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ABSTRACT

The discovery of new inhibitors that can be used in the treatment of viral diseases, including Covid-
19, is an area open to research, and there is a need for innovative compounds with increased ef-
ficiency that provide inhibition by suppressing enzyme, and receptor mechanisms. The iron(Ill) and
nickel(I) complexes were synthesized by template condensation of 4-methoxy-salicylaldehyde with S-
methylthiosemicarbazone derivatives of 1,1,1-trifluoroacetylacetone (for Fel) and methylacetoacetate (for
Ni1). The complex structures having N,O,-chelating thiosemicarbazidato ligand were identified by ana-
lytical, spectroscopic, and X-ray crystallography results. Coordination environment of iron(Ill) center in
complex Fel has a distorted square pyramidal geometry consisting of the N,0, donor set and a chlorine
atom, while that of Nil is square plane with the set. Inhibitory effect of Fel compound against SARS-
CoV-2 virus specific 3C-like protease enzyme was investigated experimentally. It was determined that
the highest inhibition concentration of Fel was 100 iM. Percent inhibition activity at this concentration
was on average 30.62 + 3.809%. Binding of both compounds to the 3C-like protease enzyme specific to
the SARS-CoV-2 virus was analyzed using docking calculations. As a result of the docking calculation of
Fel, it has been observed that the compound has a binding energy of -7.4 kcal /| mol to 3CL-like pro-
tease. It has been observed that the protein amino acids GLY143, THR26, and ASN142 contribute to the
high binding affinity of the Fel. The experimental and theoretical results obtained for the two complexes
support each other.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

thiosemicarbazones were reported to have much lower IC5q val-
ues than cisplatin on HepG2 and Hep3B hepatocellular carcinomas,

Thiosemicarbazone chemistry is an expanding topic by partic-
ipation of their transition metal complexes having drug potential
[1-6]. For pharmacological purposes, even though platinum, pal-
ladium and copper ions are mostly preferred in complex forma-
tions of thiosemicarbazones, iron(Ill) and nickel(II) have also been
included in studies in recent years [7-10].

Metal complexes of S-alkylthiosemicarbazones with salen-like
donor atom set (N,0,) have been exhibited remarkable potentials
as anti-cancer drug active ingredients. In an in vitro study, a se-
ries of palladium(II) complexes obtained from acetylacetone-S-alkyl

* Corresponding author.
E-mail address: belkisatasever.arslan@uskudar.edu.tr (B. Atasever Arslan).

https://doi.org/10.1016/j.molstruc.2021.131166
0022-2860/© 2021 Elsevier B.V. All rights reserved.

HCT116 colorectal carcinoma cells [6]. This performance has been
associated with their xanthine oxidase inhibitions between 0.42 -
12.01 pg/ml of ICsy values. Remarkable cytotoxicity data were ob-
tained also with the iron(Ill) and nickel(Il) complexes containing
this type of tetradentate thiosemicarbazones [7,9,10]. An iron(III)
complex with a tetradentate S-methylthiosemicarbazidato ligand
showing a meaningful cytotoxic effect against HT-29 and Hela cell
lines was found to be linked to CT-DNA with intercalation mode
and calculated its intrinsic DNA-binding constant (Ky) as 1 x 10°
M-! from data of the experiments performed with calf thymus
DNA [11]. Moreover, enzyme inhibition capabilities [6], antidiabetic
[12] and antioxidant properties [13-15] of metal complexes with
N,0,-thiosemicarbazone ligands have been reported.
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The 2019 coronavirus disease outbreak (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
resulted in more than 3 million deaths in less than a year. SARS-
CoV-2 infection has a wide range of clinical manifestations, in-
cluding both asymptomatic cases and rapid deaths [16]. Activation
of the immune system and production of inflammatory cytokines
are essential for natural anti-viral immune responses [17]. How-
ever, hyperactivation of the immune system causes an acute in-
crease in circulating pro-inflammatory cytokine levels, leading to
a "cytokine burst" [18]. Cytokine burst is clinically characterized
by systemic inflammation, hyperferritinemia, hemodynamic insta-
bility, and multi-organ failure [19].

