obtained according to the
method described 1n literature [J. Med. Chem., 1969, 12(2),

285-287]. Then, 6 mL of 25% aqueous ammonia 1s added
thereto and the resulting solution 1s stirred at ambient tem-
perature for 17 hours. The reaction mixture 1s adjusted to pH
3 by adding 6 mol/L hydrochloric acid. The solvent is distilled
off under reduced pressure. Isopropyl ether and water are
added to the residue and filtered to obtain 0.33 g of 6-bromo-
3-hydroxy-2-pyrazinecarboxamide.

IR(KBr) cm™*: 1700, 1665

NMR(DMSO-d,) o value: 7.50(2H,brs), 8.08(1H,s), 9.95
(1H,brs)

EXAMPLE 2

In 10 mL of dimethylformamide 1s suspended (0.5 g of
3,5-dihydroxy-1,2.,4-triazine-6-carboxylic acid obtained
according to the method described in literature (JP-A-54-
79292). Then, 2.06 g of N,N'-carbonyldiimidazole 1s added
thereto, and the resulting solution 1n stirred at ambient tem-
perature for 6 hours. The reaction mixture 1s cooled with ice,
saturated with gaseous ammonia, and then stirred for 15
minutes at the same temperature as above. The deposited
crystals are collected by filtration to obtain 0.37 g of 3,5-
dioxo-2,3.4,5-tetrahydro-1,2,4-triazine-6-carboxamide.

IR(KBr) cm™": 1732, 1710, 1685, 1656

NMR(DMSO-d,) o value: 7.75(1H,s), 7.97(1H,s), 12.20-
12.80(2H,m)

EXAMPLE 3

In 5 mL of acetic anhydride 1s suspended 0.5 g of 3-hy-
droxy-2-pyrazinecarboxamide. The resulting solution 1is
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stirred at 110° C. for 1 hour. The deposited crystals are col-
lected by filtration to obtain 0.5 g of N*-acetyl-3-hydroxy-2-
pyrazinecarboxamide.

IR(KBr) cm™": 1725, 1695, 1655

NMR(DMSO-d,) o value: 2.25(3H,s), 7.53(1H,d,J=4 Hz),
7.69(1H,d,J=4 Hz), 11.70(1H,brs)

EXAMPLE 4

In 5 mL of 25% aqueous ammonia 1s suspended 0.25 g of
methyl 6-chloro-3-hydroxy-2-pyrazinecarboxylate obtained
according to the method described in literature [J. Med.
Chem., 285-287 (1969)]. The suspension 1s stirred at ambient
temperature for 1 hour. The deposited crystals are collected
by filtration to obtain 0.18 g of 6-chloro-3-hydroxy-2-pyra-
zinecarboxamide.

IR(KBr)cm™: 1652

NMR(DMSO-d,): 7.22(2H.brs), 7.91(1H,s), 10.40(1H,
brs)

EXAMPLE 5

In 50 mL of tetrahydrofuran 1s suspended 1.00 g of 3-hy-
droxy-2-pyrazinecarboxamide. Then, 3.5 mL of triethy-
lamine and 1.67 mL of benzoyl chloride are successively
added thereto. The resulting solution 1s stirred at 60° C. for 5
hours and cooled. The deposited crystals are collected by
filtration. The crystals thus obtained are suspended 1n a mix-
ture of 8 mL of water and 1 mL of 1 mol/mL hydrochloric
acid, stirred at ambient temperature for 30 minutes, and col-
lected by filtration to obtain 0.41 g of N*-benzoyl-3-hydroxy-
2-pyrazinecarboxamide.

IR(KBr) cm™": 1735

NMR(DMSO-d,) ¢ value: 7.20-8.40(7H,m), 12.60(1H,
brs)

According to the same method as above, N*-(2,2-dimeth-
ylpropanoyl)-3-hydroxy-2-pyrazinecarboxamide 1S
obtained.

