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Abstract: A series of nine N´-(E)-heteroaromatic-pyrazine-2-carbohydrazide derivatives (5a-f and 6a-c) have been syn-

thesized and evaluated against M. tuberculosis ATCC 27294 using the micro plate Alamar Blue assay (MABA), being the 

activities expressed as the minimum inhibitory concentration (MIC) in μg/ml. Compounds 5a and 5f exhibited potent ac-

tivities (3.12 and 50μg/mL, respectively) when compared to the first line drug pyrazinamide (MIC>100 μg/mL). After-

wards, these compounds were evaluated for their cell viabilities in non-infected and infected macrophages with Myco-

baterium bovis Bacillus Calmette-Guerin (BCG) and 5f was not cytotoxic to host cells in the effective concentration to in-

hibit the growth of M. tuberculosis. 
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1. INTRODUCTION 

Tuberculosis is a disease caused by Mycobacterium tu-
berculosis that infects one-third of global population, leading 
to almost two million deaths each year. [1,2]. The main 
problem in tuberculosis treatment is the emergence of resis-
tant strains that can be classified in two types: multidrug-
resistant tuberculosis (MDR-TB, resistant to at least isoni-
azid or rifampicin) and extensively drug-resistant TB (XDR-
TB, is MDR-TB that is also resistant to three or more sec-
ond-line drugs). World Health Organization (WHO) esti-
mated that in 2008 there were 440.000 cases of MDR-TB 
and 58 countries reported at least one case of XDR-TB until 
March 2010 [2]. 

Considering the high impact of resistant strains in tuber-
culosis treatment, there is an urgent requirement of new 
drugs to treat it efficiently. A strategy commonly used in 
drug discovery is to synthesize analogs of drugs in current 
use to improve biological activity or pharmacokinetic pa-
rameters. In this context, pyrazinamide (PZA) could be con-
sidered a good start point to the development of new drugs 
against TB, due to its excellent sterilizing effect on semi-
dormant tubercle bacilli [3]. This characteristic is responsible 
to reduce the time of treatment from twelve to six months 
[4,5]. Considering that, we have reported in our previous 
works two series of mono and disubstituted pyrazinecarbo-  
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hydrazide derivatives, including some derivatives that 
showed better in vitro antitubercular activities than PZA 
(Fig. 1) [6,7]. Hence, in our continuous research program in 
TB drug discovery, we propose the synthesis and antimyco-
bacterial evaluation of nine heteroaromatic 2-
pyrazinecarbohydrazide derivatives 5a-f and 6a-c, also de-
signed by molecular hybridization (Scheme 1).  

The criteria used to select the five-membered heterocyc-
lic nucleus was based on isosteric replacements: i) substitu-
tion of oxygen atom of furane ring (3a) by sulfur (3d) or 
nitrogen (3e); ii) substitution of –CH= by –N= in pyrrole 
ring (3e) to furnish an imidazole ring (3f). The six-
membered heterocyclic nucleus (4a-c) was also chosen with 
the aim to analyze the influence of these structural modifica-
tions on the biological activity of this series. 
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Fig. (1). Pyrazinamide and some pyrazinecarbohydrazide deriva-

tives previously synthesized by our group with their respective 

antimycobacterial activities. 
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2. MATERIALS AND METHODS 

2.1. General Procedures 

Melting points were determined on a Buchi apparatus 

and are uncorrected. Infrared spectra were recorded on a 

Thermo Nicolet Nexus 670 spectrometer as potassium bro-

mide pellets and frequencies are expressed in cm
-1

.  Mass 

spectra (ESI assay in solution of ammonium chloride) were 

recorded on Micromass ZQ Waters mass spectrometer. NMR 

spectra were recorded on a Bruker Avance 400 operating at 

400.00 MHz (
1
H) and 100.0 MHz (

13
C) and Bruker Avance 

500 spectrometer operating at 500.00 MHz (
1
H) and 125.0 

MHz (
13

C), in deuterated dimethylsulfoxide. Chemical shifts 

are reported in ppm ( ) relative to tetramethylsilane and J-

coupling in Hertz (Hz). Proton and carbon spectra were typi-

cally obtained at room temperature. For TLC plates coated 

with silica gel were run in chloroform/methanol mixture and 

spots were developed in ultraviolet and solution of nin-

hidrine (0.2% p/v in ethanol). 

