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Anticoccidials. VLY An Improved Synthesis of 1,6-Dihydro-6-oxo-2-
pyrazinecarboxylic Acid 4-Oxide and Some Related Derivatives
and Determination of Anticoccidial Activity

Kin-1car Imai, Mitsuniko Mano,* Takuy Seo, and Tosuimi MATSUNO

Animal Health Products Division, Takeda Chemical Industries, Lid.,
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1,6-Dihydro-6-oxo-2-pyrazinecarboxylic acid 4-oxide (1) has been synthesized by two
different methods. The first is a hydrolysis of methyl 6-chloro-2-pyrazinecarboxylate
4-oxide, which was in turn obtained from methyl 6-chloro-2-pyrazinecarboxylate by
reaction with m-chloroperbenzoic acid. The second is an oxidation of 6-hydroxymethyl-
2(1H)-pyrazinone 4-oxide with nickel peroxide. ~Compound 1 was converted to amine salts,
esters and amides. 6-Methoxy, 6-mercapto and 1-alkyl derivatives were also prepared.
The compounds prepared were tested for anticoccidial activity in chickens against Eimeria
tenella and marked activity was seen with compound 1 and amine salts of 1. The activity
of 1 was counteracted by the simultaneous administration of an equal weight of orotic
acid or adenine.

Keywords pyrazine; 1,6-dihydro-6-oxo-2-pyrazinecarboxylic acid 4-oxide; anti-
coccidial activity; orotic acid; adenine; reversal

Some anticoccidial activity has been reported for 6-azauracil.? This drug is converted
wn vivo into 6-azauridylic acid, which is an inhibitor of the enzyme orotidylate decarboxylase.®
This knowledge led to the screening of orotic acid antagonists for anticoccidial activity, and we
now report the discovery that 1,6-dihydro-6-oxo-2-pyrazinecarboxylic acid 4-oxide (1) has
potent activity. We also describe an improved synthetic method for 1, the preparation of
related derivatives, and the biological effects of various nucleic acid-related compounds on

the anticoccidial activity of 1.

Synthesis

Compound 1 was first prepared as an orotic acid analog by Bobek and Bloch® starting
from methyl 1,6-dihydro-6-oxo-2-pyrazinecarboxylate. The low overall yield of 1 led us to
investigate alternative routes to 1. Oxidation of methyl 6-chloro-2-pyrazinecarboxylate (2)5
with m-chloroperbenzoic acid provided, after removal of the unchanged starting material by
column chromatography on silica gel, methyl 6-chloro-2-pyrazinecarboxylate 4-oxide (3) in
36% yield. Hydrolysis of 3 with aqueous sodium hydroxide afforded 1 in 559, yield, together
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with a small amount of 6-methoxy-2-pyrazinecarboxylic acid 4-oxide (4), which was detected
by paper electrophoresis (PE). Alternatively, oxidation of the readily accessible 6-hydroxy-
methyl-2(1H)-pyrazinone 4-oxide (5)% with nickel peroxide” gave 1 in 409, yield. This
procedure provides the most convenient route to 1. In addition, this method was extended
to the preparation of the 5-methyl derivative 7. The structure of 7 was confirmed by compar-
ison with 4,5-dihydro-6-methyl-5-oxo0-2-pyrazinecarboxylic acid 1-oxide® (Chart 1).

Amine salts (8 and 9) of 1 were obtained (Table I). The ester (10 and 11) and amide
(12—14) derivatives of 1 were prepared by the standard procedure (Table II). 6-Methoxy
derivatives (15, 4 and 16) and 6-mercapto derivatives (17 and 18) were synthesized from 3.
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9: R'=Ce¢Hu, R®==H 11: R=0(CH:);CHs 16: R=NH, 18: R=H
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14: R=N(CHjs),

An attempted synthesis of the N-methyl derivatives by alkylation of 10 with methyl
iodide in the presence of sodium hydride in N,N-dimethylformamide (DMF) resulted in the
formation of the O-methyl derivative 15 as a major product along with minor amounts of the
N-methyl derivative 19. However, when 10 was treated with methyl iodide in the presence

Tasre I. Amine Salts of 1,6-Dihydro-6-oxo-2-pyrazinecarboxylic Acid 4-Oxide

0
!
N
L R
O#*N/~COOH-HN
H “R?
Compound Recrystn Yield mp
NI:). R? R2  solvent (%) (°C) Formula
8 CH(CH;), CH(CH,), Acetone 59 170—175 CsH,N,0,-C¢H, ;N
(dec.)
9 CeH,; H EtOH-ether 45 223—225 CsH, N0, CgH, 3N
(dec.)