IR(KBr) cm™": 1725

NMR(DMSO-d,) o value: 1.21(9H,s), 7.49(1H,d, J=2 Hz),
7.95(1H,d,J=2 Hz), 14.80(1H,brs)

EXAMPLE 6

In 0.5 mL of 47% aqueous solution of hydrogen bromide 1s
dissolved 0.05 g of 3-methoxy-2-pyrazinecarboxamide-4-
oxide obtained according to the method described 1n litera-
ture [Eur. J. Med. Chem., 15(2), 157-163 (1980)]. The solu-
tion 1s stirred at 45° C. for 2 hours. The deposited crystals are
collected by filtration and washed successively with ethanol
and diethyl ether to obtain 0.03 g of 3-hydroxy-2-pyrazin-
ecarboxamide-4-oxide.

IR(KBr) cm™": 1695

NMR(DMSO-d,) o value: 7.19(1H,d,J=6 Hz), 7.56(1H,
d.J=6 Hz), 7.70(1H,brs), 7.95(1H,brs), 10.75(1H,brs)

EXAMPLE 7

In 4 mL of methanol is suspended 0.19 g of methyl 2-{[(3-
hydroxy-2-pyrazinyl)carbonyl]-amino }acetate. The suspen-
sion 1s saturated with ammonia by introducing gaseous
ammonia thereinto under ice-cooling for 30 minutes. The
resulting mixture 1s stirred at the same temperature as above
for 1 hour and then at ambient temperature for 15 hours. The
solvent 1s distilled off under reduced pressure. The residue
thus obtained 1s dissolved 1n a mixture of 4 mL of water and
1 mL of methanol. To the resulting solution 1s added 0.9 mL
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of 1 mol/LL hydrochloric acid. The deposited crystals are
collected by filtration to obtain 0.16 g of N*-(2-amino-2-

oxoethyl)-3-hydroxy-2-pyrazinecarboxamide.

IR(KBr) cm™': 1675

NMR(DMSO-d,) o value: 3.90(1H,d,J=5 Hz), 7.10(1H,
brs), 7.40(1H,brs), 7.60-8.40(2H,m), 9.50(1H,brs), 13.0 (1H,
brs)

EXAMPLE 8

In a mitrogen atmosphere, 1.51 g of sodium 1odide 1s dis-
solved 1n 22 mL of acetonitrile. Then, 1.10 g of trimethylsilyl
chlornide 1s added thereto. The resulting solution 1s stirred at
ambient temperature for 20 minutes. Then, 0.43 g of 6-tfluoro-
3-methoxy-2-pyrazinecarboxamide i1s added thereto. The
resulting solution 1s stirred at the same temperature as above
for 18 hours. Then, a mixture of 10 mL of water and 200 mL
of chloroform 1s added to the reaction mixture, and separated
into layers. The organic layer thus obtained 1s washed suc-
cessively with 5% aqueous solution of sodium thiosulfate and
saturated aqueous solution of sodium chloride, and dried over
anhydrous magnesium sulfate. The solvent 1s distilled off
under reduced pressure. The residue thus obtained 1s purified
by column chromatography (eluent: hexane:ethyl acetate=2:
1) to obtain 0.06 g of 6-fluoro-3-hydroxy-2-pyrazinecarboxa-
mide.

IR(KBr) cm™*: 1685, 1670, 1656

NMR(CDCIl,): 5.40-7.80(2ZH,m), 8.31(1H,d,J=7.82 Hz),
12.33(1H,s)

EXAMPLE 9

In 24 mL of concentrated sulfuric acid 1s suspended 4.00 g
of 3-hydroxy-2-pyrazinecarboxamide. To the suspension 1s
added 3.09 g of potassium nitrate under i1ce-cooling. The
resulting mixture 1s stirred at 40° C. for 3 hours. The reaction
mixture 1s poured mto 240 mL of water, and the deposited
crystals are collected by filtration. The crystals thus obtained
are suspended 1n 80 mL of water and heated under reflux for
30 minutes. After cooling, the crystals are collected by filtra-
tion to obtain 2.45 g of 3-hydroxy-6-nitro-2-pyrazinecar-
boxamide.

