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Abstract: A new ligand 5-((1-methyl-pyrrol-2-yl) methyl)-4-(naphthalen-1-yl)-1,2,4-triazoline-3-thi-
one (C15) and its metal complexes with formulae: Mn(C15)Cl2MeOH (1), Fe(C15)Cl2MeOH (2),
Ni(C15)ClaMeOH (3), Cu(C15)2Cl2 (4) and Zn(C15)4Clz (5) have been synthesized. The C15 ligand
and complexes were characterized by NMR, elemental analysis, FT-IR, EPR, magnetic and TGA
studies. The anticancer activities of the organic ligand (C15) and complexes (1-5) were evaluated
against human colon adenocarcinoma (HT29) and human lung (A549) cancer cell lines. The complex
(1) exhibited potential activity at concentration of 794.37 uM (A549) and 654.31 uM (HT29) in both
cancer cells. The complex (3) showed significant activity against the HT29 cancer cell line with an
ICso value of 1064.05 uM. This article highlights some of the metals that have become important in
the development of new coordination complexes and the treatment of cancer. Additionally, for C15,
the toxicity was predicted by ADMET analysis and molecular docking.

Keywords: coordination compounds; anticancer activities; ADMET; molecular docking

1. Introduction

Cancer is the second leading cause of death worldwide. It is predicted that by 2030,
the number of new cancer cases will increase to approximately 26 million. Lung cancer is
most common in men, second only to breast cancer in women, and is known to have the
lowest survival rate [1]. Moreover, colorectal cancer ranks the second and the third in
terms of cases diagnosed in women and men, respectively [2]. Due to the designed inno-
vative structure of newly synthesized chemical compounds, they have a chance to act
against cancer. For this reason, we decided to use two of the six most commonly diag-
nosed and leading causes of death from cancer: lung cancer and colon cancer [3].

The current range of active anticancer drugs is very broad, targeting a wide range of
cellular and biological properties in many tumour types. Over the last five decades, the
development of anticancer drugs has shifted from traditional cytotoxicity to selective
agents rationally designed to act on specific cellular targets [4,5]. However, significant
challenges remain, and the interface between structural biology and chemistry may be the
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most fruitful avenue for discovering and improving new anticancer drugs [6]. In nature,
many biological systems make extensive use of metal ions, such as zinc (Zn) and copper
(Cu), which play an important role in the smooth functioning of living organisms. Tran-
sition metals such as copper (Cu), iron (Fe) and manganese (Mn) are involved in a variety
of biological processes, from electron transfer through catalysis to patterning, and are of-
ten associated with active sites in proteins and enzymes [7]. Dysregulation of some of
these essential metals has been implicated in the development of various pathological dis-
eases, such as cancer, during normal biochemical processing [8]. These cellular functions
require only trace elements, but in controlled amounts. In contrast, other metals such as
arsenic (As), cadmium (Cd), chromium (Cr) and nickel (Ni) are less favourable due to their
significant toxic effects, including carcinogenicity [7,9]. The metal ions also influence the
biological properties of coordination compounds [10-12].

Heterocyclic compounds, whether natural or synthetic, are endowed with biological
properties [13-15]. The properties of five-membered heterocyclic systems with three het-
eroatoms at symmetric positions were extensively studied [16-21]. The chemistry of 1,2,4-
triazoles is fascinating for heterocycles and their derivatives, especially those belonging
to the isothiocyanate class [22-28]. Heterocyclic compounds are known to play a signifi-
cant role in the design of a new class of structural entities for medicinal and biological
purposes [29,30]. Important pharmacologicals of heterocyclic compounds include 1,2,4-
triazoles and their derivatives, which have received much attention because of their inter-
esting biological activities [31-43]. 1,2,4-Triazoles are present as a unit in a variety of drugs
marketed as antineoplastic [44], antifungal [45], antiviral [46], sedative stimulants [46-48],
anti-inflammatory [49] and antimycotics agents [50] Triazole-based drugs are shown in
Figure 1. The conception and tuning of ligand capabilities can ultimately lead to an inno-
vative area of metal chemistry [51-53].

On the contrary, coordination chemistry appears to be an important topic because it
involves the synthesis of different ligands containing different functional groups and co-
ordinated to metal ions of different oxidation states, which present different geometries
with unique properties, novel reactivity, and synergistic effects. It is commonly known
that antitumor drugs based on transition metal complexes are less toxic compared, for
example, with free ligands. Coordination compounds with dr-electron metals are promis-
ing antitumor therapeutic agents. Metal ions that take advantage of their unique physio-
chemical properties have been utilized as powerful tools in cancer diagnosis [54].

In this paper, we focus on 5-((1-methyl-pyrrol-2-yl) methyl)-4-(naphthalen-1-yl)-
1,2,4-triazoline-3-thione and its coordination compounds. We choose the naphthyl sub-
stituent because of its critical anticancer activity [55,56]. In continuation of the develop-
ment of this subject, we focus here on filling the research gap on the coordination chem-
istry of disubstituted 1,2,4-triazole-3-thione derivatives and their chemical, physical and
biological properties. In this work, we describe the synthesis and characterization of anew
series of metal complexes containing 5-((1-methyl-pyrrol-2-yl) methyl)-4-(naphthalen-1-
yl)-1,2,4-triazoline-3-thione. The characterization of these compounds and the results ob-
tained are discussed in this paper.
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Figure 1. Drugs containing a 1,2,4-triazole ring are available in their therapeutic library.