The transition metal complexes of thiosemicarbazones show
various biological activities and have been the subject of many
studies [20-26]. In addition to these studies, which mostly focus
on the search for cancer-preventing active substances, there are
also studies examining antiviral effects. Frequently, thiosemicar-
bazones have been studied as organic molecules in antiviral prop-
erty studies, and metal complexes are few in number. In a study
in which platinum(Il) and palladium(Il) complexes of thiophene-2-
carboxaldehyde thiosemicarbazone derivatives were examined, ac-
tivity against DNA and RNA viruses was investigated [27]. Com-
plexes of the same metals with pyridine-2-carbaldehyde thiosemi-
carbazone exhibited considerable efficacy against herpes simplex
virus 1 (HSV-1) [28]. In another study; The efficiency of thiosemi-
carbazones copper(Il) and nickel(Il) complexes against HIV viruses
has been determined [29].

The biological activity potential of metal complexes of such
N,0,-chelating thiosemicarbazone ligands have been known since
2007 [30]. An iron and a nickel(Il) centered complexes bearing
such thiosemicarbazones were synthesized and structurally de-
fined. In the study, the inhibitory effects of the two compounds
against SARS-CoV2 3CL-like protease were investigated consider-
ing the enzyme inhibition abilities and the antiviral effect po-
tentials of thiosemicarbazone compounds. The virus contains four
non-structural proteins: papain-like (PLpro) and 3-chymotrypsin-
like (3CLpro) proteases, RNA polymerase and helicase. Both pro-
teases (PLpro and 3CLpro) are involved in transcription and repli-
cation of the virus. Among the four proteins, 3CLpro is mainly in-
volved in the replication of the virus [31]. One of the main tar-
get proteins in inhibiting virus replication is 3CL main protease
enzyme. In the study, first, the binding affinity of the substances
against the 3CL main protease enzyme by autodocking was exam-
ined, and then the inhibitory effect of the Fe1 substance with high
binding affinity was experimentally investigated.

2. Materials and methods
2.1. Apparatus and methods

The elemental analyses were determined on a Thermo Finni-
gan Flash EA 1112 Series Elemental Analyzer. IR spectra were ob-
tained using ATR unit on Agilent Carry 630 spectrophotometer. 'H
NMR spectra were measured on Varian UNITY INOVA 500 MHz
NMR spectrometer. UV-Visible spectra were recorded on Ocean Op-
tics QE65000 diode array spectrophotometer. Magnetic moment
measurements were carried out by Gouy technique with an MK
I model device of Sherwood Scientific at room temperature.

Suitable crystals of Fe1l and Nil were selected for data collec-
tion which was performed on a Bruker D8-QUEST diffractometer
equipped with a graphite-monochromatic Mo-Ko radiation at 296
K. The H atoms were located from different maps and then treated
as riding atoms with C-H distances of 0.93-0.96 A. We used these
procedures for our analysis: solved by direct methods; SHELXS-
2013 [32]; refined by full-matrix least-squares methods; SHELXL-
2013 [33]; data collection: Bruker APEX2 [34]; molecular graphics:
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MERCURY [35]; solution: WinGX [36]. Powder XRD patterns were
recorded by XPERT-PRO diffractometer system using Cu-Ko1 radi-
ation with A = 1.5406 A.

2.2. Synthesis

The starting materials, S-methylthiosemicarbazone derivatives
of 1,1,1-Trifluoroacetylacetone (1) and methylacetoacetate (2) were
obtained in the form of hydroiodide salt by using literature metods
[37-39]. The cream colored reaction products were recrystallized
from ethanol-dichloromethane (1:1) and dried in vacuo.

(1) Yield: 2.58 g, 70.0%; m.p. (°C): 147; Calc. for C;H;;N3OSF;l
(M;=369.14), %: C, 22.78; H, 3.00; N, 11.38; S, 13.04. Found, %:
C, 22.49; H, 2.83; N, 11.54; S, 12.24. IR (cm™!): v5(NH;) 3354,
Vs(NH3) 3249, v(OH) 3042, §(NH;), v(C=N) 1642-1541. UV-Vis [in
10> M CHCl3, Amax (nm), log & (dm3 cm~! mol~1)]: 242 (5.03),
362 (3.15). 'TH NMR (ppm): 9.84 (s, 2H, NH;), 9.46 (s, 1H, OH), 3.70
(s, 2H, -CH,-), 2.63 (s, 3H, S-CH3), 2.12 (s, 3H, C-CH3).

