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Abstract
A novel heterocyclic compound, 5-benzoyl-6-phenyl-pyrimidin-4-one-2-thione 
(PT), was synthesized for the first time via the cyclocondensation reaction of 
dibenzoyl acetic acid-N-carboxymethylamide with thiourea. The structure of the 
compound was characterized using elemental analysis, FT-IR, NMR, X-ray crys-
tallography, and API-ES mass spectrometry. Electrochemical behavior of PT was 
investigated by cyclic voltammetry on a glassy carbon electrode in an anhydrous 
medium (0.1 M TBAP), revealing an irreversible cathodic peak at − 0.83 V, indica-
tive of irreversible redox behavior and surface interaction. The interaction between 
PT and DNA was explored using voltammetric, spectrophotometric, and molecular 
docking techniques. Differential pulse voltammetry demonstrated a concentration-
dependent decrease in the guanine oxidation signal, with a calculated binding free 
energy of − 6.5 kcal/mol. Spectrophotometric studies further supported the occur-
rence of a stable PT–DNA complex. Molecular docking revealed a strong binding 
affinity (− 8.12  kcal/mol), suggesting minor groove and electrostatic interaction 
modes. The consistency among electrochemical, spectroscopic, and computational 
findings indicates that PT forms a thermodynamically favorable and specific interac-
tion with DNA. These results provide a foundation for future research on the thera-
peutic potential of PT and related pyrimidine thione derivatives.
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Introduction

Heterocyclic compounds, known to have various biological activities, have an 
important place in medicinal chemistry due to their therapeutic and pharmacologi-
cal properties [1]. These compounds are present in many drugs, antibiotics, vita-
mins, natural products, and many biomolecules. Nitrogenous bases form the frame-
work for many basic biomolecules. Pyrimidine and purine pharmacophores are 
the basic structural elements in molecules such as DNA and RNA, which contain 
genetic information and have basic components of nucleic acids, and are involved 
in various biological activities such as cell signaling [1]. They are widely found in 
nature as N-substituted sugar derivatives (nucleosides) and in vitamin B1 [2]. Many 
researchers have published about the synthesis and properties of pyrimidine and 
related compounds [3–7]. When these studies are examined, pyrimidine derivatives 
can be synthesized by many different methods. Pyrimidine thiones, which are het-
erocyclic compounds, also have biological importance. The structural interactions 
of thioxopyrimidine derivatives with purine bases such as adenine and guanine 
are frequently discussed in the literature. Various studies reported that pyrimidine 
thione derivatives exhibit many biological activities, including antimicrobial, anti-
inflammatory, antihypertensive, antidiabetic, antibacterial, antifungal, antitumor, 
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antioxidant, and antiviral activities [8–12]. In particular, 5-fluorouracil and its modi-
fied analogue, 5-fluorothiouracil, are widely used anticancer agents. These drugs can 
insert into RNA and/or DNA and interfere with the maturation of nuclear RNA and/
or DNA [13]. In addition, a study reported that some pyrimidine-2-thione deriva-
tives might be used as an attractive antitumor agent with future clinical applications 
for the treatment of breast cancer due to their antineoplastic activity via inhibition of 
p-JNK protein in cancer cells [14].

As mentioned above, pyrimidine derivatives were proven to be an important 
structure in medicinal chemistry due to their wide biological and pharmacologi-
cal activities [1, 3, 9, 13, 14]. In this study, a new thiouracil derivative, 5-benzoyl-
6-phenyl-pyrimidin-4-one-2-thione (PT), was synthesized for the first time by a 
simple synthesis technique. The structural diversity of pyrimidine derivatives allows 
their interaction with biological macromolecules, and this feature makes them prom-
ising candidates for deeper investigation of their molecular mechanisms. In addi-
tion to their biological relevance, heteroatomic compounds such as pyrimidines and 
thiones have been widely studied electrochemically using cyclic voltammetry (CV), 
due to their redox-active centers and π-conjugated systems. CV is a valuable tool for 
evaluating the electron transfer properties, adsorption behaviors, and reaction kinet-
ics of such molecules at various electrode surfaces [5, 6, 15, 16]. Pyrimidine-based 
compounds, owing to their nitrogen and sulfur heteroatoms, show characteristic 
irreversible or quasi-reversible redox behavior depending on substitution patterns, 
electrolyte composition, and scan rate [17]. Many studies report that these hetero-
cycles may undergo surface adsorption, chemical transformation, or electrochemi-
cal reduction/oxidation, often forming films or intermediates on electrode surfaces 
[18–21]. The shift in peak potentials and variation in current response with scan 
rate has been particularly useful in characterizing diffusion-controlled or adsorption-
assisted mechanisms in heteroatomic structures [22]. Such findings underline the 
importance of voltammetric studies in understanding the electrochemical reactivity 
and interaction potential of pyrimidine-based molecules with biological or electrode 
environments. In this context, the investigation of the redox behavior of the newly 
synthesized PT compound using CV contributes to the growing body of knowledge 
on heteroatomic molecular systems and their electrochemical characteristics.

