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Abstract
Ferrocene and its derivatives are vital class of organometallic compounds having extensive biological activities. Six novel 
ferrocene-based thiosemicarbazones have been synthesized through the condensation reaction of acetyl ferrocene with dif-
ferently substituted thiosemicarbazide. Furthermore, we used state-of-the-art computational docking approach to explore 
the theoretical aspects for possible antiviral potential of our synthesized compounds. All the six compounds were docked 
with  Mpro protein of SARS-CoV-2, which is very crucial protein for viral replication. Among the six derivatives, compounds 
2 and 4 showed higher binding affinities with binding energy of − 6.7 and − 6.9 kcal/mol, respectively. The visualization of 
intermolecular interactions between synthesized derivatives and  Mpro protein illustrated that each of compounds 2 and 4 
forms two hydrogen bonds accompanied by important hydrophobic interactions. The comparison of binding affinities with 
some recently approved drugs like remdesivir, chloroquine and hydroxychloroquine molecules are also made. The calcu-
lated binding energies of remdesivir, chloroquine and hydroxychloroquine molecules with  Mpro of COVID-19 was found to 
be − 7.00, − 5.20 and − 5.60 kcal/mol, respectively. The binding energy of compound 4 (− 6.9 kcal/mol) was almost equal to 
the remdesivir and greater than the binding energies of chloroquine and hydroxychloroquine. It is expected from the current 
investigation that our synthesized ferrocene-based thiosemicarbazones might have potential for drug against SARS-CoV-2.
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Introduction

Ferrocene, an 18-electron organometallic sandwich complex 
comprised of an iron(II) ion located between two cyclopen-
tadiene (Cp) ligands [1, 2]. Due to the rich chemistry of the 
iron(II) center, the stability in aerobic and aqueous media 
coupled with aromaticity, captivating structure, properties, 
and reactivity, ferrocene has become a molecule of consid-
erable interest [3]. The lipophilic sandwich-like molecule 
and its derivatives are water, air and thermally stable [4]. 
The iron(II) ion of ferrocene which is sandwiched between 
two Cp ligands, acts as an “atomic ball-bearing” that enable 
the Cp rings to rotate freely (the barrier to rotation is 0.9(3) 
kcal  mol−1, having preferred eclipsed conformation) [5]. 
Ferrocene can also undergo reversible oxidation to form 
ferrocenium  (Fc+). Ferrocene is widely applicable scaffold 
in material sciences, catalysis, diagnostic applications and 

medicinal as well as synthetic fields [6–10]. Potent anti-
malarial have been formed by the combination of known 
antimalarial drugs with organometallic compounds. Thera-
peutic activity has been enhanced by incorporating ferro-
cene into a bioactive drug molecule [11]. Ferrocene is an 
excellent pharmacophore which exhibits physicochemical 
properties having good effects on the living matter [12, 13]. 
In non-aqueous solutions, ferrocene show extremely high 
electrochemical reaction rates, which permit them to serve 
as quasi-reference substances in electrochemical measure-
ments [14]. They also show excellent solubility in various 
organic solvents [15]. To inhibit the growth of cancer, the 
free radical scavenging and the superoxide reaction of fer-
rocene are useful. Ferrocene derivatives have been applica-
ble in biological activities, such as antioxidant, anti-HIV, 
antineoplastic, DNA-cleaving activities, antitumor, antima-
larial, anticonvulsant, antimicrobial, and analgesic among 
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which antimalarial and antitumor activities of ferrocene 
derivatives have attracted remarkable interest. Due to the 
favorable combination of physical and chemical properties, 
ferrocene-derived compounds are employed as hematopoi-
etic substances, electronic materials, high‐octane additives 
to motor fuel and metallic coatings [16]. Polymers based on 
ferrocene have been paying attention due to numerous appli-
cations such as biophysics, biosensing [17, 18], surface sci-
ence and biomedical engineering [19]. Ferrocene derivatives 
play important role in non-interlocked synthetic molecular 
machines [20, 21]. Ferrocene-containing compounds have 
also been applicable in other areas that include electroactive 
materials [6, 22–26], drug design mediators of protein redox 
reactions [27], organic synthesis [28], molecular sensing and 
biochemistry [29–34]. Ferrocene derivatives also play a vital 
role as catalysts because they are susceptible to the influence 
of electronic environment, while on the other hand, recent 
destructive attack of COVID-19 (by SARS-CoV-2 virus) on 
the world community have forced the scientific societies to 
left no stone unturned for finding a possible therapeutic drug 
for it. It is immense important to search every possible new 
drug candidate for potential use against SARS-CoV-2. It is 
also imperative to mention that aminoquinoline–ferrocenyl 
derivatives were already investigated experimentally against 
different strains of virus where these derivatives have shown 
antiviral activities against feline and human (SARS) corona-
virus and malaria [35]. In the backdoor of above situation, 
herein, our aim is twofold to synthesize new biologically 
important derivatives and also to study the potential of our 
indigenously designed compounds for potential therapeu-
tic candidates against SARS-CoV-2 by molecular docking 
studies.

