
Summary

A series of eleven novel 5-amino-N-phenylpyrazine-2-
-carboxamides were synthesized and evaluated for in vit-
ro anti-infective properties. Prepared compounds were
characterized by IR, 1H NMR and 13C NMR spectra, ele-
mentary analysis and melting points. Lipophilicity
parameters Log P and ClogP were calculated. None of
the compounds was effective against any of tested
mycobacterial strains (Mycobacterium tuberculosis
H37Rv, M. kansasii, M. avium) up to concentration of
100 µg/mL. 5-amino-N-(2,5-dimethylphenyl)pyrazine-
2-carboxamide (3) exerted moderate antibacterial activi-
ty against Staphylococcus aureus (MIC = 62.5 µM). No
antifungal activity was detected. Several compounds
exerted moderate antiviral activity against influenza A
viruses at the level of tens of µM.
Key words: pyrazinamide • antimycobacterial activity •
antibacterial activity • antifungal activity • antiviral
activity

Souhrn

Byla pfiipravena série jedenácti nov˘ch 5-amino-N-
-fenylpyrazin-2-karboxamidÛ, které byly hodnoceny
jako potenciální antiinfektiva. Pfiipravené slouãeniny
byly popsány Iâ, 1H NMR a 13C NMR spektry, prvkovou

anal˘zou a teplotami tání. Byly vypoãteny parametry
lipofility Log P a ClogP. Îádn˘ z pfiipraven˘ch derivátÛ
nebyl úãinn˘ proti testovan˘m mykobakteriálním
kmenÛm (Mycobacterium tuberculosis H37Rv, M. kan -
sasii, M. avium) ani v nejvy‰‰í testované koncentraci
100 µg/ml. 5-Amino-N-(2,5-dimethylfenyl)pyrazin-2-
-karboxamid (3) vykázal antibakteriální aktivitu vÛãi
kmenu Staphylococcus aureus (MIC = 62.5 µmol/l).
U testovan˘ch látek nebyla zji‰tûna Ïádná antifungální
aktivita. Nûkolik slouãenin vykázalo mírnou aktivitu
(v fiádu desítek µmol/l) proti virÛm chfiipky A.
Klíãová slova: pyrazinamid • antimykobakteriální
aktivita • antibakteriální aktivita • antifungální aktivita •
antivirotická aktivita

Introduction

Even in the 21st century tuberculosis (TB) remains the
2nd leading cause of death among all infectious diseases.
According to WHO worldwide estimates, there were 9
million new cases of TB in 2013 and 1.5 million of TB-
-associated deaths1). Although the incidence rates of TB
(both in relative and absolute numbers) have been
decreasing since the beginning of the new millennium,
the rate of decline remains slow (2% per year world-
wide). In 2013, 3.5% of new and 20.5% of previously
treated TB cases were estimated to be multidrug-resis-
tant1) (MDR, resistant to at least isoniazid and
rifampicin, the two most powerful anti-TB drugs). The
rising abundance of resistant tuberculosis is an impera-
tive to develop new anti-TB drugs, and this imperative
has recently led in development of several new com-
pounds active against MDR-TB, namely bedaquiline (a
diarylquinoline), delamanid and pretomanid (both
nitroimidazoles), which have been introduced to clinical
practice or are in late stages of clinical development2, 3).

