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INTRODUCTION 

Breast cancer is fundamentally characterized by deregulated cellular proliferation and is clinically classified by the presence 

or absence of specific hormone receptor markers, including estrogen receptor (ER), progesterone receptor (PR), and human 

epidermal growth factor receptor 2 (HER2)1. The expression profiles of these biological receptors define distinct luminal 

breast cancer subtypes, directly influencing the subsequent selection of targeted therapeutic regimens2. Among these 

variants, the Luminal A subtype exhibits the highest clinical incidence, accounting for approximately 40% of all diagnosed 

cases compared to Luminal B, HER2-enriched, and triple-negative breast cancer (TNBC) cohorts3. Pathological features of 

Luminal A include an ER-positive (ER+), PR-positive (PR+), and human epidermal growth factor receptor 2-negative 

(HER2-) signature, alongside a Ki-67 proliferation index of less than 20%, a favorable clinical prognosis, and a distinct 

absence of aggressive mutational cascades, rendering it highly responsive to conventional adjuvant hormonal 

interventions4. 
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 Abstract 

Luminal A subtype breast cancer is the most prevalent disease 
suffered by women, characterized by the presence of positive 
hormone receptors in the form of estrogen and progesterone. 
Thiourea derivatives have been shown to exhibit cytotoxicity 
against breast cancer cells in silico across multiple receptor 
targets. The purpose of this study was to determine the binding 
energy and QSAR equation of N-
(Ethylcarbamothioyl)benzamide derivatives in silico. Molecular 
docking of the compounds was performed using 
AutoDockTools-1.5.7 with estrogen-α (PDB ID: 3ERT) and 
progesterone (PDB ID: 2OVM) receptor targets. The results 
showed that the compound 4-(benzyloxy)-N-
(ethylcarbamothioyl)benzamide had the smallest free energy of 
binding (∆G) and Ki on estrogen-α and progesterone receptor of 
-7.13 kcal/mol and 5.96 μM and -8.04 kcal/mol and 1.27 μM, 
respectively. The best QSAR equation for estrogen-α receptor is 
∆G = 0.465 (LogP)2 - 2.276 logP + 0.311 ELUMO - 0.091 MR + 5.075 
(R = 0.914, α <0.001, F = 16.595 and SE = 0.41331) and 
progesterone receptor is ∆G = -0.058 (LogP)2 - 0.033 tPSA + 0.011 
Etot - 0.08 MR + 1.683 (R = 0.92, α <0.001, F = 18.028 and SE = 
0.37388). The QSAR equation is statistically significant if the R-
squared value approaches 1, significance (α <0.05), Fcount > Ftable, 
and the smallest standard deviation (s). The predicted 
physicochemical properties that influence cytotoxic activity at 
the estrogen-α receptor are lipophilic (logP), electronic (ELUMO), 
and steric (MR). In contrast, those at the progesterone receptor 
are lipophilic (tPSA), electronic (Etot), and steric (MR). 
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Globally, cancer incidence metrics expand each year substantially; data from the International Agency for Research on 

Cancer (IARC) estimated the 2022 global burden at 20 million new cases with 9.7 million associated fatalities, with 

projections indicating a 77% surge to 35 million new annual cases by the year 2050. Within this epidemiological landscape, 

breast cancer stands as the leading malignant diagnosis among women worldwide, representing 2.3 million new cases 

(11.6%) and resulting in 670,000 deaths (6.9%) annually5. Intracellularly, ER and PR receptors are constitutively expressed in 

15% to 30% of normal mammary luminal epithelial cells6. The primary ER isoforms driving breast cancer pathophysiology 

are ERα and ERβ, with the ERα isoform actively expressed in up to 70% of all breast malignancies, whereas ERβ expression 

regularly decreases as clinical severity advances, underscoring its role as a ligand-activated tumor suppressor. Furthermore, 

functional PR is expressed in more than 60% of ER+ breast tumors7. 