Experimental and computational procedures

Manufacture and models

The solvents and chemicals were obtained in pure form from 
Merck and were not purified further. Fisher-Johns melting 
point apparatus was used to record melting points. FT-IR 

(450–4000  cm−1) spectrum was taken with Shimadzu Pres-
tige-21 FT-IR spectrophotometer. The UV–Visible spec-
trophotometer (UV-1700 Pharmaspec) was used to record 
electronic spectra. To record 13C or 1H-NMR spectra, a 
Bruker AM 300 spectrometer (Rheinstetten-Forchheim, 
Germany) uses DMSO as solvent and TMS as internal stand-
ard. The proton nuclear magnetic resonance spectroscopy 
was recorded at 300 MHz, while 13C-NMR at 75 MHz or 
62.9 MHz. Thin-layer chromatography was performed using 
aluminum sheets coated with silica.

General method for the synthesis 
of thiosemicarbazones derivative of Ferrocene

The solutions of acetylferrocene (3.30 mmol) and substi-
tuted thiosemicarbazide (3.3. mmol) were prepared in etha-
nol (20 ml). Both solutions were mixed, and acetic acid was 
added in catalyst amount. The above mixture was refluxed 
for 5 h and yielded radish orange crystal on cooling to room 
temperature. The products were filtered, washed several 
times with cold ethanol and dried subsequently. Orange 
color crystals were obtained through recrystallization from 
ethanol using the slow evaporation method (Scheme 1).

4‑(2,3‑dimethylphenyl)‑1‑(1‑ferrocenylethyl)
thiosemicarbazone (1)

Yield, 78%; Orange crystalline: mp, 162 °C; “IR (KBr), Ѵ 
 (cm−1): 3085, 3309 (NH), 1541(C=N), 1150 (C=S). 1H-
NMR (DMSO), δ(ppm): 4.189–4.885 (m, Cp-ring), 2.096 
(3H, s,  CH3− C=N), 2.269 (6H, d, (Ph-2,3  CH3), 9.648 
(1H, s, CS–NH), 10.272 (1H, s, N–NH), 7.08–7.222 (m, 
Ph-ring). 13C-NMR (DMSO), δ(ppm): 176.91 (C=S), 151.10 
(C=N), 15.29  (CH3− C=N), 14.07  (CH3− Phenyl), 20.12 
 (CH3− Phenyl), 67.50, 69.11, 69.86, 82.99, 124.95, 126.13, 
127.72, 133.36, 136.64, 138.06 (Aromatic & Cp ring C and 
CH). “EIMS, m/z (rel. int.):”405(M+, 15), 284(59), 227(83), 
211(23), 185(100), 162(20), 146(28), 121(40), 106(35), 
56(14).

Scheme 1  Synthetic pathway of 
entitled compounds
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4‑(2,5‑dimethylphenyl)‑1‑(1‑ferrocenylethyl)
thiosemicarbazone (2)

Yield, 75%; Orange crystalline: mp, 142 °C; “IR (KBr), Ѵ 
 (cm−1): 3045, 3311 (NH), 1541 (C=N), 1197 (C=S). 1H-
NMR (DMSO), δ(ppm): 4.189–4.885 (m, Cp-ring), 2.096 
(3H, s,  CH3− C=N), 2.269 (6H, d, (Ph-2,3  CH3), 9.648 
(1H, s, CS–NH), 10.272 (1H, s, N–NH), 7.08–7.222 (m, 
Ph-ring).13C-NMR (DMSO), δ(ppm): 176.91 (C=S), 151.10 
(C=N), 15.29  (CH3− C=N), 14.07  (CH3− Phenyl), 20.12 
 (CH3− Phenyl), 67.50, 69.11, 69.86, 82.99, 124.95, 126.13, 
127.72, 133.36, 136.64, 138.06 (Aromatic & Cp ring C 
and CH). EIMS, m/z (rel. int.): 405(M+, 40), 284(100), 
227(100), 211(47), 185(71), 162(23), 146(33), 121(70), 
106(38), 56(19).

