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ABSTRACT

The 1,3,4 thiadiazole ring's exceptional flexibility and wide range of therapeutic activity have made it an intriguing
pharmacophore. This study clarifies the inherent characteristics of this five-membered heterocycle, emphasizing its
polar and aromatic nature as well as its adaptability to changes that optimize its biological effect. We discuss the
broad spectrum of pharmacological action that 1,3,4 thiadiazole compounds display, including antimicrobial,
antifungal, antiviral, anticancer, and anti-inflammatory effects. Additionally, this study highlights the enormous
potential for developing targeted medicines with improved effectiveness and selectivity and examines the intriguing
possibilities of this flexible framework in the next drug discovery and development. Overall, this analysis highlights
how important 1,3,4 thiadiazole is as a flexible pharmacophore that has the potential to completely change the field
of medicine.
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INTRODUCTION
Medical scientists are drawn to heterocyclic substances because of their diverse biological activity and
unusual chemical characteristics. Identifying new heterocyclic compounds with strong bioactivities is still
a priority, even with the substantial advancements in the science of the heterocyclic ring systems.
Imidazole, oxazole, thiazole, oxadiazole, and thiadiazole are examples of five-membered heterocycles
that are often encountered and usually exhibit biological properties. In earlier times, the thiadiazole ring
was used to bind substances like antibacterial and antiparasitic medications, a few of which continue to be
in use in medicine today. The thiadiazole circle serves as a crucial structural element with a wide
spectrum of biological activities, as recent research has shown.! Sulfur and nitrogen atoms are two of the
five elements of the chemical known as thiadiazole. The thiadiazole moiety functions as a "two-electron
donating system" and a "hydrogen binding region." It is established that 1,2,3-thiadiazole, 1,2,4-
thiadiazole, 1,2,5-thiadiazole, and 1,3,4 thiadiazole have four isomeric forms.? Thiadiazole comes in four
different forms: 1,3,4-, 1,2,4-, 1,2,5-, and 1,2,3-thiadiazole. The 1,2,4- and 1,3,4-thiadiazoles have been
the subject of the most investigation. Numerous studies have demonstrated the anticancer, anti-
inflammatory, antifungal, antiviral, antibacterial, anticonvulsant, and antiparasitic properties of molecules
having thiadiazole rings.?
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Synthesis of 1,3,4-Thiadiazole Nucleus
Scheme-I
The diversity-oriented synthetic procedure for 1,3,4 thiadiazole using N-Tosylhydrazones in the presence
of NCS was carried out by Zeyang Wei et al.*
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Scheme I1
By condensing with semicarbazide or thiosemicarbazide using aldehyde and 12-mediated oxidative bond
formation, P. Niu et al. produced 1,3,4 amino thiadiazole in two steps.’
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Scheme 111
In 2022, Zainab Amer et al. synthesized a new 1,3,4 thiadiazole compound with an acidic hydrazide-
derived azo category and then investigated the compound's antioxidant capabilities.®
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Pharmacological Activity
Antibacterial Activity
Hakan S. Sayiner et al. 2022 studied the creation and evaluation of many 1,3,4 thiadiazole compounds,
together with an examination of their antibacterial efficacy.” A series of 1,3,4 thiadiazole were
synthesized and characterized by UV, FTIR, 13C NMR 1H NMR. Among all compounds, compound 5
had an inhibitory effect on staphylococcus epidermidis and also all the compounds confirm the interaction
with CT-DNA.
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Qiong Wu et al. 2020 studied the new compounds of vanillin with the 1,3,4 thiadiazole group as possible
antibacterial agents.® Thirty-four new compounds of vanillin derivatives were synthesized and their
antibacterial activities were evaluated. Out of all compounds, compound 6 shows excellent antibacterial
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activity with 3.14 and 8.83 ug/ml as EC50 values and also it reduces the production of
exopolysaccharides and increases the cell permeability and cell damage.

