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Abstract: Aim of the present work was to synthesize some triazole and thiadiazole derivatives and evaluate them for their Anti-tubercular
activity. Six triazole-thiadiazole hybrid derivatives were synthesized, subjected to docking studies and evaluated for their anti-tubercular
activity using XTT Reduction Menadione Assay Protocol. The compounds , 5E viz.,3-(3-nitrophenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-
6(5H)-thione and 5F, 3-(2,4-dichlorophenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6(5H)-thione have shown better activity as compared to
other derivatives. The 5E has shown better docking score as compared to the standard used. Hybrids of triazole and thiadiazole thus can be

further explored.

Index Terms: Antitubercular, Triazole- Thiadiazole Hybrid, DNA gyrase, XTT Assay, Molecular Docking
I. INTRODUCTION:

Tuberculosis (TB) is a leading cause of death worldwide from a single infectious agent called, Mycobacterium tuberculosis (MTB).
Predominantly it infects lungs (pulmonary TB) but can also infect any other part of body (extra-pulmonary TB); if left untreated it destroys the
body tissue by chronic inflammation and may culminate in death. About one third of the world’s population is infected with MTB that causes
TB. On an average 5-10% of these carriers become sick or infectious at some time during their life. -2

Literature survey has revealed that derivatives of 1, 2, 4- triazole and 1,3,4- thiadiazole possesses broad spectrum of activities either alone
or in hybrid scaffold. 261 In view of the promising anti-tubercular 2”411 activity of thiadiazole and 1,2,4-triazole derivatives we have designed
1,3,4-thiadiazole-1,2,4-triazole hybrids by incorporation of these two molecular entities in to a single framework. Further docking studies were
performed on MTB DNA gyrase (PDB code: 2XCT) and studies of the minimum energy docked poses of these compounds revealed that they
could fit into the binding pocket of DNA gyrase. [*2

Il. MATERIAL AND METHODS

2.1 Synthetic study

All chemicals and solvents were purchased from Sigma Aldrich and Merck, respectively. Melting points (mp) were determined by a
Veego VMP-D apparatus and are uncorrected. Infrared (IR) spectra were recorded using KBr on a Varian-160 FTIR spectrometer using
Diffuse Reflectance Attachment. *H NMR spectra were measured on Jeol INM ECX-400 P Oand Bruker Advance 11-400 spectrometers in
CDCls/ DMSO with TMS as internal standard. Mass Spectra were measured on a Jeol JIMS-700 or Thermo Scientific Q-Exactive, Accela
1250 pump. Analytical thin-layer chromatography (TLC) was carried out on Merck’s precoated silica-gel plates 60 F 254 and spots were
visualized by irradiation with UV light (254 nm) .

2.1.1. Step 1: Synthesis of Substituted benzoic esters from Substituted Benzoic acids (2A-2F):

Carboxylic acid (0.1 mole) was dissolved in 30 ml of dried ethanol or methanol in a dry RBF. To this, 0.1 mol of conc. H,SO4 was
added drop wise with mechanical stirrer. The reaction mixture was refluxed for 7-8 hrs at 50-60°. Mixture was then allowed to cool and pH
was neutralised by 10% Sodium Bicarbonate (NaHCOs3) solution to obtain the product. Reaction was monitored using TLC with mobile
phase: n-Hexane: Ethyl Acetate (8:2) [

2.1.2. Step 2: Synthesis of Substituted benzohydrazide from Substituted benzoester(3A-3F):

To a solution of ester (1 mmol, 1 equiv.), 99% hydrazine hydrate (3 mmol, 3.0 equiv.) was added drop-wise. The reaction mixture
was refluxed for 5 hrs at 50°; after completion of the reaction, a solid product was formed, and the excess solvent was removed under
reduced pressure. Reaction was monitored using TLC with mobile phase: Methanol: Chloroform (1:10) ©4

2.1.3. Step 3: Synthesis of 4-amino-5-Substituted-4H-1,2 4-triazole-3-thiol from Substituted benzohydrazide(4A-4F):

To the solution of Potassium hydroxide (1.5 mmol, 1.5 equiv.) and absolute ethanol (25ml); substituted hydrazides (1 mmol, 1
equiv.), and carbon disulphide (1.5 mmol, 1.5 equiv.) was added drop-wise and mixture was refluxed for about 10 hrs. After completion of
the reaction, the solvent was evaporated under reduced pressure to obtain the intermediate. To the crude product 99% Hydrazine Hydrate (25
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ml) was added and was further refluxed for 10 hrs. The reaction mixture was then acidified with 10% HCI solution to obtain the final
product. Reaction was monitored using TLC with mobile phase: n-Hexane: Ethyl Acetate (8:2) 44

