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Abstract:  In this study, a comprehensive analysis was conducted on RU-486 (Mifepristone) and its derivatives 

(Ph, KOH, NO₂, OH), focusing on their potential effectiveness against breast cancer. The analysis included 

Density of States (DOS) optimization, UV-Visible spectroscopy, Nuclear Magnetic Resonance (NMR) 

spectroscopy, and Molecular Electrostatic Potential (MEP) mapping. The electronic structures and stabilities of 

these molecules were examined through DOS, revealing how different functional groups influence their 

electronic properties. UV-Visible spectroscopy identified shifts in absorption maxima, which correspond to 

changes in electronic transitions due to functionalization. NMR spectroscopy provided insights into the chemical 

environments of specific nuclei, offering detailed information on molecular geometry and electronic distribution. 

MEP analysis mapped the electrostatic potential across the molecular surfaces, pinpointing regions of 

electrophilic and nucleophilic reactivity. Collectively, these analyses have enhanced the understanding of the 

electronic properties, reactivity, and potential pharmaceutical applications of RU-486 and its derivatives in breast 

cancer treatment. 
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RU-486 ve Türevlerinin (Ph, KOH, NO₂, OH) Yoğunluk Durumu (DOS), UV-Görünür, 

NMR Spektroskopisi ve Moleküler Elektrostatik Potansiyel (MEP) Üzerine Kapsamlı 

Analizi ve Meme Kanseri Üzerindeki Etkileri ile İlişkisi 
  

 

Öz: Bu çalışmada, RU-486 (Mifepriston) ve türevleri (Ph, KOH, NO₂, OH) üzerine meme kanserine karşı 

potansiyel etkinliklerine odaklanılarak kapsamlı bir analiz gerçekleştirilmiştir. Analiz, Yoğunluk Durumu (DOS) 

optimizasyonu, UV-Görünür spektroskopisi, Nükleer Manyetik Rezonans (NMR) spektroskopisi ve Moleküler 

Elektrostatik Potansiyel (MEP) haritalandırmasını içermektedir. DOS aracılığıyla bu moleküllerin elektronik 

yapıları ve kararlılıkları incelenmiş ve farklı fonksiyonel grupların elektronik özellikler üzerindeki etkileri ortaya 

konmuştur. UV-Görünür spektroskopisi, fonksiyonelleştirme nedeniyle elektronik geçişlerdeki değişimlere 

karşılık gelen absorpsiyon maksimumlarında kaymalar belirlemiştir. NMR spektroskopisi, belirli çekirdeklerin 

kimyasal ortamları hakkında detaylı bilgi sağlayarak moleküler geometrinin ve elektronik dağılımın 

anlaşılmasına katkıda bulunmuştur. MEP analizi, moleküler yüzeylerdeki elektrostatik potansiyeli 

haritalandırarak elektrofilik ve nükleofilik reaktivite bölgelerini belirlemiştir. Bu analizler bir araya 

getirildiğinde, RU-486 ve türevlerinin elektronik özellikleri, reaktiviteleri ve meme kanseri tedavisindeki 

potansiyel farmasötik uygulamaları hakkındaki çalışmalar artırmıştır. 
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1. Introduction  

 

Breast cancer continues to be a major global health problem, with a significant proportion of 

cases attributed to reproductive factors, particularly those related to hormonal exposure throughout a 

woman’s life (Obeagu & Obeagu, 2024). Progesterone, a key hormone in female reproductive 

physiology, is recognized for its role as a major mitogen in breast tissue, promoting the proliferation of 

breast epithelial cells during the luteal phase of the menstrual cycle (Bartkowiak-Wieczorek et al., 2024). 

Given the critical role of progesterone in breast tissue dynamics and tumorigenesis, there is increasing 

interest in the potential of progesterone receptor antagonists as a preventive strategy against breast 

cancer (Utjés et al., 2024). Mifepristone, a well-known PR modulator, has shown promising results in 

preclinical and clinical studies due to its ability to counteract the mitogenic effects of progesterone in 

the breast (Ciebiera et al., 2024). Despite these encouraging findings, the molecular mechanisms 

underlying the protective effects of mifepristone on normal breast tissue remain poorly understood (Elia 

et al., 2024). This study contributes to a deeper understanding of the molecular changes induced by 

progesterone antagonism and highlights the potential of mifepristone as a chemo preventive agent 

against breast cancer (Iftikhar et al., 2024). It represents the first in vivo examination of the breast 

transcriptome following mifepristone treatment and provides valuable insight into the early molecular 

events that may underlie its protective effects (Narwal et al., 2024). Breast cancer is one of the most 

common malignant tumors worldwide, and metastasis is a leading cause of death among patients 