i
48\(8 NH
o \
Cl N—N
¥
e O R
6

Nisha Agarwal et al. 2012 synthesized an innovation based on nalidixic acid 1,3,4 thiadiazole derivatives
as potent antibacterial agents.” 1,3,4 thiadiazole was synthesized and characterized. The synthesized
substance's antibacterial efficacy was assessed. Out of all compounds, compound 7 has the highest level
of antibacterial activity and the lowest inhibitory concentration between 6.25 and 125 pg/ml.
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Zhibing et al. 2021 studied the creation, synthesis, antimicrobial efficacy, and underlying processes of
new 1,3,4 thiadiazole compounds with an amide moiety.!® New 1,3,4 thiadiazole compounds were
synthesized and their antibacterial efficacy was assessed. Among these synthesized compounds,
compound 8 shows higher antibacterial activity versus 1.8 and 2.1 pg/ml for the EC50 readings towards
the pathogen PV .oryzicola.
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Jixiang et al. 2019 studied the new amide compounds with thiadiazole moiety. 1, 3, 4 an amide moiety
containing thiadiazole moiety was created.!! An assessment was made for the antibacterial activity using
Xanthomonas oryzae with EC50 values of 0.4 and LC50 6.5 pg/ml. Out of all the synthesized
compounds, compound 9 shows better antibacterial activity.
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Anticancer Agents

The design, synthesis, and biological assessment of new 1,3,4 thiadiazole compounds were explored by
Mehlika Dilek Altintop et al. 2018 as effective anti-tumor medicines against persistent myelogenous
leukemia. The study focused on the remarkable impact of the nitrothiazole molecule.'? 1,3,4 thiadiazole
series were synthesized according to the docking studies. The synthesized compounds were evaluated
against different cell lines for the treatment of cancer. Out of all compounds, compound 10 shows good
anticancer activity.
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Through insilico designing and supramolecular green synthesis, Prashant J. Chaudhari et al. 2022
investigated the issue of anticancer discovery and synthesis of new 1,3,4 thiadiazole and aziridine-based
indolin."® Depending upon the docking investigation, several unique 1,3,4 thiadiazole nuclei containing
indolin were synthesized in this case. Using the aid of the protein known as C-KIT kinase, docking
research was conducted; the results showed a docking score of -10.915 and -9.662. These chemicals are
synthesized and then tested utilizing multiple types of cancer cells for anticancer efficacy. Compound 11

is one of them that has strong anti-colon tumor cell line action.
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The development, synthesis, and molecular docking investigation of new heterocycles integrating 1,3,4
thiadiazole derivatives as possible antibacterial and cancer-fighting agents were the subjects of a 2019
study by Mohammed EL-nagar et al.'* Several 1,3,4 thiadiazole compounds with heterocycles were
created and synthesized in this investigation. Component 12 has the strongest anti-tumor activity of all the
compounds, with the lowest IC50 values. Using the DHFR enzyme, docking research was conducted to
determine its binding energy.
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Ulviye Acarcevik et al, 2020 produced a number of unique 1,3,4 thiadiazole compounds.
Characterization of all the synthesized compounds was carried out utilizing IR, 1H NMR, 13C NMR, and
MS.!5 Two distinct cell lines were utilized to assess the antitumor activity of the drugs (MCF and A549).
Among these compounds, compound 13 showed better anticancer activity with IC50 values of 0.084 +

0.020 and 0.034 £0.008mmol L-1.
N
\)78
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Huda R H Rashdan et al. 2019 studied the topic of 1, 3, and 4 thiadiazole compounds serve as an example
of the rational design of new anticancer medicines according to targeting, solubility, and bioavailability in
solvent-free environments.'® Sequence of different 1,3,4 thiadiazole compounds was synthesized using
solvent-free conditions. The characterization was done with the help of 'H IR, NMR, and MS. All the
synthesized were evaluated for lung cancer and breast cancer, compound 14 showed more activity against
lung cancer and compounds 9b and 9h showed better activity against breast cancer.