The development of new antitubercular drugs is
a long-term project on the Faculty of Pharmacy in
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Hradec Králové (Charles University, Czech Repub-
lic)4–6). Research of our laboratory is focused on design
of pyrazinamide (PZA) derivatives as potential antitu-
berculars. PZA is a first-line anti-TB drug and is used in
all basic treatment regimens. Recently, PZA has been
a subject of increased scientific attention and several
studies have suggested new and specific mechanisms of
action of this drug and its simple derivatives7–10). Practi-
cally, the sterilizing activity of PZA, which is given by
its ability to kill non-replicating persisting sub-popula-
tion of mycobacteria in the host’s organism, is the reason
why PZA is a vital component of newly developed
MDR-TB treatment regimens3, 11). In our previous publi-
cation we showed that 5-alkylamino-N-phenylpyrazine-
2-carboxamides possessed significant activity against
M. tuberculosis H37Rv with MIC ranging from 0.78 to
3.13 µg/mL (approximately 3–12 µM)12). Based on the
relatively insignificant differences in activity among
derivatives with varied length of the alkyl chain (propy-
lamino to octylamino derivatives), we hypothesized that
all these derivatives could be metabolized via oxidative
N-dealkylation13, 14) to common metabolite of 5-amino-
-N-phenylpyrazine-2-carboxamide. This compound was
synthesized and tested to found it was completely inac-
tive (MIC > 100 µg/mL), possibly due its low lipophilic-
ity, which could have prevented effective diffusion into
mycobacterial cell through its lipophilic envelope12). In
the same study and under same conditions, 5-amino-N-
-(2-chlorophenyl)pyrazine-2-carboxamide was inactive
as well. To further support the finding that 5-amino-N-
-phenylpyrazine-2-carboxamides lack in vitro activity
against M. tbc H37Rv and other mycobacterial strains,
we decided to synthesize and evaluate a small series of
5-amino-N-phenylpyrazine-2-carboxamides with vari-
ous substituents in the phenyl part. Some substituents
were chosen to increase lipophilicity, which could
enhance the ability to penetrate the mycobacterial cell.

Experimental part

General
All chemicals (unless stated otherwise) were pur-

chased from Sigma-Aldrich (Schnelldorf, Germany).
The reaction process and the purity of final compounds
were checked using Merck Silica 60 F254 TLC plates
(Merck, Darmstadt, Germany). Microwave assisted reac-
tions were performed in microwave reactor CEM Dis-
cover (focused field) connected to autosampler Explorer
24 (CEM Corporation, Matthews, NC, USA). Flash
chromatography of the final compounds was run on
automated chromatograph CombiFlash Rf (Teledyne
Isco, Lincoln, NE, USA) using columns filled with
Kieselgel 60, 0.040–0.063 mm (Merck, Darmstadt, Ger-
many), detection wavelength 280 nm. NMR spectra were
recorded on Varian VNMR S500 (Varian, Palo Alto, CA,
USA) at 500 MHz for 1H and 125 MHz for 13C or at Var-
ian Mercury VX-BB 300 at 300 MHz for 1H and 75 MHz
for 13C. The spectra were recorded in DMSO-d6 or CDCl3
at ambient temperature. The chemical shifts as �δ�values
in ppm are indirectly referenced to tetramethylsilane
(TMS) via the solvent signal. IR spectra were recorded
on Nicolet Impact 400 (Nicolet, Madison, WI, USA)

using ATR-Ge method. Elemental analysis was per-
formed on CE Instruments EA-1110 CHN analyser (CE
Instruments, Wigan, United Kingdom). All values are
given as percentages. Melting points were determined in
open capillary on Stuart SMP30 melting point apparatus
(Bibby Scientific Limited, Staffordshire, UK) and are
uncorrected. Yields are given as percentages and refer to
the amount of chromatographically pure product after all
purification steps. Log P and ClogP was calculated using
the program CS ChemBioDraw Ultra version 14.0 (Cam-
bridgeSoft, Cambridge, MA, USA).

General synthetic procedure for compounds 1–11
Substituted 5-chloro-N-phenylpyrazine-2-carboxam-

ide15) (1 mmol) was placed into special microwave tube
(10 mL) with magnetic stirrer and approximately 3 mL
of MeOH and 3 mL of 25% (v/v) aqueous ammonia was
added. The tube was closed with septum and placed into
microwave reactor. The reaction was set up for 160 °C,
microwave power 100 W, PowerMAX Mode, 45 min.
The reaction was performed in a closed tube (i.e. over-
pressurized.). The generated pressure (dependent on the
volume of solvents and the total volume of the reaction
tube) was approx 7–8 bar. After reaction, the mixture
was moved to round-bottom flask, adsorbed on silica
gel/sea sand and subjected to flash-chromatography (sil-
ica gel, gradient elution EtOAc/hexane, detection wave-
length 280 nm). Finally, compounds were recrystallized
from ethanol/water. Analytical data were fully consistent
with the proposed structures.