IR(KBr) cm™: 1705, 1685, 1655

NMR(DMSO-d6) o value: 8.10(1H,brs), 8.30(1H,brs),
8.96(1H,s)

EXAMPL.
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In 2.1 mL of water 1s suspended 0.5 g of 2-aminomalona-
mide. Under ice-cooling, 0.43 g of ethyl glyoxalate 1s added
to the suspension, which 1s then stirred for 40 minutes. Then,
0.85 mL of 5 mol/mL sodium hydroxide 1s added to the
resulting suspension, which 1s then stirred at the same tem-
perature as above for 40 minutes. The reaction mixture 1s
adjusted to pH 12 by adding 1 mol/LL sodium hydroxide, and
once made into a solution. The solution 1s then adjusted to pH
2 by adding 6 mol/mL hydrochloric acid. The deposited crys-
tals are collected by filtration and washed successively with
water and 50% (w/w) ethanol to obtain 0.15 g of 3,5-dihy-
droxy-2-pyrazinecarboxamide.

IR(KBr) cm™': 1660

NMR(D,0O) o value: 6.97(1H.,s)

EXAMPL.

L1l

11

In 2.0 mL of water are suspended 0.65 mL of diethyl-2-
oxomalonate and 0.5 g of 2-aminomalonamide. Under 1ce-
cooling, 0.85 mL of 5 mol/mL sodium hydroxide 1s added
thereto. The resulting solution 1s stirred for 40 minutes. Then,
at ambient temperature, 2.55 mL of 5 mol/mL sodium
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hydroxide 1s added to the solution, which 1s then stirred for an
additional 30 minutes. Ethanol 1s added to the reaction mix-
ture and the precipitate 1s collected by filtration to obtain 0.24
g ol 3,5-dihydroxy-6-ethoxycarbonyl-2-pyrazinecarboxam-
ide.

IR(KBr) cm™*: 1655, 1735

NMR(D,O) o value: 1.17(3H.,t,J=7 Hz), 4.15(2H,q,J=7
Hz)

EXAMPLE 12

In a mixture of 1.0 mL of water and 1.0 mL of ethanol 1s
suspended 0.13 g of 3,5-dihydroxy-6-ethoxycarbonyl-2-
pyrazinecarboxamide. At ambient temperature, 0.34 mL of 5
mol/mL sodium hydroxide 1s added to the suspension, which
1s then stirred for 16 hours. The reaction mixture 1s adjusted to
pH 2 by adding 1 mol/mL hydrochloric acid. The deposited
crystals are collected by filtration and washed with water to
obtain 0.07 g of 3,5-dihydroxy-6-carboxy-2-pyrazinecar-
boxamide.

IR(KBr) cm™: 1650

EXAMPLE 13

In a nitrogen atmosphere, 0.09 g of 5-fluoro-3-methoxy-
2-pyrazinecarboxamide 1s suspended in 3.6 mL of acetoni-
trile. Then, 0.16 g of sodium 10dide and 0.11 g of chlorotri-
methylsilane are successively added to the suspension, which

1s then stirred at ambient temperature for 20 hours. Then, 2
ml. of water and 40 mL of chloroform are added to the
reaction mixture and separated into layers. The organic layer
1s separated, washed successively with 5% (w/v) aqueous
solution of magnesium thiosulfate and saturated aqueous
solution of sodium chloride and dried over anhydrous mag-
nesium sulfate. Then, the solvent is distilled off under reduced
pressure. The residue thus obtained 1s purified by column
chromatography (eluent: chloroform) to obtain 0.01 g of
S-fluoro-3-hydroxy-2-pyrazinecarboxamide.

