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ABSTRACT

A series of ethyl 2-[(3-methyl-2-oxoquinoxalin-HRyl)acetyl]-3-oxo-2,3-dihydro-H-
pyrazole-4-carboxylate derivatives were preparedl avaluated for their antitubercular
activities. All compounds were screened fam vitro antitubercular activity against
Mycobacterium tuberculosisHz;Rv  (MTB). Minimum inhibitory concentrations were
determined and interpreted fslycobacterium tuberculosids;Rv according to the procedure of
the approved macro dilution reference method ofvaatobial susceptibility testing. Among all
the compounds synthesized, (GKR 4b, 4c, and 4fgvi@und to be the most active compounds
against MTB with MIC (25 pg/mL).
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INTRODUCTION

Tuberculosis (TB), a highly infectious disease prity caused bylycobacterium tuberculosis
is one of the oldest recorded human afflictions aethains today a leading cause of
impoverishment, human suffering and death [1-4]e Thajority of deaths resulting from TB
infection occur in poverty stricken regions of tteveloping world. While TB in humans is
primarily due to infection withM. tuberculosis several other species of thv tuberculosis
complex, namely. bovis M. africanum M. microti andM. canettiimay also cause the disease
[5]. Recently two additional species have been ssiggl as belonging to tiM. tuberculosis
complex:M. capraeandM. pinnipedii[6].
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M. tuberculosis like most other mycobacteria, is a Gram-positimen-motile rod-shaped
bacterium. These rod-shaped bacilli measureuindin length and 0.3-0.6m in diameterM.
tuberculosisis slow growing with a generation time of 12-20 reouMycobacteria possess a
unique cell wall of high lipid content, which incddes mycolic acids and other glycolipids.
Mycolic acids of the mycobacterial cell wall areeonf the specific features of bacteria
belonging to this genus. However, these fatty acadsalso be found in the cell walls of certain
genera of aerobiéctinomycetesind in the majority of species of the geiimrynebacteriufh
This unique cell wall is thought to be responsiiolecertain features of mycobacteria, including
low cell wall permeability and pathogenicity. Ittise low permeability of the mycobacterial cell
wall which is believed to play a significant role the antibiotic resistance ®. tuberculosis
[7,8].

TB is an airborne disease that spreads much likectimmon cold, with the circulation M.
tuberculosiscontaining aerosols into the air caused by thelkimg, sneezing, talking or spitting
of a person with infectious pulmonary TB. Inhalatiaf only a small number of these TB bacilli
by a person will result in their infection with thiksease. Once thd. tuberculosiscontaining
aerosols enter the pulmonary alveoli, a healthy imensystem will respond by “walling-off” the
TB bacilli, resulting in their protection with aith waxy coat that allows the TB bacilli to lay
dormant for years (latent TE),10]. TB usually affects the lungs (pulmonary Td)an infected
person, but the disease can also affect other afeth® body including kidneys, bones, joints
and lymph nodes (extra pulmonary TB). A personatde with latent TB will exhibit none of
the obvious symptoms of TB, which include a fevatigue, weight loss, a persistent cough and
sputum production which will contain blood at arvadced stage of the disease. While a person
with latent TB is not infectious, they may develbe active form of the disease if their immune
system is compromised.

It is estimated that one person in every 10 oftthe billion people infected worldwide will
develop infectious TB. A number of factors have tedhe reduction in successful treatment of
the disease. These include a lengthy (6-9 monthsfj-drug treatment program, the misuse or
mismanagement of which can lead to the developmEntulti or extensive drug resistant TB
(MDRTB or XDRTB) and the co-infection of TB withéthuman immunodeficiency virus (HIV)
[11]. A new anti-TB drug needs to show the well phacokinetic distribution and permeation
into lung tissue and cells. Furthermore, it is alesired that the novel candidate exhibits the
potent bactericidal activity both against exporedraind stable phase bf. tuberculosis in vivo

In addition, it is ideal that the novel agent pes&s narrow anti-microbial spectrum specialized
only against Mycobacterial species. Among the waricclasses of nitrogen heterocyclic
compounds, quinoxaline derivatives display a brepdctrum of biological activities. Some
analogs are synthesized and evaluated for antibiaractivity and many possess diverse
biological activities such as insecticidal, fungal, herbicidal, anthelmintic and antiviral [12].

EXPERIMENTAL SECTION

Synthesis of compounds GKR4a-c & e-h. A mixture of compound3) (1.0 g, 0.0028 maol),
secondary amine (0.0028mol) was refluxed in preseficodium methoxide for a 3.5-7.0 h. The
reaction mixture cooled and diluted with cold watBesulting solution was acidified with
concentrated aqueous hydrochloric acid to pH ®Bigerated over night. The crystalline solid
was collected by filtration and washed with coldeva
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Synthesis of compound GKR4d. To a solution of compound (1.0 g, 0.0028 mol) in ethanol

(15 mL) was added hydrazine hydrate (0.161 g, @008l). The resulting mixture was refluxed
for 5 h. The precipitate formed was collected Bidtion and washed with cold ethanol. The
solid was recrystalised from ethanol to give GKR@@&91 g, yield 43%)