4‑(3,4‑dimethylphenyl)‑1‑(1‑ferrocenylethyl)
thiosemicarbazone (3) [36]

Yield, 81%; Orange crystalline: mp, 154 °C; “IR (KBr), 
Ѵ  (cm−1): 3319, 3076 (NH), 1533 (C=N), 1203 (C=S). 
1H-NMR (CDCl3), δ(ppm); 4.06–4.48 (m, Cp-ring), 2.11 
( 3H, s,  CH3− C=N), 2.30(6H, s, Ph-2,5  CH3), 7.75(1H, 
s, CS–NH), 8.29 (1H, s, N–NH), 7.029–7.65 (m, Phenyl-
ring). 13C-NMR (DMSO), δ(ppm): 175.83 (C=S), 151.79 
(C=N), 18.92  (CH3− C=N), 15.50  (CH3− Phenyl), 19.45 
 (CH3− Phenyl), 67.53, 69.13, 69.94, 82.85, 122.69, 126.28, 
128.97, 132.98, 135.78, 136.74 (Aromatic & Cp ring C 
and CH). EIMS, m/z (rel. int.):”405(M+, 7.8), 284(32), 
227(100), 211(26), 185(71), 162(30), 146(40), 121(51), 
106(34), 56(20).

4‑(2,4‑dimethylphenyl)‑1‑(1‑ferrocenylethyl)
thiosemicarbazone (4)

Yield, 76%; Orange crystalline: mp, 138 °C; “IR (KBr), Ѵ 
 (cm−1): 3093, 3309 (NH), 1558 (C=N), 1198 (C=S). 1H-
NMR  (CDCl3), δ(ppm): 4.194–4.8179 (m, Cp ring), 2.263 
(3H, s,  CH3− C=N), 2.4339 (6H, d, Ph-2,6  CH3), 8.7472 
(1H, s, CS–NH), 9.4826 (1H, s, N–NH), 7.2806–7.992 
(m, Ph-ring). 13C-NMR (DMSO), δ(ppm): 176.70 (C=S), 
151.13 (C=N), 17.74  (CH3− C=N), 15.32  (CH3− Phenyl), 
20.63  (CH3− Phenyl), 67.48, 69.11, 69.66, 82.97, 126.28, 
127.72, 130.56, 134.06, 135.25, 135.25 (Aromatic & Cp ring 
C and CH). “EIMS, m/z (rel. int.):”405(M+, 11), 284(43), 
227(100), 211(30), 185(86), 162(28), 146(45), 121(41), 
106(29), 56(15)0.666.

4‑(2,6‑dimethylphenyl)‑1‑(1‑ferrocenylethyl)
thiosemicarbazone (5)

Yield, 73%; Orange crystalline: mp, 195 °C; “IR (KBr), 
Ѵ  (cm−1): 3075, 3290 (NH), 1541 (C=N), 1175 (C=S). 

1H-NMR”  (CDCl3),). 1H-NMR (DMSO), δ(ppm): 4.179–4.866 
(m, Cp-ring), 2.490 (3H, s,  CH3− C=N), 2.210 (6H, d, Ph-3,4 
 CH3), 9.570 (1H, s, 58 CS–NH), 10.265 (1H, s, N–NH) 
6.991–7.322 (m, Ph-ring). 13C-NMR  (CDCl3), δ(ppm): 
149.37(C=S), 148.04 (C=N), 19.28  (CH3− C=N), 14.64 
 (CH3− Phenyl), 24.25  (CH3− Phenyl), 67.04, 68.15, 68.56, 
69.35, 69.86, 70.36, 70.74, 74.75, 82.23, 126.21, 126.25, 
127.85, 128.36, 128.77, 130.57, 135.45, 136.43 (Aromatic & 
Cp ring C and CH). “EIMS, m/z (rel. int.):” 405(M+, 81), 
284(41), 227(100), 211(27), 185(92), 162(26), 146(39), 
121(40), 106(18), 56(13).