Analytical data of prepared compounds 1-11
5-amino-N-phenylpyrazine-2-carboxamide (1). White

solid. Yield: 79%. mp 130.0–131.6 °C. 1H NMR (DMSO-
d6, 300 MHz) �δ� 10.11 (1H, s, CONH), 8.61 (1H, d, J =
1.4 Hz, H3), 7.92 (1H, d, J = 1.4 Hz, H6), 7.84 (2H, d, J
= 7.4 Hz, H2´, H6´), 7.31 (2H, t, J = 7.9 Hz, H3´, H5´),
7.23 (2H, bs, NH2), 7.06 (1H, t, J = 7.4 Hz, H4´). 13C
NMR (DMSO-d6, 75 MHz) δ� �162.5, 157.7, 143.5, 138.9,
132.7, 130.2, 128.8, 123.6, 120.2. IR (ATR-Ge, cm–1):
3384 (NH, NH2), 3352, 3152, 2359, 1670 (C = O,
CONH), 1581, 1528, 1444, 1405, 1273, 1018, 753, 690.
Anal. Calcd. For C11H10N4O (MW 214.23): C, 61.67; H,
4.71; N, 26.15. Found: C, 61.60; H, 4.52; N, 26.07.
5-amino-N-(3-hydroxyphenyl)pyrazine-2-carboxam-

ide (2). White solid. Yield: 24%. mp 241.0–243.8 °C. 1H
NMR (DMSO-d6, 500 MHz) δ� 9.92 (1H, s, CONH), 9.38
(1H, s, OH), 8.59 (1H, s, H3), 7.90 (1H, s, H6),
7.45–7.40 (1H, m, H2´), 7.25–7.13 (3H, m, H4´, NH2),
7.07 (1H, t, J = 8.0 Hz, H5´), 6.52–6.42 (1H, m, H6´).
13C NMR (DMSO-d6, 125 MHz) �δ�162.3, 157.7, 157.6,
143.3, 139.9, 132.7, 130.2, 129.4, 111.0, 110.7, 107.2. IR
(ATR-Ge, cm–1): 3458 (NH, NH2), 3318, 3111 (OH),
2946, 1645 (C = O, CONH), 1583, 1531, 1450, 1404,
1285, 1225, 1160, 1019, 786, 690. Anal. Calcd. For
C11H10N4O2 (MW 230.23): C, 57.39; H, 4.38; N, 24.34.
Found: C, 57.11; H, 4.75; N, 24.19.
5-amino-N-(2,5-dimethylphenyl)pyrazine-2-carbox-

amide (3). White solid. Yield: 52%. mp 235.8–237.4 °C.
1H NMR (DMSO-d6, 300 MHz) �δ� 9.59 (1H, s, CONH),
8.58 (1H, s, H3), 7.89 (1H, s, H6), 7.65 (1H, s, H6´), 7.24
(2H, s, NH2), 7.10 (1H, d, J = 7.6 Hz, H4´), 6.88 (1H, d,
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J = 7.6 Hz, H3´), 2.26 (3H, s, CH3), 2.20 (3H, s, CH3).
13C NMR (DMSO-d6, 75 MHz) �δ� 162.0, 157.7, 143.1,
136.2, 135.4, 132.5, 130.4, 130.2, 126.9, 125.3, 123.6,
21.0, 17.3. IR (ATR-Ge, cm–1): 3366 (NH, NH2), 3150,
2925, 2855, 2359, 1653 (C = O, CONH), 1582, 1533,
1407, 1260, 1017, 792, 679. Anal. Calcd. For C13H14N4O
(MW 242.28): C, 64.45; H, 5.82; N, 23.13. Found: C,
64.69; H, 5.92; N, 22.96.
5-amino-N-(3,5-dimethoxyphenyl)pyrazine-2-carbox-

amide (4). White solid. Yield: 50%. mp 227.1–230.0 °C.
1H NMR (DMSO-d6, 500 MHz) �δ� 10.01 (1H, s, CONH),
8.59 (1H, d, J = 1.4 Hz, H3), 7.90 (1H, d, J = 1.4 Hz,
H6), 7.23 (2H, s, NH2), 7.17 (2H, d, J = 2.2 Hz, H2´,
H6´), 6.22 (1H, t, J = 2.3 Hz, H4´), 3.72 (6H, s, CH3). 