2. Results and Discussion

2.1. Synthesis

The disubstituted 1,2,4-triazole-3-thione heterocyclic ligand was synthesized via a
multistep reaction using suitable substrates. The substrate for ligand synthesis was 1-
methylpyrrole-2-acetate, which was converted to the corresponding hydrazide (A) by re-
action with hydrazine hydrate. The hydrazide was reacted with 1-naphthyl isothiocya-
nate. The reaction was carried out in methanol by heating the materials for 1 h. The 1-(1-
methylpyrrol-2-yl) acetyl-4-(1-naphtyl) thiosemicarbazide (B) was subjected to cyclization
in a 2% NaOH environment by heating the sample for 2 h. The final compound (C15)
resulted from the precipitation of 3M HCI. The schematic representation of synthesis is

shown in Scheme 1.
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Scheme 1. Synthesis of 5-((1-methyl-pyrrol-2-yl)methyl)-4-(naphthalen-1-yl)-1,2,4-triazoline-3-

thione.
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2.2. FT-IR Spectra

During complexation, the vibrational mode of the free ligand is changed. Comparing
the spectra of 1,2,4-triazole and complexes, it can be seen that the fundamental v(NH)
vibration stretching modes derivate from the triazole ring, which occurs in free ligands in
the range of 3094-2762 cm™, and is not changed in coordination compounds. It shows that
the NH group in all complexes does not participate in binding with metal ions. In the
spectra of the uncoordinated donor, vibrations modes of v(C = N) and v(C = C) are visible
in the ranges of 1701-1563 and 1509-1403 cm™, respectively. As a result of coordination
between the metal ions and the ligand, these frequencies shift towards higher or lower
frequencies with peaks for (1): 1630, 1610, 1563, 1489, 1403 cm™, for (2): 1636, 1613, 1572,
1495, 1412 cm™, for (3): 1629, 1603, 1572, 1494, 1413 cm™, for (4): 1701, 1631, 1596, 1509,
1468, 1436, 1406 cm™ and for (5): 1632, 1572, 1495, 1412 cm™. For all complexes, we can
also observe bands in the ranges of 1312-1088 and 806—-661 cm that correspond to 3(CH)
and y(CH) modes, respectively. In the spectra of free ligands, vibration modes of v(C=S5)
appear at 1007 and 958 cm™. These bands in the FT-IR spectra of complexes change. The
ligand adopts thione form in the complex, which is supported by the presence of v(NH)
vibration stretching modes [57,58]. These changes indicate bonds between metal and or-
ganic ligands. Additionally, in the spectra of (1), (2) and (3) there are peaks between 3522
and 3190 cm™! characteristics for methanol molecules. By analysing the presented spectra,
it can be concluded that in the case of all complexes, the coordination takes place via the
sulphur atom contained in the 1,2,4-triazole ring.

2.3. Magnetic Study

All samples presented a paramagnetic-like behaviour above 75 K, denoted by almost-
constant T vs. T curves. However, only (4) was well-described as being composed by
non-interacting paramagnetic centres with magnetic moment J # 0. We elaborate below.

Results for the compounds (4) and (5) showed magnetic responses corresponding to
less than one Bohr magneton per molecule. Data for (5) were consistent with a non-mag-
netic material containing a single magnetic ion per 1000 molecules. Such a small value can
be attributed to foreign elements and indicates a lack of magnetism, as is expected for non-
interacting Zn(II) magnetic centres, which possess completely-filled d-shell orbitals. Re-
sults for the compound (4) at T < 10 K, on the other hand, revealed a M(H) response well-
described by the Brillouin function B j(x) (Figure 2). Such a function suggests that this
material contains non-interacting magnetic ions [59], the behaviour of which was con-
sistent with molecules of magnetic moment | = 0.5 constituting 30% of the specimen. The
extracted value of | indicates a Cu(II) oxidation state, corroborating the EPR measure-
ments shown in Section 2.4.