2.1.2. Synthesis of pyrazine-2-carbohydrazide 2 

Pyrazine-2-carboxihydrazide 2 was prepared by addition 

of N2H4.H2O (25%, 20 equiv., 144 mmol) in 36 mL ethano-

lic solution of methyl pyrazine-2-carboxylate 1 (1.0g, 7.2 

mmol) and the mixture was refluxed for 2 hours. The solvent 

was removed under reduced pressure and the residue was 

purified by washing cold Et2O (30mL) to afford the com-

pound 2 as solid. Yield: (0.81g, 80%), mp:158°C (158-

159°C)[8]. 

2.1.3. General Procedures of Synthesis of N’-[(E)-

(heteroaromatic)]-pyrazine-2-carbohydrazide 5a-f and 6a-c 

N’-(E)-(heteroaromatic)-pyrazine-2-carbohydrazide 4a-f 
and 6a-c were prepared by reaction between pyrazine-2-
carbohydrazide (1.0 equiv.) and the appropriate heteroaro-
matic aldehyde (1.2 equiv.) in a mixture of ethanol and water 
(1:1, 10 ml). The reaction mixture was stirred for 4-16 hours 
at room temperature. After that, the excess of solvent was 
concentrated under reduced pressure and the residue was 
purified by washing with cold Et2O (3 X 10 ml), leading the 
pure derivatives 5a-f and 6a-c as solids in 50-86% yields, 
except for 5d and 6c, which were recrystallized in ethanol. 

2.1.3.1. N’-[(E)-((5-nitrofuran-2-yl)methylene)pyrazine-2-

carbohydrazide (5a) 

Yield: 58%; mp: 217-219
o
C 

1
H NMR (500 MHz, DMSO-d6) : 12.77(1H; s; NH); 

9.29(1H; s; H3); 8.95(1H; s; H6); 8.81(1H; s; H5); 8.61(1H; s; 
N=CH); 7.80 (1H; d; J=3.4 Hz; H- nitrofuranyl); 7.30 (1H; 
d; J=3.4 Hz; H- nitrofuranyl) ppm;  

13
C NMR (125 MHz, DMSO-d6) : 159.4; 153.1; 151.5; 

149.3; 147.8; 144.5; 144.1; 143.3; 114.6; 112.3 ppm;  

ESI/MS: [M-H]: 260 

IR: (KBr pellets, cm
-1

):  3415 (NH); 1675 (CO) 

2.1.3.2. N’-[(E)-((furan-2-ylmethylene)pyrazine-2-
carbohydrazide (5b) 

Yield: 50 %; mp: 190-192
o
C; (192°C)[9] 

2.1.3.3. N’-[(E)-((5-nitrothiophen-2-yl)methylene)pyrazine-

2-carbohydrazide (5c) 

Yield: 62%; mp: 263-265
o
C 

1
H NMR (500 MHz, DMSO-d6) : 12.76(1H; s; NH); 

9.27(1H; s; H3); 8.95(1H; s; H6); 8.84(1H; s; N=CH); 
8.80(1H; s; H5); 8.13 (1H; d; J=4.0 Hz; H - nitrothiophenyl); 
7.58 (1H; d; J= 4.0 Hz; H - nitrothiophenyl) ppm;  

13
C NMR (125MHz, DMSO-d6) : 159.9; 151.1; 148.1; 

146.3; 144.3; 144.2; 143.4; 142.9; 130.4; 130.0 ppm;  

ESI/MS: [M-H]: 276 

IR: (KBr pellets, cm
-1

):  3483 (NH); 1682 (CO). 

2.1.3.4. N’-[(E)-(thiophen-2-ylmethylene)pyrazine-2-
carbohydrazide (5d) 

Yield: 50 %; mp: 185-186
o
C; (187°C) [9] 

2.1.3.5. N’-[(E)-((1H-pyrrol-2-yl)methylene)pyrazine-2-

carbohydrazide (5e) 

Yield: 50 %; mp: 176-178
o
C; (179°C) [9] 

2.1.3.6. N’-(E) -((1H-imidazol-2-yl)methylene)pyrazine-2-

carbohydrazide (5f) 

