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ABSTRACT

As per world health organization by 2020, the number of tuberculosis infected patients will be 25% of the world population. Now, it is challenging
and essential target for medicinal chemists in drug search for tuberculosis. Hence the present work includes synthesis of a series of 3,5-
disubstituted thiazolidine-2,4-dione derivatives by condensation of thiazolidine-2,4-dione with aromatic aldehydes at 5% position-Knoevenagel
reaction followed by condensation of these 5-substituted thiazolidine-2,4-diones by using various aromatic and alkali halides at 3¢ position yielding
to 3,5-disubstituted thiazolidine-2,4-diones. The synthesized 3,5-disubstituted thiazolidine-2,4-dione compounds were characterized by IR, 'H NMR,
Mass spectroscopy and CHNO Elemental analysis. The synthesized compounds were predicted for biological activities by using Prediction of Activity
Spectra for Substances computerized program-(Insilico method) based on those results the compounds were screened against Mycobacterium
tuberculosis H37RV strain in the Middlebrook 7H9 broth by microplate alamar blue assay using Streptomycin and Pyrazinamide as standard drugs.
The results revealed that among those synthesized new 3,5-disubstituted thiazolidinediones 3a, 3b, 3e and 3h were showed good antitubercular

activity.
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INTRODUCTION

Currently, the treatment for tuberculosis diseases still remains an
important and challenging problem because of emerging resistance
to current regimen and also appearance of drug-resistant strains in
tuberculosis like mycobacterium tuberculosis H37RV strain. Now, it is
challenging and essential target for medicinal chemists in drug
search for treatment of tuberculosis. From the literature survey
reveals that 1,3-thiazolidine-2,4-dione class of chemical products
were associated with interesting biological and pharmacological
activities [1,2] such as antidiabetic activity[3-5], aldose reductase
inhibitory  activity[6,7],  antimicrobial activity[8,9],  anti-
inflammatory activity[10], oncostatic[11], anti-cancer
activity[12,13] and tuberculostatic[14]. The present work designed
and developed to synthesize some new compounds with significant
medicinal value. Here we reported the synthesis and
characterization of various 3,5-disubstituted thiazolidine-2,4-diones.
These compounds screened for their antitubercular activity against
mycobacterium tuberculosis Hz7RV.

MATERIALS AND METHODS

Melting points of the synthesized compounds were determined in an
open capillary tube using digital melting point apparatus and are
uncorrected. The purity of the compounds were established by thin
layer chromatography by using pre-coated silica gel strips,
chloroform and acetone (1:2) as solvent system and iodine vapors as
visualizing agent. Infrared spectra (v cm') were recorded on a
SHIMADZU FT-IR 4000 using KBr disks. CHNO elemental analysis
carried by Perkin Elmer Series II 2400 CHNS/O Elemental analyzer.
Mass spectra were obtained on JEOL GC mate II GC- Mass
spectrometer at 70ev using direct insertion probe method. NMR
spectra were taken on BRUKER AV400-400MHz High Resolution
Multinuclear FT - NMR spectrometer by using TMS as internal
standard and the solvent used was DMSO.

EXPERIMENTAL WORK

To synthesize a series of 3,5-disubstituted thiazolidine-2,4-diones,
first start with the preparation of thiazolidine-2,4-dione (1)
by treating chloro acetic acid with thiourea by using HCIL. The

synthesized thiazolidine-2,4-dione reacted with aromatic aldehydes
at 5% position (Knoevenagel reaction) gives 5- substituted
thiazolidine-2,4-diones  (2a-c). Finally these  5-substituted
thiazolidine-2,4-diones condensed by using various aromatic and
alkali halides yielding to 3,5-disubstituted thiazolidine-2,4-diones
(3a-i). Completion of the reactions was determined by thin layer
chromatography chloroform and acetone as solvent system and
iodine vapors as visualizing agent.

General procedure for the synthesis of 2,4-Thiazolidinedione

1):

Dissolve chloroacetic acid (56.5g, 0.6mol) in 30mL of water and
thiourea (45.6g, 0.6mol) in 30mL of water then these solutions were
mixed and the mixture was stirred for 15 min to obtain a white
precipitate, accompanied by considerable cooling. Then add 30mL of
conc. HCl from a dropping funnel slowly to the content of flask. After
which the reaction mixture was refluxed for 10hrs. On cooling, the
contents of the flask solidified into a cluster of white needles and
product was filtered and washed with water to remove traces of
hydrochloric acid and dried, purified by recrystallization with ethyl
alcohol.