IR(KBr)cm™': 1670

NMR(CDCI,) o value: 5.80(1H,s), 7.45(1H,brs), 7.93 (1H,
d,J=7.8 Hz), 12.93(1H,s)

EXAMPLE 14

In 5 mL of ethanol 1s dissolved 0.1 g of ethyl 5-0x0-3-
thioxo-2,3,4,5-tetrahydro-1,2,4-triazine-6-carboxylate
obtained according to the method described in literature (J.
Am. Chem. Soc., 1956,78, 1258-1259). At ambient tempera-
ture, gaseous ammonia 1s introduced into the solution for 30
minutes to saturate the solution with ammoma. After allowing,
the solution to stand at the same temperature as above for 15
hours, the resulting crystals are collected by filtration. The
crystals thus collected are washed with three 5 mL portions of
cthanol to obtain 0.05 g of 3-oxo0-3-thioxo-2,3,4,5-tetrahy-
dro-1,2,4-triazine-6-carboxamide.

IR(KBr) cm™: 1654

NMR(DMSO-d,) ¢ value: 3.30(4H,brs)

EXAMPLE 15

According to the method described 1n literature (Interna-
tional Patent Application: WO 98130549), 6-ox0-1,6-dihy-
dro-3-pyrimidinecarboxamide 1s obtained.

EXAMPLE 16

According to the method described 1n literature (Che-
mische Berichte, 1964, 97, 3349-3333), 3-0x0-2,3-dihydro-
4-pyridazinecarboxamide 1s obtained.
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EXAMPL,

(L]

17

In 5 mL of ethanol 1s dissolved 0.06 g of ethyl 5-0x0-4,5-
dihydro-1,2,4-triazine-6-carboxylate. At 10° C., the solution
1s saturated with ammonia by introducing gaseous ammonia
thereinto for 20 minutes. The solution 1s allowed to stand at
ambient temperature for 15 hours, and the resulting crystals
are collected by filtration. The crystals thus obtained are
washed successively with two 2 mL portions of ethanol and
then two 1 mL portion of methanol to obtain 0.03 g of 5-oxo0-
4.5-dihydro-1,2,4-triazine-6-carboxamide.

IR(KBr) cm™': 1654

NMR(DMSO-d,) 6 value: 3.60(1H.,brs), 7.44(1H,brs),
8.39(1H,s), 9.74(1H,brs)

EXAMPL.

(Ll

18

In 4 mL of dimethyl sulfoxide 1s dissolved 0.4 g of methyl
3-hydroxy-2-pyrazinecarboxlate. Then, 0.27 g of L-aspartic
acid and 0.85 mL of triethylamine are successively added to
the solution, which 1s then stirred at 50° C. for 6 hours. The
deposited crystals are filtered off, and the filtrate 1s concen-
trated under reduced pressure. Then, 2 mL of water and 0.2
mL of methanol are added to the resulting residue. The pre-
cipitate formed 1s collected by filtration to obtain 0.09 g of
(2S)-2-{[(3-0x0-3,4-dihydro-2-pyrazinyl)-carbonyl]
amino }-butanedioic acid.

IR(KBr) cm™': 1695, 1680, 1665

NMR(DMSO-d,) 6 value: 2.83(2H,d,J=5 Hz), 4.50-5.00
(1H,m), 7.60-8.05(2ZH,m), 9.95(1H.d,J=9 Hz), 12.90(3H,
brs)

EXAMPL.

(L]

19

In S mL of dimethyl sulfoxide 1s dissolved 0.42 g of L-ala-
nyl-L-alamine trifluoroacetate. Then, 1.07 mL of triethy-
lamine and 0.71 g of methyl 3-hydroxy-2-pyrazinecarboxy-
late are successively added to the solution, which 1s then
stirred at40° C. for 17 hours. The solvent 1s distilled off under
reduced pressure, and 2 mL of water was added to the residue
thus obtained. The deposited product is collected by filtration
and purified by column chromatography [eluent: chloroform:
methanol=30:1) to obtain 0.035 g of (2S)-2-[((2S)-2-{[(3-
0x0-3,4-dihydro-2-pyrazinyl) carbonyl]amino }-propanoyl)
amino [propanoic acid.