2.1.4. Step 5: - Synthesis of 3-(Substituted)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6(5H)-thione from 4-amino-5-Substituted-4H-1,2,4-
triazole-3-thiol(5A-5F):

A mixture of 4-amino-5-Sub-4H-1,2,4-triazole-3-thiol (0.96 g,0.005 mol) and carbon disulphide (1 ml) in pyridine (25 ml) was
refluxed for 8 hrs, then left to cool and poured on ice-cold water. The solid obtained was filtered, washed with water, dried and recrystallized
from ethanol to give yellow plates identical with the product obtained. Reaction was monitored using TLC with mobile phase: n-Hexane:
Ethyl Acetate (8:2) 1]
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Fig 1: Synthetic route for 3-(sub)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole-6(5H)-thione
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Fig 2: 3-(Substituted)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole-6(5H)-thione derivatives
Table 1: 3-(Substituted)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole-6(5H)-thione derivatives (5A-E).

Sr No. Compound Code -R
1 5A 4-NO-CgHs
2 5B 2,4di-NO2-C¢Hs
3 5C 3-ClI-CgHs
4 5D 4-OH-C¢Hs
5 5E 4-NO2-CsHs
6 5F 2,4-di-Cl-C¢Hs
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2.2 Docking:-

The Glide (Schrodinger 2015) software was used to dock the synthesized molecules in the binding pocket of the DNA gyrase enzyme
complexed with Sparfloxacin. PDB code was retrieved from the RCSB Protein Data Bank (PDB code: 2XCT). Receptor crystal was
prepared by removing water molecules, metal ions and cofactors using the ‘protein preparation wizard’ in Maestro wizard 8.5.To ensure that
active sites are not missed grids were generated by Receptor Grid Generation panel. The prepared receptor and the ligands were optimised to
obtain least energy conformer. The ligands were docked within the active site of DNA gyrase using the ‘Extra precision’ Glide algorithm.
Final scoring of docked ligand is carried out on the energy-minimized poses. The G-score was assessed along with the interactions. The

docking of the synthesized compound was carried out along with the standard compound Sparfloxacin. [46-51

2.3. Antitubercular Activity:

Antitubercular screening was performed for all the compounds using MTB, H37Ra and XRMA was determined by using the XTT
Reduction Menadione Assay protocol. 52 Compound solutions were be prepared in 100% dimethyl sulfoxide (DMSO). Inoculated culture
was be added into each well of 96 well plate except, blank. Test compounds were added to each well except blank and control. For dormant
stage MTB, XTT assay was performed after 12 days. The compounds which showed more than 90% inhibition at 30ug/ml concentration in
dormant assay for MTB H37Ra were further evaluated for dose response. Further their IC50 and MIC were also determined by using Origin

software.

I11. RESULTS AND DISCUSSION:
3.1. Characterization data of Synthesized compounds:
3-(Substituted)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole-6(5H)-thione  derivatives were prepared from variously substituted
carboxylic acids and hydrazides according to the method described in the literature. (Table 1)

3.1.1. 3-(4-nitrophenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole-6(5H)-thione (5A):

Colour: Pale yellow; yield: 17.91; mp: 214°C; IR (KBr): 2331,2240,1500,1502 cm™ H NMR (500 MHz,
Chloroform) 8 7.38 (d, J = 7.5 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), ESI-MS m/z: 221[M]*; HRMS calcd. for
CoHsNs0,S,: 278.99[M]".

