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ABSTRACT 

 
The increasing clinical importance of drug-resistant mycobacterial pathogens has lent additional urgency to 

microbiological research and new antimycobacterial compound development. For this purpose, new hydrazide-
hydrazone structures were synthesized and evaluated for antituberculosis activity. A series of 3-oxo-3,4-dihydro-
quinoxaline-2-carboxylic acid arylidenehydrazide derivatives (3a-h) were synthesized from the treatment of 3-oxo-
3,4-dihydro-quinoxaline-2-carboxylic acid hydrazide (1) with certain aldehydes (2). The compounds (3a-h) were 
evaluated for antituberculosis activity against Mycobacterium tuberculosis H37Rv (ATCC 27294) using the 
BACTEC 460 radiometric system and BACTEC 12B medium. The preliminary results indicated that all of the 
tested compounds showed low activity against the test organism. 
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BAZI HİDRAZİD-HİDRAZON TÜREVLERİNİN SENTEZLERİ VE ANTİTÜBERKÜLOZ 
AKTİVİTELERİ 

 
ÖZ 

 
İlaçlara karşı direnç kazanmış patojen mikobakterilerin klinik önemindeki artış, yeni mikrobiyolojik 

araştırmalara ve yeni antimikobakteriyel ilaçların geliştirilmesi çalışmalarına neden olmuştur. Bu amaçla, bu 
çalışmada yeni hidrazid-hidrazon yapısındaki bileşikler sentezlenmiş ve antitüberküloz aktiviteleri araştırılmıştır. 3-
okso-3, 4-dihidro-kinoksalin-2-karboksilik asid hidrazidi (1) ile uygun aldehidlerin (2) reaksiyonu sonucunda bir 
seri 3-okso-3, 4-dihidro-kinoksalin-2-karboksilik asid arilidenhidrazid türevi (3a-h) sentezlenmiştir. BACTEC 460 
radyometrik sistem ve BACTEC12B ortamından yararlanılarak Mycobacterium tuberculosis H37Rv (ATCC 
27294)’e karşı bileşiklerin (3a-h) antitüberküloz aktiviteleri ölçülmüştür. Test edilen tüm bileşiklerin, birinci aşama 
testleri sonucunda, düşük aktiviteye sahip olduğu gözlenmiştir. 
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1. INTRODUCTION 
 

Worldwide, tuberculosis (TB) still remains a 
major public health problem. The World Health 
Organisation (WHO) estimates that one third of the 
population is infected with latent Mycobacterium 
tuberculosis and approximately 3 million people per 
year decease of illnesses caused by this bacillus 
(Raviglion, 2003). In addition, about a third of the 
world’s population harbors a dormant Mycobacterium 
tuberculosis infection, representing a significant 
reservoir of disease for the future. 
 

Current frontline therapy consists of administering 
one of three drugs (isoniazid, rifampin or. pyrazina-
mide) for 2 months followed by 4 months of follow-up 
therapy with isoniazid and rifampin (Bass, 1994). 
Thus, the problem arising due to multidrug-resistant 
tuberculosis requires the development of new 
therapeutic agents that have a unique mechanism of 
action, different from the currently used antitubercular 
drugs, in order to treat drug-resistant forms of the 
disease (Pathak, et al., 2001). 
 

To pursue this goal, our research efforts are di-
rected to find new chemical classes of antimycobacte-
rially active agents. The methods of investigation of 
structure-activity relationships (SAR) enabled us to 
find some new pharmacophores of the above-menti-
oned activity. Many studies were carried out on hetero-
cyclic systems bearing an hydrazide-hydrazones struc-
ture as a pharmacophore (Kaymakçıoğlu, et al., 2006, 
Kaymakçıoğlu, et al., 2002; Kaymakçıoğlu, et al., 
1999; Küçükgüzel and Rollos, 2002; Siriram, et al., 
2005; Sriram et al., 2006; Maccari, et al., 2005). Keep-
ing these observations in mind, we decided to under-
take the synthesis of 3-oxo-3, 4-dihydro-quinoxaline-
2-carboxylic acid benzylidene-hydrazide and to study 
their antituberculosis activity. 
 
2. EXPERIMENTAL 
 
2.1. Chemistry 
 

All reagents were used as purchased from com-
mercial suppliers without further purification. Melting 
points were determined by using an Electrothermal 
9100 digital melting point apparatus and were uncor-
rected. The compounds were checked for purity by 
TLC on silica gel 60 F254 (Merck). Spectroscopic data 
were recorded on the following instruments: IR spectra 
(ν, cm-1, KBr) were recorded on a Shimadzu 435 IR 
spectrophotometer. 1H-NMR spectra (δ, ppm, Hz) 
were recorded on a Bruker spectrometer (250 MHz) in 
solvent DMSO-d6 with TMS as an internal standard. 
MS-FAB+, VG Quattro mass spectrometer. 
 