4‑(3,5‑dimethylphenyl)‑1‑(1‑ferrocenylethyl)
thiosemicarbazone (6)

Yield, 75%; Orange crystalline: mp, 154 °C; IR (KBr), Ѵ 
 (cm−1): 3105, 3335 (NH), 1544 (C=N), 1209 (C=S). 1H-
NMR (DMSO), δ(ppm): 4.199–4.872 (m, Cp-ring), 2.211 
(6H, d, Ph-3,5  CH3), 2.490 (3H, s,  CH3 C=N), 9.656 ( 1H, s, 
CS–NH), 10.244 (1H, s, N–NH), 7.084–7.333 (m, Ph-ring). 
13C-NMR  (CDCl3), δ(ppm): 143.57 (C=S), 135.25 (C=N), 
23.23  (CH3− C=N), 14.71  (CH3− Phenyl), 24.52  (CH3− Phe-
nyl), 67.06, 68.33, 68.64, 69.47, 69.93, 70.56, 70.84, 82.05, 
125.88, 126.09, 127.43, 127.88 (Aromatic & Cp ring C and 
CH). “EIMS, m/z (rel. int.):”405(M+, 9), 284(73), 227(64), 
211(36), 185(100), 162(14), 146(29), 121(51), 106(26), 
56(15).

Computational docking protocols

All the protein docking calculations were performed using 
AutoDock Tools [37] and AutoDockVina (ADV) [38] pro-
grams, while docking results were visualized by Discovery 
Studio visualizer [39]. The three-dimensional structures of 
ligands were prepared through GaussView [40] and converted 
to their respective PDBQT formats using MGL tools. The cru-
cial protein of main protease  (Mpro) of SARS-CoV 2 (PDB ID: 
6LU7) [41] was used as the rigid receptor because  Mpro plays a 
very crucial role in virus replication process. AutoDock MGL 
Tools 1.5.6 were used to prepare the receptor protein. Prepara-
tion of receptor involved removal of previously attached ligand 
with 6LU7, removal of all water molecules, addition of polar 
hydrogen atoms, addition of Kollman charges and finally to 
save it in PDBQT format. The docking was performed using 
ADV with exhaustiveness value of 8, remaining parameters of 
the software were sustained as a default, and all bonds of the 
ligand were allowed to move freely, taking receptor as a rigid.
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Result and discussion

In the IR spectra, of compounds 1–6 bands, which assigned 
to ν(NH), and ν(C=S) were appeared at 3319–3085  cm−1 
and 1209–1150  cm−1, respectively. The band for ν (–C=N–) 
was showed at 1558–1533  cm−1, and disappearance of car-
bonyl (C=O) stretch at 1688  cm−1 in the IR spectrum sig-
nified the formation of novel compounds. In the 1H NMR 
spectra, the signal assigned to (NH-N) proton, present in 1–6 
compounds, appeared at 9.4826–10.272 ppm as a singlet, 
owing to the existence of two electronegative atoms con-
nected to proton which sequentially increase the deshielding 
effect of proton. The singlet peak for one proton of CS–NH 
was observed at the region of 8.7472–9.656 ppm. This sig-
nal was shifted to downfield region due to the deshielding 
effect of electronegative sulfur (C=S) and the neighboring 
amine nitrogen. The signal for three protons of  CH3− C=N 
is showed as singlet in the region of 2.096–2.490 ppm. 
The signal for di-substituted methyl protons present in 
1–6 compounds appeared as singlet signal in the range 
of 2.210–2.269 ppm. All the signals of aromatic protons 
and Cp-ring were appeared in the predicted regions. In 13C 
NMR, the signal of C=N was appeared in the region of 
135.25–151.79 ppm, and the signal assigned to thioamide 
(C=S) moiety was noticed at 143.57–176.91 ppm. All the 
methyl carbons were appeared at 14.07–24.52 ppm, while 
the peaks appeared at 67.04–138.06 ppm correspond to the 
aromatic carbons.

The mass spectra of the compounds 1–6 exhibited molec-
ular ion peaks at m/z 405(M++, 40), in agreement with their 
molecular formula.

