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Abstract: 

 Schiff bases derived from various heterocyclic compounds displayed broad range of biological activities such as 

anticancer, antiviral, antimicrobial, anticonvulsant, antidepressant, an giotension-II receptor antagonist, anti-

inflammatory and anti-glycation activity. So far, modifications of the Schiff bases have proven highly effective 

with improved potency and lesser toxicity. The present review highlights the recently synthesized Schiff bases 

possessing important biological activities. Schiff base are versatile ligands which are synthesized from the 

condensation of an amino compound with carbonyl compounds. 

 

KEY WORDS- Spectral, Analytical and Physical studies, biological activities, chalcone thiosemicarbazones, 

metal complexes. 

INTRODUCTION: 

Domagk et al synthesis 4-acetylaminobenzal-thiosemi-carbazone, which are used for the treatment of 

pulmonary tuberculosis. 

Antitumor Activity 

Activity against Plasmodium falciparum and Plasmodium berghei1, Trypanosoma cruzi2-4, and 

Trypanosoma bruceirhodesiense5, and Toxoplasma gondii6. They have also been found to be active against 

influenza, protozoa, small pox, and certain kinds of tumor, pesticides, and fungicides7-10.   The thiosemicarbazones, 

an important class of synthetic compounds, have a variety of applications due to their wide spectrum of biological 

activities11-12, which include antiviral 13, and antitumor 14-16, activities among others as well as parasiticidal Li et 
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al17. Synthesized and characterized some new thiosemi-carbazones derived from natural aldehydes which were 

exhibited antiviral, antibacterial and antitumor properties. 

The represents the general formula for thiosemicarbazones. R1, R2, R3, R4 = H, 
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Ribonucleotide Reductase- 

The anti-leukemic effect of 2-formylpyridine thiosemicarbazone (A) was first reported by Brockman et al.18 

in 1956. Almost ten years later, in 1965, French et al.19 formulated hypotheses about the mode of action of the (N)-

heterocyclic thiosemicarbazones: the active molecules shared a tridentate nature, that allows them to be effective 

chelators, and a better activity was obtained by modifying the aromatic system. Based on this principle they 

managed to predict the activity of pyrazine carboxaldehyde thiosemicarbazone (B) and 1-formylisoquinoline 

thiosemicarbazone (C). 
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Topoisomerase II and DNA Interactions- 

Copper-thiosemicarbazone complexes have significantly higher growth inhibitory activity than the 

uncomplexed ligand and have lower IC50 values against tumour cells than other reported topoisomerase-II 

inhibitors20. The antitumor activity of 1, 2-naphthoquinone-2-thiosemicarbazone (D) and that of its metal 

complexes of copper (II), palladium (II) and nickel (II) was investigated by Chen et al.21 against MCF-7 human 

breast cancer cells. The results revealed that these complexes are effective antitumor chemicals in inhibiting MCF-

7 cell growth. The nickel complex is the most effective among the complexes studied and, based on IC50 values; 

it is also more effective than etoposide, a commercial antitumor drug. Further data showed that 1, 2-

naphthoquinone-2-thiosemicarbazonecopper (II), nickel (II) and platinum (II) complexes, 1, 2-naphthoquinone-2-

thiosemicarbazone, and naphthoquinone can only stabilize the single-strand nicked DNA, but not double-strand 

breakage intermediates. The metal derivatives of these ligands, but not the parent ligand molecules, exerted an 

antagonizing effect on topoisomerase II activity. It had been previously shown that Cu (II) derivative of 4-hydroxy-

3-methyl-1, 2-naphthoquinone-1-thiosemicarbazone (E) had the highest cytotoxicity compared to those of Fe (III), 

Ni (II), Pd (II), and Pt (II) metal derivatives; this was explained by the generation of Cu (I) species during 

intracellular enzymatic reduction or greater binding affinity of Cu (I) to an estrogens receptor protein complex22.  
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Other Mechanisms 

In the literature is also present thiosemicarbazones with a non aromatic substituent on the imino nitrogen. 

Baldini et al. report the synthesis and biological evaluation of α-ketoglutaric acid thiosemicarbazone linear and 

cyclic derivatives and their copper and zinc complexes23-24.The role of the metals seems not to be relevant and 

moreover the newly synthesized compounds are active towards cisplatin-refractory tumour cell lines. In a recent 

paper25, in an effort to further understand the influence of the terminal nitrogen atom, the 2-formyl and2-

acetylpyridine thiosemicarbazones have been modified by incorporating the terminal nitrogen into an aliphatic 

azepane ring (F). Reaction with platinum (II) afforded the related complexes [Pt (L) Cl]. Ligands and complexes 

have been evaluated for ant proliferative activity in vitro against four cancer cell lines: MCF-7 (human breast 

cancer cell line), T24 (human bladder cancer cell line), A-549 (human non-small cell lung carcinoma) and L-929 

(murine).The 2-acetylpyridine ligand exhibited high activity as anticancer agent against all four cancer cell lines, 

while the 2-formylpyridine derivative exhibited selectivity against MCF-7, L-929 and its platinum complex against 

A-549, T-24 cancer cell lines. 