The standard endocrine management of Luminal A subtype breast cancer heavily utilizes hormonal therapeutic modulators 

such as tamoxifen. Mechanistically, tamoxifen acts as a competitive antagonist of endogenous estrogens by binding to ERα, 

thereby suppressing downstream cancer cell proliferation and simultaneously downregulating estradiol-induced PR 

expression8. Prior computational investigations have demonstrated that tamoxifen binds to both ERα and PR, with distinct 

binding affinities during in silico molecular docking simulations9. Complementary research workflows have also targeted 

various secondary metabolites capable of binding and inhibiting these two core receptors in silico, positioning them as viable 

candidates for chemoprevention strategies10. 

Concurrently, thiourea derivatives have emerged as key pharmacophores with robust cytotoxic activity against breast 

cancer cell lines in both in silico and in vitro assays11. Automated in silico screenings of these derivatives have identified 

multiple target boundaries, including HER2, EGFR, and SIRT-1 complexes12,13. The underlying anticancer profile of the 

thiourea framework is driven by its essential core pharmacophores, specifically the sulfur (S) and nitrogen (NH) atoms, 

alongside the structural optimization of functional substituents arranged at the 1 and 3 positions of the thiourea scaffold14. 

Empirical evaluations have shown that thiourea derivatives functionalized with chlorine (Cl) and fluorine (F) atoms bound 

to peripheral aromatic rings exhibit enhanced in vitro cytotoxicity15,16. Incorporating a halogen atom, such as Cl, into the 

aromatic architecture acts as an inductive electron-withdrawing group, enhancing molecular lipophilicity and directly 

increasing cytotoxic efficacy in MTT cell viability assays17. Similarly, the integration of benzoyl and methyl structural groups 

onto the thiourea backbone increases overall anticancer activity compared to basic hydroxyurea models that lack a benzoyl 

ring system, while the addition of a nitro group (--NO2) acts as a powerful structural electron-withdrawing moiety18. 

The specific compound N-(Ethylcarbamothioyl)benzamide and its structural derivatives possess a common layout, with a 

core S and NH atom, integrated aromatic rings, and accessible substituent sites for Cl, --CH3, --NO2, and F groups on the 

phenyl ring system. Based on these topological attributes, it is possible to map and predict the potential anticancer efficacy 

of N-(Ethylcarbamothioyl)benzamide derivatives using in silico modeling methods. Consequently, this study uses 

molecular docking simulations to evaluate a series of N-(Ethylcarbamothioyl)benzamide derivatives for their capacity to 

inhibit ERα (PDB ID: 3ERT) and PR (PDB ID: 2OVM) using AutoDock software to calculate their comparative free binding 

energies (ΔG). The selection of these specific PDB crystallographic coordinates was based on the structural alignment of their 

respective native co-crystallized ligand, 4-hydroxytamoxifen (4OHT). Preliminary control simulations established that the 

baseline ΔG metrics for the native 4OHT compound against ERα and PR are -11.35 kcal/mol and -9.80 kcal/mol, 

respectively. 

 

MATERIALS AND METHODS 

Materials 

The computational materials used in this study comprised the two- and three-dimensional molecular structures, along with 

the canonical SMILES codes for 4OHT, N-(Ethylcarbamothioyl)benzamide, and its structural derivatives. The 

crystallographic coordinates for the target macromolecules, specifically ERα and PR, were retrieved from the RCSB Protein 

Data Bank using the PDB identifiers 3ERT and 2OVM, respectively. Molecular modeling, structure drawing, and geometric 

optimizations were performed using ChemBioDraw Ultra 2D and 3D version 20.0. In silico physicochemical descriptors, 

including partition coefficients (LogP) and molecular weights, were computed using the pkCSM online platform, while 

structural line notations were processed via the CACTUS online SMILES generator. Graphical visualizations of ligand-
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receptor interactions and amino acid residue mapping were conducted using Discovery Studio 2021. Molecular docking 

simulations were performed using AutoDockTools 1.5.7 on a Windows 10 system with an Intel Core i5 processor and 256 

GB of memory, while downstream quantitative structure-activity relationship (QSAR) modeling and statistical regression 

were performed using IBM SPSS version 27.019-21. 