Complexes (1), (2) and (3), on the other hand, yielded a non-negligible magnetization,
albeit not presenting typical Curie-like behaviour. Instead, the magnetic susceptibility of
these compounds could be well-described as yT~ cte for T>100 K (Figure 3) with a de-
viation towards zero for T <75 K and a sharp transition to a lower magnetization state at
lower temperatures—thus indicating predominantly antiferromagnetic interactions. This
observation is supported by magnetization vs. magnetic field (M vs. H) measurements up
to 7 T, which did not exhibit saturation, even at the lowest temperatures (T = 2 K). Such
results are presented in Figure 3, which shows measured data together with curves ex-
pected for non-interacting magnetic ions constituting a fraction of the sample. A fit of
x(T) through a function of the type y~1/(T + 0) yielded a Weiss temperature 6 of 15K
for compound (1) (Mn), 3 K for (2) (Fe) and 5 K for (3) (Ni). These results further demon-
strate that magnetic intermolecular interactions are non-negligible, and these materials in
a crystalline form cannot be treated as uniformly discrete complexes. Deviations of
xT (T = 300K) from those of the corresponding isolated metallic ions vary depending on
the compound considered (Figure 3). This suggests that intermolecular magnetic coupling
occurs between d-shell electrons of the metallic elements, supporting their role in the
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compound’s apparent values of |. The enhancement of | with respect to the isolated mag-
netic centres is expected in the context of dimer chains and non-isotropic crystalline fields
in solids [59] However, a quantitative estimation cannot be obtained in the absence of
complex molecular simulations and an accurate determination of the crystallographic en-
vironment surrounding the magnetic ions, which escapes the scope of the current work.
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Figure 2. M(H) measurement for complexes (1), (2), (3), (4) and (5), in units of Bohr magnetons per
molecule, obtained at T = 2 K. The dashed lines are results expected for non-interacting magnetic
moments y « B;(x), By the Brillouin function with x = g/ugk*B/T and ] =1, 0.5, 1, 2 and 2.5 for
Zn, Cu, Ni, Fe and Mn, respectively. g is taken at g = 2.0 for all samples. Note that only the X = (4)
sample is well-described by the dashed line. Samples (1), (2), (3) did not show a saturation of their
magnetization, up to poH~7 T.
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Figure 3. Reduced magnetic response xT vs. T for all samples, measured at poH = 0.1 T. The hor-
izontal dashed lines represent the expected behaviour for the compound of corresponding colour,
had their magnetic response been solely generated by its isolated paramagnetic ion in the (II) oxi-
dation state. The right-hand axis indicates the associated values of ]. The deviation of the data to-
wards zero, observed below 75 K, indicates antiferromagnetic interactions. The inset shows a plot
of y vs. (T + 0)7 for (1), (2) and (3). Here 6 is the Curie-Weiss temperature, and equals to 15 K, 3
Kand 5 K for (1), (2) and (3), respectively. In this scale, linearity denotes a Curie-Weiss behavior,
whereas a deviation towards lower values at large (T + 8)! indicates the presence of a magnetic
transition towards an antiferromagnetic state at low temperatures.
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2.4. EPR Spectra

The EPR spectra of all complexes (1-5) are presented in Figure 4. The most prominent
signal is observed for Mn(II) ions. Surprisingly, the signal consists of a single broad line
without any trace of fine or hyperfine structure. The line has a Gaussian shape, so it indi-
cates the isotropic g-factor. This has been observed before in powdered samples at room
temperature and was attributed to the existence of dipolar interactions between manga-
nese ions and distortion of their symmetry [60]. Similar broad lines, but with significantly
smaller amplitude, were observed also for Fe(Il) and Ni(Il) ions. The obtained g-factors
are listed in Table 1. The substantial difference is observed for complexes (4) and (5). In
the case of Zn(Il) ions, the observed line has a Lorentzian shape and P-P width over one
order of magnitude smaller. This would indicate the presence of EPR active ions in the
studied powder with significantly smaller interactions between them. For compound (4),
the experimental spectrum shows anisotropy of g-factor. The trend g, > g, > g. sug-

gests d,z_,2 ground state for the Cu(Il) ion and a tetragonal distortion around the cop-
~2.0023

per(Il) ions [61-63]. The calculated G = 2!

g1-2.0023
interaction between Cu(Il) centres [61,64].

~ 4.98 suggests a negligible exchange
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Figure 4. EPR spectra of all complexes (1-5) at room temperature recalculated to 9.5 GHz. Inset
shows the magnification of the sharp signal for complex (5).

Table 1. The g-factors obtained from EPR measurements and the line profile.

Complex g-Factor Profile
1) giso = 2.021 Gauss
(2) giso = 2.016 Gauss
3) Giso = 2.26 Gauss
4) [g1, g1] =[2.05, 2.24] Gauss
(5) giso = 2.003 Lorentz

2.5. Thermal Decomposition of Complexes

The thermal decomposition of complexes in the air is a multi-step process. The solid
intermediates of the thermolysis products were calculated from the TG and DTG curves.
The curves for complexes (1), (2), (3), (4) and (5) are shown in Figure 5a—e, respectively.
All complexes were stable at room temperature and decompose progressively.