(Mustafa et al., 2024). The tumor microenvironment (TME) plays a key role in breast cancer 

progression, particularly in drug resistance and distant metastasis (Kundu et al., 2024). Within the TME, 

cancer-associated fibroblasts (CAFs) are activated by tumor cells, leading to the secretion of pro-tumor 

factors and the production of extracellular matrix (ECM) components that impede drug penetration and 

facilitate epithelial-mesenchymal transition (EMT) (Zheng & Hao, 2024). In addition, glucocorticoids 

(GCs) may interact with glucocorticoid receptors (GRs) on breast cancer cells, contributing to 

immunosuppression and promoting metastasis (He et al., 2024). Recent strategies have focused on 

combining TME-modulating agents with chemotherapeutic approaches to enhance antitumor efficacy 

(Zhang et al., 2024a). Natural compounds such as Berberine (Ber) have been shown to inhibit CAF 

activation and ECM deposition while blocking the TGF-β/Smad2/3-mediated signaling pathway 

involved in tumor metastasis (Wu et al., 2024). Mifepristone (Ru486), known for its abortifacient 

properties, has shown antitumor activity by antagonizing GRs and inhibiting GC-GR-mediated 

metastasis. To overcome the limitations of traditional drug formulations, such as low bioavailability and 

systemic toxicity, the development of nanosized drug delivery systems has attracted significant attention 

(Lv et al., 2024). These systems, including liposomes and micelles, can co-deliver multiple drugs with 

different antitumor mechanisms, thereby enhancing targeted delivery and therapeutic efficacy (Xue et 

al., 2024). Nanosized carriers modified with hyaluronic acid (HA) show promise in improving drug 

penetration and targeting tumor cells via CD44 receptor-mediated endocytosis (Chen et al., 2024). The 

efficacy of these formulations was evaluated in vitro using the “MCF-7/MRC-5” dual-cell model and in 

vivo using the orthotopic 4T1 cell mouse model (Wu et al., 2024). The results showed that D-HMs and 

B&R-HLs effectively penetrated tumor tissues, inhibited CAF activation, reduced ECM deposition, and 

decreased tumor angiogenesis, ultimately leading to significant inhibition of breast cancer metastasis 

(Sayed et al., 2024). Density Functional Theory (DFT) calculations were performed to analyze the 

theoretical absorbance spectra, HOMO-LUMO orbitals, density of states (DOS) spectra, and various 

molecular properties. RU-486 (Mifepristone) and its derivatives are considered promising agents in 

breast cancer treatment by targeting progesterone and glucocorticoid receptors (Naqvi et al., 2025). Due 

to their potential to inhibit tumor growth and slow down metastatic processes, research on these 

compounds for breast cancer prevention and treatment has been steadily increasing (Xiong et al., 2025). 

Additionally, incorporating nanotechnological drug delivery systems can enhance the efficacy of RU-

486, providing a more specific and potent antitumor effect (Mohammad-Jafari et al., 2024). 
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2. Material and Methods 

 

2.1. Molecular structure Ooptimization 

 

The molecular structures of RU-486 (Mifepristone) and its derivatives (Ph, KOH, NO₂, OH) 

were optimized using Density Functional Theory (DFT), a quantum mechanical modeling method 

widely used in computational chemistry to predict molecular geometries and electronic properties with 

high accuracy. The optimization was carried out using the B3LYP functional combined with the 6-

311++G(d,p) basis set, which ensures precise treatment of electron correlation effects and provides 

reliable structural parameters (Kumar et al., 2024). Once the optimization process was completed, 

frequency calculations were performed to confirm that each geometry corresponded to a true local 

minimum on the potential energy surface. This step is crucial because imaginary frequencies would 

indicate a transition state rather than a stable molecule. The absence of imaginary frequencies verified 

that the structures obtained were stable conformations (Tegegn et al., 2024). The optimized molecular 

geometries obtained from this study serve as a foundation for further investigations, including electronic 

structure analysis (DOS), spectroscopic simulations (UV-Vis, NMR), and Molecular Electrostatic 

Potential (MEP) mapping, providing valuable insights into the potential applications of RU-486 

derivatives. 

The Density of States (DOS) analysis was performed to investigate the effects of different 

functional groups (Ph, KOH, NO₂, OH) on the electronic structures of RU-486 and its derivatives 

(Middleton et al., 2024). DOS analysis provides critical insight into the distribution of electronic energy 

levels and how functionalization influences molecular electronic properties (Zaki et al., 2025).  

