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The reactivity of the chloride atom of 2-cyano-6-chloropyrazine was used in the reac-
tions with amines, 1,2,3,4-tetrahydroisoquinoline and 1,3,3-trimethyl-6-azabicyclo-
[3,2,1]-octane, which yielded the substrates for the syntheses of a series of new
derivatives. The bulk of them were tested for their tuberculostatic activity. MIC val-
ues of the most active ones (2a, b, 5b, 7a, 9b, and 11b) were within 3.1–50 µg/mL.

Keywords 2-Cyano-6-chloropyrazine; 6-aminosubstituted-2-cyanopyrazine; N1-
substituted thioamidopyrazincarboxyamidrazones

INTRODUCTION

The syntheses of pyrazine derivatives of varied biological (incl. tuber-
culostatic) activity are, in the major part, patented.1

The compounds of tuberculostatic activity are, in the greater part, the
pyrazinocarboxylic acid derivatives,2−5 the reported earlier amidrazone
derivatives of nicotinic and isonicotinic acid,6,7 as well as the derivatives
of isonicotino-hydrazones.8

The tuberculosis treatment grows more and more difficult, which
results from bacteria-growing refractoriness towards the administered

Received November 2, 2004; accepted November 16, 2004.
Address correspondence to Henryk Foks, Medical University of Poland, Depart-

ment of Organic Chemistry, Al Gen J Hallera 107, Gdańsk, PL 80-416, Poland. E-mail:
hfoks@amg.gda.pl

2255

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
5
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



2256 B. Milczarska et al.

tuberculostatic. The structures of these compounds must be continu-
ously modified.

RESULTS AND DISCUSSION

In this work, many 2,6-disubstituted pyrazine derivatives were ob-
tained (Scheme 1). The substrate used was 2-cyano-6-chloropyrazine.
As the halogen atom was in α-position towards the pyrazine ring nitro-
gen atom, its exchange for an amine group was quite easy.

SCHEME 1

The 2-cyano-6-substituted pyrazines obtained this way were changed
into the corresponding acids, thioamides, imidoesters, imidazolines,
amidoximes, and amidrazones (Table I). The syntheses of amidrazones
from nitriles and hydrazine were conducted in methanolic solutions
at 50◦C to avoid the byproducts—dihydrotetrazines formation. These
byproducts were not formed, however, when imidoesters were used for
the syntheses of amidrazones.

The amidrazones were transformed into the Schiff ’s bases in the re-
actions with substituted benzoic aldehydes: p- and m-chloro, p-bromo-,
p-hydroxy-, and o- and p-nitro- (Table II).

Some of the newly obtained aldehydes were tested for their tuber-
culostatic activity towards the standard Mycobacterium tuberculosis
H37Rv strain and two “wild” strains were isolated from the tuberculotic
patients (Table III): one, Myc. species 210, resistant to p-aminosalicylic
acid (PAS), isonicotinic acid hydrazide (INH), ethambutol (EMB) and
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TABLE III Tuberculostatic Activity [µg/mL]

Compound
no.

Myc.tbc
H37Rv

Myc.spec.
192

Myc.spec.
210

2a
2b
3a
3b
4a
5a
5b
7a
7b

25
25
50
50
50
50
25
25
50

100
100
100

50
50
50
50

100
50

50
50

100
50

100
50
50
50
50

8a
8b
9a
9b

10a
10b
11a
11b

50
100
100

50
100

50
50
50

100
100
100

25
100
100
100

50

100
50

100
3,1

100
50

100
25

rifampycine (RFP), and the other, Myc. species 192, which were fully
susceptible to the drugs administered.

The tuberculostatic activity was determined in vitro by classical test
tube method with Youman’s liquid medium containing 10% of bovine
serum.9 Based of the Minimum Inhibiting Concentration (MIC) values,
we concluded that some compounds were worthy of notice, e.g., 2a, 2b,
5b, 7a, 9b, and 11b because their MIC values were within the limits
3.1–50 µg/mL.