13C
NMR (DMSO-d6, 125 MHz) δ� � 162.5, 160.6, 157.7,
143.4, 140.5, 132.6, 130.2, 98.4, 95.8, 55.3. IR (ATR-Ge,
cm–1): 3439 (NH, NH2), 3373, 3117, 2976, 1674 (C = O,
CONH), 1581, 1519, 1425, 1274, 1160, 1070, 1020, 827.
Anal. Calcd. For C13H14N4O3 (MW 274.28): C, 56.93; H,
5.15; N, 20.43. Found: C, 57.05; H, 5.31; N, 20.47.
5-amino-N-(2-chloro-5-methylphenyl)pyrazine-2-

-carboxamide (5). White solid. Yield: 58%. mp
256.2–258.1 °C. 1H NMR (DMSO-d6, 500 MHz) δ� � 9.90
(1H, s, CONH), 8.61 (1H, s, H3), 8.21 (1H, s, H6), 7.89
(1H, s, H6´), 7.49 – 7.22 (3H, m, NH2, H3´), 6.95 (1H,
d, J = 8.3 Hz, H4´), 2.30 (3H, s, CH3). 

13C NMR
(DMSO-d6, 125 MHz) δ� 161.8, 158.0, 143.4, 137.6,
134.4, 131.5, 130.6, 129.0, 125.7, 122.1, 120.3, 21.0. IR
(ATR-Ge, cm–1): 3377 (NH, NH2), 3332, 3149, 2926,
2358, 1671 (C = O, CONH), 1582, 1522, 1463, 1408,
1270, 1232, 1049, 1017, 793, 679. Anal. Calcd. For
C12H11ClN4O (MW 262.7): C, 54.87; H, 4.22; N, 21.33.
Found: C, 54.98; H, 4.17; N, 21.19.
5-amino-N-(2-chlorophenyl)pyrazine-2-carboxamide

(6). White solid. Yield: 72%. mp 130.0–131.6 °C. 1H
NMR (DMSO-d6, 500 MHz) δ� 9.97 (s, 1H, CONH), 8.62
(d, J = 1.3 Hz, 1H, H3), 8.36 (dd, J = 8.3, 1.6 Hz, 1H,
H6´), 7.90 (d, J = 1.4 Hz, 1H, H6), 7.53 (dd, J = 8.0, 1.5
Hz, 1H, H3´), 7.43–7.30 (3H, m, NH2, H5´), 7.17–7.11
(m, 1H, H4´). 13C NMR (DMSO-d6, 125 MHz) δ�  161.9,
158.0, 143.5, 134.8, 131.5, 130.6, 129.5, 128.1, 125.1,
123.4, 121.7. IR (ATR-Ge, cm–1): 3395, 3329, 3152,
2359, 1674 (C = O, CONH), 1585, 1517, 1441, 1406,
1269, 1018, 750, 684. IR (ATR-Ge, cm–1):. Anal. Calcd.
for C11H9ClN4O (MW 248.67): C, 53.13; H, 3.65; N,
22.53. Found: C, 52.97; H, 3.59; N, 22.41.
5-amino-N-(3-chlorophenyl)pyrazine-2-carboxamide

(7). White solid. Yield: 38%. mp 250.3–253.3 °C. 1H
NMR (DMSO-d6, 300 MHz) δ� 10.34 (1H, s, CONH),
8.61 (1H, d, J = 1.4 Hz, H3), 8.06 (1H, t, J = 2.1 Hz,
H2´), 7.92 (1H, d, J = 1.4 Hz, H6), 7.84–7.74 (1H, m,
H6´), 7.39–7.24 (3H, m, NH2, H5´), 7.16–7.05 (1H, m,
H4´). 13C NMR (DMSO-d6, 75 MHz) δ� 162.9, 157.7,
143.7, 140.5, 133.1, 132.3, 130.4, 130.2, 123.2, 119.7,
118.7. IR (ATR-Ge, cm–1): 3392 (NH, NH2), 3328, 3166,
2359, 1673 (C = O, CONH), 1585, 1540, 1481, 1403,
1274, 1018, 771, 683. Anal. Calcd. For C11H9ClN4O
(MW 248.67): C, 53.13; H, 3.65; N, 22.53. Found: C,
53.37; H, 3.72; N, 22.48.
5-amino-N-(3-cyanophenyl)pyrazine-2-carboxamide

