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The peroxysulfuric acid oxidation of 2-cyanopyrazine (1) gave its 1-oxide 3 (18% yield) and pyrazinecarb-
oxamide (8% yield), while that of methyl pyrazinecarboxylate (2) provided the 1- and 4-oxides in 15 and 7%
yields, respectively. On the other hand, pyrazinecarboxylic acid 1-oxide (7) was prepared by condensation of
2-methylpyrazine 1-oxide (8) with benzaldehyde followed by oxidative cleavage (47% overall yield).
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In continuation of our research on pyrazine N-oxides
(2), we now report convenient synthetic methods for the
titled N-oxides (3). Recently, peroxysulfuric acid oxidation
was demonstrated to be an effective means for the direct
conversion of 2-chloropyrazines into the corresponding
1-oxides (2,4). We found that the oxidation method could
be also successfully applied to N-oxidation of 2-cyano-
pyrazine (1) and methyl pyrazinecarboxylate (2) to their
l-oxides.

The oxidation of 1 with peroxysulfuric acid generated
in situ from potassium persulfate and concentrated sulfur-
ic acid gave 2-cyanopyrazine l-oxide (3) and pyrazine-
carboxamide (4) in 18 and 8% yields, respectively, the lat-
ter of which was easily removed by chromatography on
silica gel. On the other hand, the persulfate oxidation of 2
gave a mixture of the 1- (5) and 4-oxides (6) in 15 and 7%
yields, respectively, which were separated by silica gel
chromatography.

Determination of the position of the N-O group in the
new N-oxide 5 was easily accomplished by comparison
with ir and nmr spectra of the isomer 6, i.e., the 1-oxide 5
exhibits the N-O stretching frequency lower than the
4-oxide 6 (2,3a,4) and these N-oxides show respectively the
coupling constants characteristic of the ring protons of
2-substituted pyrazine 1- and 4-oxides (2) (see Table I).
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The difference in the selectivities of N-oxidation be-
tween 1 and 2 is elucidated as follows. Because the
N-oxidation of pyrazines involves nucleophilic attack of
the lone pair of electrons of nitrogen on the outermost ox-

ygen of peracid, the orientation in substituted pyrazines is
governed by the relative basicities of the ring nitrogen
(5-7). The regiospecificities in the persulfate oxidations of
2-chloropyrazine (2,4) and 1, therefore, are caused by
strongly electron-withdrawing chloro and cyano substi-
tuents, respectively, which severely reduced the basicities
of the ring nitrogen particular at N-1. In other words, the
most basic nitrogen N-4 favors protonation in sulfuric acid
resulting in exclusive oxidation on the remaining nitrogen
to form the l-oxides (8). However, the carbomethoxy group
makes less difference in the basicities of nitrogens com-
pared to the above substituents (9). This behavior lowers
the selectivity of N-oxidation in sulfuric acid at low pH
resulting in the competitive formations of 1- and 4-oxides.

The persulfate oxidation method was not adaptable to
pyrazinecarboxylic acid or pyrazinecarboxamide (4), i.e.,
the attempted oxidation of these pyrazines failed to give
any N-oxides.

One other effort in the present work is the synthesis of
pyrazinecarboxylic acid 1-oxide (7) by a two-step sequence
of reactions starting from 2-methylpyrazine l-oxides (8)
(see Scheme II).
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Although the N-oxides 8 was initially expected to be a

useful precursor for the desired N-oxides in view of the
ready accessibility (10), the methyl group of 8 is entirely
resistant to oxidation with selenium dioxide, chromyl
chloride, or potassium permanganate, and to the Ortoleva-
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Table I
IR (a) and "H NMR (b) Spectra of Pyrazine N-Oxides
NMR
Compound IR, cm™* Chemical shift, 8 Coupling constant, Hz

N-0 Other H-3 H-5 H-6 I35 J3e Js.6

3 1322 2245 (C=N) 9.16 8.78 8.59 0 0.8 4.4
(0) (0.5:0.8) (4.0-4.3) (2)

5 1334 1740 (C=0) 8.90 8.50 8.17 (c) 0 0.7 4.2

7 1316 1721 (C=0) 9.19 8.88 8.69 0 0.7 4.1

9 1274 1632 (C=C) 8.80 8.24 8.10(d) 0 0.8 42

6 1338 1727 (C=0) 8.79 8.26 8.61 (e) L5 0.5 4.0
(1.2-1.6) (0-0.8) (4.0-4.2) (2)

(a) Potassium bromide disc. (b) Compounds 5, 6, and 9 were measured in deuteriochloroform and the others in dimethyl sulfoxide-d,. (c) Other peaks:
4.00 (s, 3H), (d) 7.32 (d, ] = 17 He, 1H), 7.75 (d, 1H), 7.3-7.65 (m, SH), (e) 4.04 (s, 3H).

King reaction for subsequent Krshnke aldehyde synthesis
(5,6). The N-oxide 8, however, was easily condensed with
benzaldehyde in the presence of a base to form 9 almost
quantitatively. This facile condensation is likely to be
caused by the N-oxide function (11), as 2-methylpyrazine
gives no styrylpyrazine under the same conditions. The ox-
idative cleavage of 9 proceeded effecttively in the
presence of crown ether. An interesting finding is that the
carboxylic acid 7 can not be converted into the ester 3 by
the Fischer method unlike the facile esterification of
2-pyridinecarboxylic acid N-oxide under the same condi-
tions (12).