Analysis (%)

Calcd
Compound (Found) IR »%8: cm-L PMR®
‘ e
cC H N
8 51.35 7.44 16.33 1665 2.22 (12H, d, J=6 Hz, 4x CH,), 3.12—3.55 (2H, m,
(51.31 7.45 16.20) 1640 9% CH), 7.18 (1H, d, J—2 Hz, 3-H or 5-H), 7.46 (1H,
d, J=2Hz, 5-H or 3-H), 7.7—9.7 (2H, br, COOH and
NH)
9 51.76 6.71 16.46 1655 0.67—2.13 (10H, m, 5xCH,), 2.60—3.20 (1H, br,
(52.04 6.96 16.05) 1635 — NH,
1615 < >y 9 56—76 (8H, br, COOH and NH,),

7.18 (1H, d, J=2Hz, 3-H or 5-H), 7.45 (1H, d, J=2
Hz, 5-H or 3-H)

a) Measured in dimethyl sulfoxide (DMSO)-d, with a Varian EM-390 spectrometer.
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Tabre II. 1,6-Dihydro-6-oxo-2-pyrazinecarboxamide 4-Oxides
(6]
1
JN\
L] SR
O7~"N"~CON
H “R?
Analysis (%)
i Calcd
Compound Recrystn Yield mp
No. R* R? solvent (%) °C) Formula (Found)
C H N
12 H H H,0 97 272275 C;H;N,0, 38.72 3.25 27.09
(dec.) (38.39 3.43 26.71)
13 CH; H EtOH 75 220—222 C¢H,N,0, 42.61 4.17 24.84
(dec.) (42.38 4.19 24.54)
14 CH; CH, EtOH 21 192—193 C,H N0, 45.90 4.95 22.94
(45.86 4.94 22.67)
Compound IR v_’,§§; PMR®
No. cm
12 1690 7.76 (1H, d, J=1.5 Hz, 3-H or 5-H), 7.90 (1H, d, J=1.5Hz, 5-H or 3-H),
7.7—8.1 (2H, br, NH,)
13 1650 » 2.90 (3H, d, /=5 Hz, CH,), 7.79 (1H, d, /=1.5 Hz, 3-H or 5-H), 7.92
1595 (1H, d, /=1.5 Hz, 5-H or 3- -H), 8.4—8.7 (lH br, NH)
14 1630 2.98 (6H, s, 2xCH,), 7.55 (1H, d, J=1.5 Hz, 3-H or 5-H), 7.63 (1H, d,
)

@) Measured in DMSO-d, with a Varian A-60A spectrometer.
b) Taken with a Varian XL-100-12 spectrometer.

of lithium carbonate in N,N-dimethylacetamide (DMA), 1,6-dihydro-1-methyl-6-0xo0-2- -py-
razinecarboxylic acid 4-oxide (20) was obtained as a major product together with 4, 15 and 19.
Alkylation of 10 with benzyl, 4-methylbenzyl and 8,4-dichlorobenzyl bromides in the
presence of lithium carbonate in DMA gave both the N-alkyl (21—23) and O-alkyl (27—29)
derivatives, which were separated by column chromatography on silica gel.
2-methylbenzyl and 2-chlorobenzyl bromides, only the O-alkyl derivatives (30 and 31) were
obtained. Hydrolysis of the resulting products (21—23 and 27—31) with aqueous potassium
carbonate gave the corresponding carboxylic acids (24—26 and 32--36) (Tables ITI—VI).
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TasLe III. Methyl 1-Benzyl-1,6-dihydro—6-oxo-2-pyra,zinecarboxyla,te 4-Oxides
0
1
()
O7>N"~COOCH3
| —wR
CH2—< ¥
Analysis (%)
Compound Recrystn Yield mp F 1 Igalc%
No. solvent (%) (°C) ormula (Found)
C H N
21 H AcOEt-petroleum 14 120—122 C,sH, . N,O, 60.00 4.65 10.76
ether (59.96 4.58 10.69)
22 4-CH, — 9 Oil — — — —_
23 3,4-Cl, —_ 16 Oil — — — —
Compound IR v_ﬁii; PMR®
No. cm
21 1735 b 3.76 (3H, s, OCH,), 5.51 (2H, s, CH,), 7.07—7.37 (5H, m, Ar-H), 7.40
1655 (14, d, /=2 Hz, 3-H or 5-H), 7.68 (1H, d, /=2 Hz, 5-H or 3-H)
1610 ‘ v
22 1735 2.28 (3H, s, CH,), 3.43 (3H, s, OCH,), 5.45 (2H, s, CH,), 7.02 (4H, s,
1650 Ar-H), 7.39 (1H, d, J=2Hz,3-Hor 5-H),7.85 (1H,d, /=2Hz, 5-H or 3-H)
1605
23 1740 3.80 (3H, s, OCH,), 5.36 (2H, s, CH,), 6.90-—7.47 (4H, m, 3-H or 5-H and
1665 Ar-H), 7.52 (1H, d, /=2 Hz, 5-H or 3-H)
1615
a) Measured in CDCl, with a Varian T-60 spectrometer.
b) Taken with a Varian EM-390 spectrometer.
TaBLE IV. Methyl 6-Benzyloxy-2-pyrazinecarboxylate 4-Oxides
0]
1
Ny
Ror— L
& H-CHa0/\N/\COOCH;
Analysis (%)
. Calced
Compound Recrystn Yield mp
No. R solvent (%) °C) Formula (Found)
C H N
27 H AcOEt—petroleum 30 64— 65 Ci3H N0, - 60.00 4.65 10.76
ether (60.13 4.53 10.63)
28 4-CH, MeOH 32 105—106 C1H,,N,0, 61.31 5.15 10.21
(61.25 5.13 10.10)
29 3,4-Cl, AcOEt-petroleum 36 123—125 Cy5H,CLN,04 47.44 3.06 8.51
ether (47.49 2.96 8.59)
30 2-CH, MeOH 18 97— 98 C, H 4 N,0, 61.31 5.15 10.21
7 (61.29 5.12 10.05)
31 2-Cl1 AcOEt-petroleum 65 87— 88 CysH;CIN, Oy 52.98 3.76 9.51
ether (52.96 3.64 9.52)
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Con;\lr)ound IR v_’f_iﬁ; PMR®
0. cm
27 1750 » 3.98 (3H, s, OCH,;), 5.47 (2H, s, CH,), 7.26—7.53 (5H, m, Ar-H), 7.84 (1H,
1600 d, /=1.5 Hz, 3-H or 5-H), 8.36 (1H, d, J=1.5 Hz, 5-H or 3-H)
28 1745 2.34 (3H, s, CH,), 3.97 (3H, s, OCH,), 5.43 (2H, s, CH,), 7.12 (2H, d, /=9Hz,
1595 Ar-H), 7.33 (2H, d, J=9Hz, Ar-H), 7.80 (1H, d, J=1.5 Hz, 3-H or 5-H), 8.32
(1H, 4, /=1.5 Hz, 5-H or 3-H)
29 1745 3.99 (3H, s, OCH,), 5.42 (2H, s, CH,), 7.17—7.67 (3H, m, Ar-H), 7.83 (1H, d,
1595 J=1Hz, 3-H or 5-H), 8.35 (1H, d, /=1 Hz, 5-H or 3-H)
30 1740 2.43 (3H, s, CH;), 4.02 (3H, s, OCH,), 5.53 (2H, s, CH,), 7.17—7.60 (4H, m,
1720 Ar-H), 7.88 (1H, d, /=1.5 Hz, 3-H or 5-H), 8.40 (1H, d, J=1.5 Hz, 5-H or
1600 3-H)
31 1725 4.00 (3H, s, OCH,), 5.59 (2H, s, CH,), 7.10—7.73 (4H, m, Ar- H), 7.89 (1H, 4,
1610 J=1Hz, 3-H or 5-H), 8.38 (1H, d, /=1 Hz, 5-H or 3-H)