(8). White solid. Yield: 37%. mp 261.8–263.8 °C. 1H
NMR (DMSO-d6, 500 MHz) δ� 10.51 (1H, s, CONH),

8.62 (1H, s, H3), 8.33 (1H, s, H5), 8.16 (1H, d, J = 7.7
Hz), 7.92 (1H, s), 7.57–7.50 (2H, m), 7.29 (2H, s, NH2).
13C NMR (DMSO-d6, 125 MHz) �δ 163.1, 157.8, 143.8,
139.9, 132.1, 130.3, 130.2, 127.0, 124.9, 123.0, 119.0,
111.5. IR (ATR-Ge, cm–1): 3287, 3129, 2926, 2854,
2358, 2232 (CN, nitrile), 1672 (C = O, CONH), 1585,
1541, 1434, 1408, 1287, 1254, 1018, 790, 684. Anal.
Calcd. For C12H9N5O (MW 239.24): C, 60.25; H, 3.79;
N, 29.27. Found: C, 60.37; H, 3.91; N, 29.45.
5-amino-N-(4-cyanophenyl)pyrazine-2-carboxamide

(9). White solid. Yield: 34%. mp 284.2–290.7 °C. 1H
NMR (DMSO-d6, 500 MHz) �δ 10.57 (1H, s, CONH),
8.62 (1H, s, H3), 8.08 (2H, d, J = 8.5 Hz, H2´, H6´), 7.92
(1H, s, H6), 7.77 (2H, d, J = 8.5 Hz, H3´, H4´), 7.32 (2H,
s, NH2). 

13C NMR (DMSO-d6, 125 MHz) �δ 163.2, 157.8,
144.0, 143.3, 133.2, 132.1, 130.3, 120.2, 119.3, 105.2. IR
(ATR-Ge, cm–1): 3435 (NH, NH2), 3333, 3138, 2926,
2854, 2348, 2224 (CN, nitrile), 1671 (C = O, CONH),
1581, 1516, 1405, 1277, 1237, 1175, 1018, 833, 679.
Anal. Calcd. For C12H9N5O (MW 239.24): C, 60.25; H,
3.79; N, 29.27. Found: C, 60.38; H, 3.80; N, 29.41.
5-amino-N-(3-(trifluoromethyl)phenyl)pyrazine-2-

-carboxamide (10). White solid. Yield: 42%. mp
223.5–227.0 °C. 1H NMR (DMSO-d6, 500 MHz) �δ 10.50
(1H, s, CONH), 8.62 (1H, d, J = 1.4 Hz, H3), 8.38 (1H,
bs, H2´), 8.11 (1H, d, J = 8.2 Hz, H2´), 7.93 (1H, d, J =
1.4 Hz, H4´), 7.54 (1H, t, J = 8.0 Hz, H5´), 7.39 (1H, d,
J = 7.7 Hz, H6´), 7.27 (2H, s, NH2). 

13C NMR (DMSO-
d6, 125 MHz) �δ 163.1, 157.8, 143.8, 139.8, 132.3, 130.3,
129.8, 129.5 (q, J = 31.5 Hz), 124.4 (q, J = 272.2 Hz),
123.8, 119.8 (q, J = 3.6 Hz), 116.4 (q, J = 4.0 Hz). IR
(ATR-Ge, cm–1): 3385 (NH, NH2), 3352, 3155, 2932,
2855, 2358, 1673 (C = O, CONH), 1582, 1536, 1494,
1406, 1332, 1269, 1127, 1097, 1019, 796, 698. Anal.
Calcd. For C12H9F3N4O (MW 282.23): C, 51.07; H, 3.21;
N, 19.85. Found: C, 51.13; H, 3.30; N, 19.81.
5-amino-N-(4-(trifluoromethyl)phenyl)pyrazine-2-