Understanding the mechanisms by which small molecules interact with DNA 
has vital importance, particularly for the development of anticancer drugs [23–25]. 
Interactions with DNA can cause molecules to alter the structure and function of 
DNA through various mechanisms, such as intercalation, groove binding, or elec-
trostatic interactions [13, 24, 26–29]. These interactions often affect cellular pro-
cesses such as replication and transcription, forming the basis of biological activity. 
Molecular docking studies provide an atomic-level understanding of where and how 
a molecule binds to DNA. This method supports experimental data by analyzing 
both binding energies and specific interaction sites, providing important guidance 
for the design of new therapeutic agents [24, 30–32].

Electrochemical techniques are the most powerful techniques for studying 
interactions with DNA  [24, 33–35]. Voltammetric studies allow evaluation of 
whether a molecule interacts with DNA by examining its redox behavior and of 
how these interactions change the redox properties of the molecule [24, 36, 37]. 
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Spectrophotometric methods complete this process by revealing the binding mode 
of the molecule with DNA and its binding constants [38–41]. In this study, the syn-
thesis, X-ray crystallography characterization, and electrochemical properties of a 
new PT compound were investigated. In addition, the interaction of the compound 
with DNA was evaluated using voltammetric and spectrophotometric techniques, 
and the binding behavior was modeled in detail at the atomic level by molecular 
docking studies. Molecular docking analyses provide critical information to evaluate 
the potential of the compound as a therapeutic agent by elucidating the specific sites 
where the compound binds to DNA and the binding mechanism.

Experimental

Apparatus and chemicals

All chemicals used in this study were obtained commercially and used without puri-
fication. Deoxyribonucleic acid from fish sperm (DNA) was purchased from Sigma-
Aldrich (74,782). Dibenzoyl acetic acid-N-carboxymethylamide (DBANMA)  [42] 
was prepared according to the method given in the literature. Elemental analysis val-
ues were recorded with the Thermo Scientific Flash 2000 brand and model elemen-
tal analyzer. 1H and 13C NMR spectra were recorded with the Bruker High Perfor-
mance Digital FT-NMR (600  MHz) spectrometer by dissolving the compound in 
d6-DMSO and using TMS as an internal standard (Figure SI 2 and Figure SI 3). The 
Perkin Elmer Spectrum 100 FT-IR Spectrometer (ATR) model was used to exam-
ine the FT-IR spectrum of the compound in the range of 4000–400 cm⁻1. The mass 
spectrum of 5-benzoyl-6-phenyl-pyrimidin-4-one-2-thione was obtained by atmos-
pheric pressure ionization electrospray mass spectra (Figure SI 4) (API-ES) on an 
LC–MS/MS ABSciex 3200 Q-trap spectrophotometer.