IR(KBr) cm™: 1665, 1675, 1655

NMR(DMSO-d,) o value: 1.28(3H,d,J=7 Hz), 1.32(3H,
d,J=7 Hz), 3.95-4.95(2H.m), 5.1(2H,brs), 7.71(1H.,d,J=3
Hz), 7.87(1H.,d,J=3 Hz), 8.32(1H.,d,J=7 Hz), 9.9(1H,brs)

INDUSTRIAL APPLICABILITY

An anftiviral agent comprising the nitrogen-containing het-
erocyclic carboxamide derivative represented by general for-
mula [1] or a salt thereot 1s usetul for preventing and treating,
virus-infections and especially influenza virus-infections.

What 1s claimed 1s:
1. A mitrogen-containing heterocyclic carboxamide com-
pound represented by the following formula

[R),

]
XN \u‘*“\ R
L
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wherein:

each occurrence of [R’] R’ is [independently] a halogen
atom[,] or a hydroxyl group, [or an oxide group] which
is linked to a carbon atom of the nitrogen-containing
heterocycle in said formula;

R' represents O or OH;

R* is selected from the group consisting of a hydrogen
atom, an acyl group, an optionally substituted carbam-
ovlalkyl group, and an optionally substituted carboxy-
alkyl group;

nis 1[,] or 2[, 3, or 4]; [and]

the broken line in the ring represents a single bond when R
is O and a double bond when R' is OH; and

the broken line between R’ and the ring is a single bond
when R? is OH and a double bond when R’ is O:

or a pharmaceutically acceptable salt thereof.

2. The mnitrogen-containing heterocyclic carboxamide
compound according to claim 1 wherein:

[at least one occurrence of R°] R'is a halogen atom, which
is linked to a carbon atom of the nitrogen-containing
heterocycle in said formula; and

R~ is a hydrogen atom.

3. A method of treating a viral [condition] infection asso-
ciated with influenza virus, C-type hepatitis, rhino virus, or
respiratory syncytial virus by administering, to a patient in
need thereof, an effective amount of [at least one compound
or a pharmaceutically acceptable salt thereof, the compound
having a structure according to] a compound represented by
the following formula

wherein:
ring A represents [a pyrazine, pyrimidine, pyridazine or
triazine ring,| a ring selected from the group consisting

wherein:

the mark *1 expresses the position of substitution with
R’;

the mark *2 expresses the position of substitution with
—C(—O)NHR";

ring A is optionally substituted with [at least] one of a
halogen atom, a hydroxyl group, [an oxide group.] a
phenyl group, a pyridinyl group, and a mercapto group,
which is linked to a carbon atom of ving A;

R' represents [O or] OH;

R” is selected from the group consisting of a hydrogen
atom, an acyl group, an optionally substituted carbam-
ovylalkyl group, and an optionally substituted carboxy-
alkyl group; and
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the broken line is Jone of] a single bond [and a double
bond];

or a pharmaceutically acceptable salt thereof.

[4. The method according to claim 3, wherein:

said ring A represents a pyrazine, pyrimidine, or triazine
ring, ring A 1s optionally substituted with at least one of
a halogen atom, a hydroxyl group, an oxide group, a
phenyl group, a pyridinyl group, and a mercapto group.]

5. The method according to [claim 4] claim 3, wherein|:]

said ring A represents the following ring

N
/ N\\-&:l

|
52
\Ng;f’

[a pyrazine ring,] ring A is optionally substituted with [at
least] one of a halogen atom, a hydroxyl group, [an oxide
group,] a phenyl group, a pyridinyl group, and a mercapto
group, which is linked to a carbon atom of ring A.

6. The method according to claim 3, wherein said viral
[condition] infectior is associated with influenza virus.

7. A pharmaceutical composition comprising:

a therapeutically effective amount of a compound accord-

ing to claim 1, and

a pharmaceutically acceptable carrier or diluent.