 

Methods 

Macromolecular target selection and receptor preparation 

The target receptor structures for 3ERT and 2OVM were prepared by removing all co-crystallized water molecules and non-

essential heteroatoms from the protein matrix. Polar hydrogen atoms were added to the target structures, missing atoms 

were repaired, and Gasteiger-type electrical balances were assigned by computing Kollman charges before exporting the 

final macromolecular structures in PDB format. The selection of these specific PDB crystallographic coordinates was based 

on the structural alignment of their respective native co-crystallized ligand (4OHT)21. 

 

Ligand sketching, structural optimization, and geometric minimization 

Candidate ligand structures were sketched in 2D using ChemBioDraw Ultra version 20.0, structurally refined using the 

built-in "Clean Up Structure" algorithm, and subsequently transferred into the ChemBioDraw Ultra 3D module. Energy 

minimization was performed using the MMFF94 force field to obtain the lowest possible conformer energy. The optimized 

ligand geometries were saved in SMILES (.smi), SYBYL (.mol2), and SDFile (*.sdf) formats, and the final docking inputs 

were converted to the standard PDBQT format, with configuration methods documented in the DPF and GPF file formats21. 

 

Re-docking protocol and spatial method validation 

Prior to screening the novel derivatives, the docking protocol was validated via a cross-validation re-docking procedure to 

ensure accuracy. The method was considered valid if the Root Mean Square Deviation (RMSD) between the computed pose 

and the co-crystallized pose of the native ligand was less than 2 Å. The native control ligands used for validation were 4OHT 

for 3ERT and 4-[(11β,17β)-17-methoxy-17-(methoxymethyl)-3-oxoestra-4,9-dien-11-yl]benzaldehyde oxime for 2OVM22. 

 

Production molecular docking and active site grid parametrization 

Production docking runs between the targets and the prepared MOL2 files of 4OHT, N-(Ethylcarbamothioyl)benzamide, 

and its derivatives were performed using AutoDockTools-1.5.7. The simulations used a defined grid box of 40 x 40 x 40 Å³, 

with a spatial resolution of 0.375 Å, centered at x = 30.282, y = -1.913, and z = 24.206 to encapsulate the active binding pocket, 

with the ligand positioned at the center. The primary binding outputs were recorded as ΔG (kcal/mol) and inhibition 

constants (Ki), while the specific participating pocket amino acid residues were evaluated using Discovery Studio 

Visualizer22. 

 

Quantitative structure-activity relationship descriptor modeling 

Linear and non-linear regression equations for the QSAR modeling of N-(Ethylcarbamothioyl)benzamide derivatives 

against both target receptors were developed using IBM SPSS. The independent variables comprised lipophilic descriptors 

(LogP and tPSA), electronic properties (total energy, Etot, and lowest unoccupied molecular orbital energy, ELUMO), and steric 

parameters (molecular weight, MW, and molecular refractivity, MR), which were evaluated to identify their relationship 

with the calculated docking affinity (ΔG). The required descriptor metrics were compiled from the pkCSM online platform 

(LogP and MR), ChemBioDraw Ultra 2D (tPSA and MR), and ChemBioDraw Ultra 3D (Etot and ELUMO)23. 

 

Data analysis 

The quantitative data generated from the docking simulations and descriptor calculations were organized into structured 

tabular matrices. The resulting QSAR regression equations were evaluated against standard statistical thresholds to assess 

model validity. The QSAR equations met the required criteria if the correlation coefficient (r) approached 1.0, the significance 

value (sig.) satisfied α <0.05, the calculated F-statistic was greater than the critical F-value, and the standard deviation (s) was 

the lowest possible19,23. 
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RESULTS AND DISCUSSION 

The in silico investigation began with the generation of the initial 2D geometries of the core compounds. Figure 1 illustrates 

the optimized topologies of 4OHT, the parent N-(Ethylcarbamothioyl)benzamide scaffold, and its representative 

halogenated derivative, 3,4-dichloro-N-(ethylcarbamothioyl)benzamide. Following structure generation, systematic 

molecular docking simulations of the N-(Ethylcarbamothioyl)benzamide derivatives were performed using 

AutoDockTools-1.5.7. The resulting structural poses were analyzed using four primary criteria: RMSD values, ΔG, Ki, and 

spatial amino acid residue interactions. The comprehensive docking metrics for the native control and the seventeen newly 

designed derivatives (NE1–NE17) against both hormone receptors are compiled in Table I. 