General procedure for the synthesis of 5-substituted-1,3-
thiazolidine-2,4-dione (2a-c):

A mixture of 2,4-thiazolidinedione 1 (11.7g, 0.1mol), aldehyde
(0.1mol), glacial acetic acid (50mL) and fused sodium acetate (1.8g)
was refluxed for 1 hr with occasional shaking. Cool, then the reaction
mixture was poured in water (500mL), the product obtained was
filtered, washed with water, alcohol and ether and was recrystallized
with glacial acetic acid. [15]

1,3-thiazolidinedione-2,4-dione 1:

Compound (1) analyzed for CsH30:2NS, Yield was 93% & m.p. 123-
125°C. IR (v cm1) spectrum showed characteristic bands 619.23 (C-
S), 1265.46 (C-N), 1749.65 (C=0), 3356.55 (N-H), 1776.66 (CO-NH-
C0).
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General scheme of the work:
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Where X = Cl (3b, 3¢, 3d, 3e, 3g, 3h, 3i); X = Br (3a, 3f). Compound (2a) analyzed for C3HsO:NS, Yield-82% & m.p. 254-

2580C. IR (v cmt) spectrum showed characteristic bands 628.87 (C-

5-(4-methoxybenzylidene)-1, 3-thiazolidine-2,4-dione (2a): S), 1331.04 (C-N), 1751.58 (C=0), 3335.33 (N-H), 1670.56 (C=C),
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1873.11 (C-H aromatic out of plane summation bands), 1251.95 (C-
0), 2972.67 (C-H str), 2833.78 (C-H of OCH3), 1466.08 (C-H def).

5-[4-(dimethyl amino)benzylidene]-1,3-thiazolidine-2,4-dione
(2b):

Compound (2b) analyzed for C3H302NS, Yield-82% & m.p 254-258°C.
IR (v cm!) spectrum showed characteristic bands 626.94 (C-S),
1269.32, 1334.90 (C-N), 1724.57 (C=0), 3317.97 (N-H), 1658.98
(C=C), 1875.04 (C-H aromatic out of plane summation bands),
2968.81 (C-H str), 1433.28 (C-H def).

5-benzylidene-1,3-thiazolidine-2,4-dione (2c):

Compound (2c) analyzed for C3Hz02NS, Yield-82% & m.p 254-258°C.
IR (v cm1) spectrum showed characteristic bands 634.66 (C-S),
1290.53, 1334.90 (C-N), 1738.07 (C=0), 3319.90 (N-H), 1672.49
(C=C), 1846.10, 1934.84 (C-H aromatic out of plane summation
bands), 3032.47 (C-H).

General procedure for the synthesis of 3,5-disubstituted-1,3-
thiazolidine-2,4-dione (3a-i):

A  mixture of 5-substituted-1,3-thiazolidine-2,4-dione (2.35g,
0.01mol), aromatic/alkyl halide (0.01mol) and ethanol (20mL) was
refluxed for 3-4hrs at 30-40°C. Then the reaction mixture was
cooled, poured in crushed ice, the solid separated was filtered,
recrystallized with ethanol.[16]

3-(4-aminophenyl)-5-(4-methoxybenzylidene)-1,3-thiazolidine-
2,4-dione (3a):

Yield-78%, m.p. 275-280°C; IR (v cm-1) spectrum showed
characteristic bands at 628.87 (C-S), 1307.54 (C-N), 1277.03 (aryl-
0), 1458.36 (C-H def), 1734.22 (C=0), 1670.56 (C=C), 1844.17,
1902.04 (C-H aromatic out of plane summation bands), 2970.74 (C-
H str), 2812.56 (C-H of OCH3); 1H NMR (400MHz, DMSO) & 3.8 (3H,
s, OCH3), 8 7.0-7.6 (8H, m, aromatic protons), § 3.295 (2H, s, NHz), §
7.537 (1H, s, CH); Mass m/z 326.44; Anal. Calcd for C17H1aN203S: C,
62.56; H, 4.32; N, 8.58; 0, 14.71. Found: C, 62.58; H, 4.31; N, 8.54; O,
14.76.