a) Measured in CDCl, with a Varian T-60 spectrometer.
b) Taken with a Varian EM-390 spectrometer,

TasLe V. 1-Benzyl-1,6-dihydro-6-oxo-2-pyrazinecarboxylic Acid 4-Oxides

(0]
f
o
O”*N“¢oon
| ——XR
CH,- >
Analysis (%)
. Calcd
Compound Recrystn  Yield o
P R it (o) mp (°C) Formula, (Found)
T
C H N
24 H EtOH 73 180—182 C,.H,(N,0, 58.54 4.09 11.38
(58.34 3.98 11.22)
25 4-CH, —» 61 170—172 Cyi5H;,N,0, - 59.18 4.74 10.62
1/6H,0 (59.27 4.54 10.65)
26 3,4-Cl, EtOH- 34 172—175 C,.HCI,N,0,- 45.09 2.68 8.76
ether 1/4H,0 (44.88 2.43 8.69)
Compound IR »XBr o1 PMR®
No.
24 1725 5.39 (2H, s, CH,), 7.07—7.47 (5H, m, Ar-H), 7.54 (1H, d,
1640 J=2Hz, 3-H or 5-H), 7.83 (1H, d, J=2 Hz, 5-H or 3-H)
1565
25 1720 2.25 (3H, s, CHy), 5.33 (2H, s, CH,), 7.07 (4H, s, Ar-H),
1635 7.51 (1H, d, J=2 Hz, 3-H or 5-H), 7.80 (1H, d, /=2 Hz,
1560 5-H or 3-H)
26 1725 5.30 (2H, s, CH,), 7.19 (1H, dd, /=2 Hz, 9 Hz, Ar-H), 7.51
1635 (1H,d, J=2Hz, Ar-H),7.52 (1H,d, ] =9 Hz, Ar-H), 7.55 (1H,
1570 d, J=2 Hz, 3-H or 5-H), 7.82 (1H, d, /=2 Hz, 5-H or 3H)

a) Measured in DMSO-dy with a Varian EM-390 spectrometer.
&) Not recrystallized.
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Tapte VI. 6-Benzyloxy-2-pyrazinecarboxylic Acid 4-Oxides®

o)

!
AN

Ryg— ()
& —-CH0YN"~COOH

Analysis (%)

. Calcd
Compound Yield o
No. R (%) mp (°C) Formula (Found)
C H N

32 H 79 190—193 CyaH1oN,Oy 58.54 4.09 11.38
(58.47 4.01 11.36)

33 4-CH, 82 181—183 CsH N0, 60.00 4-65 10.76
(dec.) (59.73 4.48 10.67)

34 3,4-Cl, 81 205—208 C,HCLN,O4 45.74 2.56 8.89
(45.90 2.56 8.80)

35 2-CH, 83 204—205 CysH,,N,04 60.00 4.65 10.76
(60.15 4.50 10.65)