-carboxamide (11). White solid. Yield: 45%. mp
268.0–270.3 °C. 1H NMR (DMSO-d6, 300 MHz) δ� 10.49
(1H, s, CONH), 8.63 (1H, d, J = 1.4 Hz, H3), 8.09 (2H,
d, J = 8.4 Hz, H3´, H5´), 7.93 (1H, d, J = 1.4 Hz, H5),
7.67 (2H, d, J = 8.6 Hz, H2´, H6´), 7.30 (2H, s, NH2). 

13C
NMR (DMSO-d6, 75 MHz) δ� 163.1, 157.8, 143.9, 142.6,
132.3, 130.3, 126.0 (q, J = 3.9 Hz), 124.6 (q, J = 272.4
Hz), 123.5 (q, J = 31.7 Hz), 120.2. IR (ATR-Ge, cm–1):
3368 (NH, NH2), 3101, 2358, 1672 (C = O, CONH),
1579, 1526, 1407, 1320, 1125, 1065, 1018, 834. Anal.
Calcd. For C12H9F3N4O (MW 282.23): C, 51.07; H, 3.21;
N, 19.85. Found: C, 50.88; H, 3.17; N, 19.53.

Lipophilicity calculation
Log P (the logarithm of the partition coefficient for

n-octanol/water) and ClogP (the logarithm of
n-octanol/water partition coefficient P based on estab-
lished chemical interactions) were calculated using the
program CS ChemBioDraw Ultra ver. 14.0 (Cambridge-
Soft, Cambridge, MA, USA).

In vitro whole cell antimycobacterial activity
Broth microdilution panel method – modified

Microplate Alamar Blue Assay. Tested strains of M.
tuberculosis H37Rv CNCTC My 331/88, M. kansasii
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Hauduroy CNCTC My 235/80, andM. avium ssp. avium
Chester CNCTC My 80/72 were obtained from Czech
National Collection of Type Cultures (CNCTC), Nation-
al Institute of Public Health, Prague, Czech Republic.
Middlebrook 7H9 broth enriched with OADC supple-
ment (both from Sigma Aldrich) of declared pH = 6.6
was used for cultivation. Tested compounds were dis-
solved and diluted in DMSO, mixed with broth (25 µL of
DMSO solution in 4.475 mL of broth and placed
(100 µL) into microplate wells. Mycobacterial inocula
were suspended in isotonic saline solution and the densi-
ty was adjusted to 0.5–1.0 McFarland. These suspen-
sions were diluted by 10–1 and used to inoculate the test-
ing wells, adding 100 µL of suspension to 100 µL of the
DMSO/broth solution of tested compound. Final concen-
trations of tested compounds in wells were
100–50–25–12.5–6.25–3.13–1.56 µg/mL. Isoniazid
(INH) was used as positive control (inhibition of
growth). Negative control consisted of broth plus
DMSO. 30 µL of Alamar Blue working solution (1 : 1
mixture of 0.1% resazurin sodium salt (aq. sol.) and 10%
Tween 80) was added usually after 5 days of incubation.
Results were then determined after 24 h of incubation
and interpreted according to Franzblau et al.16) The mini -
mum inhibitory concentration (MIC, µg/mL) was deter-
mined as the lowest concentration which prevented the
blue to pink colour change.

In vitro antibacterial activity
Microdilution broth method12). Reference strains from

Czech Collection of Microorganisms (Brno, Czech
Republic): Staphylococcus aureus CCM 4516/08,
Escherichia coli CCM 4517, Pseudomonas aeruginosa
CCM 1961. Clinical isolates from Department of Clini-
cal Microbiology, University Hospital and Faculty of
Medicine in Hradec Králové, Charles University in
Prague, Czech Republic: Staphylococcus aureus H
5996/08-methicilin resistant (MRSA), Staphylococcus
epidermidis H 6966/08, Enterococcus sp. J 14365/08,
Klebsiella pneumoniae D 11750/08, Klebsiella pneumo-
niae J 14368/08-ESBL positive. Highest concentrations
achieved for individual compounds: 500 µM for com-
pound 1, 250 µM for 11, and 125 µM for the rest of the
tested compounds (3, 5, 6, 7, 10).