2.1.1. General procedure for synthesis of the 
compounds 
 
3-Oxo-3,4-dihydro-quinoxaline-2-carboxylic acid 
benzylidenehydrazide (3a-h). 

A mixture 3-oxo-3,4-dihydro-quinoxaline-2-
carboxylic acid hydrazide (1) (0.005 mol) and appro-
priate aldehyde (2) (0.005 mol) in butanol was ref-
luxed for 5 h. The solid separated upon cooling was 
filtered, dried and recrystallized from ethanol (Badr, et 
al., 1994). 
 

Some characteristics of the synthesized com-
pounds are shown in Table 1.  
 
Table 1. Some characteristics and antituberculosis ac-
tivity of the compounds. 
 

 
 

 
 
Figure 1. The general synthesis reactions 
 
Spectral data (IR, 1H-NMR, FAB+-MS) confirmed the 
structures of the new compounds. 

 
3a : IR [ν, cm-1, KBr]: 3460-3258 (N-H), 1690 and 

1720 (C=O), 1597-1540 (C=N, C=C). 
 
1H-NMR (250 MHz, δ ppm, DMSO-d6): 7.25-8.10 

(9H, m, aromatic protons), 8.40 (1H, s, -N=CH), 12.20 
(1H, s, quinoxaline NH), 12.80 (1H, br., NH-N). 

 
MS-FAB+: m/z: 293 (M++1). 
 
3b : IR [ν, cm-1, KBr]: 3440-3173 (N-H), 1686 

and 1715 (C=O), 1609-1570 (C=N, C=C). 
 
1H-NMR (250 MHz, δ ppm, DMSO-d6): 7.30-8.05 

(8H, m, aromatic protons), 8.35 (1H, s, -N=CH), 12.20 
(1H, s, quinoxaline NH), 12.80 (1H, br., NH-N). 

 
MS-FAB+: m/z: 327 (M++1), 328 (M++2). 
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3c : IR [ν, cm-1, KBr]: 3430-3213 (N-H), 1676 and 
1705 (C=O), 1610-1580 (C=N, C=C). 

 
1H-NMR (250 MHz, δ ppm, DMSO-d6): 1.15 (3H, 

d (J: 6.88 Hz), 1.25 (3H, d (J: 6.89 Hz), 2.75-3.00 (1H, 
m, isopropyl CH), 7.20-8.05 (8H, m, aromatic 
protons), 8.30 (1H, s, -N=CH), 12.20 (1H, s, 
quinoxaline NH), 12.75 (1H, br., NH-N). 
 

MS-FAB+: m/z: 335 (M++1). 
 

3d : IR [ν, cm-1, KBr]: 3429-3273 (N-H), 1675 
and 1725 (C=O), 1619-1577 (C=N, C=C). 
 

1H-NMR (250 MHz, δ ppm, DMSO-d6): 2.35 (3H, 
s, CH3), 6.75-7.90 (8H, m, aromatic protons), 8.15 
(1H, s, -N=CH), 12.05 (1H, s, quinoxaline NH), 12.65 
(1H, br., NH-N). 
 

MS-FAB+: m/z: 307 (M++1). 
 

3e : IR [ν, cm-1, KBr]: 3424-3280 (N-H), 1669 and 
1710 (C=O), 1600-1545 (C=N, C=C). 
 

1H-NMR (250 MHz, δ ppm, DMSO-d6): 3.80 (3H, 
s, OCH3), 6.85-8.00 (8H, m, aromatic protons), 8.35 
(1H, s, -N=CH), 12.15 (1H, s, quinoxaline NH), 12.85 
(1H, br., NH-N). 
 

MS-FAB+: m/z: 323 (M++1). 
 

3f : IR [ν, cm-1, KBr]: 3418-3210 (N-H), 1668 and 
1713 (C=O), 1615-1581 (C=N, C=C). 
 

1H-NMR (250 MHz, δ ppm, DMSO-d6): 7.40-8.15 
(8H, m, aromatic protons), 8.50 (1H, s, -N=CH), 12.50 
(1H, s, quinoxaline NH), 12.90 (1H, br., NH-N). 
 

MS-FAB+: m/z: 318 (M++1). 
 

3g : IR [ν, cm-1, KBr]: 3448-3168 (N-H), 1681 and 
1704 (C=O), 1609-1565 (C=N, C=C). 
 

1H-NMR (250 MHz, δ ppm, DMSO-d6,): 7.30-
8.35 (8H, m, aromatic protons), 8.50 (1H, s, -N=CH), 
12.50 (1H, s, quinoxaline NH), 12.70 (1H, br., NH-N). 
 