3.1.2. 3-(2,4-nitrophenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole-6(5H)-thione (5B):

Colour: Brownish Yellow; yield: 16.54; mp:190-199°C; IR (KBr): 2331,2240,1500,1502
cmt 'H NMR (500 MHz, Chloroform), 5 8.52 (d, J = 1.4 Hz, 1H), 8.04 (dd, J = 1.4 Hz, 1H), 7.82 (d, J = 7.5Hz, 1H), ESI-MS m/z: 253[M]*;
HRMS calcd. for CoHsNeO4S,: 323.97 [M]*.
3.1.3. 3-(3-chlorophenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6(5H)-thione (5C):

Colour: Pale yellow; yield: 14.36; mp:163-168°C; IR (KBr): 2331,2240,1500, 610, cm™ *H NMR (500 MHz, Chloroform), & 7.83 (t,
J=4.7Hz, 1H), 7.64 - 7.52 (m,1H), 7.47 — 7.35 (m, 2H), ESI-MS m/z: 209[M]*;HRMS calcd. For C9HsCIN4S; :267.96 [M]".

3.1.4. 3-(4-hydroxyphenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6(5H)-thione (5D):
Colour: Yellow; yield: 84.32; mp: 223-225°C; IR (KBr): 2331,2240,1500,3600 cm* *H NMR (500 MHz, Chloroform), & 7.49 (d, J
= 7.5 Hz, 2H), 6.90 (d, J = 7.5 Hz, 2H), 4.00 (s, 1H). ESI-MS m/z: 192 [M]*;HRMS calcd. for CsHgN4OS,: 304.03 [M]*.

3.1.5. 3-(3-nitrophenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6(5H)-thione (5E):

Colour: Brownish yellow ; yield: 09.98; mp: 153-154°C ;IR (kBr): 2331,2240,1500,1300 cm™ *H NMR (500 MHz, Chloroform), &
8.36 (t, J = 1.4 Hz, 1H), 8.00 (ddt, J = 13.9, 7.5, 1.3Hz, 2H), 7.64 (t, J = 7.4 Hz, 1H), ESI-MS m/z: 221 [M]*;HRMS calcd. For
CsHsNs0,S2: 278.99 [M]*.
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3.1.6. 3-(2,4-dichlorophenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6(5H)-thione (5F):

Colour: Pale yellow ; yield: 13.65; mp: 168-170°C ;IR (kBr): 2331,2240,1500,610 cm™* *H NMR (500 MHz, Chloroform), § 7.57
(d, J=7.5Hz, 1H), 7.52 (d, J = 1.4 Hz, 1H), 7.35 (dd, J = 7.5, 1.4Hz, 1H), ESI-MS m/z: 243 [M]*;HRMS calcd. For CgH4Cl:N4S,: 301.93
[M]".

3.2 Docking:

The molecular docking studies were carried out of 3-(Substituted)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6(5H)-thione derivatives
on DNA gyrase enzyme. The molecular basis of hydrogen bond interactions with the active binding pocket were analyzed. The Molecules
were ranked on the basis on their G-Score (Table 2). Molecule 5E has shown best binding as compared to other molecules. The docking pose
of 5E shows one hydrogen bond. Most of the molecules have shown better and favourable hydrophobic interactions of triazole and
thiadiazole ring within the active site the receptor. G-score were found in the range of -5.66 to -8.93 kcal/mole. Molecule 5E showed good

G-score. Rest molecules show comparable G-score with the standard drug.

Table 2: Molecular docking study— Glide score, per-residue interactions of ligands with the active site of DNA gyrase.

Sr Molecule Molecular Formula
No Name Hydrogen Ual
X1 X2 G score Good Bad gy
Bond VDW
VDW | VDW
1 5A CoHeN502S; NO; - -7.00 1 198 2 0
2 5B CoHeNsO4S2 NO, NO, 213
-7.65 1 2 0
4 5D CoHsN4OS; OH - 203
-5.66 1 2 0
5 5E CoHeNs02S, NO, - 250
-8.93 1 2 0
6 5F CoH4Cl2N4S; Cl Cl 213
-6.91 1 4 0
Standard Sparfloxacin 210
Drug
-7.93 0 3 0
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Fig 3: Docking pose of Docking Pose of 3-(3-nitrophenyl)-[1,2,4]triazolo[3,4 b][1,3,4]thiadiazole-
6(5H)-thione (5E) in the active site of DNA gyrase.

Fig 4 : Docking pose of Sparfloxacin in the active site of DNA gyrase

3.3. Biological Screening:

Following table represents the results of the Antitubercular Activity of Synthesised Compounds.

Table 3: Antitubercular Activity of Synthesised Compounds.