 

 
a    b    c 

Figure 1. 2D structure of the compound: (a) 4OHT, (b) N-(Ethylcarbamothioyl)benzamide, (c) 3,4-dichloro-N-
(ethylcarbamothioyl)benzamide. 

 
Table I. ΔG and Ki values of 4OHT and N-(Ethylcarbamothioyl)benzamide derivatives. 

Code Substituents Chemical Compound 
ERα (3ERT) PR (2OVM) 

RMSD 
(Å) 

ΔG 
(kcal/mol) 

Ki (μM) 
RMSD 

(Å) 
ΔG 

(kcal/mol) 
Ki (μM) 

4OHT -OH 4-hydroxytamoxifen 1.117 -11.35 4.77 x 10-3 1.062 -9.80 65.06 x 10-3 
NE - N-

(Ethylcarbamothioyl)benzamide 
1.125 -4.36 636.29 1.046 -5.15 168.29 

NE1 3,4-Cl2 3,4-dichloro-N-
(ethylcarbamothioyl)benzamide 

1.149 -4.82 295.36 1.067 -6.33 22.98 

NE2 3,4-(CF3)2 N-(ethylcarbamothioyl)-3,4-
bis(trifluoromethyl)benzamide 

1.062 -4.77 318.88 1.051 -5.93 45.35 

NE3 2,4-Cl2 2,4-dichloro-N-
(ethylcarbamothioyl)benzamide 

1.259 -4.61 417.25 1.069 -6.25 26.35 

NE4 4-C(CH3)3 4-(tert-butyl)-N-
(ethylcarbamothioyl)benzamide 

1.153 -5.79 57.05 1.030 -6.96 7.90 

NE5 3,4-(CH3)2 N-(ethylcarbamothioyl)-3,4-
dimethylbenzamide 

1.040 -4.94 241.14 1.073 -6.01 39.26 

NE6 4-
OCH(CH3)2 

N-(ethylcarbamothioyl)-4-
isopropoxybenzamide 

0.970 -5.80 55.85 1.033 -6.54 16.20 

NE7 4-OCH2Ph 4-(benzyloxy)-N-
(ethylcarbamothioyl)benzamide 

1.072 -7.13 5.96 1.063 -8.04 1.27 

NE8 4-OPh N-(ethylcarbamothioyl)-4-
phenoxybenzamide 

1.158 -6.60 13.09 1.062 -7.23 5.01 

NE9 3,5-Cl2 3,5-dichloro-N-
(ethylcarbamothioyl)benzamide 

1.090 -4.94 237.79 1.066 -5.67 70.15 

NE10 3,5-(CF3)2 N-(ethylcarbamothioyl)-3,5-
bis(trifluoromethyl)benzamide 

1.301 -4.93 243.19 1.052 -5.43 105.05 

NE11 3-NO2 N-(ethylcarbamothioyl)-3-
nitrobenzamide 

1.114 -4.66 383.72 1.081 -7.02 7.14 

NE12 4-F N-(ethylcarbamothioyl)-4-
fluorobenzamide 

1.055 -4.34 655.78 0.977 -5.13 172.88 

NE13 3-N(CH3)2 3-(dimethylamino)-N-
(ethylcarbamothioyl)benzamide 

1.137 -5.04 202.92 0.968 -5.77 58.50 

NE14 2-Cl 2-chloro-N-
(ethylcarbamothioyl)benzamide 

1.251 -4.19 846.10 1.057 -5.21 152.83 

NE15 2-CH3 N-(ethylcarbamothioyl)-2-
methylbenzamide 

1.096 -4.01 1160.00 1.070 -5.13 173.02 

NE16 2-OCH3 N-(ethylcarbamothioyl)-2-
methoxybenzamide 

1.064 -3.90 1390.00 0.982 -5.41 109.12 

NE17 4-N(CH3)2 4-(dimethylamino)-N-
(ethylcarbamothioyl)benzamide 

1.084 -3.89 1400.00 1.075 -5.63 75.24 

 

Prior to conducting production docking runs, the co-crystallized native ligand was validated to confirm grid precision. The 

cross-validation protocol yielded RMSD values ranging from 0.970 to 1.301 Å for ERα and from 0.968 to 1.081 Å for PR. 