Synthesis of 5‑benzoyl‑6‑phenyl‑pyrimidin‑4‑one‑2‑thione

For this, 1 mmol DBANMA and 1 mmol thiourea were mixed well in a 50 mL reac-
tion flask and then subjected to a direct reaction without solvent in an oil bath at 
160 °C for 25 min. The oily product obtained was first treated with dry diethyl ether 
to obtain a solid product and then crystallized from n-butanol and saved in a des-
iccator (Figure SI 1). Yield: 64%; Mp: 215–216  °C. C17H12O2N2S 308.13  g/mol. 
Theoretical: C: 66.23; H: 3.89; N: 9.09; S: 10.40. Found: C: 66.22; H: 4.00; N: 8.97; 
S: 10.35%. FT-IR(ATR) v, cm−1: 3061 (NH), 2930 (C-HAr), 1678, 1637(C=O), 
1595–1557 (C=C)phenyl, 1232,741 (C=S). 1H NMR (600 MHz, DMSO) δ, ppm. 
12.85 (s, 1H, NH), 12.81 (s, 1H, NH), 7.86 (d, J = 7.3 Hz, 2H, aromatic proton), 7.57 
(t, J = 7.4 Hz, 1H, aromatic proton), 7.42 (t, J = 7.7 Hz, 2H, aromatic proton), 7.34 
(tt, J = 14.8, 7.4 Hz, 5H, aromatic proton). 13C NMR (151 MHz, DMSO) δ ppm. 
192.40 (C=O) benzoyl), 176.45 (C=S), 159.97 (C=O) pyrimidine, 152.74, 137.29, 
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134.19, 131.09, 130.91, 129.63, 129.15, 128.93, 128.67, 116.31 (10 aromatic car-
bons). Mass: Calculated Mass = 308.13, Observed m/z = 307.05 [M]+ mode.

X‑ray crystallography

The single-crystal X-ray data of C17H12N2O2S compound were collected on a 
Bruker/D8 QUEST diffractometer by the ω-scanning technique using graphite-
monochromatic MoKα radiation (λ, 0.71073  Å) at 293  K. The structure was 
solved by direct methods using SHELXS implement in WINGX [43] program 
suit. The program ORTEP-3 for Windows [44] was used in the preparation of the 
molecular graphics. The refinement was carried out by Direct Methods method 
using SHELXL [45]. X-ray crystallographic data are listed in Table SI 1. Bond 
distances and angles are given in the supplementary documents (Table SI 2).

Voltammetric method

Electrochemical properties of PT were investigated using the Autolab PGSTAT 
128N potentiostat (Netherlands) and a triple cell stand (BASi). Glassy carbon 
(GC, Φ: 3 mm, BASi), Ag/AgCl (BASi), and Pt (BASi) wires were used as the 
working electrode, reference electrode, and auxiliary electrode in voltammetric 
experiments, respectively. For experiments, 1  mM PT was prepared in DMSO 
(supporting electrolyte solution containing 0.1  M tetrabutylammonium perchlo-
rate (TBAP)). Before each voltammetric analysis, the surface of the GC electrode 
was cleaned manually. In studies in an anhydrous environment, pure nitrogen gas 
was passed through the solution for 10 min before the analyses.

Voltammetric measurements of PT in aqueous medium: Cyclic voltammograms 
were recorded in the potential range of − 1.2 to 1.0 V in DMSO medium contain-
ing 1 mM PT and 0.1 M TBAP on the GC electrode.

DNA immobilization on the GC electrode surface: For this, 25 mg/L DNA was 
immobilized on the GC electrode in phosphate buffer (PBS, pH 7.4, containing 
0.02 M NaCl) medium at a voltage of + 0.50 V for 120 s.

Interaction with PT–DNA: After DNA was immobilized on the GC electrode 
surface, 1 mg/L PT was left in PBS (pH 7.4 containing 0.02 M NaCl) medium for 
periods ranging from 5 to 150 s.

Voltammetric measurement: After the interaction of PT with DNA, voltammo-
grams were recorded in the voltage range of + 0.5 to + 1.40 V using the differen-
tial pulse technique.