(2) Yield: 1.92 g, 58.0%; m.p. (°C): 117; Calc. for C;H14N30,SI
(M;=331.17), %: C, 25.39; H, 4.26; N, 12.69; S, 9.68. Found, %: C,
25.51; H, 4.03; N, 12.47; S, 9.23. IR (cm™1): vas(NH;) 3260, vs(NH,)
3165, v(OH) 3081, §(NH;), v(C=N) 1722-1574. UV-Vis [in 10> M
CHCl3, Amax (nm), log & (dm3 cm~1! mol~1)]: 241 (5.03), 364 (3.26).
TH NMR (ppm): 9.38 (s, 2H, NH,), 7.18 (s, 1H, OH), 3.65 (s, 3H, O-
CH3), 3.18 (s, 2H, -CH,-), 2.68 (s, 3H, S-CH3), 2.22 (s, 3H, C-CH3).

Monochloro-N'-1,1,1-Trifluoroacetylacetone-N*-4-
methoxysalicylidene-S-methyl-thiosemicarbazidato iron(Ill) (Fe1)

To a solution of compound 1 (0.37 g, 1.0 mmol) and 4-
methoxysalicylaldehyde (0.15 g, 1.0 mmol) in ethanol (10 ml) was
added dropwise a solution of FeCl3.6H,0 (0.27 g, 1.0 mmol) in
ethanol (5 ml) and the mixture was stirred at 70°C for 10 min.
Then it was cooled to room temperature and EtzN (0.1 mL) was
added to the mixture. After 8 hours a black-looking crystalline
product was separated by filtration, washed with 5 mL of ethanol-
ether (1:1) and dried in vacuo (Fig. 1).

Yield: 0.14 g, 30.0%; m.p. (°C): 310. wer (BM): 5.86. Calc. for
CisHy4FeClF3N303S (M= 464.64), %: C, 38.77; H, 3.04; N, 9.04;
S, 6.90. Found, %: C, 38.56; H, 3.33; N, 8.69; S, 6.37. IR (cm~!):
v(C=N") 1615; v(N?*=C) 1606; v(N*=C) 1581; v(C-0) 1160, 1124.
UV-Vis [in 1075 M CHCl3, Amax (nm), log & (dm3 cm~! mol-1)]:
239 (4.79), 309 (4.98), 422 (4.65)

N!-methylacetoacetate-N4-4-methoxysalicylidene-S-methyl-
thiosemicarbazidato nickel(Il) (Ni1)

To a solution of compound 2 (0.33 g, 1.0 mmol) and 4-
methoxysalicylaldehyde (0.15 g, 1.0 mmol) in ethanol (10 ml) was
added dropwise a solution of NiCl,.6H,0 (0.24 g, 1.0 mmol) in
ethanol (5 ml). The reaction mixture was stirred at 70°C for 10
min. After cooling, 0.1 mL of EtsN was added to the mixture and
allowed to stand at room temperature for 24 h. Red crystalline
product was separated by filtration, washed with 5 mL of ethanol
ether (1:1) and dried in vacuo (Fig. 1).

Yield: 0.14 g, 35.0%; m.p. (°C): 199, i.s is equal approx. O
BM. Calc. for Cy;sHy7NiN3O4S (M;=394.07), %: C, 45.72; H, 4.35;
N, 10.66; S, 8.14. Found, %: C, 45.43; H, 4.64; N, 10.28; S, 7.65.
IR (cm™1): v(C=N') 1617; v(N2=C) 1591; v(N*=C) 1574; v(C-0)
1149, 1111. UV-Vis [in 10> M CHCl3, Amax (nm), log & (dm3 cm~!
mol~1)]: 240 (4.99), 262 (4.94), 305 (4.91), 332 (4.84), 341 (4.83),
432 (4.78), 485 (4.59). 'H NMR (ppm): 7.68 (s, 1H, N*=CH), 7.25
(d, 1H, c), 6.55 (s, 1H, a), 6.38 (d, 1H, b), 4.62 (s, 1H, =CH), 3.83
(s, 3H, OCH3), 3.79 (s, 3H, OCH3), 2.60 (s, 3H, S-CH3), 2.28 (s, 3H,
C-CH3).

2.3. Docking calculations

In the study, binding pose and affinity of both compounds to
the 3C-like protease enzyme specific to the SARS-CoV-2 virus were
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Fig. 1. Synthesis scheme of the complexes.

analyzed via molecular docking study using AutoDock VINA pack-
age [40]. In the docking calculation, 3C-like protease structure was
taken from the Protein Data Bank (PDB code 6LU7). The protona-
tion of residues was calculated at pH 7 using PROPKA [41]. The grid
box was centered to the previously defined binding pocket, and the
box size was set to 24 A for each axis [42]. First, rigid docking pro-
cedure was followed. Next, flexible docking was carried out with
the same grid box and size parameters. In the flexible docking, the
side chain of residues THR25, HIS41, MET49, GLN142, and GLN189
were specified as flexible.