Yield: 58%; mp: 217-219
o
C 

1
H NMR (500 MHz, DMSO-d6) : 12.88(1H; s; NH- 

imidazolyl); 12.42(1H; s; NH - pyrazine) 9.27(1H; s; H3); 
8.93(1H; s; H6); 8.79(1H; s; H5); 8.56(1H; s; N=CH); 7.24-
7.10(2H; m; H- - imidazolyl) ppm;  

13
C NMR (125 MHz, DMSO-d6) : 159.4; 152.7; 149.3; 

147.8; 144.5; 143.3; 137.8; 127.8; 127.0 ppm;  

ESI/MS: [M-H]: 231 

IR: (KBr pellets, cm
-1

):  3468 (NH); 1666 (CO) 

2.1.3.7. N’-[(E)-(pyridine-2-ylmethylene)pyrazine-2-
carbohydrazide (6a) 

Yield: 60%; mp: 203-204
o
C 

1
H NMR (500 MHz, DMSO-d6) : 12.60(1H; s; NH); 

9.28(1H; d; J= 1.5 Hz; H3); 8.94(1H; d; J= 2.4 Hz; H6); 
8.80(1H; dd; J= 1.5 and 2.4 Hz; H5); 8.69(1H; s; N=CH); 
8.63 (1H; d; J= 4.5 Hz; H1’); 8.01 (1H; d; J= 7.5 Hz H4’); 
7.90 (1H; ddd; J= 1.0, 7.5 and 8.0Hz; H3’ ); 7.43 (1H; dd; J= 
4.5 and 7.5 Hz; H2’ ) ppm;  

13
C NMR (125MHz, DMSO-d6) : 158.9; 147.6; 145.0; 

144.0; 143.2; 142.6; 127.0; 1123.0; 114.1; 109.4ppm;  

ESI/MS: [M-H]: 226 

IR: (KBr pellets, cm
-1

):  3418 (NH); 1706 (CO) 

2.1.3.8. N’-[(E)-(4-(pyridin-2-yl)benzylidene)pyrazine-2-
carbohydrazide (6b) 

Yield: 86%; mp: 254-256
o
C 

1
H NMR (400 MHz, DMSO-d6) : 12.35(1H; s; NH); 

9.28(1H; d; J= 1.3 Hz; H3); 8.94(1H; d; J= 2.2 Hz; H6); 
8.80(1H; dd; J= 1.3 and 2.2 Hz; H5); 8.71(1H; s; N=CH); 
8.70 (1H; d; J=7.7 Hz; H- pyridinyl); 8.21 (2H; d; J=8.4 Hz; 
H- benzylidene); 8.03 (1H; d; J=8.0 Hz; H- pyridinyl); 7.91 
(1H; ddd; J= 1.7; 7.7 and 8.0 Hz; H- pyridinyl); 7.85 (2H; d; 
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J= 8.4 Hz; H- benzylidene); 7.39 (1H; ddd; J= 1.7; 7.7 and 
8.0 Hz; H- pyridinyl) ppm;  

13
C NMR (100 MHz, DMSO-d6) : 159.5; 155.1; 149.3; 

147.8; 144.6; 144.1; 143.3; 140.2; 137.3; 134.7; 127.6; 
126.9; 122.9; 120.5 ppm;  

ESI/MS: [M-H]: 302 

IR: (KBr pellets, cm
-1

):  3420 (NH); 1778 (CO) 

2.1.3.9. N’-[(E)-phenylmethylidene]-2-

pyrazinecarbohydrazide (6c)  

Yield: 50%; mp: 224°C; (228-230°C) [10] 

2.2. General Procedures for Biological Tests  

2.2.1. Cell Viability Assay 

The cellular viability for a macrophage cell line J774 
(ATCC TIB-67™) was determined by Mosmans´s MTT (3-
(4,5- dimethylthylthiazol-2yl)-2,5-dimethyl tetrazolium 
bromide; Merck) microcultured tetrazolium assay. We 
evaluated non infected or infected macrophages with Myco-
baterium bovis Bacillus Calmette-Guerin (BCG) in the pres-
ence and absence of test compounds (5a-f and 6a-c). The 
cells were plated in flat bottom 96 well plates (2.5 X 10

6
 

cells/well/100μL) cultured for 24 h in a controlled atmos-
phere (CO2 5% at 37 °C), and non-adherent cells were 
washed by gentle flushing with RPMI 1640 supplemented 
with fetal bovine serum (10%) and gentamicin (25μg/mL). 