Spectrophotometric technique

The spectra for PT, DNA, and PT–DNA interaction were recorded in the wave-
length range of 200–800 nm with a Shimadzu Pharma Spec UV-1900 spectropho-
tometer. Spectral measurements of the compounds were carried out in PBS (pH 
7.4) medium.
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Docking measurements

The two-dimensional structure of PT was drawn with the ChemDraw Ultra pro-
gram and then converted to pdb files. The 3-dimensional crystal structure of 
DNA (PDB ID: 1BNA) was obtained from the RCSB database (http://​www.​
rcsb.​org/​pdb). DNA and grid preparations were made with the help of the Auto-
Dock_vina_1.1.2 program. In this process, water molecules in the DNA file were 
deleted. After the polar hydrogen atoms were added, Gustier charging was per-
formed. The docking file for the PT compound was prepared in the same way, 
and molecular docking operations were performed with the AutoDock_vina_1.1.2 
program [30]. DNA was placed in AutoDock Tool 4.2 by creating a PDBQT file 
containing a protein with hydrogens in all polar groups. The grid area of 14.74, 
20.98, and 8.80 dimensions was created for the docking site on the target DNA. 
The Discovery Studio 4.0 program processor was used to create hydrogen bonds 
and hydrophobic interactions in the PT–DNA interaction.

Results and discussion

Synthesis and characterization of 5‑benzoyl‑6‑phenyl‑pyrimidin‑4‑one‑2‑thione 
compound

In this study, for the first time, PT compound was obtained by the reaction of diben-
zoyl acetic acid-N-carboxymethyl amide and thiourea in a solvent-free environment 
at 160 °C in an oil bath for 25 min, as stated in the synthesis section (Figure SI 1). 
The synthesized PT compound was purified by crystallization from n-BuOH after 
washing several times in methanol. Elemental analysis, FT-IR, 1H/13C NMR (Figure 
SI 2-4) and LC–MS/MS spectral values (Figure SI 5) were used for the characteri-
zation of the compound. When the IR spectrum of the PT compound is compared 
with the spectrum of substituted pyrimidine-2-thion ring compounds in the litera-
ture, it is seen that the bands belonging to specific groups vibrate in similar regions. 
When the FT-IR spectrum (Figures SI 2) of the PT compound was examined, as 
expected, bands belonging to NH vibrations at 3060  cm⁻1 and C=O vibrations at 
1678 and 1637 cm⁻1 were observed [46]. The C=C stretching vibrations in the phe-
nyl rings attached to the pyrimidine ring vibrate at 1595–1557 cm−1. Again, vibra-
tions belonging to the thione group were observed at 1237 and 741 cm⁻1, supporting 
the synthesized structure [46–48].

As shown in Figures SI 2 and 3, the 1H NMR and 13C NMR spectra of the 
compound were examined in d6-DMSO at room temperature, respectively. The 
1H NMR spectrum of the pyrimidine compound showed signals as singlets at 
δ = 12.81 and 12.85  ppm, corresponding to NH signals. Signals corresponding 
to aromatic protons appeared between δ = 7.34–7.82  ppm. The 13C NMR spec-
trum showed characteristic signals at 192.40, 176.45, and 159.97  ppm due to 
O = C–Ar, C=S, pyrimidine, and C=O, pyrimidine ring of the compound, respec-
tively [48]. It showed 10 peaks in the region of 152.74–116.31 ppm due to other 
aromatic carbon atoms. Because of the symmetry of some carbons in the phenyl 

http://www.rcsb.org/pdb
http://www.rcsb.org/pdb
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and benzoyl rings are identical and give one peak. Namely; C7 with C9 and C10 
with C6 are identical in the phenyl ring give a peak at 129.63 and 129.15 ppm. 
Similarly, C18 with C22 and C19 with C21 in the benzoyl ring are the identical 
and give a peak at 128.93 and 128.67 ppm. All analytical and spectroscopic data 
obtained support the proposed structure.

The ORTEP-3 diagram of the title compound is presented in Fig. 1. The mol-
ecule crystallizes in the monoclinic space group P21/c, with the following dimen-
sions: a = 16.299(4), b = 7.906(2), c = 11.836(3), and β = 104.3 (9) (Table SI 1).

The carbon–carbon bond lengths range from 1.37(2) to 1.50(2) Å, with the 
C12–C15 and C14–C15 bonds in the PT observed at 1.38 and 1.46  Å, respec-
tively (Table SI 2). Additionally, the carbon–sulfur bond length is measured at 
1.67(3) Å, consistent with the findings of Fabijanić et al. (2017) [49]. The C–N 
bond length varies between 1.362 and 1.396  Å, which is shorter than the typi-
cal C–N single bond length of 1.48 Å but slightly longer than the expected C=N 
double bond length of 1.28 Å [50].The C–O bond length is observed in the range 
of 1.23(2) Å. The angle between plane centroids have been found about 76.6°. 
So, the overall structure deviates from planarity. This indicates that, while parts 
of the molecule (such as aromatic or unsaturated rings) may be locally planar, the 
molecule adopts a twisted conformation.