2.4. SARS-CoV2 3CL protease activity assay

The inhibitory activity of complex Fel compound, which shows
high binding affinity against the SARS-CoV-2 virus-specific 3C-like
protease enzyme according to the auto-docking results, was also
examined with the commercially available BPS Bioscience 3CL Pro-
tease assay kit (Catalog # 79955). Experiments were made accord-
ing to manufacturer’s protocol. To understand inhibition percent of
Fel, its 0.1, 0.5, 25, 100 uM concentrations were used. Fel was
dissolved in DMSO and a 10 mM stock solution was prepared. Its
0.1, 0.5, 25, 100 uM concentrations were prepared 3CL protease
assay buffer included BPS Bioscience 3CL Protease assay kit. Con-
centrations were created so that there would be no more than 1%
DMSO. 3CL protease assay buffer with the same amount of DMSO
was analyzed as a control. Absorbance values of the controls sub-
tracted from other wells. GC376 included in the kit was used as
inhibitor control. The inhibition level of the substances was ana-
lyzed by comparing with GC376.

3. Results and Discussion
3.1. Structural characterization

The template condensation of the starting materials (1 and
2) with 4-methoxysalicylaldehyde in the presence of nickel(Il) or
iron(Ill) in the 1:1:1 molar ratio yielded the solid complexes. The
formation and purity of the complexes were confirmed by elemen-
tal analysis, IR, UV-Vis and 'H NMR spectra (for Nil) as well as
single crystal X-ray diffraction analysis (Figure S1-S4). The v(NH,),
V(OH), and also §(NH,) bands disappeared in the infrared spec-
tra of the complexes due to reactions of hydroxy and thioamide
groups on 1 and 2. Similarly, no signals of the OH and NH, groups
were observed in the TH NMR spectra of complex Nil (Figure
S3). The resulting N*=CH and C=CH signals which are singlets
and equivalent to the integral value of one proton, confirmed the

chelate formation around nickel(Il). The spectra showed the ex-
pected chemical shift values of the protons belonging to O-CHjs,
S-CH3 and C-CHj3 groups in addition to the aromatic protons in the
range of 7.25-6.38 ppm.

The electronic spectrum of the complexes showed 7w —m* and
n—* bands, which are transitions due to imine, thioamide groups
and the phenyl ring, in the range of 239-341 nm. The bands
recorded at 432 and 485hoyidery M for Nil and 422 nm for Fel
can be assigned to charge transfer transitions. Because of quite low
intensities, d-d transitions belonging to both complexes could be
not observed in the spectra.

The pg value of Fel (5.86 BM) indicates the five unpaired d>
structure. Magnetic measurement result of Nil shows diamagnetic
form that is attributed to square-planar structure.

3.2. Crystallography

The molecular structures of Fel and Nil, with the atom num-
bering schemes, are shown in Fig. 2. In Fel, the iron(Ill) ion is
coordinated by two oxygen atoms [Fe1-01=1.897(2) A and Fel-
03=1.907(2) A] and two nitrogen atoms [Fe1-N1=2.067(3) A and
Fe1-N3=2.076(3) A] from thiosemicarbazone ligand and chlorine
atom [Fe1-CI1=2.2146(11) A]. The geometry of the Fel atom can
be evaluated by the Addison distortion index tau (r = (8-«)/60,
where o and f are the two largest coordinated angles in the com-
plex). In a five-coordinate geometry, T = 0 for a square pyrami-
dal geometry and =1 for a trigonal bipyramidal geometry. The
T value is calculated as 0.05 and this value shows that Fel atom
has a distorted square pyramidal geometry (Table 1). In Fel crystal,
atom C4 in the molecule at (x, y, z) acts as hydrogen-bond donor
to the one of flour atoms in molecule at (x, y, z+1), so forming a
C(11) chain which is running parallel to the [001] direction (Figure
S1a, S2).

Tables 2 and 3.