Sample Code MIC pg/ml* IC50 pg/ml
5A >30 >30
5B >30 >30
5C 38.06 8.38
5D 86.34 22.41
5E 86.38 22.17
5F 17.36 4.69
* Rif (0.03)
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IV. CONCLUSION:

In the present work six derivatives of 3-(sub)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole-6(5H)-thione were synthesized, docked in the
active cavity of DNA gyrase (2XCT) . Docking studies revealed some crucial interactions with that of standard. The 5E has shown better
docking score as compared to the standard used. From the results of XTT Reduction Menadione Assay Protocol, it can be noted that, the
compounds 5E ,3-(3-nitrophenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6(5H)-thione and 5F, 3-(2,4-dichlorophenyl)-[1,2,4]triazolo[3,4-
b][1,3,4]thiadiazol-6(5H)-thione have shown better activity amongst all the other derivatives. Hybrids of triazole and thiadiazole thus can
be further explored for Antitubercular activity.

V. ACKNOWLEDGMENT:

The authors are thankful to Dr. Ashwini R. Madgulkar, Principal, AISSMS College of Pharmacy, for continuous motivation, support

and providing necessary infrastructure to carry out this work. Authors are also grateful to Schrodinger Inc for providing the demo license for

the software that has helped to execute the molecular modelling studies.
Conflict of Interest: Authors declare no conflict of interest.

REFERENCES:

1. Poecke S., Lehmann H., Helynck O., Froeyen M., Calenbergh S.,2011 ,Synthesis and inhibitory activity of thymidine analogues
targeting Mycobacterium tuberculosis thymidine monophosphate kinase,Bioorganic& Medicinal Chemistry. 19(24): 7603—
7611.doi: 10.1016/j.bmc.2011.10.021.

2. World Health Organization report, 2020.

3. Swamy S.N., Basappa., Priya B.S., Prabhuswamy B., Doreswamy B.H., Prasad J.S., Rangappa, K.S. 2006,Synthesis of
pharmaceutically important condensed heterocyclic 4,6- Disubstituted-1,2,4-triazolo-1,3,4-thiadiazolo  derivatives as
antimicrobials. Euro. J. of Medi. Chem., 41 : 531-538..

4. Prakash O., Aneja D.K, Hussain K., Lohan P., Ranjan P., Arora S., Sharma C., Aneja, K.R. 2011 Synthesis and biological
evaluation of dihydroindeno and indeno [1, 2-e][1, 2,4] triazolo [3, 4-b][1, 3, 4] thiadiazines as antimicrobial agents. Euro. J. of
Medi. Chem, 46: 5065-5073.

5. Palekar V., Damle A.J., Shukla S.R.,2009, Synthesis and antibacterial activity of some novel bis-1,2,4-triazolo[3,4-b]-1,3,4-
thiadiazoles and bis-4-thiazolidinone derivative from terephthalicdihydrazide. Euro. J. of Medi. Chem, 44 : 5112-5116

6. Habtamu A., Habdolo E., Suboot H., Mehvash Z.,2020, TBHP/TBAI-Mediated simple and efficient synthesis of 3,5-disubstituted
and 1,3,5-trisubstituted 1H-1,2,4-triazoles via oxidative decarbonylation of aro- matic aldehydes and testing for antibacterial
activities, Tetrahedron Letters 56, 1403-1417

7. Feng G., Tengfei W., Jiagi X., Gang H.,2019, Antibacterial activity study of 1,2,4-triazole derivatives, European Journal of
Medicinal Chemistry,125-139

8. Resat U., Nevin S., Yasemin U., Sahin D.,2020, 5-(4-Bromobenzyl)-4-(4-(5-phenyl-1,3,4-oxadiazole-2-yl)phenyl)-2,4-dihydro-3H-

1,2,4-triazole-3-one, Synthesis characterization, DFT study and antimicrobial activity, Journal of Molecular;1389-1391

9. Nareshvarma S., Prasanthi S., Supriya G.,2012, Synthesis and in vitro study of some fused 1,2,4-triazole derivatives as
antimycobacterial agents, Journal of Saudi Chemical Society: 1-8

10. Adil A. O., Mebrouk K., Sarah A.,2014, 1,3,4-oxadiazole, 1,3,4-thiadiazole and 1,2,4-triazole derivatives as potential antibacterial
agents, Arabian Journal of Chemistry: 1-29