In vitro antifungal activity
Microdilution broth method12). Tested species: Candi-

da albicans ATCC 44859, C. tropicalis 156, C. krusei
E28, C. glabrata 20/I, Trichosporon asahii 1188,
Aspergillus fumigatus 231, Lichtheimia corymbifera 272

and Trichophyton mentagrophytes 445. Highest concen-
trations achieved for individual compounds: 500 µM for
compound 1; and 125 µM for the rest of the tested com-
pounds (3, 5, 6, 7, 10, 11).

Antiviral evaluation
Antiviral activity in cell culture was assessed by cyto-

pathic effect (CPE) reduction assays with a broad panel
of viruses17–19). The following viruses were examined on
human embryonic lung fibroblast cells: herpes simplex
virus type 1 (HSV-1); a thymidine kinase-deficient (TK–)
HSV-1 KOS strain resistant to aciclovir; herpes simplex
virus type 2 (HSV-2); vaccinia virus; human adenovirus
type 2; and vesicular stomatitis virus (VSV). The viruses
examined on human cervix carcinoma HeLa cells were:
VSV; Coxsackie B4 virus; and respiratory syncytial
virus (RSV). African Green Monkey Vero cells were
used to determine the antiviral effect on para-influenza-
3 virus; reovirus-1; Sindbis virus; Coxsackie B4 virus
and Punta Toro virus. Human influenza A/H1N1,
A/H3N2 and B viruses were assessed on Madin-Darby
canine kidney (MDCK) cells. Finally, activity against
human immunodeficiency virus (HIV) type 1 and type 2
was studied in human MT-4 lymphoblast cells. To per-
form the tests, the virus was added to semiconfluent cell
cultures in 96-well plates and, simultaneously, serial
dilutions of the test compounds were added. The plates
were incubated until clear CPE was reached (typically
3–6 days). Microscopic scoring was then performed to
determine the antiviral activity and expressed as 50%
effective concentration (EC50). In the case of HIV-1,
HIV-2 and influenza virus, virus-induced CPE was deter-
mined by the colorimetric formazan-based MTS cell via-
bility assay.

Results and discussion

Summary of prepared compounds
5-amino-N-phenylpyrazine-2-carboxamides 1–11

were prepared from original samples of 5-chloro-N-
-phenylpyrazine-2-carboxamides left from our previous
study 15). The nucleophilic substitution of chlorine for
amino group was achieved by treating the corresponding
starting compound with aqueous solution of ammonia
with MeOH as co-solvent (Fig. 1). The reaction was per-
formed in a closed tube under microwave irradiation.
The closed system allowed us to work above the atmo-
spheric boiling point of the solvents, under elevated pres-
sure, and, importantly, prevented the volatile ammonia to
escape from the reaction. Under these conditions, the
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Fig. 1. Synthesis and structure of 5-amino-N-phenylpyrazine-2-carboxamides 1–11
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CC50 – concentration reducing the cell viability by 50% as measured by formazan-based colorimetric assay, MCC – minimum compounds concen-
tration to cause microscopically detectable alteration of normal cell morphology, MDCK – Madin-Darby canine kidney cells. Values expressed as
average ± SD (n = 2 or 3)

products were obtained in reasonable yields (ranging
from 24 to 79% of alter all purification steps), while the
same reaction attempted in boiling MeOH or EtOH in
open atmosphere did not yield satisfactory results even
after several hours. See Table 1 for the summary of pre-
pared compounds.

of lipophilicity (the difference in calculated log P
between parent 5-chloro derivatives and 5-amino deriva-
tives 1–11 is 0.99).

