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In a preceding paper (1) we reported that the reaction
of phosphorus oxychloride with pyrazinecarboxamide
d-oxide essentially gives 2-cyano-0-chloropyrazine.  The
structure of the compound was established by trans-
forming it into the corresponding 2-amino-6-methoxypyr-
azine (2), which resulted different from the known 2-amino-
5-methoxypyrazine, previously

3-methoxy- and Z-amino-

deseribed by us (2). On the contrary, in a recent paper
(3), Novactk et al

(on the interpretation of which some critical comments

claim, on the basis of pmr data

will be made later) that the action of phosphorus

oxychloride on pyrazinecarboxamide 4-oxide, in experi-
mental conditions practically identical to those adopted
by us, affords mainly 2-cyano-5-chloropyrazine, as pre-
viously stated but not proved by Asai (4). According to
the above authors (3), also 2-cyano-6-chloropyrazine was
obtained as a secondary product.  From the mixture
of the two eyanochloropyrazine isomers, Novactk et al.
prepared  the  chloroamide  derivatives and  the meth-
oxyamide derivatives of the main and of the sccondary
produet, whose melting points are reported in Table 1.

In order to resolve the question, we decided to
synthesize unequivocally a series of pyrazines having
the 2-5 their
properties with those of the corresponding 2,6-disub-

,2) as well as with

substilution pattern and to compare
stituted derivalives pr«‘purcd by us (I
those of the supposed 2-5-disubstituted derivatives des-
cribed by the Czech authors (3). With this in mind,
starting from the known 2-('urb('th()xy D-aminopyrazine
M 6,

pyrazine was obtained by us, as shown in the scheme.

number of 2. 5-disubstituted derivatives of

Itis to be p()inlvd out that 2-amino-5-chloropyrazine (X)
and 2-amino-i-methoxypyrazine (V1), prepared according
to the scheme, were identical with the compounds

ously oblained by us by a different procedure (2,6).

previ-

In Table T the melting and boiling points and in Table
1 the

examination are listed. The data reported in Table I show

pmr spectral data of the compounds under

that the compounds synthesized by Novdek et al., are
the 2,6-disubstituted derivatives. As far as the pmr data
are concerned, it is to be pointed out that the assignment

of the relative positions of the substituents in the paper
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of Novadctk et al. has been based on the wrong assumption

CH30

CHz0” N7

that the interaction between the “para” hydrogen atoms
is so weak that the corresponding signals appear as
singlets, i.e. ], 5 (or | para)=0 Hz. Actually, itisknown
(7) that in the pyrazine ring the J, s value is in the range
1.1-1.8 Hz, whereas the J, ¢ value is in the range 0-0.5
Hz. In fact, compounds V-X show well resolved doublets
range 1.1-1.5 Hz (Table II),
corresponding to 2 .5-disubstitution, whereas the J values
of compounds XI-XV are about zero, indicating a 2,6-
Thus, it is definitely cstablished that
reacting phosphorus oxychloride with pyrazinecarbox-
amide 4-oxide, 2-cyano-6-chloropyrazine is the main
product, in agrecment with our previsions results, and

with ] values in the

disubstitution.

that also the derivatives prepared by NovacEk et al.
(with J=0O Hz) are 2,6-

pyrazines.

and not 2.5-disubstituted
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TABLE |
N r' R N R N R’
o J “
RSN N7 @) NT
R R Compound Melting Compound Melting or Compound Melting or
Point Boiling Boiling
Point Point
cl CN Vil 47° X1 B.P.59.61° XVI B.P.58-60°
(I mm“g) (] mm“g)
al CONII, 1X 205° X1V M.P.175° XVII M.P. 174°
(main compound)
CH;0 CONII, v 235° M.P. 215°
main compound
X1 M.P. 220° X VI ( pound)

M.P. 235°
(minor compound)

(a) Compounds prepared according to references 1 and 2. (b) Data from reference 3.

EXPERIMENTAL

Melting and boiling points are uncorrected. The pmr spectra
were obtained in the solvents indicated, with TMS as internal
reference, using a Varian A-60A (60 MHz) spectrometer. Chemical
shifts are reported as § values (ppm).

2-Carbethoxy-5-hydroxypyrazine (I1)."