11. Vijesh A., Arun M. |, Prashanth S. , Hoong Kun F,2013,. New pyrazole derivatives containing 1,2,4-triazoles and benzoxazoles as
potent antimicrobial and analgesic agents, European Journal of Medicinal Chemistry 62:410-415

12. Sheh, M., Abu-Hashem,2010,Synthesis of 3-((2,4-dichloro phenoxy)methyl)-1,2,4- triazolo(thiadiazoles and thiadiazines) as anti-
inflammatory and molluscicidal agents. Euro. J. of Medi. Chem., 45 : 1906-1911.

13. Mathew V., Keshavayya J., Vaidya V.P., Giles D,2007,. Studies on synthesis and pharmacological activities of 3,6-disubstituted-
1,2,4-triazolo[3,4-b]-1,3,4-thiadiazoles and their dihydro analogues. Euro. J. of Medi. Chem, 42 : 823-840.

14. Holla B.,Poojary K.N., Rao B.S; Shivananda M.K.,2002, New bis-aminomercapto triazoles and bis-triazolothiadiazoles as possible
anticancer agents. Euro. J. of Medi Chem, 37: 511-517.

JETIR2105636 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ e785


http://www.jetir.org/
https://scholar.google.co.in/scholar?oi=bibs&cluster=11729262595287444909&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=11729262595287444909&btnI=1&hl=en

© 2021 JETIR May 2021, Volume 8, Issue 5 www.jetir.org (ISSN-2349-5162)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

Padmavathi V., Reddy G.S., Padmaja A., Kondaiah P., Ali S.,2009, Synthesis, antimicrobial and cytotoxic activities of 1,3,4-
oxadiazoles, 1,3,4-thiadiazoles and 1,2,4- triazoles. Euro. J. of Medi. Chem,44 : 2106-2112.

Sharma V., Shrivastava B., Bhatia R., Bachwani M., Khandelwal R, Ameta, J.,2011, Exploring potential of 1, 2, 4-triazole: A brief
review , Pharmacologyonline J, 1:1192-1222 .

Hany A., Bukhari Y., Abdel-aziz, M., Abdel-Rahman H.,2018, Novel 1,2,4-triazole Derivatives as Potential Anticancer Agents:
Design, Synthesis, Molecular Docking and Mechanistic Studies. J. Bioorg. Chem., 74 :314-325

Boraei A., Mohamed G., El Sayed H.., Duerkop A,.2017, Design, selectialkylation and X-ray crystal structure determination of
dihydro-indolyl-1,2,4-triazole- thione and its 3-benzylsulfanyl analogue as potent anticancer agents. Euro. J. of Medi. Chem, 125
: 360-371.

Foroumadi A., Emani S., Hassanzadeh A., Rajaee M., Sokhanvar K., Moshafi M.H,2005,Synthesis and antibacterial activity of N-
(5-benzylthio-1,3,4-thiadiazol-2-yl)piperazinylquinolone. Bioorg. Med. Chem. Lett, 15 : 4488-4492,

Labanauskas L., Kalcas V.,Udrenaite E., Gaidelis P., Brukstus A., Dauksas A.,2001, Synthesis of 3-(3,4-dimethoxyphenyl)-1H-

1,2 4-triazole-5-thiol and 2-amino-5- (3,4 dimethoxy phenyl)-1,3,4-thiadiazole derivatives exhibiting anti-inflammatory activity,
Pharmazie, Euro. J. of Medi. Chem., , 56 : 617-619

Smaine F., Pacchiano F., Rami M., Barragan-Montero V., Vullo D., Scozzafava A., Winum J.Y., Supuran, C.T.,2008, Carbonic
anhydrase inhibitors: 2-substituted-1,3,4thiadiazole-5-sulfamides act as powerful and selective inhibitors of the mitochondrial
isozymes VA and VB over the cytosolic and membrane-associated carbonic anhydrases I, Il and IV. Bioorg. Med. Chem. Lett., 18 :
6332- 6335.

Clerici F., Pocar D., Guido M., Loche A., Perlini V., Brufani M.,2001, Synthesis of 2- amino-5-sulfanyl-1,3,4-thiadiazole
derivatives and evaluation of their antidepressant and anxiolytic activity. J. Med. Chem, 44 :931-936.