Molecular docking and antiviral activity

The molecular docking calculations for the ferrocenyle-
thyl–thiosemicarbazone derivatives were performed to esti-
mate their binding affinities against the main protease  (Mpro) 
enzyme of SARS-CoV-2, which is very important for SARS-
CoV-2 replication process. The  Mpro is a key enzyme of 
SARS CoV-2 and plays a key role in the proteolytic matura-
tion and life cycle of SARS CoV-2 [42, 43]. Thus, inhibition 
of  Mpro can be a potential target for the inhibition of SARS-
CoV-2 life cycle at transcription or translation phase. The 
3D structure of main protease (PDB ID:6LU7) was obtained 
from RSCB PDB database (https:// www. rcsb. org/). The SDF 
files of selected ligands were generated indigenously.

Binding affinities of ligand and protein complexes

The binding affinities of ferrocenylethyl–thiosemicarbazone 
derivatives against  Mpro were determined in terms of their 

interaction energies, which are sum of all types of interac-
tion energies. The interaction of ferrocenylethyl–thiosemi-
carbazone derivatives were studied against the main protease 
 (Mpro) of SARS-CoV-2 by using a grid-based technique and 
effectively dock the flexible ligand with rigid protein recep-
tor. From the binding stability/tendency point of view, a 
more negative value indicates higher binding affinity with 
protein receptor. All the above reported values of binding 
energies were selected from the nine poses of each ligand 
with protein molecule where the selected respective pose 
showed zero RMSD value. The docking scores of the ferro-
cenylethyl–thiosemicarbazone derivatives after performing 
molecular docking are given in Table 1 and Fig. 1 in terms of 
their biding energies and inhibition constants. The binding 
energies are ranged from − 6.0 kcal/mol to − 6.9 kcal/mol for 
compound 6 to compound 4, respectively. Higher binding 
affinity showed the best fitting of ligand to protein cavity’s 
active site. The binding affinities of the six compounds are 

Table 1  Binding energies (kcal/mol) and inhibition constants Ki 
of ferrocenylethyl–thiosemicarbazone derivatives as docked to the 
SARS-CoV-2 main protease  (Mpro)

Ligands Binding affinity 
(kcal/mol)

Inhibition 
constant (Ki), 
µmol

1  − 6.50 16.524
2  − 6.70 11.775
3  − 6.10 32.538
4  − 6.90 8.391
5  − 6.20 27.468
6  − 6.00 38.544
Remdesivir  − 7.00 7.084
Chloroquine  − 5.20 149.453
Hydroxychloroquine  − 5.60 75.898

Fig. 1  Graphical representation of biding energy and inhibition con-
stants for docked compounds 1–6 and commonly use therapeutic 
drugs for COVID-19

https://www.rcsb.org/
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found in the following decreasing order: compound 4 > com-
pound 2 > compound 1 > compound 5 > compound 3 > com-
pound 6. The two best docked ligands 2 and 4 possess the 
binding energies (inhibition constants) which are − 6.7 kcal/
mol (11.775  µmol) and − 6.9  kcal/mol (8.3919  µmol), 
respectively. The calculated binding energies of present 
investigation were also compared with some standard com-
pounds. Till now, there is no therapeutic drug for COVID-
19 but some drugs have shown to be quite effective against 
COVID-19. For example, based on multiple clinical trials, 
the FDA has approved remdesivir as an antiviral drug for 
COVID-19 patients [44]. Similarly, NIH has also recom-
mended chloroquine and hydroxychloroquine (originally an 
antimalarial drug) for treatment of COVID-19 [45]. Based 
on these recommendations, it will be at least semi-quantita-
tively useful to compare our ligands with previous drugs in 
the field. For this reason, we have also docked remdesivir, 
chloroquine and hydroxychloroquine molecules with  Mpro 
of COVID-19 under the same calculation parameters as our 
compounds. The docked pose of remdesivir are given in 
Figure S1 of supporting information, which shows similar 
docking positions as our synthesized compounds with  Mpro. 
The calculated binding energies of remdesivir, chloroquine 
and hydroxychloroquine molecules with  Mpro of COVID-19 
are found to be − 7.00, − 5.20 and − 5.60 kcal/mol, respec-
tively. The comparative analysis of binding energies of fer-
rocenylethyl–thiosemicarbazone derivatives with those of 
three standard compounds showed a reasonable potential of 
our synthesized ferrocenylethyl–thiosemicarbazone deriva-
tives to show inhibition potential for  Mpro of COVID-19. The 
binding energy of compound 4 (− 6.9 kcal/mol) is almost 
equal to the remdesivir and greater than the binding energies 
of chloroquine and hydroxychloroquine. Thus, the present 
investigation of binding energies can give a quantitative 
guess about the real-time potential of our synthesized com-
pounds for possible therapeutic drug candidate for  Mpro of 
COVID-19. Similarly, the discussion about inhibition con-
stants is also important which usually shows an inverse rela-
tion with binding energy and might be useful in finding some 
QSAR relations in future studies. The inhibition constants of 
compound 4 (− 6.9 kcal/mol) and remdesivir are near to each 
other indicating their good inhibition tendencies.

