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Abstract 

A series of 18 thiosemicarbazone-type ligands divided into several ligand families depending on 

whether they are monothiosemicarbazones (HL1 to HL5), bis-thiosemicarbazones with flexible linkers 
(H2L6 to H3L10) or rigid linkers (H2L11 to H2L14), and phenol-bis-thiosemicarbazones (H3L15 to H3L18) was 

synthesised and subsequently investigated with regard to their antioxidant properties. 

The antioxidant activity of these ligands was evaluated using the ABTS radical scavenging assay. The 

obtained IC₅₀ values revealed a wide range of antioxidant capacities among the investigated compounds. 

Several ligands exhibited significant radical scavenging activity compared to the reference antioxidants 

Trolox and Rutin. In particular, compound H₃L¹⁶ demonstrated the strongest antioxidant effect with an IC₅₀ 

value of 4.83 µM, followed by HL³ (7.74 µM), H₂L¹¹ (8.60 µM), and H₂L¹² (9.10 µM). The enhanced 

antioxidant activity was found to correlate with the presence of phenolic hydroxyl groups, aromatic 

conjugation, and increased structural rigidity, which facilitate electron or hydrogen transfer processes 

involved in radical neutralization. 

Keywords: mono-thiosemicarbazone, bis-thiosemicarbazone, phenol-bis-thiosemicarbazone, 
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RELAȚIA STRUCTURĂ-ACTIVITATE A TIOSEMICARBAZONELOR: EFECTUL 

NUMĂRULUI DE BRAȚE ȘI AL FLEXIBILITĂȚII STRUCTURALE 

Resumat 

A fost sintetizată o serie de 18 tiosemicarbazone, clasificată în mai multe familii de liganzi în funcție 
de tipul structural: mono-tiosemicarbazone (HL1 până la HL5), bis-tiosemicarbazone cu legături flexibile 

(H2L6 până la H3L10), bis-tiosemicarbazone cu legături rigide (H2L11 până la H2L14) și fenol-bis-
tiosemicarbazone (H3L15 până la H3L18), iar ulterior au fost investigate proprietățile lor antioxidante. 
Activitatea antioxidantă a tiosemicarbazonelor sintetizate a fost evaluată prin testul de captare a radicalilor 
ABTS. Valorile IC₅₀ obținute au evidențiat o gamă largă de capacități antioxidante în rândul compușilor 
studiați. Mai mulți compuși au prezentat o activitate semnificativă de eliminare a radicalilor în comparație 
cu antioxidanții de referință: Trolox și Rutin. În special, compusul H₃L¹⁶ a demonstrat cel mai puternic efect 

antioxidant, cu o valoare IC₅₀ de 4,83 µM, urmat de HL³ (7,74 µM), H₂L¹¹ (8,60 µM) și H₂L¹² (9,10 µM). 
S-a constatat că activitatea antioxidantă sporită este corelată cu prezența grupărilor hidroxil fenolice, 
conjugarea aromatică și rigiditatea structurală crescută, care facilitează procesele de transfer de electroni 

sau hidrogen implicate în neutralizarea radicalilor. 

Cuvinte-cheie: mono-tiosemicarbazonă, bis-tiosemicarbazonă, fenol-bis-tiosemicarbazonă, 

activitate antioxidantă, metoda ABTS. 

Introduction 

Reactive oxygen species (ROS), such as the superoxide anion, hydroxyl radicals, and 

hydrogen peroxide, are continuously generated in biological systems as byproducts of normal 

metabolic processes.[1] Although ROS play an essential role in cellular signaling and 

physiological regulation, their excessive accumulation can lead to oxidative stress, a condition 
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associated with the damage of biomolecules such as lipids, proteins, and nucleic acids.[2] It is 

well known that oxidative stress is implicated in the development of numerous pathological 

conditions, including cancer, neurodegenerative diseases, inflammation, and cardiovascular 

disorders.[3] Consequently, the identification and development of molecules capable of 

neutralizing reactive oxygen species have become an important objective in medicinal and 

bioinorganic chemistry. 

Biologically active molecules such as thiosemicarbazones have attracted considerable 

attention due to their versatile coordination chemistry and broad spectrum of pharmacological 

activities.[4–6] These compounds are typically formed through condensation reactions between 

thiosemicarbazides and aldehydes or ketones, resulting in molecules containing nitrogen and 

sulfur donor atoms capable of interacting with metal ions and reactive species. Due to these 

structural characteristics, thiosemicarbazone derivatives have been extensively studied for their 

antimicrobial, antiviral, antitumor, and antioxidant properties.[7–12] In particular, Academician 

Aurelian Gulea has played a major role in the development of this field throughout his career, 

making highly significant contributions evidenced by hundreds of publications and patents. 