36 2-Cl 94 223—224 C;,Hy,CIN,O, 51.35 3.23 9.98

(51.35 3.25 9.83)

b)
Compound IR Vﬁlﬁi PMR
No. cm™ Solvent Chemical shift
32 1720 DMSO-d,  5.43 (2H, s, CH,), 7.23—7.63 (5H, m, Ar-H), 8.25 (2H, s, 3-H
1600 and 5-H)
DMSO-d,  5.50 (2H, s, CH,), 7.23—7.63 (5H, m, Ar-H), 8.23 (1H, d, J =
+D,0 1.5 Hz, 3-H or 5-H), 8.36 (1H, d, J=1.5 Hz, 5-H or 3-H)
33 1720 DMSO-d, 2.30 (3H, s, CH,), 5.38 (2H, s, CH,), 7.16 (2H, d, /=8 Hz,
1600 Ar-H), 7.36 (2H, d, J— 8 Hz, Ar-H), 8.95 (2H, s, 3-H and 5-H)
DMSO-d, 2.38 (3H, s, CH,), 5.47 (2H, s, CH,), 7.25 (2H, d, J—8 Hz,
+D,0 Ar-H), 7.44 (2H, d, J—8 Hz, Ar-H). 8.26 (1H, d, [ =1.5 Hz,
3-H or 5-H), 8.37 (1H, d, J—1.5 Hz, 5-H or 3-H)
34 1720 DMSO-d, 5.43 (2H, s, CH,), 7.45 (1H, dd, /=2 Hz, 8 Hz, Ar-H), 7.63
1595 (1H, d, /=8 Hz, Ar-H), 7.77 (1H, d, J =9 Hz, Ar-H), 8.20—
8.37 (2H, m, 3-H and 5-H)
35 1715 DMSO-dg 2.35 (3H, s, CHj), 5.42 (2H, s, CH,), 7.03—7.52 (4H, m, Ar-H),
1600 | 8.26 (2H, s, 3-H and 5-H)
36 1710 DMSO-d,  5.50 (2H, s, CH,), 7.28—7.71 (4H, m, Ar-H), 8.25—8.35 (2H,
1595 m, 3-H and 5-H)

a). Recrystallized from EtOH.
b) Taken with a Varian EM-390 spectrometer.

Anticoccidial Activity

Anticoccidial screening in chickens against Evmeria tenella was carried out in battery
experiments as described in the preceding paper.® Indicators of efficacy included measure-
ments of bloody bloody droppings, mortality, cecal lesions and relative weight gain. Bloody
droppings per bird were graded as follows: —(normal), 4-(mild), 4-+-(moderate), -4+
(severe). The cecal lesions were scored by the procedure of Johnson and Reid.®

Of the compounds tested (1—4, 7—18 and 20—36), 1, 8 and 9 showed potent activity;
biological data for these three potent compounds are listed in Table VII as the minimum
effective concentrations in feed required to control coccidiosis.

In reversal experiments, addition of orotic acid or adenine to the feed (at feed levels of
0.01259%, or higher) caused a marked decrease in the activity of 1 (0.01259%, in feed). These
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TasLe VII. Anticoccidial Activity

Minimum Bloody droppings Cecal lesion score Relative
Compound effective (day after infection) Mortalit (number of birds) weight
No. concentration y gain
in feed (%) 4 5 6 7 " o H + - (%)
1 0.0125 — — — — 0/3 3 110.4
8 0.025 — — — — 0/3 3 93.6
9 0.025 - — — - 0/3 3 96.6
Infected
unmedicated # H HH Ht 1/3 2 50.2
control
Uninfected
unmedicated — — — — 0/3 3 100.0
control

TasLe VIII. Loss of the Activity against Eimeria tenella of 1,6-Dihydro-6-oxo-2-pyrazinecarboxylic
Acid 4-Oxide upon Coadministration of Orotic Acid or Adenine

Level in feed®) (9,) Bloody droppings Cecal lesion score Relative
- (day after infection) Mortality® {(number of birds) weight
Compound  Orotic denine gain
1 acid 4 5 6 7 M H O+ = (%)
0.0125 — — - - — — 0/6 6 112.9
0.0125 0.00625 — - — - — 0/6 1 1 4 98.4
0.0125 0.0125 — + + H +H 0/6 3 1 1 1 78.7
0.0125 0.025 — +H H +H H 0/6 6 91.2
0.0125 — 0.0125 - + + — 0/6 2 1 2 1 103.5
0.0125 - 0.025 + + + + 0/6 4 1 1 90.0
0.0125 — 0.05 H H H +H 0/6 4 1 1 71.4
Infected unmedicated control H H# H H 2/6 4 53.6
Uninfected unmedicated control — — — - 0/6 6 100.0

a) Commercial experimental diet for chikens (Nihon Haigoshiryo, Ltd.) was used as the basal ration.
b) 3 Birds x 2 replicates.

biological data are presented in Table VIII. On the other hand, upon simultaneous administr-
ation of uracil, cytosine, thymine, guanine, and adenosine (each at 0.0259%,), hypoxanthine,
uridine, cytidine, guanosine, inosine or orotidine!® (each at 0.0125%,) the anticoccidial activity
of 1 was not counteracted. These results support the hypothesis that the biochemical basis
of anticoccidial activity of 1 is the antagonism of orotic acid metabolism in coccidia.