Alshanon A., Hassan F.A., Hameed A.A., Alsaffar A.Z. ,2015,Synthesis, Characterization, Antioxidant Activity and Antitumor of
Some 2- Amino-5-(3-nitrophenyl)-1,3,4-thiadiazole Derivatives. Internat. J. of Pharma Scien., 5 :904-910.

Clemons M., Coleman R.E., Verma S.,2004, Aromatase inhibitors in the adjuvant setting: bringing the gold to a standard. Cancer
Treat. Rev, 30: 325-332.

Jawad K. S.Yusra H.A.,2013, Chemistry of 1, 2,4-Triazole: A Review Article,International Journal of Science and Research ,6.14:
1411-1423

Chou J., Lai S.Y., Pan S.L., Jow G.M., Chern J.W., Guh J.H,.2003, Investigation of anticancer mechanism of thiadiazole-based
compound in human non-small cell lung cancer A549 cells. J. Biochem. Pharmacol., 66 : 115-124.139 : 263-279.

Mohan Krishna K., Bharathkumar I. , Gurubasavaraj V. P. , Madhusudan N. P., G.S. Vijaykumar. ,2014,Design, synthesis and
3D-QSAR studies of new diphenylamine containing 1,2,4-triazoles as potential antitubercular agents, European Journal of
Medicinal Chemistry 84:516-529

Kumar S., Rajendraprasad Y. , Mallikarjuna B. , Chandrashekar S. ,Kistayya C.,.2010, Synthesis of some novel 2-substituted-5-
[isopropylthiazole] clubbed 1,2,4-triazole and 1,3,4-oxadiazoles as potential antimicrobial and antitubercular agents, European
Journal of Medicinal Chemistry 45: 2063-2074

Vatsal P., Navin B.P.2018, Synthesis, biological evaluation and molecular dynamics studies of 1,2,4-triazole clubbed Mannich
bases Computational Biology and Chemistry https://doi.org/10.1016/j.compbiolchem.2018.07.020

Maria V. P., William D. B., Howard S. R., Marcel K.,2017, The antitrypanosomal and antitubercular activity of some

nitro(triazole/imidazole)- based aromatic amines, European Journal of Medicinal Chemistry :1-29

.Navin B. P, Imran H. K., Smita D. R.,2010, Pharmacological evaluation and characterizations of newly synthesized 1,2,4-triazoles,

European Journal of Medicinal Chemistry 45: 4293-4299

Joshi S. |, Vagdevi H. ,Vaidya V. , Gadaginamath G.,2008, Synthesis of new 4-pyrrol-1-yl benzoic acid hydrazide analogs and some
derived oxadiazole, triazole and pyrrole ring systems: A novel class of potential antibacterial and antitubercular agents, European
Journal of Medicinal Chemistry ;43: 1989-1996

JETIR2105636 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ e786


http://www.jetir.org/
https://doi.org/10.1016/j.compbiolchem.2018.07.020

© 2021 JETIR May 2021, Volume 8, Issue 5 www jetir.org (ISSN-2349-5162)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.
44,

45,

46.

47,

48.

49,

50.

51.
52.

Mahendra S., Gorentla V., Suresh K., Varaprasad D,2007,. Clubbed triazoles: A novel approach to antitubercular drugs, European
Journal of Medicinal Chemistry ;42: 807-816

Shankar G. A. , Kallanagouda R. A., Pranali V. S., Sagar M. C., Dilip H. D., Amol S. S.,2012, Novel imidazo[2,1-
b][1,3,4]thiadiazole carrying rhodanine-3-acetic acid as potential antitubercular agents, Bioorg. Med. Chem. Lett.;22; 1917-1921

Jurupula R., Nagabhushana N., Udayakumar D,.2015, Design of new phenothiazine-thiadiazole hybrids via molecular hybridization
approach for the development of potent antitubercular agents, European Journal of Medicinal Chemistry ; 1-28

Cristébal Q., Vania A. , Mauricio F. , Christophe B. , Iman H.,2015, Cyrhetrenyl and ferrocenyl 1,3,4-thiadiazole derivatives:
Synthesis, characterization, crystal structures and in vitro antitubercular activity, Inorganic Chemistry Communications;55: 48-50