3-(2-amino-5-nitrophenyl)-5-(4-methoxybenzylidene)-1,3-
thiazolidine-2,4-dione (3b):

Yield-92%, m.p. 282-286°C; IR (v cm-1) spectrum showed
characteristic bands 628.87 (C-S), 1317.54 (C-N), 1278.96 (aryl-0),
1458.36 (C-H def), 1732.29 (C=0), 1670.56 (C=C), 1844.17, 1929.05
(C-H aromatic out of plane summation bands), 2970.74 (C-H str),
2808.70 (C-H of OCH3), 1508.52 ( C-NOz); H NMR (400MHz, DMSO)
6 3.81 (3H, s, OCHz3), 6 7.0-7.6 (7H, m, aromatic protons), § 3.301
(2H, s, NH2), 8 7.74 (1H, s, CH); Mass m/z 371.07; Anal. Calcd for
C17H13N30sS: C, 54.98; H, 3.53; N, 11.31; O, 21.54. Found: C, 54.96; H,
3.54; N, 11.29; 0, 21.58.

3-tert-butyl-5-(4-methoxybenzylidene)-1,3-thiazolidine-2,4-
dione (3c¢):

Yield-64%, m.p. 225-230°C; IR (v cm-1) spectrum showed
characteristic bands 628.87 (C-S), 1317.54 (C-N), 1394.70 (C-H def),
1732.29 (C=0), 1672.49 (C=C), 1838.39, 1965.70 (C-H aromatic out
of plane summation bands), 2872.36 (C-H str), 2814.48 (C-H of
OCH3); Mass m/z 291.18; Anal. Calcd for CisHi7NOsS: C, 61.83; H,
5.88; N, 4.81; 0, 16.47. Found: C, 61.78; H, 5.85; N, 4.83; O, 16.44.

3-(2-amino-5-nitrophenyl)-5-[4-(dimethylamino)benzylidene]-
1,3-thiazolidine-2,4-dione (3d):

Yield-88%, m.p. 305-310°C; IR (v cm-1) spectrum showed
characteristic bands 640.44 (C-S), 1379.27, 1261.60 (C-N 39, 19),
1441.00 (C-H def), 1724.57 (C=0), 1626.19 (C=C), 1878.90, 1925.19
(C-H aromatic out of plane summation bands), 2959.16 (C-H str),
3497.37 (N-H), 1554.81 (C-NOz); Mass m/z 384.10; Anal. Calcd for
C18H10N404S: C, 56.24; H, 4.20; N, 14.57; O, 16.68. Found: C, 56.26; H,
4.21; N, 14.55; 0, 16.68.

4-{5-[4-(dimethyl amino)
thiazolidin-3-yl}benzaldehyde (3e):

benzylidene]-2,4-dioxo-1,3-

Asian ] Pharm Clin Res, Vol 6 Suppl 5, 2013, 29-33

Yield-74%, m.p. 268-274°C; IR (v cm-1) spectrum showed
characteristic bands 626.94 (C-S), 1334.90 (C-N), 1433.28 (C-H def),
924.02 (C-H def of CHO), 1726.50 (C=0), 1658.98 (C=C), 1795.95,
1822.95 (C-H aromatic out of plane summation bands), 2972.67 (C-
H str), 1689.85 (aryl-C=0); *H NMR (400MHz, DMSO) 6§ 3.003 (6H, s,
CHs) § 6.7-7.7 (8H, m, aromatic protons) § 9.659 (1H, s, CHO) § 7.918
(1H, s, CH); Mass m/z 352.28; Anal. Calcd for C19H16N203S: C, 64.76;
H, 4.58; N, 7.95; 0, 13.62 . Found: C, 64.79; H, 4.61; N, 7.92; 0, 13.60.

3-(4-acetylphenyl)-5-[4-(dimethyl amino) benzylidene]-1,3-
thiazolidine-2,4-dione (3f):

Yield-77%, m.p. 272-276°C; IR (v cm-1) spectrum showed
characteristic bands 644.30 (C-S), 1371.55 (C-N of 39), 1456.43 (C-H
def of CHs), 1740.00, 1726.50 (C=0), 1658.98 (C=C), 1865.39 (C-H
aromatic out of plane summation bands), 2951.45 (C-H), 2907.08 (C-
H of CHs-CO); 'H NMR (400MHz, DMS0) & 2.979 (6H, s, CHs) § 6.8-
7.7 (8H, m, aromatic protons) 6 2.494 (3H, s, CO-CHs) § 7.466 (1H, s,
CH); Mass m/z 366.36; Anal. Calcd for C20H18N203S: C, 65.55; H, 4.95;
N, 7.64; 0, 13.10. Found: C, 65.58; H, 4.93; N, 7.68; 0, 13.08.