EXPERIMENTAL

Melting points were taken on a Mel-Temp apparatus and are uncorrec-
ted. Ir spectra were recorded on a Hitachi 260-10 and EPI-G3 spectro-
meters, nmr spectra on a JOEL JNM-MH-100 instrument with tetra-
methylsilane as an internal standard.

2-Cyanopyrazine 1-Oxide (2).

To a stirred solution of 1 (5.274 g, 0.050 mole) in 50 ml of concentrated
sulfuric acid, prepared at temperature below 10°, potassium persulfate
(14.98 g, 0.055 mole) was gradually added at the same temperature. The
solution was stirred at room temperature for 16 hours (13), and then
poured into 200 ml of ice-water. The aqueous solution was extracted with
chloroform (3 X 100 ml) (14), and the extract was washed with water and
dried over magnesium sulfate. The aqueous layer and the washings were
basified with sodium carbonate (ca. 100 g) and extracted with chloroform
(5 X 100 ml). The second extract was worked up as in the predescribed
manner. Evaporation of the combined extracts gave 1.653 g of colorless
solid, which was chromatographed on silica gel (33 g). The first elution
with benzene and successively benzene-ethyl acetate (9:1 to 1:1) gave
1.116 g (18%) of 3. Further development with benzene-ethyl acetate (1:1)
afforded 0.490 g (8%) of pyrazinecarboxamide (4). An analytical sample
of 3 was obtained by recrystallization from methanol as colorless prisms
(15), mp 157-159° [lit (3a) mp 156-157°].

Anal. Calced. for C;H,N,0: C, 49.59; H, 2.50; N, 34.70. Found: C, 49.35;
H, 2.31; N, 34.56.

2-Methoxycarbonylpyrazine 1- (3) and 4-Oxides (6).
Pyrazinecarboxylic ester 2 (6.907 g, 0.050 mole) was added with stirr-

ing in small portions to concentrated sulfuric acid (50 ml) at temperature
below 10°. The mixture was warmed (ca. 20°) to dissolve the ester, to the
resulting clear solution potassium persulfate (14.87 g, 0.055 mole) was
slowly added at temperature below 10°. The solution was stirred at room
temperature for 24 hours, and the successive workups were followed us-
ing the predescribed manner. Separation of the reaction mixture (6.95 g)
was carried out by chromatography on silica gel (100 g). The chromato-
gram was developed first with benzene-ethyl acetate (9:1) to recover the
starting material 2 (2.57 g, 37%). Further elution with the same solvent
gave 1.164 g (15%) of l-oxide 5, which was recrystallized from methanol
to give colorless needles, mp 81-82°.

Anal. Caled. for C¢HsN,O;: C, 46.75; H, 3.92; N, 18.18. Found: C,
46.50; H, 3.89; N, 18.07.

The isomeric 4-oxide 6 was obtained by:successive elution with ethyl
acetate (0.509 g, 7%) (15), mp 169-171° from methanol [lit (16) mp
166.5-167.5°}.

(E)-2{a-Styryl)pyrazine 1-Oxide (9).

A solution of 2-methylpyrazine 1-oxide 8 (1.100 g, 0.010 mole) and
benzaldehyde (2.13 g, 0.02 mole) in 10 ml of absolute methanol contain-
ing sodium (0.23 g, 0.01 mole) was refluxed and stirred for 2 hours. Ex-
cess benzaldehyde and methanol was removed by steam distillation, and
the resulting aqueous solution was allowed to stand in a refrigerator
overnight. The precipitates which formed was collected by filtration,
washed with chilled water; and dried in air to afford 1.906 g (96%) of 9,
mp 168-170°. An analytical sample was obtained by recrystallization
from ethanol as colorless needles, mp 170-171°.

Anal. Caled. for C,,H,,N,0: C, 72.71; H, 5.09; N, 14.14. Found: C,
72.71; H, 5.13; N, 14.21.

2-Pyrazinecarboxylic Acid 1-Oxide (7).

A mixture of 9 (0.396 g, 2.0 mmoles), dicyclohexyl-18-crown-6 (0.082 g,
0.22 mmole), and potassium permanganate (0.843 g, 5.33 mmoles) in 60
ml of benzene was rolled in a ball mill for 3 hours. Manganese dioxide
which formed was collected by filtration, and washed with benzene, 0.1 N
aqueous sodium hydroxide (50 ml), and finally with water. The filtrate
and washings were washed with ether, and the aqueous layer was stirred
with 20 ml of Amberlite IR-120B (hydrogen form). The solution was
evaporated to dryness in vacuo affording a colorless solid, which was
washed with ether (4 X 10 ml) to remove benzoic acid. The resulting
solid sublimed at 120-130° (0.1 mm) to give 0.136 g (49%) of 7, mp
138-139° [lit (3a) mp 138-139.5°]. Recrystallization from water gave an
analytical sample as colorless prisms without any change in the melting
point.

Anal. Caled. for CsH,N,O0;: C, 42.86; H, 2.88; N, 20.00. Found: C,
42.68; H, 2.85; N, 20.11.
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