Anticonvulsant Activity
Aliyu et al. 2021 studied the design, synthesis, and in vivo anticonvulsant evaluation of 1,3,4 thiadiazole
derivatives. According to ADME parameters and the pharmacophore model a series of 1,3,4 thiadiazole
were synthesised.!” The chemical composition was confirmed by UV, 'H NMR, '3C NMR, and MS. The
synthesized molecules underwent assessment against the MES and PTS test models for anticonvulsant
activity. Among all compounds compound 15 5-[(E)-(3,4,5 trimethoxybenzylidiene) amino]-1,3,4
thiadiazole shows better anticonvulsant activity.
CH,
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The manufacturing of 1,3,4 thiadiazole compounds replaced with pyrazine and its anticonvulsant efficacy
are studied by Kikkeri P. Harish er al. 2013." 1,3,4 thiadiazole compounds having pyrazine were
813
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synthesized. 'H NMR, *C NMR, and MS were employed to characterize the compounds that were
generated. Following this, the MES model was used to assess the drugs' anticonvulsant potential. When
compared to the common medication phenytoin, molecule 16 and 17 had superior anticonvulsant
properties.
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A study conducted in 2012 by Arvind K. Singn et al. examined the preparation, design, and
anticonvulsant activity of several 1, 3, and 4 thiadiazole derivatives.!® Novel 1,3,4 thiadiazole analogs
(al-a9) were synthesized in a sequence. '"H NMR, *C NMR, and MS have been employed to characterize
each chemical. MES was used to test the anticonvulsant potential of each of these substances in albino
mice. compound 18 has the highest level of activity compared to the conventional medicine phenytoin,
whereas molecules a2 and a5 have medium activity.
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The production of many novel thiadiazole compounds and their anticonvulsant properties were
investigated by M.A. Rahman et al. 2014. A new class of 1,3,4 thiadiazole analogs was created. 'H NMR,
3C NMR, and MS all validated the compounds' structures. Albino mice were employed to test all of the
compounds' anticonvulsant potential utilizing a method called the MES technique. The most active
chemical out of all of them is number 19.%°
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s epileptic drugs, Krishna Kumar ef al. 2019 investigated the preparation and pharmacologic assessment
of substituted 1,3,4 thiadiazole derivatives.?! Using 'H NMR, *C NMR, and MS, a number of unique
1,3,4 thiadiazoles were synthesized and evaluated. The phenylentetetrazole-induced technique (PTZ) was
used to assess the anticonvulsant activity of the synthetic substances in mice. Drug 20 outperformed the
others in terms of protecting mice against PTZ.
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Anti-Inflammatory

The synthesis as well, biological assessment, and docking investigation of 1,3,4 thiadiazole compounds
were investigated by Yasser M. Omar et al. 2018 as anti-inflammatory medications with dual inhibition
of COX-2 and 15-LOX22. The thiadiazole equivalents were all synthesized. Characterization of the
compounds produced from scratch was carried out using 'H NMR, '*C NMR, and MS. The invivo and
invitro anti-inflammatory activity were performed. Out of all compounds, compounds 21 show higher
activity compared to a standard drug celecoxib.?

HO

Gaurav M Doshi et al. 2021 evaluated the biological activity of 1,3,4 thiadiazole. A sequence of 1,3,4
thiadiazole was synthesized and characterized.”® All the compounds are evaluated for invitro and invivo
anti-inflammatory. The in vitro activity was carried out using membrane stabilization (48.89%) and
proteinase enzyme inhibitory activity (66.78%). The invivo activity has been done by cotton pellet
granuloma methods. The compound A shows better anti-inflammatory activity both in vitro and invivo.
Anamaria Cristina et al. 2018 synthesized, characterized, and biologically evaluated the compounds of
thiadiazole (medications that reduce inflammation).”* A series of 1,3,4 thiadiazole derivatives were
synthesized and characterized. They are assessed for invivo anti-inflammatory and analgesic activity. The
compound 22 shows better anti-inflammatory than diclofenac.

22
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Maddilda et al. 2012 manufacturing of a series of 1,3,4 thiadiazole derivatives.?> The elemental analysis
and characterization were done using 'H NMR, C NMR, and MS. Among all the compounds,
compounds 23 show potent activity.