3-(amino acetyl)-5-[4-(dimethyl amino) benzylidene]-1,3-
thiazolidine-2,4-dione (3g):

Yield-69%, m.p. 235-240°C; IR (v cm-1) spectrum showed
characteristic bands 632.73 (C-S), 1336.83, 1313.68 (C-N str of 3¢,
10), 1458.36 (C-H def of CHs), 1471.87 (C-H def of CHa), 1724.57
(C=0), 1660.91 (C=C), 1844.17 (C-H aromatic out of plane
summation bands), 2941.80 (C-H), 3385.48 (N-H); Mass m/z 305.02;
Anal. Calcd for C14H1sN30sS: C, 55.07; H, 4.95; N, 13.76; O, 15.72.
Found: C, 55.12; H, 4.98; N, 13.74; 0, 15.76.

3-(2-amino-5-nitrophenyl)-5-benzylidene-1,3-thiazolidine-2,4-
dione (3h):

Yield-84%, m.p. 290-295°C; IR (v cm-1) spectrum showed
characteristic bands 634.66 (C-S), 1317.54 (C-N), 1749.65 (C=0),
1672.49 (C=C), 1844.17, 1896.26 (C-H aromatic out of plane
summation bands), 2895.50 (C-H), 3487.72 (N-H), 1491.16 (C-NO3);
H NMR (400MHz, DMSO) & 6.7-8.25 (8H, m, aromatic protons) &
4.757 (2H, s, NHz) 8 7.859 (1H, s, CH); Mass m/z 341.71; Anal. Calcd
for C16H11N304S: C, 56.30; H, 3.25; N, 12.31; 0, 18.75. Found: C, 56.32;
H,3.22; N, 12.29; 0, 18.78.

5-benzylidene-3-(2-ox0-1-(1-(3-(2-0x0-2,3-
dihydrobenzo[d]imidazol-1-yl)propyl)piperidin -4-y1)-2,3-
dihydro-1H-benzo[d]imidazol-5-yl)thiazolidine-2,4-dione (3i):

Yield-54%, m.p. 335-340°C; IR (v cm-1) spectrum showed
characteristic bands 632.73 (C-S), 1336.83 (C-N), 1458.36 (C-H def),
1740.00 (C=0), 1672.49 (C=C), 1871.18, 1925.19 (C-H aromatic out
of plane summation bands), 2916.72 (C-H str), 3325.68 (N-H); Mass
m/z 594.13; Anal. Calcd for C32H30N604S: C, 64.63; H, 5.08; N, 14.13;
0, 10.76. Found: C, 64.67; H, 5.06; N, 14.12; 0, 10.78.

Prediction of biological activity:

Prediction of Activity Spectra for Substances (PASS) is a software
product designed as a tool for evaluating the general biological
potential of an organic drug-like molecule. It operates with many
thousands of substances from the training set, and provides more
objective estimation. PASS compares the structure of a new
compound with structures of well known biologically active
substance and therefore it is possible to estimate if a new compound
may have a particular effect. So, all the title compounds SMILES
notations were entered in PASS software, among those possible
biological activities the compounds showed more probability to be
active for anti-inflammatory, anti-tuberculosic and antidiabetic 7.
Data presented in table 1.

Table 1: Predicted biological activities by PASS

Code Antidiabetic anti-inflammatory anti-tuberculosic
Pa Pi Pa Pi Pa Pi
3a 0.594 0.006 0.683 0.014 0.473 0.015
3b 0.507 0.015 0.522 0.046 0.442 0.021
3c 0.724  0.004 0.529 0.044 0.405 0.031
3d 0.476 _ 0.019 0.683 0.014 0.473 0.015
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3e 0.567 0.008 0.577 0.030 0.432 0.023
3f 0.580 0.007 0.721 0.010 0.308 0.066
3g 0.688 0.005 0.364 0.145 0.334 0.053
3h 0.535 0.011 0.519 0.047 0.440 0.021
3i 0.497 0.016 0.413 0.106 --- ---