Harun P. , Malleshappa N., Navdeep S. ,2013,Synthesis and antitubercular evaluation of imidazo[2,1-b][1,3,4]thiadiazole
derivatives, Arabian Journal of Chemistry ; 1-7

Jurupula R. , Nagabhushana N. , Udayakumar D. , Perumal Y. , Dharmarajan S. ,2015,0ne-pot synthesis of new triazole—
Imidazo[2,1-b][1,3,4]thiadiazole hybrids via click chemistry and evaluation of their antitubercular activity, Bioorganic &
Medicinal Chemistry Letters:1-5

Hilal D., Sengiil D., Miyase G., Vagolu K., Christian L,.2020, Discovery of hydrazone containing thiadiazoles as Mycobacterium
tuberculosis growth and enoyl acyl carrier protein reductase (InhA) inhibitors , European Journal of Medicinal Chemistry, doi:
https://doi.org/10.1016/j.ejmech.2020.112035

Abhishek A.,J., Simant S., Ankur V., V. Ravichandranb, 2013, Ram k. A., 1,3,4-Thiadiazole and Its Derivatives: A Review on
Recent Progress in Biological Activities ,12125

Chitre T. , Asgaonkara K., Miniyarb P., Dharmea A., 2016., Synthesis and docking studies of pyrazine—thiazolidinone hybrid
scaffold targeting dormant tuberculosis, Bioorganic & Medicinal Chemistry Letters 26; 22242228

Mdluli, K. , Ma, Z.,2007, Mycobacterium tuberculosis DNA Gyrase as a Target for Drug Discovery. Infectious Disorders- Drug
Targets Bentham Science Publishers Ltd 7: 159-168.

Furniss, B.S., 1989, vogel’s text book of practical organic chemistry, 5™ ed.; Wiley and Sons: New York, 1533-34

Sonawane, A., Rode N.D., Nawale L, Joshi R.R., Joshi R.A., Likhite A.P., Sarkar D., 2016,Synthesis and biological evaluation of
1, 2, 4- triazole 3-thione and 1, 3, 4 Oxadiazole thione as anti-mycobacterial agents. Chem. Biol. & Drug Design., 2016, 90 : 200-
2009.

Khan 1, lbrar A.,Abbas N. ,1997,Triazolothiadiazoles and Triazolothiadiazines —Biologically Attractive Scaffolds. Euro. J. of
Medi. Chem., 2013, 63 : 854-868. Eldridge, M., Murray, C.W., Auton, T.R., Paolini, G.V., Mee, R.P. Empirical scoring functions:
I. The development of a fast empirical scoring function to estimate the binding affinity of ligands in receptor complexes. J.
Comput.-Aided Mol. Des, 11 : 425-445.

Jorgensen L., Maxwell D., Tirado-Rives J.,1996, Development and Testing of the OPLS All-Atom Force Field on Conformational
Energetics and Properties of OrganLiquids. J. Am. Chem. Soc., 118 : 11225- 11236.

Shandil R., Jayaram R., Kaur P., Gaonkar S., 2007,Moxifloxacin, Ofloxacin, Sparfloxacin, and Ciprofloxacin against
Mycobacterium tuberculosis: Evaluation of In Vitro and Pharmacodynamic Indices That Best Predict In Vivo Efficacy American
Society for Microbiology ;576-582

Tao Peng and Lai Luhua,2001, Protein ligand docking based on empirical method for binding affinity estimation, J. Comp.-aided
Mol. Design. 15: 429-426.

Brendan J., McConkey V. Sobolev M.,2002, Edelman, The performance of current methods in ligand—protein docking, Current
Science, 83: 7.

Hayes, M., Stein, M., Weiser, J. 2004,Accurate Calculations of Ligand Binding Free Energies: Chiral Separation with
Enantioselective Receptors. J. Phys. Chem., 108: 3572-3580

Maestro, Version 10.2 ,2008,Schrodinger LLC, New York
Singh U.,Akhtar S., Mishra A., Sarkar D.,2011, A novel screening method based on menadione mediated rapid reduction of

tetrazolium salt for testing of anti-mycobacterial agents. J. Microbiol. Meth, 84 : 202-207.

JETIR2105636 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ e787


http://www.jetir.org/
https://doi.org/10.1016/j.ejmech.2020.112035