Because all computed RMSD entries fell safely below the standard 2.0 Å threshold, the docking grid configuration 
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demonstrated sufficient accuracy. RMSD limits are widely used to assess how closely a predicted in silico model aligns with 

empirical crystallographic structures, with values below 2.0 Å indicating reliable structural reproducibility24. 

The synthesized N-(Ethylcarbamothioyl)benzamide derivatives exhibited calculated ΔG spanning from -4.34 to -7.13 

kcal/mol against ERα, and -5.13 to -8.04 kcal/mol against PR. The derivative 4-(benzyloxy)-N-

(ethylcarbamothioyl)benzamide (NE7) demonstrated the highest binding affinity across both macro-receptors, recording 

lowest energy scores of -7.13 kcal/mol and -8.04 kcal/mol, respectively. Thermodynamic binding energy describes the net 

potential driving force required for an exogenous ligand to stabilize within a targeted receptor cleft; highly negative ΔG 

values indicate enhanced stability and stronger intermolecular affinity. In structure-based drug design, these energy values 

provide predictive metrics to map ligand affinities, identify promising hit candidates, and optimize lead structures by 

estimating how well a molecule fits the active site topology25. 

Correspondingly, the computed Ki for the derivative library ranged from 5.96 to 1400 μM for ERα, and 1.27 to 173.02 μM for 

PR. Consistent with the energy metrics, compound NE7 achieved the lowest Ki values at 5.96 μM (ERα) and 1.27 μM (PR). 

The inhibition constant is a critical kinetic descriptor that reflects the concentration of an antagonist required to reduce 

enzyme or receptor activation by half; lower Ki values indicate that lower drug concentrations are needed to achieve receptor 

saturation26. Molecules with high thermodynamic affinities naturally demonstrate lower Ki thresholds. This relationship is 

governed by the equation Ki = exp(ΔG/RT), where R is the universal gas constant, and T is the absolute temperature. 

Consequently, an increasingly negative ΔG directly scales the exponential Ki index down, confirming a tighter ligand-target 

complex27. 

The spatial orientations and atomic contacts linking these ligands to the active sites of ERα (3ERT) and PR (2OVM) are 

mapped in Figure 2. The interaction profile for the high-affinity compound 4-(benzyloxy)-N-

(ethylcarbamothioyl)benzamide (NE7) within the ERα active site includes a distinct hydrogen bond at AspA:351, supported 

by non-bonded steric contacts across ThrA:347, AspA:351, MetA:343, LeuA:346, TrpA:383, LeuA:387, LeuA:354, AlaA:350, 

LeuA:525, and MetA:421. Within the PR cleft, NE7 anchors via multiple hydrogen bonds at TyrA:890, CysA:891, and 

GlnA:725, balanced by steric stabilization at MetA:756, PheA:778, LeuA:763, LeuA:887, MetA:801, and MetA:759. The 

hydrogen-bonding network of NE7 is notably more extensive in the PR target than in ERα. This structural difference aligns 

with the computed ΔG values, which favor PR target (-8.04 kcal/mol) over ER complex (-7.13 kcal/mol), as localized 

hydrogen bonds stabilize the bound-state conformation28. When contrasted with the high-affinity profile of NE7, the low-

affinity derivative 4-(dimethylamino)-N-(ethylcarbamothioyl)benzamide (NE17) forms fewer directional contacts with 

surrounding amino acids. Structurally, ΔG is derived from a balance of internal ligand-protein energies and conformational 

entropy losses upon binding29. The superior performance of NE7 is largely driven by its dual benzene rings, which enhance 

hydrophobic interactions and boost overall cytotoxic potential30. 

To build a descriptive QSAR framework, the lipophilic, electronic, and steric properties of the derivatives were evaluated. 