Pa = probability "to be active"; Pi = probability "to be inactive”
Antitubercular activity

The anti mycobacterial activity of synthesized compounds were
assessed against M. tuberculosis Hs7Rv using Microplate Alamar Blue
Assay (MABA). This methodology is non-toxic, uses a thermally
stable reagent and shows good correlation with proportional and
BACTEC radiometric methods. 200pL of sterile de-ionized water was
added to all outer perimeter wells of sterile 96 wells plate to
minimize evaporation of medium in the test wells during incubation.
The 96 wells plate received 100puL of the Middle brook 7H9 broth
and serial dilution of compounds were made directly on plate. The
final drug concentrations tested were 100 to 0.2 pg/ml. Plates were
covered and sealed with parafilm and incubated at 37°C for five
days. At the end of 5% day, 25uL of freshly prepared 1:1 mixture of
Alamar blue reagent and 10% tween 80 was added to the plate and
incubated for 24 hrs. A blue color in the well was interpreted as no
mycobacterial growth, and pink color was scored as growth. The
MIC was defined as lowest drug concentration which prevented the
color change from blue to pink. [171. Results were shown in table 2.

RESULTS AND DISCUSSION

In the present work, all the title compounds 3,5-disubstituted
thiazolidine-2,4-diones (3a-i) were synthesized in mild conditions
and yields were satisfactory. The reaction led to the expected
products; however they were purified by recrystallization from
suitable solvents. The synthesized compounds were characterized
by IR, 'H NMR, Mass and elemental analysis. Then antitubercular
activity of the synthesized compounds was screened against
Mycobacterium tuberculosis H37RV strain.

Table 2: Anti-tubercular activity of synthesized compounds

(3a-i)
Compound code  MIC pg/mL
3a 12.5
3b 125
3c 25
3d 50
3e 125
3f 25
3g 25
3h 125
3i 50
Pyrazinamide 3.125
Streptomycin 6.25

From the results of the anti-tubercular activity revealed that the
synthesized 3,5-disubstituted thiazolidine-2,4-diones exhibited
activity at concentrations ranging from 12.5 to 100pg/mL. It is clear
from the results that the substitution at 3rd position i.e,, at N atom in
thiazolidinedione by arylation may exhibit marked activity and
having electron releasing groups like dimethyl amino and methoxy
groups at para position of benzylidene at 5% position of the
thiazolidinediones may also enhance the activity. In particular,
compounds 3a, 3b, 3e and 3h having substituted phenyl rings with
amino, aldehyde and nitro groups showed more activity
(12.5pg/mL). Rest of the compounds exhibited moderate to mild
activity. Our findings may have an impact on further investigations
in this field in search of potent antitubercular agents.

CONCLUSION

In the present study, some new 3,5-disubstituted thiazolidinedione
derivatives were synthesized, characterized by IR, 'H NMR, Mass
spectroscopy and CHNO Elemental analysis. All the synthesized
compounds show characteristic absorption peaks in IR and NMR
spectra.
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The synthesized compounds were evaluated for anti-tubercular
activity by Microplate alamar blue assay (MABA). The results
revealed that the synthesized new 3,5-disubstituted
thiazolidinediones showed good anti-tubercular activity having
electron releasing groups like dimethyl amino and methoxy groups
at para position of phenyl rings at 5th position exhibited relatively
marked activity and also N-arylation shows better activity. The study
revealed the necessity of synthesizing many more compounds
having other electron releasing substituents. Such compounds may
emerge as much more potent anti-tubercular agents.

ACKNOWLEDGEMENT

We are thankful to Smt.P.Sulochana, M.A.,B.Ed,,L.L.B., Chairperson,
Dr.D.Ranganayakulu, M.Pharm, Ph.D. Principal, Sri Padmavathi
School of Pharmacy, Tiruchanoor, Tirupati for providing facilities to
carry out this research work.

REFERENCES

1. Sachin Malikl, Prabhat Kumar Upadhyaya and Sandeep
Miglani,, Thiazolidinediones: A Plethro of Biological Load.
International Journal of Pharm Tech Research 2011; 3(1): 62-
75.

2. Thompson L.A and Ellman J.A., Synthesis and applications of
small molecule libraries. Chem. Rev. 1996; 96 (1): 555-600.