Intermolecular interactions of ligands and receptor

The calculated interaction or binding energy is crucial 
parameter to judge the binding potential of a ligand to a 
protein respecter molecules. However, binding energy is 
not the only criterion to see the potential of ligand as pos-
sible therapeutic drug. The visualization of ligand orienta-
tions on protein receptor, their intermolecular interactions 
also play very crucial roles. Perhaps, the intermolecular 
interactions including hydrogen bonds, electrostatic, 

hydrophobic and hydrophilic interactions mainly control 
the binding tendencies of ligands to a specific protein.

Among our synthesized ferrocenylethyl–thiosemicar-
bazone derivatives, as compounds 2 and 4 showed larger 
binding energies with the  Mpro, so we have visualized their 
intermolecular interactions by discovery studio visualizer. 
The most important are the interactions between ligand 
and active site residues of  Mpro includes conventional 
hydrogen bonding, and hydrophobic interactions, π–π 
interactions and π-alkyl interactions. The ligand 2 exhib-
ited hydrogen bonding and hydrophobic interactions with 
catalytic site of main protease  Mpro. The two hydrogen 
bonds with THR292 and THR111 residues are 2.13 Å 
and 2.02 Å, respectively, as shown in Fig. 2b. The π–π 
and π-alkyl interactions are seen with PHE294, while a 
π-alkyl interaction with ILE106 shows a distance of about 
3.17 Å. The ligand 4 also shows three main types of inter-
actions with  Mpro active site residues, hydrogen bonds 
with LUE287, TYR239, π–π interactions with MET276 
and π-alkyl interactions with LEU287 residues as shown 
in Fig. 2a–d. Among the hydrogen bonds, the LEU287 and 
TYR239 show distances of 2.43 Å and 1.83 Å, respec-
tively. Furthermore, the orientation of compounds 2 and 4 
can be visualized from Fig. 3a–d on the total density sur-
face of  Mpro protein indicating a good fit of our compounds 
with the active cavities of  Mpro protein of COVID-19.

Fig. 2  Three-dimensional representation of compounds 2 (a and 
b) and 4 (c and d) showing their positions and interacting residues 
around the cavity of  Mpro protein
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Conclusion

Six novel ferrocene-based thiosemicarbazone derivatives 
have been synthesized via condensation reaction and char-
acterized through IR, 13CNMR and 1HNMR and mass 
spectrometry. Additionally, we have used computational 
docking approach to explore the theoretical aspects for 
possible antiviral activity of our synthesized compounds. 
All the six compounds were docked with  Mpro protein of 
SARS-CoV-2. The binding affinities of the six compounds 
were found in the following decreasing order: compound 
4 > compound 2 > compound 1 > compound 5 > compound 
3 > compound 6. The two best docked compounds 2 and 
4 possessed the binding energies (inhibition constants) 
which are − 6.7 kcal/mol (11.775 µmol) and − 6.9 kcal/
mol (8.391 µmol), respectively. The intermolecular inter-
actions between synthesized derivatives and  Mpro protein 
illustrated that each of compounds 2 and 4 forms two 
strong hydrogen bonds accompanied by important hydro-
phobic interactions. The comparison of binding affinities 
with some recently approved drugs like remdesivir, chlo-
roquine and hydroxychloroquine molecules showed that 
the binding energy of compound 4 (− 6.9 kcal/mol) was 
almost equal to the remdesivir and greater than the binding 

energies of chloroquine and hydroxychloroquine. Thus, the 
current dual approach study showed that our synthesized 
ferrocene-based thiosemicarbazones might have potential 
for drug against SARS-CoV-2.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13738- 021- 02346-1.
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