From the TG and DTG curves of complex (1), in the temperature range 125-525 °C,
the first mass loss is observed. One molecule of methanol and one 1-naphthyl fragment
are lost (found. 33.0%, calcd. 33.28%). Next, further decomposition begins. Above 750 °C
Mn:0s appears (found.: 16.5%, calcd. 16.50%) (Figure 5a). Complex (2) is stable at room
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temperature. It starts to decompose at 50 °C, losing solvent and naphthyl fragments. The
loss of mass is 33.0% and calculated as 33.21%. When the temperature rises further, pyrol-
ysis takes place., Thermal decomposition finishes at 550 °C, and as final decomposition
product Fe2Os is formed (found.: 17.0, caled.: 16.66) (Figure 5b). For compound (3), thermal
decomposition starts at 50 °C. The mass loss (found. 34.0%, calcd. 33.02%) occurs at 50—
450 °C, which corresponds to the loss of one molecule of methanol and naphthyl. Next,
further decomposition of organic molecules takes place. A plateau for NiO on the TG
curve is above 650 °C (found: 16.0, caled.: 15.49) (Figure 5¢c). Complex (4) is the most stable
complex; it begins to decompose at 300 °C. The TG curve shows only two steps. The first
relates to losing one mol of naphthyl (found. 17.0% calcd.: 16.80%), and the second to the
appearance of CuO above 670 °C (found: 18.7%, calcd.: 20.50%) (Figure 5d). For compound
(5), the decomposition process starts at 60 °C. When the temperature increases, partial
destruction of organic ligands starts. Then, complete decomposition and combustion of
the organic residues takes place. A constant mass level for ZnO begins at 760 °C (found.:
8.0, calcd.: 6.04) (Figure 5e).
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Figure 5. (a) TG/DTG curve of compound (1); (b) TG/DTG curve of compound (2); (c) TG/DTG curve
of compound (3); (d) TG/DTG curve of compound (4); (e) TG/DTG curve of compound (5).
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2.6. PXRD Analysis for Complexes (1), (2) and (3)

The obtained materials did not allow us to perform single crystal X-ray measure-
ments, therefore, the application of the PX-RD technique was our choice. We performed
PX-RD analysis at ambient temperature for all studied objects. The (2) complex did not
show any crystalline reflexes and only an amorphous background was detected. Fortu-
nately, the (1) and (3) complexes allowed us to obtain a good-quality PX-RD pattern (Fig-
ure 6). Our measurements clearly proved that most of the low angle reflexes overlay be-
tween (1) and (3) samples. This means that the shape and unit cell parameters are the same
for both complexes. This is probably because they are isostructural or very similar struc-
tures. Despite numerous attempts at finding an indexing parameter, it was not possible to
determine the crystallographic parameters.

1.2

0.8 - H I

Relative Intensity
=
1

N
0
'5‘ .
)
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1~

20 [

Figure 6. X-ray powder pattern recorded in Bragg Brentano geometry with a Cu Kat (A = 1.5425 A)
source for compounds (1) (blue) and (3) (orange) and at room temperature.

2.7. Cell Line Cytotoxicity Predictor: In Silico Prediction of Cytotoxicity for Tumour

Cell line cytotoxicity predictor (CLC-Pred) is a service for the prediction of chemical
compounds’ cytotoxic effects. C15 was tested in silico for antitumor activity (Table 2). The
analysis indicated the probability of activity on pancreatic, urinary tract, colon and lung
cancer. The probability of activity in colon carcinoma is over 35%, while in lung cancer,
over 25%, which may indicate the success of the accepted thesis about the activity of the
tested compound on these human organs.

Table 2. Cancer cell line prediction results of C15.

Pa Pi Cell-Line Name Tissue/Organ
0.526 0.004 Pancreatic carcinoma Pancreas
0.518 0.018 Renal carcinoma Kidney
0.365  0.007 Urothelial bladder carcinoma Urinary tract
0.362 0.061 Colon carcinoma Colon
0.295 0.084 Leukemic T-cells Blood

0.289 0.088 Adult immunoblastic lymphoma Haematopoietic and lymphoid tis-

sue
0.188  0.004 Bladder carcinoma Urinary tract
0.297 0.125 Glioblastoma Brain
0.282 0.139 Melanoma Skin
0.250 0.156 Non-small cell lung carcinoma Lung
0.238 0.146 Non-small cell lung carcinoma Lung
0.229 0.153 Colon adenocarcinoma Colon

Pa (probability “to be active”). Pi (probability “to be inactive”).
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2.8. ADMET Analysis

Compound C15 has a high absorption in the gastrointestinal tract, which may make
it an effective drug. It is not a substrate of P-gp, which means it is a good candidate against
multidrug resistant cancer cells. A bioavailability radar for ligand was made (Figure 7a).
For drug-like properties, the compound was found to have a good bioavailability score
(0.55) [65] and was consistent with Lipinski’s five principle. This compound satisfies the
rules of Lipinski [66], Ghose [67], Egan [68], Veber [69] and Muegge [70]. In the BOILED-
Egg diagram (Figure 8), the compound both penetrates the blood-brain barrier and is able
to be absorbed gastrointestinally. The ADME parameters indicate that the tested C15 was
a good candidate in the search for a biologically active compound. Predicting the putative
drug-drug interaction by inhibiting cytochrome P450 (CYP) shows that the compound
may be an inhibitor of CYP1A2, CYP2C19, CYP2C9 and CYP3A4, but not CYP2D6. The
compound is not available through the skin as indicated by a negative logKp value (-6.0
cm/s). The C15 complexes with Mn(II), Fe(II) and Ni(II) have the same bioavailability ra-
dar (Figure 7b). This compound meets with the rules of Lipinski, Ghose, Egan and Veber,
(the Ni(II) complex does not meet the Ghose rules). In the BOILED-Egg scheme (Figure
8), the complexes penetrate the gastrointestinal tract. In contrast, the Cu(II) complex (Fig-
ure 7c) coordinate two C15 molecules. Both Cu(Il) and Zn(II) are too large and do not meet
the molecular weight condition. Both complexes do not penetrate the blood-brain barrier
and are absorbed through the gastrointestinal tract. Servis ProTox II classified ligand to
toxicity class 4 (predicted LDso: 600 mg/kg), (1) to toxicity class 4 (predicted LDso: 1052
mg/kg), (2) to toxicity class 2 (predicted LDso: 8 mg/kg), (3) to toxicity class 4 (predicted
LDso: 1052 mg/kg), (4) to toxicity class 5 (predicted LDso: 2500 mg/kg) and (5) to toxicity
class 2 (predicted LDso: 8 mg/kg).