In the nickel(Il) complex, the metal center is coordinated by
two oxygen atoms [Ni1-01=1.842(5) A and Ni1-03=1.873(5) A]
and two nitrogen atoms [Ni1-N1=1.842(6) A and Ni1-N3=1.839(6)
A] of the ligand backbone, thus showing a distorted square planar
coordination geometry. The C4 atom in the Nil molecule at (X, y,
z) acts as hydrogen-bond donor to the 04 atom in the molecule at
(x+1, y+1, z), so forming a C(10) chain which is running parallel to
the [110] direction (Figure S1b, S2).

3.3. X-ray powder diffraction

The powder XRD diffraction is carried out for complexes Fel
and Ni1 which shows prominent sharp peaks, with the evaluating
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(b)

Fig. 2. The molecular structures of Fel (a) and Nil (b) showing the atom number-
ing schemes.

Table 1
Crystal data and structure refinement parameters for Fel and Nil.
Fel Ni1
Empirical formula CysH14CIF3FeN303S  CysHy7N3NiO4S
Formula weight 464.65 394.08
Crystal system Triclinic Triclinic
Space group P-1 P-1
a (A) 8.1510 (6) 4.8494 (6)
b (A) 9.2058 (7) 11.8570 (16)
c(A) 13.3198 (10) 15.331 (2)
o (°) 85.271 (3) 106.763 (6)
B (°) 74.269 (4) 96.289 (5)
y (°) 80.017 (3) 99.336 (6)
V (A3) 946.81 (12) 821.42 (19)
Z 2 2
Diffractometer BRUKER D8-QUEST
Temperature (K) 296
D¢ (g cm~3) 1.630 1.593
u (mm-1) 1.10 133
6 range (°) 3.2-26.4 3.5-26.5
Measured refls. 17755 17602
Independent refls. 3844 3147
Rint 0.040 0.068
1.13 1.12

R1/wR2 0.050/0.103 0.081/0.173
APmax] Apmin (€A3)  0.35/-0.33 0.58/-0.55
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Table 2
Selected bond distances (A, °).
Fel
Fel-01 1.897(2) Fe1-03 1.907(2)
Fel-N1 2.067(3) Fel-N3 2.076(3)
Fel-Cl1 2.2146(11)
01-Fe1-03  92.51(10) 01-Fe1-N1  87.07(10)
03-Fel-N1 144.71(11) 01-Fel1-N3 147.74(11)
03-Fe1-N3 87.47(11) N1-Fe1-N3 74.99(11)
01-Fel-CI1  108.50(8) 03-Fel-CI1  108.66(9)
N1-Fel-Cl1  104.86(8) N3-Fel-CI1  102.00(9)
Nil
N1-Nil 1.842(6)  N3-Nil 1.839(6)
Ni1-01 1.842(5)  Ni1-03 1.873(5)
N3- Ni1-01  178.7(3) N3-Nil-N1  83.6(3)
01-Ni1-N1 95.3(2) N3-Ni1-03 94.5(2)
01-Ni1-03  86.6(2) N1-Ni1-03  178.0(2)
Table 3
Hydrogen bond parameters (A, °).
D-HeeeA D-H HeeeA Desep D-HeeeA
Fel
C4—H4eeeF1i 0.93 245 3.249 (12) 146
Ni1l

C4—H4eee04' 093 253 3.408 (9) 159

Symmetry code: (i) X, y, z+1 for Fel; (i) x+1, y+1, z for Nil.

the diffraction patterns of complexes given in Figures S6 and S7
which reveals crystalline nature of the complexes.

The Miller indices (hkl) along with observed and calculated d
angles, 20 values, and relative intensities are given in Table S3.
The average crystalline sizes of the complexes were calculated us-
ing Debye Scherrer equation (D = K A /| 8 Cos ) Where D = Par-
ticle size, K = Dimensionless shape factor, A = X-ray wavelength
(1.5406 A) B = full width at half maximum of the diffraction peak,
6 = Diffraction angle. The complexes of Fe1-Nil have a crystalline
size of 32.09 for Fel and 47.63 nm for Nil respectively suggesting
that the complexes are in a nanocrystalline phase.

3.4. Antiviral activity

Serious acute respiratory syndrome coronavirus (SARS-CoV),
SARS-CoV2 and the Middle East respiratory syndrome coronavirus
(MERS-CoV) have caused fatal outbreaks of pneumonia. Other
members of the Coronaviridae family of zoonotic origin are en-
demic in the human population and account for up to 30% of mild
respiratory infections [43-46]. The discovery of new inhibitors that
can be used in the treatment of viral diseases, including Covid-19,
is an area open to research, and there is a need for innovative com-
pounds with increased efficiency that provide inhibition by sup-
pressing enzyme, and receptor mechanisms.