Experimental

Melting points were determined with a Yanagimoto micro melting point apparatus and are uncorrected.
Infrared (IR) spectra were recorded with a Hitachi 260-10 spectrophotometer and ultraviolet (UV) spectra
were determined with a Perkin-Elmer 450 spectrophotometer. Mass spectra (MS) were obtained with a
Hitachi RMS-4 mass spectrometer. Proton magnetic resonance (PMR) spectra were taken with a Varian
T-60, A-60A, EM-390 or XL-100-12 spectrometer and chemical shifts are expressed in ppm (d) from tetra-
methylsilane as an internal standard. When 4% NaOD in D,0 was used as a solvent, sodium 2,2-dimethyl-2-
silapentane-5-sulfonate was used as an internal standard. The following abbreviations are used: s, singlet;
d, doublet; t, triplet; m, multiplet; br, broad. PE was carried out in 0.1 M acetate buffer (pH 4.0) (buffer 1)
or 0.05M phosphate buffer (pH 7.5) (buffer 2) at 500 V/40 cm. Solutions were concentrated under reduced
pressure with a rotary evaporator.

Methyl 6-Chloro-2-pyrazinecarboxylate 4-Oxide (3)——A solution of 2 (3.45 g, 20 mmol) and m-chloro-
perbenzoic acid (4 g, 23 mmol) in 1,2-dichloroethane (40 ml) was stirred at 65° for 7.5 hr. Further m-chloro-
perbenzoic acid (2 g, 12 mmol) was added and the mixture was stirred at 65° for 20 hr. The resulting mixture
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was washed successively with saturated NaHCOj,, 5%, Na,S,0, and saturated NaHCOj, and dried over MgSO,.
The solvent was evaporated off and the residue was chromatographed on silica gel (Merck) (50 g) with CHCl,
as the eluent. The eluate was concentrated and the residue was rechromatographed on silica gel (80 g).
Recrystallization from AcOEt-petroleum ether gave colorless needles (1.3 g, 35%), mp 110—112°.  Anal.
Calcd for C,H,CIN,O,: C, 38.22; H, 2.67; N, 14.86. Found: C, 38.48; H, 2.39; N, 14.59. PMR {(CDCl,,
T-60): 4.03 (3H, s, OCH,), 8.22 (1H, d, /=2 Hz, 3-H or 5-H), 8.62 (1H, d, /=2 Hz, 5-H or 3-H).

1,6-Dibydro-6-oxo-2-pyrazinecarboxylic Acid 4-Oxide (1) i) A mixture of 3 (2.92 g, 15.5 mmol)
and aqueous NaOH (NaOH 1.86 g, H,O 31 ml) was stirred at 75° for 5 hr and the ice-cooled reaction solution
was adjusted with 209, HCI to pH 1. The precipitate was collected by filtration, washed with cold H,O
and suspended in MeOH (50 ml). The mixture was refluxed for 30 min, and the solution was filtered while
hot. = The precipitate was washed with MeOH and dissolved in hot H,O (50 ml). After cooling, the aqueous
solution was adjusted with 20% HCI to pH 0.5 and cooled. The precipitate was collected by filtration
and washed with H,O to give a crystalline powder (1.33 g, 55%). For analysis, recrystallization from H,0
gave 1 as crystals, mp>>250° (lit.¥ mp>250°). A#nal. Caled for C;H,N,0,-1/4H,0: C, 37.39; H, 2.82; N,
17.44. Found: C, 37.58; H, 2.76; N, 17.43. PMR (DMSO-d4, A-60A): 7.67 (1H, d, J=1.5 Hz, 3-H or 5-H),
7.76 (1H, d, J=1.5 Hz, 5-H or 3-H). IR »£: cm~1: 3450, 3110, 1730, 1650, 1630. UV 235" nm (¢):
235.5 (21600), 286 (shoulder) (4600), 330 (5600); A% nm (&) : 233 (21600), 283 (5000), 335 (5900); Anix **°% nm
(): 238 (22100), 340 (6300). MS mfe: 156 (M+), 140 (M+—16), 112 (M*+—44). PE: migration distance 10.3
cm (buffer 1), 14.4 (buffer 2).

ii) Nickel peroxide (24 g) was added to a solution of 5 (5.7 g, 40 mmol) in aqueous NaOH (NaOH 8.8 g,
H,0 400 ml). The mixture was stirred at rcom temperature for 4 hr and then filtered through a pad of
Hyflo Super-Cel, which was washed with H,O. The filtrate and the washings were combined and concen-
trated to ca. 200 ml. The precipitate was filtered off and the filtrate was adjusted with 20% HCl to pH 3.5.
The deposited crystals were dissolved by addition of H,O, then the solution was adjusted with 20% HCI
to pH 1 and cooled to give crystals (2.51 g, 40%), mp >250°. Anal. Caled for C;H,N,0,: C, 38.47; H, 2.58;
N, 17.95. Found: C, 38.00; H, 2.60; N, 17.62. PMR (DMSO-d¢, EM-390): 7.67 (1H, d, J=1.5 Hz, 3-H
or 5-H), 7.77 (1H, d, J=1.5 Hz, 5-H or 3-H). pK,": 3.35, 6.7 (determined potentiometrically).