LIPO

LIPO

FLEX size
FLEX siZE
SAT PC \
INSATU CLAR NSATU \ POLAR
INSOLU INSOLU
(a) (b)
LIPO
FLEX SIZE
INSATU FOLAR
INSOLU
(c)

Figure 7. Bioavailability radar for (a). C15, (b). (1) and (c). (4). (lipophility (LIPO) are within the
range —0.7 < XlogP3 < +5.0; molecular weight (SIZE) is 150 g/mol < MW < 500 g/mol; polarity (PO-
LAR) is 20 A 2 < TPSA < 130 A 2, insolubility (INSOLU) is 0 < log$ < 6; — insaturation (INSATU) are
0.25 < Fraction Csp3 < 1; and Flexibility (FLEX) are 0 < Num. rotatable bonds <9).
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2.9. In Vitro Cytotoxicity of Compounds against A549 and HT29 Cancer Cells

The cytotoxic effects of new compounds (C15 and complexes 1-5) were tested against
A549 and HT29 cancer cell lines using MTT assay [71,72] Standard anticancer drugs
(Etoposide, 5-fluorouracil and Cisplatin) were used as a reference compounds [73,74].
Half of the new complexes (with (2), (4) and (5)) do not show cytotoxicity. When compar-
ing the potency of cytotoxic activity for HT29 cancer cells for the ligand (ICs=1058.02 +
87.39 uM) to the complexes, we can see that the compound with (1) showed better (ICso=
654.31 +25.09 uM) and the compound with (3) shows similar activity (ICso=1064.05 +43.56
uM) (Table 3). For the A549 cell line, compound (1) also showed better activity to ligand
(ICs0=1092.35 + 124.84 C15 and 794.37 + 83.62 (complex (1)). Compound (3) did not show
activity in the used range of concentrations. Our present study showed that complexes
derivatives containing (1) and (3) compounds were effective, and the first compound was
much more effective in the inhibition of human colon cancer cells growth compared to
other metal complexes ((2), (4) and (5)), see Figure 9. Moreover, its potency was compara-
ble with etoposide (ICso= 654.03 + 39.51). These results clearly suggest that complexes (1)
and (3) were more selective for colon cancer cells than lung cancer cells (Table 3). Addi-
tionally, ligand, and metal complexes (1) and (3) were more potent than 5-fluorouracil.
Figure 10 presents the effect of compounds C15, (1) and (3) on A549 cell growth.

Table 3. In vitro cytotoxic activity of new compounds (1)—(5) and C15 on two cancer cell lines (A549
and HT29).

Compound ICs0 against A549 (uM) ICso against HT29 (uM)
C15 1092.35 + 124.84 1058.02 + 87.39
(1) 794.37 + 83.62 654.31 + 25.09
(2) no activity no active
(3) no activity 1064.05 + 43.56
(4) no activity no activity
(5) no activity no activity
Etoposide 451.47 +18.27 654.03 + 39.51
5-fluorouracil >1800 1626.85 + 49.26
Cisplatin 31.25+1.76 [74] 11.9 £4.1 [75]

All values are presented as the means * standard deviation (SD)IC50—50% inhibition
of the cell viability, pmol/L (uM).
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Statistical significance was assessed using one-way ANOVA and a post-hoc analysis

was performed. * p < 0.05 was considered as significantly different between complexes
and ligand.
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Figure 9. In vitro cytotoxic effect of C15 and C15 complexes on A549 and HT29 cells after 24 h of
incubation. Statistical significance was assessed using one-way ANOVA and a post-hoc analysis
was performed. * p < 0.05 was considered significant for compounds (1) and (3).

Control Cl15

Figure 10. Effect of compounds C15, (1) and (3) on A549 cell growth. A549 cells were cultured. In
the presence or absence (control) of compound. Representative phase-contrast cell images are
shown after 24 h in 100x magnification.