MS-FAB+: m/z: 338 (M++1). 
 

3h : IR [ν, cm-1, KBr]: 3457-3255 (N-H), 1675 
and 1711 (C=O), 1602-1567 (C=N, C=C). 
 

1H-NMR (250 MHz, δ ppm, DMSO-d6,): 2.95 
(6H, s, N(CH3)2), 6.60-7.95 (8H, m, aromatic protons), 
8.20 (1H, s, -N=CH), 12.00 (1H, s, quinoxaline NH), 
12.80 (1H, br., NH-N). 
 

MS-FAB+: m/z: 336 (M++1). 
 
 
 
 
 

2.2. Microbiology  
 
2.2.1. In-vitro evaluation of antimycobacterial 
activity against Mycobacterium tuberculosis 
H37Rv 
 

Antituberculotic activities of the compounds were 
tested at the center of Tuberculosis Antimicrobial Ac-
quisiton & Coordinating Facility (TAACF). Com-
pounds were tested for in-vitro antituberculosis activi-
ty against Mycobacterium tuberculosis H37Rv (ATCC 
27294) at 6.25 µg/mL, in BACTEC 12B medium using 
a broth microdilution assay, the Microplate Alamar 
Blue Assay (MABA). Compounds exhibiting fluores-
cence are tested in the BACTEC 460 Radiometric Sys-
tem (Collins et. al., 1997). 
 
2.2.2. BACTEC Radiometric Method of Sus-
ceptibility Testing 
 

Inocula for susceptibility testing were either from 
a positive BACTEC isolation vial with a growth index 
(GI) of 500 more, or suspension of organism isolated 
earlier on conventional medium. The culture was well 
mixed with a syringe and 0.1mL of a positive 
BACTEC culture was added to each of the vials con-
taining the test drugs. A drug vial contained rifampicin 
(0.25 µg/mL) was used as reference antituberculosis 
agent. A control vial was inoculated with a 1:100 mi-
crodilution of the culture. A suspension equivalent to a 
Mc Farland No.1 standard was prepared in the same 
manner as a BACTEC positive vial, when growth from 
a solid medium was used. Each vial was tested imme-
diately on a BACTEC instrument to provide CO2 in 
the headspace. The vials were incubated at 37 °C and 
tested daily with a BACTEC instrument. When the GI 
in the control read at least 30, the increase in GI (∆GI) 
from the previous day in the control was compare with 
that in the drug vial. The following formula was used 
to interpret results: 
 

∆GI control > ∆GI drug = Susceptible  
∆GI control < ∆GI drug = Resistant 

 
If a clear susceptibility pattern (the difference of 

∆GI of control and the drug bottle) was not seen at the 
time the control ∆GI is 30, the vials were read for 1 or 
2 additional days to establish a definite pattern of ∆GI 
differences. 
 
RESULTS AND DISCUSSION 
 

In the present work, 8 compounds were synthe-
sized. The reaction of 3-oxo-3,4-dihydro-quinoxaline-
2-carboxylic acid hydrazide (1) with arylaldehyde (2) 
gave 3-oxo-3,4-dihydro-quinoxaline-2-carboxylic acid 
benzylidenehydrazide (3a-h) (Figure 1) (Table 1). 
 

The structures of the obtained compounds were 
elucidated by spectral data. In the IR spectra, some 
significant stretching bands due N-H, C=O, C=N and 
C=C were at 3457-3168 cm-1, 1668-1725 cm-1,  
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1619-1540 cm-1 respectively. In the 1H-NMR spectra 
the azomethine derivatives (3a-h) were characterized 
by the presence of the methine protons -N=CH- at 
8.15-8.50 ppm as a singlet. Quinoxaline NH proton 
was observed at 12.00-12.50 ppm as a singlet. All the 
other aromatic and aliphatic protons were observed in 
the expected regions. Mass spectra (MS (FAB)) of 
compounds showed a M+1 peaks, in agreement with 
their molecular formula. 
 

The antituberculosis activities of the synthesized 
compounds were screened in-vitro using BACTEC 
460 radiometric system against Mycobacterium tuber-
culosis H37Rv (ATCC 27294) at 6.25 µg/mL. The re-
sults of the biological evaluation, expressed as a per-
centage inhibition of the growth of mycobacterium, are 
summarized in Table 1, and for the sake of compari-
son, the % inhibition for rifampicin, used as reference, 
is also included (MIC=0.25 µg/mL). All tested com-
pounds proved to be less active than rifampicin against 
Mycobacterium tuberculosis H37Rv. Compounds 
showed varying inhibition degrees between 42-55 %. 
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