Zhang et al. have carried out a study on 8-hydroxyquinoline-2-carboxaldehyde thiosemicarbazone (G), on its 

4, 4-dimethyl derivative and on their copper (II) complexes26. Adsule et al. reports studies about the activity of 

quinoline-2-carboxaldehyde thiosemicarbazone (H) derivatives and its copper (II) complex as proteasome 

inhibitors in human prostate cancer cell lines PC-3 and LNCaP27. 
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More recently the same group has reported on a series of thiosemicarbazones derived from natural 

aldehydes and in particular 9-cis-retinal thiosemicarbazone and its cobalt (III), nickel (II) and copper (II) 

complexes28. These complexes possess neither an aromatic ring nor a donor atom on the imino side of the 

thiosemicarbazone but a long hydrophobic chain.  

Another field in which thiosemicarbazone metal complexes are receiving a great deal of attention is their 

use as carrier for radiotracers such as Cu29. Indole and its heterocyclic fused derivatives indole-3-aldehydes and 

their thiosemicarbazones (I) are found to be a potential anticancer and antitumor intermediates.  

 

N

R

R2

R1

H
C N N

H
N

S

CH3

 

(I) 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882 

 

IJCRT2311096 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a789 
 

 

 

Reference-  

 

1.  de Oliveira R.B., de Souza-Fagundes E.M., Soares R.P.P., Andrade A.A., Kretti A.U., ZaniC.L., Synthesis 

and antimalarial activity of semicarbazone and thiosemicarbazone derivatives. Eur. J. Med. Chem. 2008, 

43, 183-188.Molecules 2011, 161180 

2.  Perez-Rebolledo A., Teixeira L.R., Batista A.A., Mangrich  A.S., Aguirre G., Cerceretto H., González M., 

Hernández P., Ferreira A.M., Speziali N.L., Beraldo H., ‘4-Nitroacetophenone derivedthiosemicarbazones 

and their copper (II) complexes with significant in vitro antitrypanoso-malactivity. Eur. J. Med. Chem. 

2008, 43, 939-948. 

3.  Aguirre G., Boiani L., Cerecetto H., Fernandez M., Gonzalez M., Denicola A., Otero L.,Gambino D., Rigol 

C., Olea-Azar C., Faundez M., ‘In vitro activity and mechanism of actionagainst the protozoan parasite 

Trypanosoma cruzi of 5-nitrofuryl containing thiosemicarbazones. Bioorg. Med. Chem. 2004, 12, 4885-

4893. 

4.  Du X., Guoi C., Hansell E., Doyle P.S., Caffrey C.R., Holler T.P., James H., McKerrowJ.H., Cohen E. 

‘Synthesis and structure-activity relationship study of potent trypanocidal thiosemicarbazone inhibitors of 

the trypanosomal cysteine protease cruzain’. J. Med. Chem. 2002, 45, 2695-2707. 

5.  Fujii N., Mallari J.P., Hansell E., Mackey Z., Doyle P., Zhou Y.M., Gut J., Rosenthal P.J., Mc Kerrow J.H., 

Guy R.K., ‘Discovery of potent thiosemicarbazone inhibitors of rhodesain andcruzain’. Bioorg. Med. 

Chem. Lett. 2005, 15, 121-123. 

6.  Tenorio R.P., Goes A.J.S., de Lima J.G., de Faria A.R., Alves A.J., Aquino T.M., ‘Thiosemicarbazones: 

preparation methods, synthetic applications and biolo,gical importance.’Quim.  Nova. 2005, 28, 1030-

1037. 

7.  Oriova N., Aksenova V.A., Selidovkin D.A., Bogdanova N.S. and Perkin G.N., ‘Russ. Pharm. 

Toxicol.’1968, 348. 

8.  Petering H.G., Buskirk H.H. and Underwood G.E., ‘Cancer Res.’1964, 64,367. 

9.  Johnson C.W., Joymer J.W. and Perry R.P., ‘Antibio. And Chemother, 1952, 2,636. 

10.  Benns B.G., Gingras B.A. and Bayley C.H. ‘Appl. Microbiol., 1961, 8,353. 

11.  Tenorio R.P., Carvalho C.S., Pessanha C.S., de Lima J.G., de Faria A.R.,Alves A.J., de MeloE.J.T., Góes 

A.J.S. ‘Synthesis of thiosemicarbazone and 4-thiazolidinone derivatives and their invitro anti-Toxoplasma 

gondii activity. Bioorg. Med. Chem. Lett. 2005, 15, 2575-2578. 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882 

 

IJCRT2311096 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a790 
 

12.  Beraldo H. ‘Semicarbazones and thiosemicarbazones: their wide pharmacological profile and clinical 

applications.’ Quim. Nova 2004, 27, 461-471. 

13.  Pirrung M.C., Pansare S.V., das Sarma K., Keith K.A., Kern E.R. ‘Combinatorial optimizationof isatin-β-

thiosemicarbazones as anti-poxvirus agents. J. Med. Chem. 2005, 48, 3045-3050. 