2.10. Molecular Docking

The molecular docking procedure was used to study the interaction of ligands with
the model protein system using the GOLD package [75]. The target protein anaplastic
lymphoma kinase (PDB ID: 2XP2), which was used in the research of Prabhu Mahendran,
was also used in the analysis of compound C15 [76]. This compound binds effectively at
the active site. The structure and active site are presented in Figure 11. The results of the
molecular docking of ligands are presented in Figure 12. The molecular docking shows a
hydrophobic interaction between ligand and protein.
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Figure 11. The active sites of the target protein anaplastic lymphoma kinase (PDB ID: 2XP2).
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Figure 12. Hydrophobic interactions between titled organic ligand and amino acid residues.

3. Materials and Methods
3.1. Synthesis of 2-(1-Methylpyrrol-2-yl) Acetohydrazide (A)

Methyl 1-methylpyrrole-2-acetate (1.4 g, 0.01 mol), 5 mL anhydrous ethanol and 0.8
mL (0.02 mol) hydrazine hydrate was heated under reflux condition for 3 h. After cooling,
the precipitate was formed, filtered off, dried and crystallized from ethanol. M.p. 112 °C
[77].

3.2. Synthesis of 1-(1-Methylpyrrol-2-yl) Acetyl-4-(1-Naphtyl) Thiosemicarbazide (B)

The 2-(1-methylpyrrol-2-yl)acetohydrazide (1.53 g, 0.01 mol) was dissolved in meth-
anol (15 mL) and 1-naphtylisothiocyante (1.85 g, 0.01 mol) was added. The mixture was
stirred at the reflux temperature of the solvent for 1 h. The mixture was then cooled, and
the pure compound was crystallized from the ethanol solution.

Yield: 80%. M.p. 100-112 °C. "H NMR (600 MHz, DMSO-ds): d, ppm 3.38 (s, 3H, CHs),
3.54 (s, 2H, CH2), 5.90-6.53 (m, 3H, CH-pyrrol), 7.50-7.98 (m, 8H, CH-naphtyl), 9.71 (s, 1H,
NH), 9.89 (s, 1H, NH), 10.21 (s, 1H, NH). 3C NMR (150 MHz, DMSO-ds): d, ppm 34, 56,
106, 108, 122, 123, 124, 126, 127, 128, 129, 130, 134, 136, 169, 183 (Figure S1).
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3.3. Synthesis of 5-((1-Methyl-Pyrrol-2-yl)Methyl)-4-(Naphthalen-1-y1)-1,2,4-Triazoline-3- Thi-
one (C15)

1-(1-Methylpyrrol-2-yl)acetyl-4-(1-naphtyl)thiosemicarbazide (3.3 g, 0.01 mol) and
then added 30 mL of 2% NaOH solution. The mixture was then heated to reflux for 2 h.
Then the solution was cooled and 3M HCl solution was added. The colour precipitate
compound (after drying) was crystallized from ethanol.

Yield 76%, M.p. 248 °C. 'H NMR (600 MHz DMSO-ds): d, ppm 3.37 (s, 2H, CHs), 3.63
(s, 2H, CH2), 5.28-6.42 (m, 3H, CH-pyrrol), 7.16-8.14 (m, 8H, CH-naphtyl), 13.95 (s, 1H,
NH). FT-IR (KBr): 3095, 3050, 2932, 2778, 1700, 1649, 1597, 1503, 1470, 1435, 1413, 1336,
1308, 1005, 959, 804, 774, 707, 660 cm™ (Figure S2).

3.4. Synthesis of the Metal(II) Complexes Containing Heterocyclic 4,5-Disbustituted 1,2,4-Tria-
zole-3-Thione (1-5)

The aimed complexes were prepared by mixing the methanolic solutions of appro-
priate transition metal chlorides [M = Mn(II), Fe(II), Ni(I), Cu(II) and Zn(II)] with 5-((1-
methyl-pyrrol-2-yl)methyl)-4-(naphthalen-1-yl)-1,2,4-triazoline-3-thione in equimolar ra-
tio 1:1. A methanol solution of C15 (100 mg, 0.31 mmol) in (25 mL of CHsOH) was very
slowly heated up to 60 °C to completely dissolve the organic ligand. A solution of appro-
priate anhydrous metal(Il) chloride (100 mg, 0.31 mmol in 15 mL of methanol) was par-
tially added to the ligand solution. The total volume was 70 mL. The reaction mixture was
stirred at room temperature for 3 h. The reaction mixture was then stored in the fume
hood for two days to observe the solid product’s sedimentation and to carry out the fil-
tration. The solid product obtained was washed methanol used for further characteriza-
tion.

Mn(C15)Cl-MeOH (1). Yield: 65%. FT-IR (KBr): 3520, 3503, 3392, 3322, 3083, 3034,
2916, 2762, 2733, 1630, 1610, 1563, 1489, 1403, 1341, 1312, 1289, 1259, 1089, 1007, 753, 714
cm-l. Molecular formula (C19H200Cl2MnN4S): Calculated: C; 47.71, H; 4.22, N; 11.71, Mn;
11.49, S; 6.70. Found: C; 48.19, H; 3.98, N; 12.14, Mn; 11.81, S; 7.37 (Table S1).