Cjﬁi

Shiv. K. Gupta et al. 2011 synthesized and studied the anti-inflammatory activity of disubstituted 1,3,4
thiadiazole derivatives.”® A sequence of 1,3,4 thiadiazole was synthesized and characterized. The anti-
inflammatory activity was checked. Out of all compounds, compound 24 shows maximum activity
against inflammation.
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Antiviral Activity
Annalaura Brai et al. 2019 have done synthesis and antiviral activity of novel 1,3,4 thiadiazole
derivatives.?” Here a series of 15 novel 1,3,4 thiadiazole were designed and synthesised. The synthesized
compounds are biologically characterized. All the compounds were evaluated for antiviral activity using
HIV-I-infected H9 cells. Compound 25 shows a more promising effect against HIV I activity.

HO
25

Lu Yu et al. 2017 studied the biological assessment and preparation of new bis(1,3,4-thiadiazole)
derivatives with potential cytotoxic effects and antiviral effects against cucumber mosaic virus (CMV)
and tobacco mosaic virus (TMV). Certain molecules had noteworthy antiviral activity, some of which
outperformed ribavirin in terms of effectiveness. Investigations into the links between structure and action
revealed how crucial groups that withdraw electrons on the aromatic circle are to antiviral properties.?®
Among these compounds, compound 26 shows better protection activity against TMV with EC50 values
of 105.01, and 254.77 respectively.
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26

Mirta L. Fascio et al. studied the production and effectiveness of some antivirals imidazo thiadiazole
carbohydrate derivatives.”” Through the use of IH NMR, 13C NMR, and MS, a new imidazo thiadiazole
was synthesized from carbohydrates. A review of synthetic chemicals' antiviral efficacy towards JUNV
strain 1V4454 was conducted. Among all the compounds, compounds 8 and 27 show moderate and

selective antiviral activity.
Nig
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S| 0 ¢4
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The preparation and characterization of novel substances with potential antiviral action, specifically
compared to the Hepatitis C virus, were examined by Kamal M. Dawood et al. 2015. A variety of
molecules with scaffolds made of thiazole and thiadiazole were created, described, and evaluated for their
ability to inhibit various viruses. Compound 28 had the most encouraging results against HCV,
underscoring the significance of creating new antiviral drugs.*

NH\(NH o
5

s
CH,
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Xu Tang et al. 2018 examined the biological activity and synthesis of benzothiazole compounds with
thiadiazole molecules.’! A sequence of 1,3,4 thiadiazole-containing benzothiazole analogs was designed
and synthesized. All the compounds were screened against “antiviral activity”, antifungal and
antibacterial activity. The “antiviral activity” was carried out using TMV (Tobacco mosaic virus). Results
showed that compound 27 has better protective inactivation activities (79.5% and 88.3%) against TMV.

CONCLUSION
The renowned heterocyclic 1,3,4 thiadiazole has a variety of pharmacological and bioactive properties.
The preparation and identification of novel 1,3,4 thiadiazole constituents is one of the most important
fields in medicinal chemistry. Consequently, scientists focused on and created biological agents inspired
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by 1,3,4 thiadiazole. Strong activity potency 1,3,4 thiadiazole compounds were analyzed in the present
review, along with cytotoxic results from a range of in-vitro studies. In summary, pharmacophores
featuring these heterocyclic rings can spread, and the identification of compounds with a 1,3,4 thiadiazole
atom is interesting. All things considered, 1,3,4 thiadiazole is a special chemical with a wide range of
biological uses. Promising characteristics include anti-inflammatory, antimicrobial, anticancer, and
antibacterial effects. The 1,3,4 thiadiazole and its many pharmacological and biological actions are the
main topics of this review.
ACKNOWLEDGMENTS

The authors are very much thankful to the Principal and Management, Vels Institute of Science
Technology and Advanced Studies (VISTAS), Pallavaram, Chennai for providing fulfillment of all
facilities, and also, I especially thank my guide for her valuable guidance.

CONFLICT OF INTERESTS
The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS
All the authors contributed significantly to this manuscript, participated in reviewing/editing and
approved the final draft for publication. The research profile of the authors can be verified from their
ORCID 1ids, given below:

R. Gandhimathi @ https://orcid.org/0000-0002-0595-8766
P. Indhumathy@ https://orcid.org/0000-0003-4080-7178

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http:/creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons license, and indicate if changes were made.