Experimental

All melting points were obtained with a Boëtius apparatus and are
uncorrected. The elemental analysis results for C and H of all the com-
pounds obtained were in good agreement with the data calculated. The
IR spectra were taken with a Satellite spectrophotometer and the 1H-
NMR spectra were taken with a Varian Unity 500 MHz apparatus and
a Varian Gem 200 MHz apparatus. The reaction yields and physical
constants of the new compounds were given in Tables I and II.

Syntheses of 6-Substituted 2-Cyanopyrazine Derivatives
(1a, 1b)

To a solution of 2-cyano-6-chloropyrazine (0.1 mol) in benzene (150 mL),
triethylamine (0.15 mol) and the corresponding amine (0.1 mol), i.e.,
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1,2,3,4-tetrahydroisoquinoline or 1,3,3-trimethyl-6-azabicyclo-[3,2,1]-
octane, was added. The mixture was refluxed for 3 h. On cooling,
water (60 mL) was added and the mixture extracted with benzene.
The benzene extracts were dried over anhydrous MgSO4. The solu-
tion obtained was thickened by evaporation under vacuum and al-
lowed to stand for crystallization. The precipitate was filtered and
recrystallized.

Syntheses of Thioamides (2a, 2b)

The corresponding nitrile (2 mmol) was dissolved in ethanol (10 mL)
and ammonium polysulphide was added until turbidity appeared. After
12 h, the precipitate was filtered and crystallized.

Syntheses of Amidoximes (3a, 3b)

To a solution of hydroxylamine hydrochloride (17.0 mmol) in ab-
solute methanol (10 mL) the solution of KOH (22 mmol) in abso-
lute methanol (10 mL) was added. The precipitated KCl was filtered
and the filtrate was treated with the corresponding nitrile 1a or 1b
(2.5 mmol). The mixture was refluxed for 2 h. The solvent was then
evaporated under reduced pressure and the residue was treated with
acetic acid (0.8 mL) in water (10 mL). The precipitate was filtered and
recrystallized.

Syntheses of Pyrazinocarboxylic Acids (4a, 4b)

To nitrile 1a or 1b (2.7 mmol) in methanol (4 mL) a 20% solution of
NaOH (10 mL) was added. The mixture was refluxed for 6 h. The solu-
tion was cooled with ice and acidified with diluted HCl—to pH 3. The
precipitated product was filtered and recrystallized.

Syntheses of Pyrazine-2-imidazolines (5a, 5b)

To thioamide 2a or 2b (1.0 mmol), ethylenediamine (0.22 mol) was
added and allowed to stand at room temperature for 1 h. On cooling
with ice, the precipitate was filtered and crystallized.

Syntheses of Imidoesters (6a, 6b)

To the solution of nitrile 1a or 1b (4 mmol) in benzene (60 mL), the
solution of NaOH (10 g) in water (10 mL) was added. Methanol (10 mL)
and a small amount of Triethylbenzyl-amine (TEBA) was added. The
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mixture was stirred for 2 h at ambient temperature. Water (70 mL)
was added and the aqueous layer after separation was extracted with
benzene. The combined benzene extracts were dried over anhydrous
MgSO4. The benzene solution was thickened under reduced pressure
and the oily residue was treated with petroleum ether. The precipitates
were filtered and recrystallized.

Syntheses of Amidrazones (7a, 7b)

(a)
To the solution of nitrile 1a or 1b (2.5 mmol) in methanol (10 mL), a

80% solution of hydrazine (1.3 mL) was added. The solution was heated
under reflux at 50◦C for 1 h. The excess solvent was evaporated under
reduced pressure. The residue was cooled and treated with a small
amount of water. The precipitate obtained was filtered and crystallized.

(b)
To the solution of imidoester 6a or 6b (1 mmol) in absolute methanol

(40 mL), anhydrous hydrazine (0.1 mL) was added. The mixture was
refluxed for 1 h, the solvent was evaporated under vacuum, and the
residue treated with benzene and petroleum ether. The precipitate was
filtered and crystallized.

Condensation of Amidrazones with Aromatic Aldehydes
(8a, b–12a, b)

To the solution of the corresponding amidrazone (1.25 mmol) in abso-
lute methanol (10 mL) aromatic aldehyde (1.25 mmol) and few drops of
piperidine were added. The mixture was refluxed for 3 h. On cooling,
the precipitates obtained were filtered and crystallized.
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