Adherent cells were infected or not with BCG (2.5 X 10
6
 

UFC/well/100μL) cultured in the presence of medium alone, 
tween 20 (3%) (live and dead controls, respectively) or dif-
ferent concentrations of compounds (1.0, 10.0 and 
100μg/mL) in a triplicate assay. After 48 h, stock MTT solu-
tion (5 mg/mL of saline; 20 mL/well) was added to the cul-
ture and 4 h later, the plate was centrifugate for 2 minutes at 
2800 rpm, supernatant was discharged and Dimethyl 
sulfoxide (DMSO) (100 μL/well) was added for formazan 
crystals solubilization and the absorbance was read at 540 
nm in a plate reader (Biorad – 450). 

2.1.2. Antimycobacterial Activity 

Briefly, 200μL of sterile deionized water was added to all 
outer-perimeter wells of sterile 96 well plates (falcon, 3072: 
Becton Dickinson, Lincoln Park, NJ) to minimize evapora-
tion of the medium in the test wells during incubation. The 
96 plates received 100μL of the Middlebrook 7H9 broth con-
taining the mycobacterial cells (Difco laboratories, Detroit, 
MI, USA) and a serial dilution of the compounds (5a-f and 
6a-c) was made directly on the plate. The final drug concen-
trations tests were 0.01-100 μg/mL. Plates were covered and 
sealed with parafilm and incubated at 37ºC for five days. 
After this time, 25μL of a freshly prepared 1:1 mixture of 
Alamar Blue (Accumed International, Westlake, Ohio) rea-
gent and 10% tween 80 was added to plate and incubated for 
24h. A blue color in the well was interpreted as no bacterial 
growth, and a pink color was scored as growth. The MIC 
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Scheme 1. Synthetic routes for the preparation of the N´-(E)-heteroaromatic-pyrazine-2-carbohydrazide derivatives (5a-f and 6a-c). 
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(minimal inhibition concentration) was defined as the lowest 
drug concentration, which prevented a color change from 
bleu to pink. 

3. RESULTS AND DISCUSSION 

3.1. Chemistry 

The synthetic route for preparation of N´-(E)-
heteroaromatic-pyrazine-2-carbohydrazide derivatives (5a-f 
and 6a-c) is summarized in Scheme 1. Firstly, the pyrazine-
2-carbohydrazide was synthesized by the reaction of methyl 
pyrazine-2-carboxylate with hydrazine hydrate under reflux. 
After that, compounds 5a-f and 6a-c were obtained from 
reactions of pyrazine-2-carbohydrazide and heteroaromatic 
aldehydes, as described in the general procedure (Scheme 1 
and Table 1). [6-11]  

In general, 
1
H NMR spectra of the compounds 5a-f and 

6a-c showed the signals of the respective protons of the syn-
thesized compounds, which were verified on the basis of 
their chemicals shifts, multiplicities and coupling constants. 
These spectra showed two characteristic signals about N=CH 
proton at 8.56-8.71 ppm and CONH protons at 12.35-12.77 
ppm. The 

13
C NMR spectra showed the C=O and C=N sig-

nals at 158.4-159.9 and 145.0-147.8 ppm, respectively. 

Table 1. Yields and Melting Points of N´-(E)-heteroaromatic-

pyrazine-2-Carbohydrazide Derivatives (5a-f and 6a-

c) 

Entry Yield (%) m.p. (°C) 

5a 58 217-219 

5b 50 190-192[9]
 

5c 62 263-265 

5d 50 209-210 [9] 

5e 50 176-179 [9] 

5f 58 217-219 

6a 60 203-204 

6b 86 254-256 

6c 50 204 [10] 

3.2. Antimycobacterial Activity 

The antimycobacterial activities of 5a-f and 6a-c were 
assessed against M. tuberculosis ATCC 27294[12] using the 
micro plate Alamar Blue assay (MABA)[13] (Table 4). This 

methodology is nontoxic, uses a thermally-stable reagent and 
shows good correlation with proportional and BACTEC 
radiometric methods [14, 15].   