The structural parameters gathered in Table II serve as independent molecular descriptors for the mathematical QSAR 

modeling. These lipophilic, electronic, and steric indices are essential for predicting drug-likeness profiles alongside ADMET 

pharmacokinetic parameters. Lipophilicity scales describe a molecule's capacity to traverse lipid bilayers, which is frequently 

quantified by LogP and tPSA values31. Electronic variables reflect molecular charge distribution and target-binding 

tendencies, captured here by Etot and ELUMO. Steric properties, including molecular volume and spatial boundaries that 

dictate contact with the active site pocket, are represented by MW and MR32. According to the standard rule-of-five criteria, 

a candidate molecule is considered drug-like when its LogP is less than or equal to 5, its MW is less than or equal to 500 

g/mol, and its tPSA is less than or equal to 140 Å for effective passive membrane absorption33. The evaluated N-

(Ethylcarbamothioyl)benzamide derivatives systematically met these drug-likeness thresholds. 

Linear and non-linear polynomial regression models were constructed by correlating computed docking affinities against 

the lipophilic, electronic, and steric descriptors of the series. The generated QSAR models identify key physicochemical 

parameters that influence the predicted cytotoxic profiles. The resulting equations are detailed in Table III. The 

mathematical QSAR outputs isolate specific lipophilic, electronic, and steric configurations that directly govern interactions 

within the target binding pocket. For the ERα dataset, the top-performing QSAR model is represented by Equation 19: ΔG 

= 0.465 (LogP)2 - 2.276 logP + 0.311 ELUMO - 0.091 MR + 5.075, which achieved an r value of 0.914, significance under 0.001, a 

calculated F-statistic of 16.595 (exceeding the critical table value of 3.18), and a standard error of 0.41331. For the progesterone 

dataset, the optimal mathematical fit is also captured by Equation 19: ΔG = -0.058 (LogP)2 - 0.033 tPSA + 0.011 Etot - 0.080 MR 
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+ 1.683, yielding an r value of 0.920, significance under 0.001, an F-statistic of 18.028 (critical table value of 3.18), and a 

minimized standard error of 0.37388. Within these mathematical frameworks, positive descriptor coefficients indicate a 

direct relationship with the dependent variable, whereas negative values indicate an inverse relationship. 

 

 
a     b 

 
c     d 

Figure 2. 2D Interactions receptor and ligand 4-(benzyloxy)-N-(ethylcarbamothioyl)benzamide and 4-(dimethylamino)-N-
(ethylcarbamothioyl)benzamide, respectively: (a and c) on ERα (3ERT); (b and d) and on the progesterone (2OVM) receptor in silico. 

 
Table II. Lipophilic, electronic, and steric properties of N-(Ethylcarbamothioyl)benzamide derivatives. 

Code LogP tPSA (Å) Etot (kcal/mol) ELUMO MW (g/mol) MR (cm3/mol) 

NE 1.3108 41.13 -27.2652 -3.755 208.286 59.30 
NE1 2.6176 41.13 -27.0603 -2.868 277.176 68.51 
NE2 3.3484 41.13 3.97915 -3.582 344.280 72.31 
NE3 2.6176 41.13 -39.4137 -2.472 277.176 68.51 
NE4 2.6083 41.13 -9.27326 -3.337 264.394 78.97 
NE5 1.9276 41.13 -21.2280 -3.428 236.340 71.09 
NE6 2.0980 50.36 -14.8710 -2.913 266.366 76.03 
NE7 2.8898 50.36 1.77989 -2.917 314.410 91.04 
NE8 3.1031 50.36 -2.93193 -2.904 300.383 85.63 
NE9 2.6176 41.13 -53.0551 -3.542 277.176 68.51 
NE10 3.3484 41.13 20.1118 -3.703 344.280 72.31 
NE11 1.2190 92.94 -4.7893 -5.013 253.283 68.47 
NE12 1.4499 41.13 -29.5256 -2.811 226.276 59.70 
NE13 1.3768 44.37 -28.2963 -3.587 251.355 74.48 
NE14 1.9642 41.14 -31.5068 -3.284 242.731 63.90 
NE15 1.61922 41.13 -24.1695 -3.541 222.313 65.19 
NE16 1.3194 50.36 -21.9838 -3.401 238.312 66.54 
NE17 1.3768 44.37 -25.6970 -1.424 251.355 74.48 
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Table III. QSAR equation of N-(Ethylcarbamothioyl)benzamide derivatives on ERα and PR. 