To 30 ml. of concentrated sulfuric acid, 4.14 g. (0.06 mole)
of sodium nitrite was added in small portions, with stirring and
cooling with ice; the suspension was then heated at 50° 1o
complete solution. A solution obtained by grinding in a
mortar (at 00) 7.5 g. (0.045 mole) of 2-carbethoxy-5-amino-
pyrazine (5) (I) in 45 ml. of concentrated sulfuric acid was
added drop by drop, with stirring and cooling with ice. The
solution was allowed to stand at room temperature and was
then heated at 45° for 67 minutes. After cooling, the solution
was poured in 300 ml. of crushed ice; the larger amount of acid
was neutralized (at ()o) with 20% aqueous sodium hydroxide
and the solution, still acid, was extracted several times with
ethyl acetate. Evaporation of the solvent gave a solid of orange
colour, which, after washing with a small amount of ethyl
ether, gave 6 g. (80%) of I, m.p. 178°.

Anal.  Caled. for C,HgN,03: C, 50.00; H, 4.79; N, 16.65.
Found: C,50.21; H, 486; N, 16.58.

2-Carbethoxy-5-chloropyrazine (111).

A mixture of 3 g. (0.018 mole) of 2-carbethoxy-5-hydroxy-
pyraziné: (I1) and 30 ml. of phosphorus oxychloride was heated
at 120 for 1.5 hours. After cooling, the mixture was poured
into 150 g. of crushed ice and neutralized with a saturated
solution of sodium carbonate.  After extraction with ethyl
ether, the organic layer was dried over anhydrous sodium
sulfate and concentrated to give 2.7 g. (88%) of oily III.

Anal. Caled. for C,H4CIN,O,: C,45.00;H,3.78;: N, 15.01;
CL,19.00. Found: C,45.15: H,3.83;N,19.12;Cl, 14.83.

2-Carbethoxy-5-metho xypyrazine (1V).

To a solution of 2.7 g. (0.0145 mole) of 2-carbethoxy-5-
chloropyrazine (1) in 25 ml. of anhydrous methanol a solution

containing 0.516 g. (0.022 mole) of sodium in 12 ml. of
anhydrous methanol was added. Initial separation of solid
matter was observed. After boiling for 20 the
solvent was evaporated and the solid residue was extracted with
ethyl ether. Evaporation of the solvent gave | g. (40%) of IV,
m.p. 8587°.

Anal.  Caled. for CgHoN,O3: C,52.79; H,5.53; N, 15.48.
Found: €,53.05; H,5.71; N, 15.22.

2-.Carbo xamido 5 -methoxypyrazine (V).

(a) 2-Carbethoxy-5-methoxypyrazine (IV) (1 g., 0.0055 mole)
was introduced into a 100 ml. steel bomb, containing 50 ml. of
ethanol saturated wilh ammonia at 5% The sample was
allowed to stand overnight at room temperature; then the solution
was evaporated under reduced pressure. The solid residue was
washed with a small quantity of tc:)lhyl ether and 0.85 g. (100%) of
V was obtained; m.p. 232233, After recrystallization from
ethanol the m.p. was 234°.

Anal. Caled. for CgHaN305:
Found: C,47.18; H, 4.62;'N, 27.27.

(b) To a solution of 0.87 g. (0.0055 mole) of 2-carboxamido-
5-chloropyrazine (1X) in 30 ml. of anhydrous methanol, a
solution of 0.3 g. (0.013 mole) of sodium in 2 ml. of anhydrous
methanol was added. After boiling for 2 hours and evaporation
of the solvent under reduced pressure, the residue was taken up
with a small quantity of water, neutralized with | N hydrochloric
acid, filtered and washed to neutrality; 0.8 g. (94%) of V
was obtained, m.p. 232:233°.

Anal. Caled. for CgH7N30,: C, 47.05; H, 4.60; N, 27.43.
Found: C, 47.25; H, 470: N, 27.35.

2.Carbo xamido-5-hydroxypyrazine (VII).

minutes,

(, 47.05; H, 4.60; N, 27.43.

A sample of 3 g. (0.018 mole) of 2.-carbethoxy-5-hydroxy-
pyrazine (11) was introduced into a 100 ml. steel bomb containing
50 ml. of concentrated ammonium hydroxide, and heated at
100° for 3.5 hours. By evaporating the solvent under reduced
pressure, 2.48 g. (100%) ofonl was obtained as a pale yellow
solid residue, m.p. 290.295° dec. After recrystallization from
ethanol the m.p. was 295° dec.

Anal. Caled. for CsHsN30;:
Found: C,43.41; H,3.81;N, 30.33.

G, 43.23; H, 3.63: N, 30.24.