Fe(C15)Cl2MeOH (2). Yield: 50%. FT-IR (KBr): 3397, 3242, 3094, 3047, 2930, 2777, 2723,
1636, 1613, 1572, 1495, 1412, 1336, 1308, 1088, 1005, 806, 774, 706 cm~'. Molecular formula
(C19H200Cl2FeNaS): Calculated: C; 47.62, H; 4.21, N; 11.69, Fe; 11.65, S; 6.69. Found: C;
47.87, H; 4.00, N; 12.11, Fe; 12.56, S; 6.61 (Table S1).

Ni(C15)Cl2MeOH (3). Yield: 60%. FT-IR (KBr): 3522, 3506, 3447, 3190, 3093, 2919, 2849,
2777,2722,1629, 1603, 1572, 1494, 1413, 1337, 1308, 1088, 1005, 806, 774, 706 cm™'. Molecular
formula (CiyH200CLNiNsS): Calculated: C; 47.34, H; 4.18, N; 11.62, Ni; 12.19, S; 6.65.
Found: C; 47.98, H; 3.96, N; 12.06, Ni; 13.08, S; 7.35 (Table S1).

Cu(C15)2Cl2(4). Yield: 68%. FT-IR (KBr): 3444, 3055, 3013, 2940, 2845, 1701, 1631, 1596,
1509, 1468, 1436, 1406, 1307, 1185, 958, 803, 772, 661 cm™. Molecular formula
(C36Ha2Cl2CuNsS2): Calculated: C; 55.77, H; 3.64, N; 14.45, Cu; 8.19, S; 8.27. Found: C; 55.89,
H; 3.66, N; 14.61, Cu; 8.52, S; 8.34 (Table S1).

Zn(C15)4Cl2(5). Yield: 50%. FT-IR (KBr): 3419, 3092, 3047, 2930, 2777, 2722, 1632, 1572,
1495, 1412, 1337, 1307, 1088, 1004, 958, 806, 774, 705 cml. Molecular formula
(C22HesCl2ZnN16S4): Calculated: C; 60.99, H; 3.98, N; 15.80, Zn; 4.61, S; 9.05. Found: C; 60.51,
H; 3.96, N; 15.49, Zn; 4.85, S; 8.48 (Table S1).

3.5. Chemistry

All chemicals used for the synthesis were purchased from Sigma-Aldrich (St. Louis,
MO, USA), Alfa Aesar (Haverhill, MA, USA) and POCH (Gliwice, Poland) companies and
used without further purification. Melting points were determined using Fisher—Johns
block and Stuart (SMP30) and presented without corrections. The 'H and BC NMR spectra
were recorded on a Bruker Avance 600 spectrometer (Bruker BioSpin GmbH, Rheinstet-
ten, Germany) in DMSO-Ds. Chemical shifts are reported in parts per million (ppm, o
scale) relative either to internal standard (TMS) or residual solvent peak. Anhydrous
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Mn(II) chloride, anhydrous Fe(II) chloride, anhydrous Ni(Il) chloride, anhydrous Cu(II)
chloride, and anhydrous Zn(Il) chloride were obtained from Sigma-Aldrich, Germany.
FT-IR spectra of free organic ligand and metal complexes were recorded with an IR Tracer-
100 Schimadzu Spectrometer (4000-600 cm™ with an accuracy of recording of 1 cm™,
Kyoto, Japan) using KBr pellets. Magnetization measurements were carried out in a Quan-
tum Design 7T Magnetic property measurement system (MPMS-7T) in the magnetic field
range 0 T< p_0 H <7 T and temperature interval 2 K < T < 300 K. The thermal analyses
were carried out with a Netzsch Iris 209 thermoanalyzer (Netzsch-Geratebau GmbH, Selb,
Germany). Samples were heated in corundum crucibles up to 1000 °C, with a 10 °C/min
heating rate, in the atmosphere of synthetic air (20% Oz, 80% Nb2).

3.6. Inductively Coupled Plasma Analysis

The analysis of metal(Il) concentration and sulfur were prepared for all coordination
compounds. Samples (each of about 20 mg) were digested in the mixture of concentrated
acids (1 mL of 36% HCI and 6 mL of 65% HNO:s) and decomposed using the Anton Paar
Multiwave 3000 closed system instrument. Mineralization was carried out for 45 min at
240 °C under 60 bar pressure. The contents of Mn(II), Fe(II), Ni(Il), Cu(II), and Zn(II) in
the samples were determined by the ICP-OES, Plasma Quant PQ 9000 Elite (Analytik Jena,
Jena, Germany). Absorbances were measured at analytical spectral lines: 257.610 nm for
Mn(II), 259.940 nm for Fe(Il), 231.604 nm for Ni(Il), 324,754 nm for Cu(II), 206.200 nm for
Zn(Il) and 180.672 nm for sulphur. Standard solutions Merck (1000 mg/L) were used for
the preparation of calibration curves.