This table showed that the compounds 5a and 5f exhib-
ited antimycobacterial activities of 3.12 and 50μg/mL, re-
spectively. Therefore, these compounds were selected for 
cytotoxicity evaluation by Mosmans´s assay. 

3.2. Cell Viability Assay 

The cellular viability in the presence and absence of test 
compound (5a-f and 6a-c) was determined by Mosmans´s 
MTT (3-(4.5-demethylthylthiazol-2-yl)-2.5-dimethyl tetra-
zolium bromide; Merck) microcultured tetrazolium assay 
[16, 17]. The results were represented as percentage cell vi-
ability (Table 3). 

This table shows that the compound 5f did not kill more 
than 5% of the host cells in the minimum concentration 
tested. Hence, this compound was selected to be tested on 
macrophages infected with Mycobaterium bovis Bacillus 
Calmette- Guerin (BCG) (Table 4). 

The purpose of this test is to evaluate the action of these 
compounds against macrophages that show their metabolism 
changed after infection. Then, the derivative 5f was not cyto-

Table 3. Data of the Cellular Viability for a Macrophage Cell Line J774 (ATCC TIB-67™) by Mosmans´s Assay 

% Cell Viability/Dose ( g/ml) 
Entry 

3.12 50 100 

5a 88 84 76 

5f 100 96 95 

Pyrazinamide 100 100 93 

Table 2. Antimycobacterial Activities and clogP Measurements 

of Pyrazinamide and heteroaromatic-pyrazine-2-

carbohydrazides Derivatives (5a-f and 6a-c) 

Entry 
MIC

 a 

( g/mL) 
cLogP

 b 

5a 3.12 0.71 

5b >100 0.889 

5c >100 1.613 

5d >100 1.531 

5e >100 0.786 

5f 50 -0.274 

6a >100 0.461 

6b >100 2.281 

6c >100 1.631 

PZA >100 -0.711 

a Minimum inhibitory concentration. 
b Calculated using www.molinspiration.com 
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toxic once it did not kill more than 5% of the cells at the 
minimum concentration tested. 

4. CONCLUSION 

The synthesis of nine heteroaromatic pyrazine-2-
carbohydrazide derivatives (5a-f and 6a-c), including five 
new compounds (5a, 5c, 5f, 6a and 6b), was performed in 
good yields (50-86%). All these compounds were evaluated 
against M. tuberculosis and compounds 5a and 5f (3.12 and 
50 g/mL) exhibited antitubercular activities better than 
pyrazinamide (>100 g/mL) in MABA assay. These results 
suggest that 5a and 5f could be acting through a different 
mechanism of action of that proposed to PZA. However, 
only the derivative 5f was not cytotoxic in non infected or 
infected macrophages with Mycobaterium bovis Bacillus 
Calmette-Guerin (BCG). Therefore, this compound could be 
considered a good start point to find new lead compounds in 
the fight against tuberculosis. 

REFERENCES 

[1] http://www.who.int/tb/publications/global_report/2009/pdf/chap-

ter1.pdf, accessed in August 17, 2010. 

[2] De Souza, M.V.N. Current status and future prospects for new 
therapies for pulmonary tuberculosis. Curr. Opin. Pulm. Med., 

2006, 12, 167-71. 
[3] Coates, A.R.M.; Hu, Y. Targeting non-multiplying organisms as a 

way to develop novel antimicrobials. Trends Pharmacol. Sci., 
2008, 29, 143-50. 

[4] de Souza, M.V.N. Promising drugs against tuberculosis. Rec. Pat. 
Ant. Infec. Drug Disc., 2006, 1, 33-44. 

[5] Ginsberg A.M.; Spigelman, M. Challenges in tuberculosis drug 
research and development. Nat. Med., 2007, 13, 290-4. 

[6] Vergara, F.M.F.; Lima, C.H.S.; Henriques, M.G.M.O.; Candéa, 
A.L.P.; Lourenço, M.C.S.; Ferreira, M.L.; Kaiser, C.R.; de Souza, 

M.V.N. Synthesis and antimycobacterial activity of N -[(E)-
(monosubstituted-benzylidene)]-2-pyrazinecarbohydrazide deriva-

tives. Eur. J. Med. Chem., 2009, 44, 4954-9. 
[7] Ferreira, M.L.; Candéa, A.L.P.; Henriques, M.G.M.O.; Kaiser, 

C.R.; Lima, C.H.S.; de Souza, M.V.N. Synthesis and cytotoxic 
evaluation of disubstituted N-acylhydrazones pyrazinecarbohydraz-

ide derivatives. Lett. Drug Des. Discov., 2010, 7, 275-80. 