Synthesis of compound GKRA4i. A solution of compound3) (1.0 g, 0.0028 mol) in 5% sodium

hydroxide (10 mL) was heated at temperature 11@fQ@ h. The resulting mixture was cooled
and acidified to pH 5.0 with dilute hydrochloricikcThe obtained precipitate was filtered and
washed with cold water. The compound was recrggdlfrom ethanol to give GKR 4i (0.432 g,

yield 47%). All Compounds were prepared accordmgrocedure mentioned in literature [13-
15]
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Spectral data for selected compound

GKR 4a: Yield 48%; mp 220 °C*H NMR (400 MHz, DMSO):§ 7.34-7.79 (m, 4H), 5.0 (s,
2H), 2.49-2.51 (m, 8H), 2.08 (s, 3H); LCMS m/z= 380" ; IR (KBr) (uma/cm™): 3416, 1710,
1643, 1592, 1469, 1271, 768KR 4c: Yield 43%; mp 232 °C*H NMR (200 MHz, DMSOQ)3
7.32-7.78 (m, 4H), 5.08 (s, 2H), 3.36 (br, s, 1P%6 (g, 2H) (j value), 1.23 (t, 3H) (j value) ;
¥C NMR (200 MHz, DMSO0)35 21.3, 38.6-41.1, 43.8, 114.8, 123.8, 129.2, 13182,2, 132.8,
154.5, 157.8, 169.1; IR (KBrpadcmil): 3417, 3268, 1709, 1643, 1592,1469, 1433, 1266, 7

Table 1: Characterization data of compounds (GK R-3, 4a-4i)

Compound Mol Formula Mol. weight M.P.°C % yield R
GKR-3 G/H1eN4Os 356 210 65 0.69
GKR-4a GeH2cNgOy4 396 220 48 0.23
GKR-4b GoH2NeO,4 410 226 42 0.20
GKR-4c GcH2iNsO, 383 222 43 0.33
GKR-4d G:H14NgOs3 326 214 43 0.84
GKR-4e GeH1oNsOs 397 224 43 0.50
GKR-4f CocH21N5O, 395 222 61 0.19
GKR-4g G7H21N=O, 479 178 40 0.40
GKR-4h GsH17NsO, 355 228 46 0.20
GKR-4i CyeH12N,Os 328 220 47 0.45

TLC solvents: Chloroform: Methanol (9:1)

Table 2: Inhibitory concentrations of quinoxaline-2-one derivatives

Mycobacterium tuberculosids/Rv
Concentration
Compounds 25 ug/mL 50ug/mL 100ug/mL > 100ug/mL clogP
GKR-3 X \ \ \ -1.92
GKR-4a X X \ \ -2.86
GKR-4b \ N \ \ -2.57
GKR-4c \ N \ \ -1.74
GKR-4d X X \ \ -3.04
GKR-4e X X X \ -1.72
GKR-4f \ \ \ \ -0.57
GKR-4g X X \ \ -0.77
GKR-4h X \ \ \ -0.64
GKR-4i X \ \ \ -0.84
Pyrazinamide 1Qg/ml -1.09
Streptomycin 7.9/ml -1.22

\ = growth of Mycobacterium tuberculosis inhibited
X = no growth inhibition
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Antitubercular activity

Test compounds were evaluated iforvitro antimycobacterial activity. MICs were determined
and interpreted foMycobacterium tuberculosi$is7/Rv according to the procedure of the
approved macro dilution reference method of antiofi@l susceptibility testing [16].
Compounds were taken at concentrations of 100 pgh@ilug/mL and 25 pg/mL in DMRV.
tuberculosisHs/Rv strain was used in Middle brook 7H-9 broth whighs inoculated with
standard as well test compounds and incubated°& ®¢ 4 weeks. The bottles were inspected
for growth twice a week for a period of three wedResadings were taken at the end of 4 weeks.
The appearance of turbidity was considered as grawtl indicates resistance to the compound.
The growth was confirmed by making a smear fronihdmnttle and performing a ZN stain.

RESULTSAND DISCUSSION

All compounds were screened for their antimycolr@lteactivity againstMycobacterium
tuberculosisHs;Rv by the broth dilution method according to recoemsted procedure by the
National Committee for Clinical Laboratory Standartbr the determination of minimum
inhibitory concentration (MIC). CompoundSKR- 4b, 4c and 4f were active againsM.
tuberculosisHz/Rv (MIC < 25 pg/ml) (Table 1). The lipophilicity dhe drug is well known to
play an important role in the penetration of thesenpounds into bacterial cells. The dfog
values of the synthesized compounds were calculaety ACD labs software -3.04 to -0.57
and they are having drug-like character as referedeugs, pyrazinamide (-1.09) and
streptomycin (-1.22).

CONCLUSION

The results of antimicrobial testing revealed tloenpoundsGKR-4b, 4c and 4f have shown
promising anti-tubercular activity. Therefore, thwork would be fruitful matrix for the
development of novel class of antimicrobial/antimlyacterial agents. It is convincing that,
derivatives showing significant antibacterial amdifangal activities can be further modified to
exhibit better potency as that of standard drugs.
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