REFERENCES

Arif Mermer, Turgut Keles, and Yakup Sirin, Bioorganic Chemistry, 114, 105076(2021)

2. Saqlain Haider, Mohammad Sarwar Alamb, and Hinna Hamid, European Journal of Medicinal
Chemistry,6(92), 156(2014)

3. Davinder Kumara, Harsh Kumara, Virender Kumara, Aakash Deepb, Aastha Sharmaa, Minakshi
Gupta Marwahac, and Rakesh Kumar Marwahaa, Medicine in Drug Discovery, 17, 100150(2023)

4. Zeyang Wei, Qi Zhang, Meng Tang, Siyu Zhang, and Qian Zhang, Organic Letters, 23(11),
4436(2021), http://dx.doi.org/10.1021/acs.orglett.1c01379

5. Zainab Amer, and Entesar O. Al-Tamimi, Chemical Methodologies, 6, 604(2022),
http://dx.doi.org/10.22034/CHEMM.2022.338522.1489

6. Pengfei Niu, Jinfeng Kang, Xianhai Tian, Lina Song, Hongxu Liu, Jie Wu, Wenquan Yu, and Junbiao
Chang, Journal of Organic Chemistry, 80(2), 1018(2015), https://doi.org/10.1021/j0502518¢

7. Hakan S. Sayiner, Mehmet 1. Yilmazer, T. Aisha, Abdelsalam, Mohamed A. Ganim, Cengiz Baloglu,
Yasemin Celik Altunoglu, Mahmut Gur, Murat Saracoglu, Mohamed S. Attia, H. Ekram, Mohamed,
Safwat A. Mahmoud, Rabah Boukherroub, Nora Hamad Al-Shaalan, Sarah Alharthi, Fatma
Kandemirli and Mohammed A. Amin, RSC  Advances, 12, 29627(2022),
http://dx.doi.org/10.1039/d2ra02435¢g

8. Qiong Wu, Hui Cai, Ting Yuan, Shaoyuan Li, Xiuhai Gan, and Baoan Song, Bioorganic & Medicinal
Chemistry Letters, 30, 127113(2020), https://doi.org/10.1016/j.bmcl.2020.127113

9. Nisha Aggarwal, Rajesh Kumar, Prem Dureja and Jitender Mohan Khurana, Chemical Biology and
Drug Design, 79, 384(2012), http://dx.doi.org/10.1111/j.1747-0285.2011.01316.x

10. Zhibing Wu, Jin Shi, Jixiang Chen, Deyu Hu, and Baoan Song, Journal of Agricultural and Food
Chemistry, 69(31), 8660(2021), https://doi.org/10.1021/acs.jafc.1c01626

11. Jixiang Chen, Chongfen Yi, Shaobo Wang, Sikai Wu, Shaoyuan Li, Deyu Hu, and Baoan Song,
Bioorganic & Medicinal Chemistry Letters, 29(10), 1203(2019),
https://doi.org/10.1016/j.bmcl.2019.03.017

—

818

THE BIOLOGICAL ACTIVITY OF 1,3,4 THIADIAZOLES P. Indhumathy' and Dr. R. Gandhimathi



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

RASAYAN J. Chem.
Vol. 17 | No. 3 |809-819| July - September | 2024

Mehlika Dilek Altintop, Halil Ibrahim Ciftci, Belgin Sever, Zafer Asim Kaplancikl Masami Otsuka,
and Ahmet Ozdemir, Molecules, 23(1), 59(2018), https://doi.org/10.3390/molecules23010059
Prashant J.Chaudhari, Sanjaykumar B.Bari, Sanjay J. Surana, A. Atul, Shirkhedkar, Chandrakant G.
Bonde, Saurabh C. Khadse, Vinod G. Ugale, Akhil A. Nagar, and Rameshwar S. Cheke, ACS Omega,
7(20), 17270(2022), https://doi.org/10.1021/acsomega.2c01198

Mohamed El-Naggar, Hanan A. Sallam, Safaa S. Shaban, Salwa S. Abdel-Wahab, Abd El-Galil E.
Amr, Mohammad E. Azab, Eman S. Nossier, and Mohamed A. Al-Omar, Molecules, 24, 1066(2019),
http://dx.doi.org/10.3390/molecules24061066

Ulviye Acar Cevik, Derya Osmaniye, Serkan Levent, Begiim Nurpelin Saglik, Betiil Kaya
Cavusoglu,Abdullah Burak Karaduman, Yusuf Ozkay, and Zafer Asim Kaplancikli, Acta
Pharmaceutica, 70, 499(2020), https://doi.org/10.2478/acph-2020-0034.