The angle around C–C bonds have been found around 120°. The reported 
angles of around 120° are characteristic of sp2 hybridization, common in planar 
regions like aromatic rings. The crystal packing diagram of the title compound 
can be seen in Fig.  2 (CCDC deposition number is 2,432,561). The geometry 
tools allow for distance and angle measurements, which would be useful in con-
firming N–H···S and C–S···H interactions as discussed earlier [49].

Fig. 1   The Ortep view of the PT compound
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Cyclic voltammetry results of 5‑benzoyl‑6‑phenyl‑pyrimidin‑4‑one‑2‑thione 
compound on GCE

Cyclic voltammetry results of the PT compound on GCE in anhydrous medium 
(0.1  M TBAP) are given in Fig.  3. In Fig.  3a, an irreversible cathodic peak was 
observed around − 0.83 V in three-cycle CV curves at a 100 mV/s voltage scan rate. 
A higher current density is observed in the first cycle, which indicates that there is 

Fig. 2   The crystal packing of the PT compound

Fig. 3   Cyclic voltammetry curves for the PT compound recorded on GCE at a 100 mV/s voltage scan 
rate and b 25 mV/s and 500 mV/s voltage scan rates. Dashed line: 0.1 M TBAP supporting electrolyte
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adsorption or chemical transformation on the electrode surface. The decrease in cur-
rent density after the first cycle can be attributed to reasons such as the binding of 
the compound to the electrode surface or the formation of a surface film. How the 
reaction kinetics change with increasing scan rates is clearly observed. At low rates, 
the reaction is more balanced, but at high rates, kinetic and diffusion effects become 
dominant. In addition, the cathodic peak voltage value shifted to more negative val-
ues as the voltage scan rate increased (Fig. 3b). The linear relationship between the 
cathodic peak current value, the voltage scan rate and the slope value between the 
logarithm of the cathodic peak current value and the voltage scan rate logarithm 
(0.678) were calculated between 0.5 and 1. These results show that PT has a diffu-
sion-assisted adsorption feature on GCE under these study conditions.

Voltammetric results for the interaction of PT compound with DNA

Voltammetric studies of the PT–DNA interaction were carried out as stated in sec-
tion (voltammetric method). In these studies, firstly, the conditions were identified 
under which the anodic signal intensity of the guanine base on GCE of DNA was 
most sensitive. For this purpose, researchers generally use the DPV technique as a 
voltammetric technique in drug-DNA interaction studies [24, 36]. Thus, optimiza-
tion experiments were carried out for the guanine anodic signal. Deposition volt-
age (0 to + 0.6 V) and deposition time (0–210 s) for the guanine signal in PBS sup-
porting electrolyte (pH 7.4, containing 0.02 M NaCl) were studied. As a result of 
the experiments, the most sensitive signals were obtained at 120 s deposition time 
and + 0.5 V deposition voltage values on GCE (Fig. 4, black line). Under these study 
conditions, a 65% increase in guanine anodic signal intensity and a positive change 
in anodic voltage value were observed in the interaction of the PT compound with 
DNA (Fig. 4, dashed red line). The changes in guanine oxidation signal upon addi-
tion of PT compound suggest a strong interaction between PT and the guanine moi-
ety of DNA. Guanine bases are electroactive and provide a measurable anodic peak 
due to their oxidation at the electrode surface. A decrease in the guanine oxidation 
peak current after PT addition indicates that PT likely binds to DNA and hinders the 
electron transfer of guanine. This is commonly observed in intercalative or electro-
static interactions, where drug molecules occupy binding sites between base pairs or 
on the phosphate backbone, respectively, reducing the accessibility of guanine for 
oxidation [22, 51, 52].