14.  Hu W.-X., Zhou W., Xia C.-N., Wen X. ‘Synthesis and anticancer activity of thiosemicarbazones. Bioorg. 

Med. Chem. Lett. 2006, 16, 2213-2218. 

15.  Kolocouris A., Dimas K., Pannecuoque C., Witvrouw M., Foscolos G.B.,Stamatiou G.,Fytas G., Zoidis G., 

Kolocouris N., Andrei G., Snoeck R., de Clercq E. ‘New 2-(1-adamantyl-carbonyl) pyridine and 1-

acetyladamantane thiosemicarba-zones–thiocarbonohydrazones: cell growth inhibitory, antiviral and 

antimicrobial activity evaluation. Bioorg. Med. Chem. Lett. 2002, 12, 723-727. 

16.  Tarasconi P., Copacchi S., Pelosi G., Cornia M., Albertini R., Bonati A., DallAglio P.P.,Lunghi P., Pinelli 

S. ‘Synthesis, spectroscopic characterization and biological properties of newnatural aldehydes 

thiosemicarbazones. Bioorg. Med. Chem. 2000, 88, 157. 

17.  Li Qin-Xi, Tang Hui-An, Li Yi-Zhi, Wang Min, Wang Liu-Fang, Xia Chem-Gu, J.Inorg. Bio. Chem., 2000, 

78(2), 167. Chem. Abstr.., 2000, 132,356102 (2000). 

18.  Brockman RW, Thomson JR, Bell MJ, Skipper HE. ‘Observations on the antileukemic activity of pyridine-

2-carboxaldehyde thiosemicarbazone and thiocarbohydrazone. Cancer Res 1956; 16: 167-70. 

19.  French FA, Blanz EJJ. ‘The carcinostatic activity of alpha-(N) heterocyclic carboxaldehyde 

thiosemicarbazones. I. Isoquinoline-1-carboxaldehyde thiosemicarbazone. Cancer Res 1965; 25: 1454-8. 

20.  Easmon J, Pürstinger G, Heinisch G, et al. ‘Synthesis, cytotoxicity, and antitumor activity of copper (II) 

and iron (II) complexes of (4) N-azabicyclo [3.2.2] nonane thiosemi-carbazones derived from acyl 

diazines.’ J Med Chem 2001; 44: 2164-71. 

21.  Chen J, Huang Y, Liu G, et al. ‘The cytotoxicity and mechanisms of1, 2-naphthoquinone 

thiosemicarbazone and its metal derivatives against MCF-7 human breast cancer cells.’ Toxicol Appl 

Pharmacol 2004; 197: 40-8. 

22.  Saha M, Saha HHT, Niskanen LK, Salmela KT, Pasternack AI. ‘Time course of serum prolactin and sex 

hormones following successful renal transplantation. Nephron 2002; 92: 735-7. 

23.  Baldini M, Belicchi-Ferrari M, Bisceglie F, Capacchi S, Pelosi G,Tarasconi P. ‘Zinc complexes with cyclic 

derivatives of alphaketoglutaric acid thiosemicarbazone: Synthesis, X-ray structures and DNA interactions. 

J Inorg Biochem 2005; 99: 1504-13. 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882 

 

IJCRT2311096 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a791 
 

24.  Baldini M, Belicchi-Ferrari M, Bisceglie F, et al. ‘Copper (II) complexes with substituted 

thiosemicarbazones of alpha-ketoglutaricacid: synthesis, X-ray structures, DNA binding studies, and 

nuclease and biological activity. Inorg Chem 2004; 43: 7170-9. 

25.  Kovala-Demertzi D, Papageorgiou A, Papathanasis L, et al. ‘In vitro and in vivo antitumor activity of 

platinum (II) complexes with thiosemicarbazones derived from 2-formyl and 2-acetyl pyridine and 

containing ring incorporated at N (4)-position: synthesis, spectroscopic study and crystal structure of 

platinum (II) complexes with thiosemicarbazones, potential anticancer agents. Eur J MedChem 2009; 44: 

1296-302.  

26.  Zhang H, Thomas R, Oupicky D, Peng F. ‘Synthesis and characterization of new copper thiosemicarbazone 

complexes with an ONNS quadridentate system: cell growth inhibition, S-phase cell cycle arrest and 

proapoptotic activities on cisplatin-resistant neuroblastoma cells. J Biol Inorg Chem 2008; 13: 47-55. 

27.  Adsule S, Barve V, Chen D, et al. Novel Schiff base copper complexes of quinoline-2 carboxaldehyde as 

proteasome inhibitors inhuman prostate cancer cells. J Med Chem 2006; 49: 7242-6. 

28.  Bisceglie F, Baldini M, Belicchi-Ferrari M, et al. ‘Metal complexes of retinoid derivatives with ant 

proliferative activity: synthesis, characterization and DNA interaction studies. Eur J Med Chem 2007; 42: 

627-34. 

29.  Krohn KA, Link JM, Mason RP. ‘Molecular imaging of hypoxia. J Nucl Med 2008; 49 (Suppl 2): 129S-

48S. 

 

http://www.ijcrt.org/