1,6-Dihydro-5-methyl-6-oxo-2-pyrazinecarboxylic Acid 4-Oxide (7) A solution of 6-hydroxymethyl-3-
methyl-2(1H)-pyrazinone 4-oxide (6)® (3.123 g, 20 mmol) in aqueous NaOH (NaOH 800 mg, H,0O 200 ml)
was treated with nickel peroxide (12 g) in the manner described for 1. The ice-cooled solution was adjusted
with 20% HCI to pH 1.5 and cooled to give 7 (455 mg, 13%) as colorless crystals, mp >230° (dec.). Anal.
Calcd for CgHgN,0,-1/56H,0: C, 41.48; H, 3.71; N, 16.12. Found:C, 41.70; H, 3.51; N, 16.15. PMR (DMSO-
dg, EM-390): 2.20 (3H, s, CHy), 7.60 (1H, s, 3-H). IR #%%: cm-!: 1720, 1650. UV A% nm (e): 238
(21700), 317.5 (6500) ; A%23 nm (g) : 235 (20600), 322.5 (6900); A% ™" nm (e): 237 (22400), 332.5 (7400). MS
mle (relative intensity): 170 (M¥) (100), 154 (M+—16) (55), 1563 (M+—17) (60), 126 (M+—44) (20), 125 (15),
110 (35), 108 (48), 107 (88). PE: M;'® 0.94 (buffer 2). The mother liquor was concentrated to ca. 5 ml and
adjusted with 209% HCI to pH 1 to give additional 7 (345 mg, 10%).as light brown crystals.

1,6-Dihydro-6-oxo-2-pyrazinecarboxylic Acid 4-Oxide Diisopropylamine Salt (8) Diisopropylamine
(931 mg, 9.2 mmol) was added to a suspension of 1 (720 mg, 4.6 mmol) in H,0 (20 ml), and the mixture was
stirred for 30 min. After removal of the solvent, the residue was dried by azeotropic distillation with EtOH
and recrystallized to give crystals (700 mg).

Methyl 1,6-Dihydro-6-oxo-2-pyrazinecarboxylate 4-Oxide (10) Dry HCI gas was passed into an ice-
cooled suspension of 1 (781 mg, 5 mmol) in MeOH (100 ml) for 3 hr and then at room temperature for 2 hr.
The suspension was allowed to stand at room temperature overnight, then the solvent was removed. The
residue was recrystallized from MeOH to give colorless leaflets (480 mg, 56%), mp 208—212° (dec.) [lit.®
mp 206—212° (dec.)]. Amnal. Caled for CaHgN,O,4: C, 42.36; H, 3.56; N, 16.47. Found: C, 42.45; H, 3.49;
N, 16.31. PMR (DMSO-d4, A-60A): 3.90 (3H, s, OCH,), 7.87 (1H, d, J=1.5 Hz, 3-H or 5-H), 7.93 (1H, d,
J=1.5Hz, 5-Hor 3-H). IR »E% cm~': 1745, 1640. UV 4,507 nm (¢): 238.5 (21500), 320 (5500); AL nm
(e): 242 (21600), 282 (shoulder) (2900), 340 (5100); A5 X ™°" nm (g): 237 (21300), 337.5 (6400). MS m/e:
170 (M+), 154 (M+—16), 140 (M*+—30), 126 (M+—44), 112 (M+—58). PE:M, 0.39 (buffer 1), M, 0.65 (buffer 2).

Butyl 1,6-Dihydro-6-oxo-2-pyrazinecarboxylate 4-Oxide (11) Compound 10 (700 mg, 4.1 mmol) was
added to a solution of sodium (99 mg, 4.1 mg-atom) in #-BuOH (80 ml), and the mixture was refluxed for
3 hr with stirring. After removal of #-BuOH, the residue was dissolved in a small volume of H,O. The
aqueous solution was adjusted with 20% HCl to pH 1 and cooled. The precipitate was collected by filtration
and recrystallized from #-BuOH to give colorless needles (602 mg, 69%), mp 149—150°. Anal. Caled for
C,H,,N,0,: C, 50.94; H, 5.70; N, 13.20. Found: C, 50.80; H, 5.60; N, 13.22. PMR (DMSO-d,;, EM-390):
0.93 (3H, t, J =6 Hz, CH,), 1.20—1.88 (4H, m, -CH,CH,-), 4.29 (2H, t, /=6 Hz, OCH,-), 7.80 (1H, d, /=
1.5 Hz, 3-H or 5-H), 7.85 (1H, d, J=1.5 Hz, 5-H or 3-H). IR »k2 cm~1: 1735, 1650.