No. 
Target and QSAR Model R Sig F-statistic SE 

ERα 

1 ΔG = -0.012 MW - 1.777 0.516 0.029 5.793 0.78881 
2 ΔG = -0.095 MR + 1.845 0.864 <0.001 46.937 0.46417 
3 ΔG = 0.561 logP - 0.012 Etot - 3.939 0.610 0.031 4.436 0.75368 
4 ΔG = -0.196 logP - 0.085 MR + 1.588 0.875 <0.001 24.443 0.46071 
5 ΔG = -0.000 tPSA - 0.095 MR + 1.849 0.864 <0.001 22.002 0.47939 
6 ΔG = -0.209 logP + 0.002 Etot - 0.087 MR + 1.782 0.875 <0.001 15.314 0.47562 
7 ΔG = -0.190 logP + 0.222 ELUMO - 0.090 MR + 2.638 0.892 <0.001 18.088 0.44569 
8 ΔG = (-9.019 x 10-5) tPSA - (6.480 x 10-5) Etot - 0.095 MR + 1.842 0.864 <0.001 13.690 0.49622 
9 ΔG = 0.011 tPSA + 0.335 ELUMO - 0.0103 MR + 3.039 0.890 <0.001 17.703 0.44952 
10 ΔG = 0.0351 (LogP)2 - 2.257 LogP - 1.881 0.597 0.037 4.148 0.76296 
11 ΔG = -0.163 (LogP)2 - 0.018 tPSA - 3.229 0.602 0.034 4.258 0.75938 
12 ΔG = -0.116 (LogP)2 - 0.011 Etot - 4.533 0.580 0.046 3.802 0.77455 
13 ΔG = -0.037 (LogP)2 - 0.087 MR + 1.470 0.872 <0.001 23.722 0.46600 
14 ΔG = 1.080 (LogP)2 - 5.197 logP - 0.030 Etot + 0.124 0.720 0.014 5.013 0.68334 
15 ΔG = 0.297 (LogP)2 - 1.529 logP - 0.085 MR + 2.876 0.885 <0.001 16.937 0.45741 
16 ΔG = -0.043 (LogP)2 - 0.004 tPSA - 0.085 MR + 1.543 0.873 <0.001 14.954 0.47998 
17 ΔG = 1.246 (LogP)2 - 5.645 logP - 0.029 Etot - 0.007 MW + 2.034 0.726 0.034 3.620 0.70246 
18 ΔG = 0.481 (LogP)2 - 2.310 logP - 0.007 Etot - 0.078 MR + 3.009 0.890 <0.001 12.328 0.46650 
19 ΔG = 0.465 (LogP)2 - 2.276 logP + 0.311 ELUMO - 0.091 MR + 5.075 0.914 <0.001 16.595 0.41331 
20 ΔG = -0.056 (LogP)2 - 0.007 tPSA + 0.005 Etot - 0.087 MR + 1.997 0.876 <0.001 10.716 0.49269 
21 ΔG = -0.019 (LogP)2 + 0.008 tPSA + 0.303 ELUMO - 0.098 MR + 2.788 0.891 <0.001 12.537 0.46340  