The biological activity of thiosemicarbazone derivatives is strongly influenced by their 

molecular structure, electronic properties, and ability to stabilize radical intermediates. Previous 

studies have demonstrated that modifications to the ligand structure, such as the introduction of 

electron-donating or electron-accepting substituents, changes in conjugation, or the 

incorporation of additional donor groups, can significantly affect their redox behavior and 

radical-neutralizing capacity.[13] Another important structural factor that can influence the 

antioxidant properties of these ligands is the flexibility or rigidity of the molecular backbone. 

Flexible ligands can adopt different conformations that facilitate interactions with reactive 

species, while rigid backbones can promote electronic delocalization and the stabilization of 

radical intermediates.[13, 14] Furthermore, the number of thiosemicarbazone arms in a 

molecule—such as mono- or bis-substituted derivatives—can influence the accessibility of 

active functional groups and, consequently, alter their antioxidant efficacy.[15, 16] 

In this study, particular attention is paid to the antioxidant capacity of three families of 

thiosemicarbazones: mono-, bis-, and phenol-bis-thiosemicarbazones (Figure 1). The influence 

of variations in the R1 substituent (R2–CH=N–NH–C(=S)–NHR¹), as well as the number of 

thiosemicarbazone arms, on antioxidant activity was investigated to gain a better understanding 

of the structure–activity relationship. 

Methods and materials 

Chemicals and syntheses 

All chemicals and reagents used were of analytical grade and purchased from Sigma- 
Aldrich: 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS); 6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid (Trolox), potassium persulfate (K₂S₂O₈), and ascorbic 

acid. DMSO (dimethyl sulfoxide), methanol, and other reagents (sodium acetate buffer solution, 

pH 6.5) were obtained from local suppliers. Deionized water was produced using an Adrona 

Crystal E HPLC water purification system. The ligands were synthesized via a condensation 

reaction between aldehydes and thiosemicarbazides in an alcoholic medium under reflux, in the 

presence of a few drops of glacial acetic acid used as a catalyst.[9, 17–19] As a result, a total of 

18 thiosemicarbazone derivatives were obtained and classified into three families: mono-

thiosemicarbazones, bis-thiosemicarbazones, and phenol-bis-thiosemicarbazones.[20] 

Antioxidant activity 

The ABTS•+ antioxidant activity was determined according to the method described by Re 

et al., with modifications.[21] The ABTS radical was generated by reacting a 7 mM ABTS 

solution with 140 mM potassium persulfate, incubated at 25°C in the dark for 12–16 hours. The 
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resulting radical solution was then diluted with 0.02 M sodium acetate buffer (pH 6.5). Dilutions 

of the eighteen experimental compounds were prepared in DMSO. Then, 20 µL of each dilution 

was transferred into a 96-well microtiter plate, and 180 µL of ABTS•+ working solution was 

added using the dispensing module of the hybrid reader (Synergy H1, Biotek). The mixture was 

shaken for 15 s. The change in absorbance was measured at 734 nm after 30 minutes of 

incubation at 25°C. All experiments were performed in triplicate. DMSO was used as the blank. 

Rutin, Trolox, and ascorbic acid were used as standards. Ascorbic acid (10 mM) was prepared in 

distilled water as a stock solution and used at concentrations ranging from 6.25 to 50 µM. Trolox 

(2 mM in methanol) was used as a reference at dilution concentrations ranging from 0.1 to 100 

µM. 

The percentage inhibition was calculated using the formula: 

%Inhibition=𝐴0−𝐴1 ∗ 100 
𝐴0 

where A0 is the absorbance of the control and A1 is the absorbance of the sample. 
 

Figure 1. Representation of thiosemicarbazones used in this study 

Results and discussion 

Antioxidant activity of the thiosemicarbazones 

The antioxidant properties of the synthesized thiosemicarbazone ligands were evaluated 

using the ABTS radical cation decolorization assay. The activity was expressed as IC₅₀ values 

(µM), representing the concentration required to scavenge 50% of the ABTS•⁺ radicals. Lower 

IC₅₀ values indicate stronger antioxidant activity. 

For comparison, the well-known antioxidants Trolox and Rutin were used as reference 

compounds, presenting IC₅₀ values of 26.30 µM and 20.70 µM, respectively (Figure 2, Table 1). 

Mono-thiosemicarbazones 

The mono-thiosemicarbazone ligands (HL¹–HL⁵) showed moderate to good antioxidant 

activity. 
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IC₅₀ values ranged between 7.74 and 27.88 µM: 

HL¹ – 27.88 µM 

HL² – 21.62 µM 

H2L³ – 7.74 µM 

H2L⁴ – 9.81 µM 

HL⁵ – 21.17 µM 

Among this group, H2L³ and H2L⁴ exhibited the strongest radical scavenging ability, 

displaying significantly lower IC₅₀ values than both Trolox and Rutin. The enhanced activity may 
be attributed to the presence of phenolic hydroxyl groups and conjugated aromatic systems, 

which facilitate electron or hydrogen donation to neutralize the ABTS radical cation. 