Although there are studies showing that different thiosemicar-
bazone compounds have antiviral effects, there are limited stud-
ies on their antiviral effects against the SARS-CoV2 virus [47,48]. In
these studies, the binding affinities against SARS-CoV2 were exam-
ined bioinformatically. However, the direct effects of thiosemicar-
bazone compounds against the SARS-CoV2 virus, natural immunity
and cell death caused by inflammation induced by cytokine stimu-
lation are unknown.

To predict the binding affinity and pose of both compounds
to the 3C-like protease enzyme specific to the SARS-CoV-2 virus,
docking calculations were performed. As a result of the rigid dock-
ing calculation the best docking pose docking score estimated to
be -7.4 kcal/mol for Fel, and -7.0 kcal/mol for Nil. The residues
GLY143 and THR26 backbone have hydrogen bond interaction with
Fel. For Ni1, similar hydrogen bond interaction was observed with
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Fig. 3. The best binding pose of molecular rigid docking results of Fel (a) and Ni1 (b).
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Fig. 4. 3CL main protease inhibitory activity of Fel.

GLY143, and in addition HIS41 is in the range of making hydrogen
bond interaction (Fig. 3). Next, in order to assess possible confor-
mations of the residues side chains that may affect binding were
selected through manually inspection for flexible docking. As a re-
sult of the flexible docking procedure, the highest docking score
is -7.8 for both Fel and Nil. It has been observed in Fel binding
pose that ASN142 side chain amine group located in between Fel-
03 and Fel-Cl atoms, similar position is observed for Nil as well
(Figure S5).

In accordance with the results obtained, inhibitory effect of
Fe1l compound showing higher binding affinity against SARS-CoV-
2 virus specific 3C-like protease enzyme was investigated experi-
mentally. It was determined that the highest inhibition concentra-
tion of Fel compound was 100 M. Percent inhibition activity at
this concentration was on average 30.62 + 3.809% (Fig. 4).

Tang and colleagues, in a randomized controlled study of 150
patients, found that hydroxychloroquine had no significant effect
on accelerating viral clearance. Moreover, side effects were ob-
served in patients treated with 800-1200mg of hydroxychloroquine

per day compared to patients treated without hydroxychloroquine
[49].

In another study, placebo-controlled, randomized remdesivir
trials were conducted in patients with Covid-19. It was found that
there was no significant difference between the time to clinical re-
covery in the remdesivir-treated group and the time to recovery
in the placebo-treated group. Although the number of patients us-
ing remdesivir within 10 days of symptoms onset was higher than
in the placebo group, the 28-day mortality was similar for both
groups. No significant difference was observed between the two
groups in terms of oxygen support duration, length of hospital stay,
and clinical recovery rates on the 14th and 28th days [50].

In our previous studies in the context of antiproliferation, it was
found that iron(Ill) complexes of such N;0,-chelating thiosemi-
carbazones are more active than those with other metal ions,
nickel(II), manganese(Ill) etc. [7,8,11]. Experiments with 3 CL-like
protease enzyme also confirmed the activity superiority of iron(IIl)
complex

4. Conclusion

The new iron(Ill) and nickel(Il) complexes with N,0,-
thiosemicarbazones were synthesized and carried out the purity
and structural confirmation. The inhibitory effects of the two com-
pounds against SARS-CoV2 3CL-like protease were investigated by
experimental and theoretical methods. Complex Fel was more ef-
fective than Nil and proved that it can be a potent inhibitor for
such enzymes.

The experimental and theoretical results showed once again
that the metal specie in such thiosemicarbazone complexes cause
significant differences in biological activity. Within the scope of the
investigation of antiviral effects iron(Ill)-thiosemicarbazone com-
plexes, it is obvious that complex Fel may be pioneer to achieve
the better ones. This study includes the first knowledges related to
inhibitory activity of such thiosemicarbazone complexes on 3CL-
like protease enzyme.
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Supplementary Material: Crystallographic data for the struc-
tural analysis have been deposited with the Cambridge Crystallo-
graphic Data Centre, CCDC No. 1997452 for Fel and 1997453 for
Nil. Copies of this information may be obtained free of charge
from the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk).
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