8. The method according to claim 3, wherein said viral
[condition] infection is associated with C-type hepatitis.

9. The method according to claim 3, wherein said viral
[condition] infection is associated with rhino virus.

10. The method according to claim 3, wherein said viral
[condition] infection is associated with respiratory syncytial
VIrus.

11. The method according to claim 3, wherein the com-
pound has the formula

[ (R,

N. R \N

wherein:

each occurrence of [R*] R’ is [independently] a halogen
atom[,] or a hydroxyl group, [or an oxide group] whic/:
is linked to a carbon atom of the nitrogen-containing
hetervocycle in said formula;

R' represents O or OH;

R* is selected from the group consisting of a hydrogen
atom, an acyl group, an optionally substituted carbam-
oylalkyl group, and an optionally substituted carboxy-
alkyl group;

nis 1 or2; [and]

the broken line in the ring represents a single bond when R
is O and a double bond when R' is OH; and

the broken line between R’ and the ring is a single bond
when R’ is OH and a double bond when R’ is O:;

or a pharmaceutically acceptable salt thereof.

12. The method according to claim 11, wherein said viral
[condition] infectior is associated with influenza virus.

13. The method according to claim 11, wherein said viral
[condition] infection is associated with C-type hepatitis.
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14. The method according to claim 11, wherein said viral
[condition] infection is associated with rhino virus.

15. The method according to claim 11, wherein said viral
[condition] infection is associated with respiratory syncytial
VIrus.

16. The method according to claim 3, wherein said ring A

represents [a pyrazine, pyrimidine, pyridazine or triazine
ring, ] a ring selected from the group consisting of

‘/ \\\Tl N/\Tl ( \\“Tl (\Tl

\N/;ﬁ:Z kN/Aﬂ:Z N\/*Z N\N//ﬁ

J\‘f />1=2 ‘ /=;=2 N\ /;}»gZ and H\ -5«’/’$2
N N N

ring A is [optionally] substituted with [at least] one of a
halogen atom, a hydroxyl group, a phenyl group, a pyridinyl
group, and a mercapto group, which is linked to a carbon
atom of ving A.

[17. The method according to claim 4, wherein ring A
represents a pyrazine, pyrimidine, or triazine ring, ring A 1s
optionally substituted with at least one of a halogen atom, a
hydroxyl group, a phenyl group, a pyrnidinyl group, and a
mercapto group.]

18. The method according to claim [5] 3, wherein said ring
A represents [a pyrazine ring] the following ring,

N
E \\‘Tl
g
N/

ring A is optionally substituted with [at least] one of a halogen
atom[,] or a hydroxyl group, [and an oxide group] which is

linked to a carbon atom of ring A.

19. The compound of claim I wherein:

R' is fluovine, which is linked to a carbon atom of the
nitrogen-containing heterocycle in said formula,

R° is hydrogen, and
nis i

20. A nitrogen-containing hetevocyclic carboxamide com-
pound rvepresented by the following formula

G4 OH
677 X
|
GNP Z NHR*
G
O

wherein G, and G, are N, G, is C—F G, is CH, and R° is
hydrogen,
or a pharmaceutically acceptable salt therveof.

21. A method of treating a viral infection associated with
influenza virus, C-type hepatitis, vhino virus, or vespirvatory
syncvtial virus by administering, to a patient in need thereof,
an effective amount of a compound vepresented by the follow-
ing formula
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22. The method according to claim 21, wherein said viral
infection is associated with influenza virus.
Gy O 23. The method according to claim 21, wherein said viral

677 N
”3 infection is associated with C-type hepatitis.
Gy oz NITR2 5 24. The method according to claim 21, wherein said viral
G infection is associated with rhino virus.
25. The method according to claim 21, whevein said viral
0 infection is associated with respivatory syncytial virus.

26. A pharmaceutical composition comprising: a thera-

wherein G. and G.are N G-is C—F and G.is CH and R 10 peutically effective amount of a compound accorvding to claim
] 4 y U 3 ,

is hydrogen, 20, and a pharmaceutically acceptable carrier or diluent.

or a pharmaceutically acceptable salt thereof. I N
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