1,6-Dihydro-6-oxo-2-pyrazinecarboxamide 4-Oxide (12) Methanolic NH,; (30 ml) was added to a
suspension of 10 (325 mg, 1.9 mmol) in MeOH (30 ml) with stirring. The mixture was stirred at room tem-
perature for 5 hr, then concentrated, and the residue was dissolved in H,0. The aqueous solution was adjusted
with 20% HCI to pH 1 and cooled. The precipitate was collected by filtration and recrystallized to give
colorless needles (286 mg). PE: M, 0.57 (buffer 1), M; 0.64 (buffer 2).
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Methyl 6-Methoxy-2-pyrazinecarboxylate 4-Oxide (15) 109, Methanolic CH;ONa (7.5 ml) was added
dropwise to an ice-cooled suspension of 3 (1.89 g, 10 mmol) in MeOH (10 ml) with stirring. The mixture
was stirred at room temperature for 5 hr and allowed to stand overnight. The resulting solution was adjusted
with concentrated HCI to pH 7—8 and evaporated to dryness. The residue was extracted with hot CHCI,
and the extract was concentrated. Next, the residue was chromatographed on silica gel (50 g) with CHCl,
as the eluent. Recrystallization of the product from AcOEt-petroleum ether gave 15 (950 mg, 52%,) as
colorless needles, mp 132—133°. A4nal. Calcd for C;H N,0,: C, 45.66; H, 4.38; N, 15.21. Found: C, 45.60;
H, 4.32; N, 15.13. PMR (CDCl;, A-60A); 3.99 (83H, s, OCH,), 4.08 (3H, s, OCH,), 7.86 (1H, d, J=1.5 Hz,
3-H or 5-H), 8.37 (1H, d, /=1.5 Hz, 5-H or 3-H). IR »%3% cm~!: 1720, 1595. Undissolved materials after
extraction with hot CHCl; were dissolved in H,0. The aqueous solution was adjusted with 209, HCI to
pH 1, then evaporated to dryness, and the residue was extracted with hot AcOEt. The extract was concen-
trated and diluted with petroleum ether. The precipitate was collected by filtration and recrystallized from
EtOH to give 4 (105 mg, 69%) as needles, mp 249-—251° (dec.).

6-Methoxy-2-pyrazinecarboxylic Acid 4-Oxide (4)-——2~ NaOH (1 ml) was added to a solution of 15
(368 mg, 2 mmol) in MeOH (30 ml), and the mixture was stirred for 1 hr. The resulting solution was neu-
tralized with 209, HCl, then concentrated, and the residue was dissolved in hot H,O. The aqueous solution
was adjusted with 20% HCl to pH 1 and cooled. The precipitate was collected by filtration and recrystallized
from MeOH to give colorless needles (290 mg, 85%), mp 254—255° (dec.). Amal. Calcd for CgHN,O,: C,
42.36; H, 3.56; N, 16.47. Found: C, 42.40; H, 3.38; N, 16.36. PMR (DMSO-dg, A-60A): 3.99 (3H, s, OCH,),
8.21 (1H, d, J=1.5 Hz, 3-H or 5-H), 8.27 (1H, d, J=1.5 Hz, 5-H or 3-H). IR »£2 cm~*: 3410, 3100, 3070,
1730, 1600. PE: M, 0.91 (buffer 1), M; 0.69 (buffer 2).

6-Methoxy-2-pyrazinecarboxamide 4-Oxide (16)——Methanolic NH, (15 ml) was added to a solution of
15 (184 mg, 1 mmol) in MeOH (15 ml). The mixture was stirred for 1 hr and allowed to stand at room tem-
perature for 3 days. The solvent was removed and the residue was recrystallized from H,O to give colorless
needles (105 mg, 609%), mp 269—272° (dec.). PMR (DMSO-d,, A-60A): 4.03 (3H, s, OCHjy), 7.7—8.1 (2H,
br, CONH,), 8.11 (1H, d, J=1.5 Hz, 3-H or 5-H), 8.26 (1H, d, J=1.5 Hz, 5-H or 3-H). IR »X3} cm~: 1680,
1590.

Methyl 6-Mercapto-2-pyrazinecarboxylate 4-Oxide (17) H,S gas was passed into an ice-cooled solution
of sodium (322 mg, 14 mg-atom) in MeOH (70 ml) for 30 min, then 3 (1.832 g, 7 mmol) was added. The mixture
was stirred at room temperature for 3 hr and allowed to stand overnight. The reaction mixture was concen-
trated and the residue was dissolved in H,O (50 ml). TUndissolved materials were filtered off, then the
filtrate was adjusted with 20% HCIl to pH 1 and cooled. The precipitate was collected by filtration and
recrystallized from MeOH to give reddish-brown needles (605 mg, 46%), mp 163—164°. Aual. Calcd for
C.H¢N,0,S: C, 38.71; H, 3.25; N, 15.05. Found: C, 38.97; H, 3.22; N, 15.04. PMR (DMSO-d,, T-60):
3.92 (3H, s, OCH,), 8.11 (1H, d, J=1.5 Hz, 3-H or 5-H), 8.42 (1H, d, /=1.5 Hz, 5-H or 3-H). IR #}3 cm~*:
1715, 1620. UV 5% nm (e): 291 (23400); A%0 nm (g): 218 (16900), 284 (16000); A%L ™" nm (&): 276
(14900). PE: M; 0.80 (buffer 1), M, 0.65 (buffer 2).