 

Table 1. Antioxidant activity of the ligands 
 

Ligand IC50 (μM) 

HL1 27.88 

HL2 21.62 

H2L3 7.74 

H2L4 9.81 

HL5 21.17 
H2L6 13.00 

H2L7 66.60 

H2L8 ≥100 

H2L9 ≥100 

H3L10 57.20 
H2L11 8.60 

H2L12 9.10 

H2L13 28.80 

H2L14 11.20 

H3L15 20.31 

H3L16 4.83 

H3L17 24.27 

H3L18 51.13 

 
Bis-thiosemicarbazones with flexible spacer 

The bis-thiosemicarbazones containing a flexible spacer (H₂L⁶–H3L¹⁰) displayed a wider 

variation in antioxidant activity. Only H₂L⁶ demonstrated relatively good antioxidant activity, 

while the remaining compounds exhibited moderate to weak radical scavenging ability. The 

lower activity observed for most ligands in this series may be explained by the flexible linker, 

which reduces electronic delocalization between the two thiosemicarbazone moieties. 
Bis-thiosemicarbazones with rigid spacer 

The bis-thiosemicarbazones containing a rigid aromatic spacer (H₂L¹¹–H₂L¹⁴, Figure 2 and 

Table 1) generally exhibited improved antioxidant properties. 

The compounds H₂L¹¹ and H₂L¹² showed particularly strong activity, suggesting that the 

rigid aromatic core promotes electron delocalization and stabilization of the radical species 

generated during the scavenging process. 
Phenol bis-thiosemicarbazones 

The phenolic bis-thiosemicarbazones (H₃L¹⁵–H₃L¹⁸) displayed diverse antioxidant 

activities. Among all investigated compounds, H₃L¹⁶ exhibited the strongest antioxidant activity 

(IC₅₀ = 4.83 µM). This remarkable efficiency can be attributed to the presence of phenolic 
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hydroxyl groups, which act as hydrogen donors and stabilize the resulting radical species through 

resonance. 
 

Figure 2. Antioxidant activity of three families of thiosemicarbazones: mono-

thiosemicarbazones (gray); flexible bis-thiosemicarbazones (light blue), rigid bis-

thiosemicarbazones (light green), and phenol-bis-thiosemicarbazones (dark green) 

Structure–activity relationship 

A comparative analysis of the obtained results suggests several structural factors 

influencing antioxidant activity: 

a. Presence of phenolic OH groups: Phenolic moieties significantly enhance radical 

scavenging ability due to their hydrogen-donating capacity. 

b. Aromatic conjugation: Extended π-conjugation facilitates stabilization of the radical 

species formed during the reaction with ABTS•⁺. 

c. Molecular rigidity: Ligands containing rigid aromatic spacers exhibit stronger activity 

than those with flexible linkers, likely due to improved electronic delocalization. 

d. Electron-donating substituents: Substituents such as methyl groups may increase electron 

density and enhance antioxidant capacity. 

Proposed ABTS scavenging mechanism 

The antioxidant activity observed for the thiosemicarbazone ligands can be explained by 

two possible mechanisms: 
Hydrogen atom transfer: thiosemicarbazone donates a hydrogen atom to the ABTS radical: 

Thiosemicarbazone–OH + ABTS•⁺ → Thiosemicarbazone–O• + ABTS 

The resulting phenoxyl radical is stabilized through resonance within the aromatic system. 

Single electron transfer: thiosemicarbazone transfers an electron to the radical cation: 

Thiosemicarbazone + ABTS•⁺ → Thiosemicarbazone•⁺ + ABTS 

The formed radical cation is stabilized by the conjugated structure of the 

thiosemicarbazone. 
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Conclusions 

The ABTS assay revealed that several synthesized thiosemicarbazone ligands possess 

significant antioxidant activity, in some cases surpassing the reference antioxidants Trolox and 

Rutin. 

The most potent compounds identified were: 

H₃L¹⁶ (IC₅₀ = 4.83 µM) 

H2L³ (IC₅₀ = 7.74 µM) 

H₂L¹¹ (IC₅₀ = 8.60 µM) 

H₂L¹² (IC₅₀ = 9.10 µM) 

These findings highlight the importance of phenolic groups, aromatic conjugation, and 

structural rigidity in enhancing the antioxidant properties of thiosemicarbazone derivatives. 
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