3. Lehmann, ].M., Moore L.B., Smith-Oliver, T.A., Wilkinson, W.0.,
Willson, T.M and Kliewer, S.A, An antidiabetic
thiazolidinedione is a high affinity ligand for Peroxisome
Proliferator-activated receptor y (PPARY) J. Bio. Chem. 1995;
270: 12953-56.

4. Da Ros R, Assaloni R. and Ceriello A, The preventive
antioxidant action of thiazolidinediones: a new therapeutic
prospect in diabetes and insulin resistance. Diabet. Med. 2004;
21:1249-52.

5. Mohammed Igbal A.K, Ashraf Y. Khan et al, Synthesis,
hypoglycemic and hypolipidemic activities of novel
thiazolidinedione derivatives containing
thiazole/triazole /oxadiazole ring European Journal of
Medicinal Chemistry 2012; 53: 308-315.

6. Bruno G, Costantino C, Maccari R, Monforte F, Ottana R and
Vigorita M.G., Synthesis and aldose reductase inhibitory
activity of 5-arylidene-2,4-thiazolidinediones. Bioorg. Med.
Chem.2002; 10: 1077-1084.

7. Suzen S and Buyukbingol E. Recent studies of aldose
reductase enzyme inhibition for diabetic complications. Curr
Med Chem. 2003; 10(15): 1329-52.

8. Mulwad V.V, Mir A.A and Parmar H.T. Synthesis and
antimicrobial screening of 5-benzylidene-2-imino-3-(2-oxo-
2H-benzopyran-6-yl-)thiazolidine-4-one and its derivatives.
Indian J. Chem, 2009; 48B: 137-141.

9. Kallanagouda R. Alagawadi and Shankar G. Alegaon,,
Synthesis, characterization and antimicrobial activity
evaluation of new 2,4-Thiazolidinediones bearing
imidazo[2,1-b][1,3,4]thiadiazole moiety. Arabian journal of
Chemistry. 2011; 4: 465-472.

10. Rekha S, Shantharam U and Vineet chandy., Synthesis and
evaluation of novel thiazolidinedione for anti-inflammatory
activity., International Research Journal of Pharmacy. 2011;
2(9): 81-84.

11. F. Herrera, J. C. Mayo, V. Martin, R. M. Sainz, I. Antolin and C.
Rodriguez., Cytotoxicity and oncostatic activity of the
thiazolidinedione derivative CGP52608 on central nervous
system cancer cells. Cancer Lett. 2004; 211: 47-55.

12. Naomi Shimazaki, Noriko Togashi et al., Anti-tumour activity
of CS-7017, a selective peroxisome proliferator-activated
receptor gamma agonist of thiazolidinedione class, in human

32



13.

14.

15.

16.

17.
18.

Chilamakuru et al.

tumour xenografts and a syngeneic tumour implant model.
European Journal of Cancer. 2008, 44, 1734-1743.

Ivanna Subtel'na a, Dmytro Atamanyuk et al.,, Synthesis of 5-
arylidene-2-amino-4-azolones and evaluation of their
anticancer activity. Bioorganic & Medicinal Chemistry 2010;
18:5090-5102.

Verma A and Saraf SK., 4-thiazolidinone--a biologically active
scaffold. Eur | Med Chem. 2008; 43(5): 897-905.

Nadia H. Metwally, Nora M. Rateb and Hussein F. Zohdi., A
simple and green procedure for the synthesis of 5-arylidene-
4-thiazolidinones by grinding. Green Chemistry Letters and
Reviews. Sep-2011; 4(3): 225-228.

Magdy Ahmed Ibrahim, Mohamed Abdel-Megid Abdel-Hamed
and Naser Mohamed El-Gohary. A new approach for the
synthesis of bioactive heteroaryl thiazolidine-2,4-diones, J.
Braz. Chem. Soc.2011; 22(6): 1130-1139.

http: //www.pharmaexpert.ru/passonline.

Maria C. S. Lourenco, Marcus V. N deSouza, Alessandra C
Pinheiro, Marcelle de L. Ferreira, Rasnisb B, Goncalves, Thais
Cristina M Nogneira and Monica A Peralta, Evaluation of anti-
tubercular activity of nicotinic acid isoniazid analogues
ARKIVOC. 2007; (xv): 181-191.

Asian ] Pharm Clin Res, Vol 6 Suppl 5, 2013, 29-33

33