6-Mercapto-2-pyrazinecarboxylic Acid 4-Oxide (18) 2N NaOH (2.5 ml) was added to a suspension
of 17 (372 mg, 2 mmol) in MeOH (50 ml), and the mixture was stirred at room temperature for 4 hr. After
removal of MeOH, the residue was dissolved in H,0O. The aqueous solution was adjusted with 209, HCl
to pH 0.5 and cooled. The precipitate was collected by filtration and recrystallized from H,O to give reddish-
brown crystals (120 mg, 35%), mp 210—213°. Anal. Caled for C;HN,0,S: C, 34.88; H, 2.34; N, 16.27.
Found: C, 34.61; H, 2.23; N, 16.24. PMR (4% NaOD in D,0, EM-390): 8.24 (1H, d, J=1.5 Hz, 3-H or 5-H),
8.30 (1H, d, J=1.5 Hz, 5-H or 3-H). IR #»¥3% cm~1: 1710, 1610. UV A5 7% nm (¢): 286 (22700); AR nm
(e): 284 (22200); AN T"¥ nm (¢): 274 (14600). PE: M, 0.95 (buffer 1), M, 1.2 (buffer 2).

Methylation of 10 i) A solution of 10 (170 mg, 1 mmol) in DMF (5 ml) was treated with 509, NaH-
mineral oil (50 mg, 1 mmol) and the mixture was stirred at 60—70° for 2 hr, then cooled to room temperature.
Methyl iodide (0.07 ml, 1.1 mmol) was added and the whole was stirred at room temperature for 1 hr and at
60—70° for 5 hr. The resulting solution was concentrated, diluted with H,O and extracted with CHCI,.
The extract was washed with H,0, dried over MgSO, and concentrated. The residue was chromatographed
on silica gel (6 g) with CHCI, as the eluent. Recrystallization of the products from AcOEt-petroleum ether
gave 15 (23 mg, 139%,) as colorless needles and 19 (5 mg, 3%) as colorless needles, mp 88—90°. PMR (CDCl;,
T-60): 3.67 (3H, s, NCH,), 3.98 (3H, s, OCH,), 7.58 (1H, d, J=2 Hz, 3-H or 5-H), 7.72 (1H, d, /=2 Hz,
5-H or 3-H). IR »¥2% cm~': 1735, 1660, 1610.

ii) Methyl iodide (1.5 ml, 24 mmol) was added to a suspension of 10 (1.7 g, 10 mmol) and Li,CO; (740
mg, 10 mmol) in DMA (10 ml), and the mixture was stirred at room temperature for 7 hr. After removal
of DMA, the residue was extracted with hot CHCI, (150 ml). The extract was dried over MgSO, and
concentrated. The residue was chromatographed on silica gel (30 g) with CHCl; as the eluent to give 15
(100 mg, 5%) and 19 (5 mg). The undissolved materials after extraction with hot CHCl; were dissolved in
MeOH and the solution was filtered. The filtrate was concentrated and the residue was dissolved in H,0O
(10 ml). The aqueous solution was adjusted with concentrated HCl to pH 1 and cooled. The precipitate
was collected, washed with cold H,O and recrystallized from MeOH to give 20 (514 mg, 30%) as crystals,
mp 177—180° (dec.). Awmal. Caled for CHN,O,: C, 42.36; H, 3.56; N, 16.47. Found: C, 42.19; H, 3.59;
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N, 16.35. PMR (DMSO-dg, T-60): 3.49 (3H, s, NCH,), 7.54 (1H, d, J=2 Hz, 3-H or 5-H), 7.78 (1H, d, J =2
Hz, 5-H or 3-H). IR #»E8 cm~: 1725, 1625, 1550. The acidic mother liquor was saturated with NaCl
and extracted with AcOEt. The extract was dried over Na,SO, and concentrated. The residue was recry-
stallized from MeOH to give 4 (10 mg) as a colorless powder.

Methyl 1,6-Dihydro-1-(4-methylbenzyl)-6-oxo-2-pyrazinecarboxylate 4-Oxide (22) and Methyl 6-(4-
Methylbenzyloxy)-2-pyrazinecarboxylate 4-Oxide (28)——4-Methylbenzyl bromide (2.59 g, 14 mmol) was
added to a suspension of 10 (1.19 g, 7 mmol) and Li,CO, (518 mg, 7 mmol) in DMA (70 ml), and the mixture
was stirred at room temperature for 10 hr. After removal of DMA, the residue was diluted with H,O
and extracted with CHCl,. The extract was washed with H,O, dried over MgSO, and concentrated. The
residue was chromatographed on silica gel (50 g) with toluene—~AcOEt (19: 1) followed by toluene—AcOEt
(9: 1) as the eluent to give 28 (613 mg) and 22 (180 mg).

1,6-Dihydro-1-(4-methylbenzyl)-6-oxo-2-pyrazinecarboxylic Acid 4-Oxide (25) A mixture of 22
(180 mg, 0.66 mmol), 0.2 N K,CO, (13.2 ml) and MeOH (6.6 ml) was stirred at 50° for 3 hr and concentrated.
The concentrate was adjusted with 20% HCI to pH 1 and cooled to give a crystalline powder (104 mg).

6-Benzyloxy-2-pyrazinecarboxylic Acid 4-Oxide (32) A mixture of 27 (390 mg, 1.5 mmol) and 0.2~
K,CO, (15 ml) was stirred at 50° for 1 hr. The solution was adjusted with 20% HCl to pH 1 and cooled.
The precipitate was collected by filtration, washed with cold H,O and recrystallized to give colorless leaflets

(290 mg).
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