3.7. Electron Paramagnetic Resonance Measurement

EPR measurements were carried out at room temperature using Bruker ELEXSYS
E580 spectrometer equipped with a TE102 resonance cavity. The spectrometer operated
at X-band microwaves with frequencies of approximately 9.38 GHz. Due to small changes
in microwave frequencies between individual runs, for better visual comparison, the pre-
sented spectra were recalculated to 9.5 GHz. The presented spectra were measured for
microwave power 0.47 mW, but the power dependence was measured to make sure that
signal was not saturated. To obtain the g-factor values, for all the symmetrical signals, the
simple derivative of Lorentz or Gauss profile was fitted, while for the asymmetrical signal,
the simulation using the pepper function of the Easyspin Matlab toolbox was applied
[https://doi.org/10.1016/j.jmr.2005.08.013].

3.8. PXRD Analysis

Powder diffraction experiments were performed using a Panalytical Empyrean pow-
der diffractometer (240 mm goniometer radius) equipped with a sealed copper tube, a
Bragg-Brentano geometry and a Pixcel3D sensitive detector. Divergence slit of 1/8° and
0.02 rad. Soller slits (in both incident and diffracted beam paths) were applied. Generator
settings used during the experiment were 45 kV and 40 mA, providing an intense incident
beam. The powder sample was packed inside a low background Si sample holder
mounted on a goniometric head and rotated during a two-scan measurement. The regis-
tered data range was 5° to 30° 20 with a step of 0.0131° at ambient conditions. Obtained
scans were tested for discrepancies and summed, since no significant difference was ob-
served.

3.9. ADMET Analysis

An ADME analysis was performed using the SwissADME service (Swiss Institute of
Bioinformatics 2021): A free web tool to evaluate pharmacokinetics, drug-likeness and the
medicinal chemistry friendliness of small molecules [78]. BOILED-Egg was used to Pre-
dict Gastrointestinal Absorption and Brain Penetration of Small Molecules [79]. The Pro-
TOX II service was used to predict toxicities for ligand [80].
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3.10. Cell Culture

Anticancer activities of the C15 and new complexes (1-5) were tested on A549-human
lung and HT29-human colon cells. They were purchased from the European Collection of
Cell Cultures (ECACC, Salisburg, UK) and American Type Culture Collection (Manassas,
VA, USA). A549 cells were grown in Dulbecco’s Modified Eagle’s Medium (DMEM)
(PAN-Biotech, Aidenbach, Germany), 10% Fetal Bovine Serum (Sigma Aldrich, St. Louis,
MO, USA), 2 mM Glutamine (Sigma Aldrich), and 100 units/mL penicillin with 100
mg/mL streptomycin (Sigma Aldrich) were used. The HT29 cells were grown in F12K me-
dium (HyClone, Cramlington, UK) with 10% heat-inactivated fetal bovine serum, FBS
(Lonza, Basel, Switzerland), 100 units/mL penicillin with 100 mg/mL streptomycin
(Lonza). Both cell lines were grown at 37 °C with 5% CO..

3.11. Cytotoxicity Assay

The cell viability was quantified by using 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium Bromide (MTT) assay. MTT uses the reducing properties of the marker. In
this test, cells were seeded into 96-well plates at density 1 x 10* cells per well. Next, it was
cultured for 24 h at 37 °C and 5% COs2. Then, the medium was removed and 100 pL of the
compound solution was added over a range of concentrations. Compounds were dis-
solved in DMSO, and medium (final DMSO concentration was less than 0.2%). Cells as a
black control were prepared in the same way, but culture medium without compound
and pure DMSO was used as a control. Next, plates with compound solutions were incu-
bated for 24 h. After 24 h, medium was removed and MTT solution (50pL) was added,
and incubated for 2 h at 37 °C. Later, solution was carefully removed, and 100 uL of DMSO
was added to each well. After 10 min at room temperature, the plate was mixed and the
absorbance was measured at a wavelength of 570 nm (Synergy H1, BioTek, Winooski, VT,
USA). The cell viability was expressed as a ICso [81,82].

4. Conclusions

This work describes the synthesis of 5-((1-methyl-pyrrol-2-yl)methyl)-4-(naphthalen-
1-yl1)-1,2,4-triazoline-3-thione and its five new solid coordination compounds. All the com-
pounds synthesized for the first time were characterized by various analytical and spec-
troscopic methods. Based on diffraction patterns, it was found that the (1) and (3) com-
plexes are isostructural. Among all five complexes, the complex (1) showed the best cyto-
toxicity activity against both colon (IC50 = 654.31* + 25.09 uM) and lung (IC50 = 794.37*+
83.62 uM) cancer lines, and was comparable with the free organic ligand and commer-
cially available drugs in the market such as 5-fluorouracil and Etoposide. The compound
(3) also exhibited better cytotoxicity activity against colon cancer cells than the other com-
pounds. This is a significant achievement that clearly indicates that more research on the
mechanism of their binding to a particular target—active site (enzyme, protein), and their
potential use as a cytostatic drug is needed. For these two coordination compounds, po-
tential use as anticancer drugs for the two most common types of cancers, lung and colon
cancers, requires a great deal of additional research.
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