Huda R. M. Rashdan, Mohammad M.Farag, Marwa S. El-Gendey, and Marwa M.Mounier,
molecules, 24, 2371(2019), http://dx.doi.org/10.3390/molecules24132371

A. Aliyu, A. Y. Idris, A. M. Musa, A. N. Hamza, J. O. Ahmadu, A. Shehu, and A. Salisu,
International Journal of Science for Global Sustainability, 7(2), 120(2021).

Kikkeri P. Harish, Kikkeri N Mohana, and Lingappa Mallesha, Organic Chemistry International, 4,
1(2013), http://dx.doi.org/10.1155/2013/631723

Arvind K. Singh, R. Parth Sarthy, and M. Lohani, International Journal of Chemical Science, 10(3),
1487(2012)

M. A. Rahman, A. K. Shakya, S. Wahab, and N. H. Ansari, Bulgarian Chemical Communications,
46(4), 750(2014)

Krishan Kumar, Kuntal Manna, and Hardik Bhatt, Nirma University Journal of Pharmaceutical
Sciences, 6(1), 15(2019)

Yasser M. Omar, Hajjaj H.M. Abdu-Allah, and Samia G. Abdel-Moty, Bioorganic Chemistry, 80,
461(2018), https://doi.org/10.1016/j.bioorg.2018.06.036

Gaurav M Doshi, Mayuresh U Bansode, and Rakesh R Somani, Journal of Endocrine, Metabolic &
Immune Disorders-Drug Targets, 21(5), 905(2021),
https://doi.org/10.2174/1871530320999200729164926

Anamaria Cristina, Denisa Leonte, Laurian V lase, Laszl6 Csaba Bencze, Silvia Imre, Gabriel Marc,
Bogdan Apan, Cristina Mogos, and Valentin Zaharia, Molecules, 23, 2425(2018),
http://dx.doi.org/10.3390/molecules23102425

S. Maddila, S. Gorle, Ch. Sampath, and P. Lavanya, Journal of Saudi Chemical Society, 20,
S306(2016), https://doi.org/10.1016/j.jscs.2012.11.007

Shiv K. Gupta, and P. K. Sharma, International Journal of Drug Formulation & Research, 2(2),
344(2011).

Annalaura Brai, Stefania Ronzini, Claudio Zamperini, Matteo Borgini, Valentina Riva, Lorenzo
Botta, Claudia Immacolata Trivisani, Anna Garbelli, Carla Pennisi, Adele Boccuto, Francesco
Saladini, Maurizio Zazzi, Giovanni Maga, and Maurizio Botta, Molecules, 24, 3988(2019),
http://dx.doi.org/10.3390/molecules24213988

Lu Yu, Xiuhai Gan, Dagui Zhou, Fangcheng He, Song Zeng and Deyu Hu, Molecules, 22, 658(2017),
http://dx.doi.org/10.3390/molecules22040658

Mirta L. Fascio, Claudia S. Sepulveda, Elsa B. Damonte, Norma B. D'Accorso, Carbohydrate
Research,480, 61(2019), https://doi.org/10.1016/j.carres.2019.05.003

Kamal M. Dawood, Taha M.A. Eldebss, Heba S.A. El-Zahabi, and Mahmoud H. Yousef, European
Journal of Medicinal Chemistry, 102, 266(2015), http://dx.doi.org/10.1016/j.ejmech.2015.08.005

Xu Tang, Zhongbo Wang, Xinmin Zhong, Xiaobin Wang, Lijuan Chen, Ming He and Wei Xue,
journal of Phosphorus, Sulfur, and Silicon and the Related Elements, 241-248(2018),
https://doi.org/10.1080/10426507.2018.1539992

[RIC- 8857/2024]

819

THE BIOLOGICAL ACTIVITY OF 1,3,4 THIADIAZOLES P. Indhumathy' and Dr. R. Gandhimathi