In vitro antibacterial and antifungal activity
As a complementary test, compounds 1, 3, 5–7, 10,

and 11 were tested for in vitro inhibitory activity against
selected bacterial and fungal strains of clinical impor-
tance. Compound 3 exhibited low activity against
Staphylococcus aureus with MIC = 62.5 µM as read after
24 hours of incubation. Compound 11 exerted modest
activity against Pseudomonas aeruginosa with
MIC = 250 µM (after 24 h). The rest of compounds were
completely inactive against all of the tested bacterial
strains. No antifungal activity was detected for any of the
tested compounds. See Experimental section for the list
of tested strains and for tested concentrations achieved
for individual compounds.

Antiviral activity
As a complementary test, compounds 1, 3–6, 10, and 11

were tested for potential activity against diverse DNA and
RNA viruses. The virus panel (see Experimental for com-
plete list of tested viruses) included pathogens of medical
importance such as herpesviruses, HIV and influenza
virus. Most compounds did not produce any visible antivi-
ral activity, however compounds 5, 6 and 7 exerted mod-
erate activity against several influenza A viruses (see
Table 2). Interestingly, simultaneously tested influenza
virus type B was completely resistant. The basis for the
antiviral effect of 5–7 remains to be identified.

Conclusion

The present study confirms our previously published
preliminary conclusion that 5-amino-N-phenylpyrazine-
-2-carboxamides possess no in vitro antimycobacterial
activity. However, these compounds were non-toxic in
non-cancer mammalian cell line (MDCK – Madin-Dar-
by canine kidney cells) and can potentially found other
uses as biologically active compounds. For example, we
have documented a moderate activity against influenza
A viruses for three of the prepared compounds.
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Table 1. Summary of prepared 5-amino-N-phenylpyrazine-2-car-
boxamides 1–11 and their calculated lipophilicity parameters

No. R Log P ClogP

1 H 0.50 1.461

2 3-OH 0.11 0.794

3 2,5-(CH3)2 1.48 1.809

4 3,5-(OCH3)2 0.25 0.786

5 2-Cl-5-CH3 1.55 1.855

6 2-Cl 1.06 1.356

7 3-Cl 1.06 2.206

8 3-CN 0.54 0.967

9 4-CN 0.54 0.967

10 3-CF3 1.42 2.399

11 4-CF3 1.42 2.399

In vitro antimycobacterial activity
All final compounds 1–11 were tested for in vitro

whole cell antimycobacterial activity againstM. tubercu-
losis H37Rv, M. kansasii and M. avium. No detectable
activity was observed up to the concentration of
100 µg/mL (MIC ≥ 100 µg/mL). This inactivity is in
concordance with the results of previously performed
evaluation of compounds 1 and 6 12). The MIC values for
standard isoniazid were 0.2–0.39 µg/mL for M. tbc,
1.56–6.25 µg/mL for M. kansasii and 12.5 µg/mL
forM. avium. On the contrary, most of the corresponding
parent 5-chloro-N-phanylpyrazine-2-carboxamides,
from which final compounds 1–11 were prepared, exert-
ed good antimycobacterial activity with MIC =
0.78–6.25 µg/mL against M. tbc H37Rv15, 20). Therefore
we can conclude that substitution of chorine in 5-chloro-
N-phanylpyrazine-2-carboxamides for amino group
completely abolishes antimycobacterial activity. This
fact can be partially explained by a significant decrease

Table 2. In vitro antiviral activity against influenza A viruses. Activity expressed as EC50, that is compound concentration (µM)
that reduces virus-induced cytopathic effect (CPE) to MDCK cells as measured microscopically (CPE score) and by formazan-
based colorimetric assay (MTS) 

Cytotoxicity A/H1N1 A/H1N1 A/H3N2

No. MDCK cells (A/PR/8) (A/Virginia/ATCC3/2009) (A/HK/7/87)

CC50 MCC CPE score MTS CPE score MTS CPE score MTS

1 > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100

3 > 100 100 > 100 > 100 > 100 > 100 > 100 > 100

4 > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100

5 > 100 ≥ 100 73 ± 28 > 100 73 ± 28 62 ± 17 31 ± 11 36 ± 18 

6 > 100 > 100 > 100 > 100 > 100 75 ± 2 > 100 72 ± 28

10 > 100 ≥ 100 > 100 > 100 > 100 > 100 45 ± 0 50 ± 9

11 > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100
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