Progesterone 

1 ΔG = -0.085 MR + 0.047 0.829 <0.001 35.241 0.48186 
2 ΔG = 0.042 logP - 0.087 MR + 0.101 0.830 <0.001 16.596 0.49686 
3 ΔG = -0.031 tPSA - 0.010 MW - 1.990 0.632 0.022 5.000 0.68985 
4 ΔG = -0.024 tPSA - 0.081 MR + 0.893 0.901 <0.001 32.280 0.38670 
5 ΔG = 0.042 logP - (6.926 x 10-5) Etot - 0.087 MR 0.830 <0.001 10.327 0.51430 
6 ΔG = 0.048 logP + 0.248 ELUMO - 0.093 MR + 1.273 0.855 <0.001 12.681 0.47813 
7 ΔG = -0.031 tPSA - 0.001 Etot - 0.010 MW - 2.058 0.633 0.060 3.112 0.71402 
8 ΔG = -0.026 tPSA + 0.006 Etot - 0.088 MR + 1.525 0.906 <0.001 21.499 0.38931 
9 ΔG = -0.042 tPSA - 0.361 ELUMO - 0.010 MW - 2.657 0.684 0.028 4.108 0.67228 
10 ΔG = -0.024 tPSA + 0.005 ELUMO - 0.082 MR + 0.912 0.901 <0.001 20.087 0.40026 
11 ΔG = 0.014 (LogP)2 - 0.088 MR + 0.187 0.831 <0.001 16.691 0.49589 
12 ΔG = 0.225 (LogP)2 - 0.966 logP - 0.087 MR + 1.075 0.835 <0.001 10.939 0.49120 
13 ΔG = -0.140 (LogP)2 - 0.041 tPSA + 0.002 Etot - 3.396 0.665 0.029 4.057 0.65420 
14 ΔG = -0.142 (LogP)2 - 0.054 tPSA - 0.437 ELUMO - 4.247 0.763 0.008 6.011 0.58210 
15 ΔG = -0.212 (LogP)2 - 0.044 tPSA + 0.007 MW - 4.738 0.676 0.025 4.234 0.64830 
16 ΔG = -0.028 (LogP)2 - 0.027 tPSA - 0.075 MR + 0.694 0.902 <0.001 21.174 0.39540 
17 ΔG = 0.447 (LogP)2 - 1.911 logP - 0.009 Etot - 0.079 MR + 1.235 0.865 0.002 8.085 0.45120 
18 ΔG = 0.400 (LogP)2 - 1.745 logP + 0.324 ELUMO - 0.093 MR + 3.368 0.875 <0.001 10.626 0.46298 
19 ΔG = -0.058 (LogP)2 - 0.033 tPSA + 0.011 Etot - 0.080 MR + 1.683 0.920 <0.001 18.028 0.37388 
20 ΔG = -0.299 (LogP)2 - 0.066 tPSA - 0.522 ELUMO + 0.014 MW - 6.830 0.778 0.012 4.985 0.60098 
21 ΔG = -0.032 (LogP)2 - 0.029 tPSA - 0.050 ELUMO - 0.073 MR + 0.487 0.906 <0.001 14.847 0.40541 

 

The selection of these mathematical models was guided by standard statistical success parameters: maximizing r values 

toward 1.0, maintaining significance values under 0.05, confirming that computed F-values exceed critical thresholds, and 

minimizing standard errors34. Notably, the physicochemical attributes driving affinity against ERα differ from those 

governing the progesterone interface, particularly within the lipophilic and electronic descriptor parameters. The Etot, 

computed geometrically in ChemBioDraw 3D, represents the internal potential energy due to bond stretching, angle 

bending, electrostatic interactions, and Van der Waals forces. Minimized total energy values indicate more stable 

conformations35. The ELUMO is the lowest-energy level of an electron-deficient molecule; lower ELUMO values indicate a greater 

capacity to accept electrons from adjacent donors. Together, these lipophilic and electronic descriptors serve as essential 

predictors of how efficiently a small molecule navigates lipid membranes, distributes within vascular compartments, and 

fits into target receptor binding pockets36. 

 

CONCLUSION 

The in silico evaluation demonstrates that 4-(benzyloxy)-N-(ethylcarbamothioyl)benzamide exhibits greater 

thermodynamic affinity and a more negative free energy of binding when interacting with the progesterone receptor. This 
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reduced energy value confirms the formation of a highly stable, structurally favorable ligand-receptor complex. The QSAR 

models reveal that the lipophilic parameter LogP, the electronic parameter ELUMO, and the steric parameter MR serve as the 

primary structural descriptors driving the calculated in silico cytotoxic activity against ERα. Conversely, tPSA, Etot, and MR 

are key predictive variables that influence cytotoxicity at the PR interface. Future development of these derivatives requires 

thorough in silico evaluation of their toxicity and of their ADME profiles, alongside an assessment of the availability of 

commercial precursors, before initiating chemical synthesis. By balancing these molecular docking benchmarks, calculated 

cytotoxicities, predicted ADMET properties, and synthetic feasibility, the selected candidate compounds can be advanced 

to empirical in vitro evaluations using breast cancer cell-line cultures to validate their therapeutic potential. 
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