In this part of the study, DPV curves were recorded between 5 and 150 s in order 
to determine the maximum interaction time for the interaction of DNA with PT 
(Fig. 5). The anodic signal intensity in the guanine base of DNA decreases as the 
interaction time increases. In this process, a decrease in the anodic signal intensity 
was detected due to the complex structure formed between DNA and PT. There was 
no significant change in the anodic signal intensity after 90 s due to the interaction 
between DNA and PT. Thus, the interaction time was accepted as 90 s unless other-
wise stated in the following parts of the analytical study (Fig. 6).

In the optimum conditions of this study, DPV curves were recorded by adding PT 
between 0.25 mg/L and 1.25 mg/L while keeping the DNA concentration constant 
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at 25 mg/L in PBS (pH 7.4, containing 0.02 M NaCl) medium (Fig. 6). As can be 
seen from the recorded DPV curves, a decrease in the anodic signal intensity was 
observed due to the PT–DNA complex compound formed after each PT addition. 
This behavior is consistent with drug-DNA interactions observed for many small 
molecules, where the binding of the drug alters the structural conformation of DNA 
and restricts the electrochemical accessibility of nucleobases [51, 53]. Analytically, 
there was no significant change after the addition of 1.25  mg/L PT. The anodic 
peak voltage value shifted to a more positive region due to the PT–DNA interac-
tion. The interaction of PT with DNA has great importance in terms of determining 
the binding constant. This binding constant shows how effectively PT enters and 
binds to the target cells of DNA. As a result of this interaction, the formation of 
a PT + DNA ↔ PT–DNA complex structure was evaluated as a simple model. The 
binding constant was calculated from the recorded PT–DNA interaction curves 
according to the following Equation [54].

In the equation, K represents the binding constant, IDNA guanine peak current and 
I(PT–DNA) represents the guanine peak current measured after the interaction of PT 
with DNA. The binding constant K of this complex was found using the value where 

log
1

[PT]
= logK + log

I(PT−DNA)

IDNA − I(PT−DNA)
)

Fig. 4   Differential pulse voltammograms recorded in PBS (pH 7.4, containing 0.02 M NaCl) supporting 
electrolyte medium for PT–DNA interaction
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the y-axis intersects the curve obtained by plotting log(1/[PT]) against log(IPT–DNA/
IDNA −I(PT–DNA)) values. The Kb constant between PT and DNA was found to be 
1.05 × 10+5. The free energy of binding was calculated as ΔG = − RTInKb, where 
ΔG = − 6.50  kcal/mol. A negative ΔG value indicates that the PT–DNA binding 
process is spontaneous under the studied conditions. Furthermore, the positive shift 
in peak potential and suppression of guanine oxidation signal suggest that the PT 
molecule may interact with DNA via intercalation or electrostatic binding, which 
are typical mechanisms for small-molecule-DNA interactions. Intercalators usually 
insert between base pairs, while electrostatic interactions often occur along the neg-
atively charged phosphate backbone [22, 24, 51]. The fact that AG < 0 indicates that 
the PT–DNA complex structure interaction can occur spontaneously on the GCE 
surface under these working conditions. As can be seen from this interaction, the PT 
compound probably interacted with DNA via electrostatic interaction or intercala-
tion [25]. In this process, the charge transfer force of the PT compound can inter-
vene between the helical structures of DNA and deform the DNA.

Spectrophotometric results for PT–DNA interaction

Firstly, the spectra were recorded for the PT compound in the wavelength range of 
200–800 nm (Fig. 7, red dashed line). PT gave a well-defined maximum absorption 

Fig. 5   Differential pulse voltammograms recorded for PT–DNA interaction time
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band at 274 nm and a very broad-spectrum wave at approximately 325 nm. In the 
interaction experiments of PT with DNA, the spectra for the complex compound 
formed after adding 0.5–4 mg/L DNA to the PT solution were recorded in the wave-
length range of 200–800 nm in PBS (pH 7.4) medium (Fig. 7). In these experiments, 
no analytical change was observed in the spectral band observed at approximately 
325  nm wavelength after each successive addition of DNA solution. However, 
in the absorption band observed at 274  nm wavelength, there was an increase in 
absorbance intensity (hyperchromic shift) and a shift in wavelength toward 269 nm 
(hypochromic shift) due to the complex compound structure formed after each DNA 
addition.