[8] Howie, R.A.; Lima, C.H.S.; Kaiser, C.R.; de Souza, M.V.N.; 

Wardell, J.L.; Wardell, S.M.S.V. Structures of (pyrazinecar-

bonyl)hydrazones of substituted benzaldehydes: supramolecular ar-

rangements generated by various intermolecular contacts. Z 

Kristallogr., 2010, 225, 19-28. 

[9] Chohan, Z.H.; Praveen, M.; Sherazi, S.K.A. Studies on some bio-

logically cobalt(II), copper(II) and zinc(II) complexes with ONO, 

NNO and SNO donor pyrazinoylhydrazine-derived ligands. Met. 

Based Drugs, 1998, 5, 267-74. 

[10] Lima, C.H.S.; Kaiser, C.R.; de Souza, M.V.N.; Wardell, J. L.; 

Wardell, S.M.S.V. (Pyrazinecarbonyl)hydrazone halobenzalde-

hydes: supramolecular arrays generated by face to face stacking of 

ribbons, formed from C–H–O interactions. Z Kristallogr., 2009, 

224,  506-14. 

[11] Howie, R.A.; Lima, C.H.S.; Kaiser, C.R.; de Souza, M.V.N.; 

Wardell, J.L.; Wardell, S.M.S.V. Structures of (pyrazinecar-

bonyl)hydrazones of substituted benzaldehydes: different su-

pramolecular arrangements from C—H···X (X = O, N, ) hydrogen 

bonds. Z Kristallogr., 2010, 225, 158-66. 

[12] Canetti, J.; Rist, E.; Grosset, R. Measurement of sensitivity of the 

tuberculous bacillus to antibacillary drugs by the method of propor-

tions. Methodology, resistance criteria, results and interpretation. 

Rev. Tuberc. Pneumol., 1963, 27, 217-72. 

[13] Franzblau, S.G.; Witzig, R.S.; McLaughlin, J.C.; Torres, P.; 

Madico, G.; Hernandez, A.; Degnan, M.T.; Cook, M.B.; Quenzer, 

V.K.; Ferguson, R. M.; Gilman, R. H. Rapid, low-technology MIC 

determination with clinical Mycobacterium tuberculosis isolates by 

using the microplate Alamar Blue assay. J. Clin. Microbiol., 1998, 

36, 362-6. 

[14] Reis, R.S.; Neves Jr., I.; Lourenço, S.L.S.; Fonseca, L.S.; 

Lourenço, M.C.S. Comparison of flow cytometric and Alamar Blue 

tests with the proportional method for testing susceptibility of My-

cobacterium tuberculosis to rifampin and isoniazid. J. Clin. Micro-

biol., 2004, 42, 2247-48. 

[15] Vanitha, J.D.; Paramasivan, C.N. Evaluation of microplate Alamar 

blue assay for drug susceptibility testing of Mycobacterium avium 

complex isolates. Diagn. Microbiol. Infect. Dis., 2004, 49, 179-82. 

[16] Souza, M.C.; Siani, A.C.; Ramos, M.F.S.; Menezes-de-Lima Jr., 

O.; Henriques, M. G.M.O. Evaluation of anti-inflammatory activity 

of essential oils from two asteraceae species. Pharm., 2003, 58, 

582-6. 

[17] Carvalho, M.V.; Penido, C.; Siani, A.C.; Valente, L.M.M.; Henri-

ques, M.G.M.O. Investigations on the anti-inflammatory and anti-

allergic activities of the leaves of Uncaria guianensis (Aublet) J. F. 

Gmelin. Inflammopharmacol., 2006, 14, 48-56. 

 

 

Received: August 20, 2010 Revised: January 06, 2011 Accepted: March 24, 2011 

 

Table 4. Data of the Cellular Viability for a Macrophage Cell Line J774 Infected (ATCC TIB-67™) with BCG by Mosmans´s Assay 

% Cell Viability/Dose ( g/ml) 
Entry 

3.12 50 100 

5f 100 100 100 

Pyrazinamide 100 92 87 