609

N . 91°6
() <ro0 166
R . 698
g )ezo 268
No suojoud
(M) ey onewore ¢

Aug. 1974

G)yoo
p-OSKnd max  ¢)sro
¢)¥%00
() s0°0

( punodwod

utew)
7P OSKa HIAX () szo
juaajog  punodwo) ({) 9y

)

“[edatuapt Affeonoeld 21 sonfeA Q7 2y} ‘19AIMOY (BUIOUIILFII JUAIIFIIP 9Y] 03 aNp are [[AX pue [{]AX spunoduwod
J0 9501) pue AJX pue [X spunodwod Jo San[es JJIys [BIUIdYD 3} U9M]9(] SIOUIIDIJIP 9Y], "¢ 99UaIdJa1 wolj eie(f (q) "F PUE [ $20Ua19J91 0} Julpiodde paredaid spunodwo)) ()

9L
082
06
LT6
S6'8
66'8

Wl
6v'L

87’8
€L°8
suojoid
onewiole o

£0ao

9P-0SINa
Li0%8)

$103a0

2Posnd

juss[og  punodwo))

(¥)

AX

AIX

11D.¢

IX

IX

(s1)szo

(r1sro

oiro

(51)2%0

(11050

(Dgv

(zH :sonjea [‘wdd :sonfer @) ere(] YINd

II 919V.L

99°L
162
8’8
66’8
c06
¢re

SvL
2972

12°8
.8
suojoad
Jljewole @

£10a0

p-OSINd

2P OSd

Blelele]

2P OSIKad

JUIA[0S

O

)

X

XI

II1A

IA

punodwo))

CHN

CHNOD

ND

THN

CHNOD

8]

D

8]

£HDO

£HDO



610 Notes

2-Ciyano-5-chloropyrazine (VIII).

2 -Carbo xamido 5 -hydroxypyrazine (V111) (2.3 g., 0.0165 mole)
was introduced into a 50 ml. round bottom flask equipped with
a reflux condenser and a calcium chloride tube, together with
15 ml. of phosphorus oxychloride. The suspension was heated at
100° for 2 hours (after a few minutes the suspension became
dark), cooled and poured in 100 g. of crushed ice. After 30
minutes, the suspension was extracted with ethyl ether and the
organic layer, dried over anhydrous sodium sulfate and concen-
trated, gave a solid residue (1.7 g.), which, by sublimation,
gave 1.65 g. (72%) of V1II as a white solid; m.p. 4647°.

Anal. Caled. for CsH,CIN3: C, 43.03; H, 1.45; Cl, 25.40.
Found: C, 43.12; H, 1.51; Cl, 25.50.

2-Carboxamido-5-chloropyrazine (I1X).

A solution of 1.65 g. (0.012 mole) of 2-cyano-5-chloropyrazine
(VI1I) in 4 ml. of concentrated sulfuric acid was heated at 45° for
one hour. Then the selution was poured in ice, neutralized with
a saturated solution of sodium carbonate, and extracted with
chloroform. The organic layer, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure, gave 1 g. (53%)
of 1X, m.p. 203-204°.  After recrystallization from ethanol
the m.p. did not change.

Anal. Caled. for CsH4CIN3O: C, 38.11; H, 2.55; Cl, 22.50.
Found: €, 38.40; H, 2.71; Cl, 22.63.
2-Amino5-chloropyrazine (X).

To a solution of potassium hypobromite, prepared at 0° by
adding 1.6 ml. (0.03]1 mole) of bromine to 8.55 g. (0.152 mole)
of potassium hydroxide in 80 ml. of water, 4 g. (0.025 mole)
of 2-carboxamido-5-chloropyrazine (I1X) was added. The mixture
was heated at 80° for two hours, concentrated at a small
volume under reduced pressure, acidified with 6 /V hydrochloric

Vol. 11

acid, basified with 2 N sodium hydroxide after fifteen minutes,
and finally extracted with chloroform. By evaporation of the
chloroform 2.7 g. (83%) of X was obtained, m.p. 125°. After
. . . Q
recrystallization from ethanol the m.p. is 130 .
Anal. Caled. for C4H4CIN3: €, 37.15; H 3.11. Found:
C, 37.08; H, 3.23.

2.Amino-5-methoxypyrazine (VI).

The compound was prepared starting from 2.5 g. (0.016 mole)
of 2-carboxamido-5-methoxypyrazine (V) with the procedure
described for compound X. Compound VI (1.6 g.,78%) was
obtained, m.p. 108-109°.  After recrystallization from cyclo-
hexane the m.p. is 111°.

Anal.  Caled. for CsHqN3O:
C, 47.99; H, 5.63.

C, 48.08; H, 5.58. Found:
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