The increase in absorption during the interaction of PT with DNA indicates that 
the local structure of DNA is disrupted or base pairs are exposed. This is usually 
associated with denaturation of DNA or binding of PT to major/minor grooves of 
DNA. At the same time, hypochromism is caused by the overlapping of π electrons 
due to the insertion of functional groups from PT between DNA base pairs (interca-
lation), and these data are also consistent with molecular docking data [55, 56]. In 
addition, the shift in wavelength, the change in absorption intensity, and the iso-
bestic point observed at 325 nm wavelength indicate that a new complex structure 
formed as a result of the interaction of the PT compound with DNA. The binding 

Fig. 6   Differential pulse voltammograms recorded in PBS (pH 7.4, containing 0.02 M NaCl) supporting 
electrolyte medium using GCE for PT–DNA interaction
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constant (K) of this complex compound was calculated using the Benesi-Hildebrand 
equation (  A

0

A−A
0

=
�G

�H−G

+
�G

�H−G−�G
x

1

K[DNA]
 )  [57]. Here A0 is the absorbance of PT, A 

is the absorbance of PT–DNA complex, ℰ is the PT absorption coefficient, and ℰH-G 
is the absorption coefficient of the PT–DNA complex. When the necessary calcula-
tions were made, K = 1.19 × 105 M1− was found. By using the PT–DNA complex 
formation constant, the binding free energy (ΔG) was calculated as ΔG = − 6.35 kcal/
mol. These results show that the interaction with PT–DNA causes the hypochromism 
effect in the absorption spectrum of DNA [27, 55]. These interactions show that the 
compound binds to DNA via intercalation and groove binding, which is consistent 
with the molecular docking results.

Molecular docking results for PT–DNA interaction

Molecular docking studies are a powerful computational technique used to under-
stand and model interactions between biomolecules. This technique provides useful 
preliminary information, especially for studies in the field of drug design. Molecular 
docking is used to model how potential drug candidates will bind to biomolecules 
such as target proteins, DNA, or RNA. The evaluation of the obtained data contrib-
utes to the understanding of target-drug interactions in the drug development pro-
cess. As a result of docking studies, whether biomolecular targets are suitable for 
drug development can be checked. The molecular docking results for the PT–DNA 

Fig. 7   Spectrophotometric spectra recorded for the interaction of PT with DNA
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interaction are given in Fig. 8. In this computational simulation, two strong interac-
tions were observed. DNA DG B:14 nucleotides made conventional hydrogen bonds 
with the oxygen in the pyrimidine carbon at an average distance of 5.56 Å and with 
the oxygen at the benzoyl carbon at an average distance of 7.78 Å. At the same time, 
DC A:11 nucleotide interacted with the benzoyl phenyl ring and formed a Pi-donor 
hydrogen bond [58]. These interactions were connected with a binding affinity of 
− 8.12  kcal/mol. The molecular docking binding affinity is compatible with both 
voltammetric and spectrophotometric results. The PT–DNA interaction appears to 
involve electrostatic and minor groove binding.

Conclusion

In this study, we synthesized a new heterocyclic compound PT, and its structural 
characterization was successfully carried out by methods such as microanalysis, 
FT-IR, NMR, API-ES, and X-ray crystallography. Voltammetric studies using GCE 
showed that PT gave an irreversible reduction peak at − 0.83 V, which revealed the 
electrochemical stability of the compound and its irreversible redox behavior.

Interaction studies with DNA showed that PT had a strong and thermodynami-
cally favorable binding process with DNA. Voltammetric analysis results calculated 
the binding free energy as − 6.5 kcal/mol, and the results obtained from spectropho-
tometric and molecular docking studies supported these findings. Molecular dock-
ing data determined the binding free energy as − 8.12  kcal/mol and revealed that 
PT interacted with DNA electrostatically and via the minor binding groove. The 

Fig. 8   Molecular docking images and results recorded for PT–DNA interaction
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findings demonstrate the potential of PT to interact with biomolecules and particu-
larly its ability to bind with DNA, suggesting that compounds synthesized based on 
PT may be candidates for therapeutic and biomedical applications in the future.
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