Time-Dependent DFT (TD-DFT) was employed to simulate the UV-Visible absorption spectra 

of RU-486 and its derivatives (Ghazy et al., 2024). These calculations were conducted in the gas phase 

at the same B3LYP/6-311++G(d,p) theoretical level, with absorption maxima (λ_max) analyzed to 

observe the changes in electronic transitions resulting from functionalization of the parent molecule 

(Aloumko et al., 2024). The NMR chemical shifts of RU-486 and its derivatives were calculated using 

the Gauge-Independent Atomic Orbital (GIAO) method at the B3LYP/6-311++G(d,p) level (Liu et al., 

2024). Proton (¹H) and carbon (¹³C) NMR spectra were generated, and the chemical environments of 

specific nuclei were analyzed (Zhang et al., 2024b). The chemical shifts were referenced against 

Tetramethylsilane (TMS) as an internal standard, providing detailed information about molecular 

geometry and electronic distribution (Seqqat et al., 2025).  

Molecular Electrostatic Potential (MEP) maps were generated to visualize the electrostatic 

potential across the molecular surfaces of RU-486 and its derivatives (Chatterjee et al., 2024). MEP 

calculations were performed using the optimized geometries from the DFT calculations at the B3LYP/6-

311++G(d,p) level. The MEP maps were analyzed to identify regions of electrophilic and nucleophilic 

reactivity, which are critical for understanding the interactions of these molecules with biological targets 

(Şahin, 2023). 

The computational data obtained from these analyses were used to compare the electronic 

properties, chemical reactivity, and potential biological activity of RU-486 and its derivatives. The DOS, 

UV-Visible spectra, NMR chemical shifts, and MEP maps were collectively examined to draw 

conclusions regarding the influence of different functional groups on the molecular properties and their 

effectiveness in breast cancer treatment (Manakkadan et al., 2024). 

 

3. Results 

 

3.1. Geometry optimization 

 

Geometry optimization is a critical process in molecular modeling, aimed at determining the 

most stable, low-energy configuration of a molecule (Pracht et al., 2024). This process begins with an 

initial geometry setup, followed by energy minimization, typically performed using advanced quantum 

chemistry software such as Gaussian 09 (Cao et al., 2024). In this study, the geometry of the RU-486 

molecule was optimized in both its pure form and when doped with various functional groups (Ph, KOH, 

NO₂, OH). These modifications led to distinct molecular conformations, each representing the 

molecule's lowest energy state (Chaudhuri et al., 2024). Understanding these optimized structures is 
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essential for analyzing molecular properties, investigating chemical reaction mechanisms, and designing 

new pharmaceutical compounds. The optimization results, calculated using both DFT and HF 

approaches, are presented in Figure 1 and Table 1 (Yılmaz & Kebiroglu, 2024). 

 

Table 1. Structural and electronic changes in RU-486 molecule due to various dopants (Ph, KOH, NO₂, 

OH) 

Doped Molecule Dopant Description Structural Changes Electronic Changes 

Ph Doped RU-486 

Phenyl group (Ph) is a 

benzene ring attached to 

RU-486. 

Introduces a significant 

structural component, 

altering the molecular 

conformation. 

Affects overall geometry 

and electronic properties 

of the RU-486 molecule. 

KOH Doped RU-486 

Potassium hydroxide 

(KOH), consisting of 

potassium (purple atom) 

and hydroxyl (OH) groups. 

Causes significant 

changes in the molecular 

structure due to 

interaction with 

potassium and hydroxyl. 

Alters the spatial 

arrangement and electronic 

distribution within the RU-

486 molecule. 

NO₂ Doped RU-486 

Nitro group (NO₂), 

consisting of one nitrogen 

(blue atom) and two 

oxygen atoms (red atoms). 

Significantly influences 

the molecular structure, 

integrating into the RU-

486 framework. 

Alters conformation and 

electronic properties of the 

molecule. 

OH Doped RU-486 

Hydroxyl group (OH), 

consisting of one oxygen 

(red atom) and one 

hydrogen atom. 

Affects the molecular 

structure and 

interactions, altering the 

overall molecular 

conformation. 

Influences the electronic 

distribution within the 

molecule. 

 

 

3.2. Molecular electrostatic potential (MEP) maps 

 

Electrostatic potential maps (MEP) are essential for analyzing the distribution of 

electronegativity and partial charges within molecules, highlighting regions prone to electrophilic (red) 

and nucleophilic (blue) attacks (Rajimon et al., 2024). This color-coded visualization helps in 

understanding molecular interactions, such as bonding with biological molecules, and identifying 

reactive sites. For the RU-486 molecule and its derivatives, MEP analysis indicates a tendency toward 

nucleophilic behavior, with green areas representing moderate electron density and potential 

electrophilic regions (Irfan et al., 2024). These findings, shown in Figure 2 and Table 2, provide valuable 

insights into the chemical behavior and interaction potential of these molecules. Additionally, the 

separation between the green and red lines represents the energy difference between the HOMO and 

LUMO levels for all elements (Çankaya et al., 2024). 
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Figure 1. Optimized structure of RU-486 molecule a) Ph b) KOH c) NO2 d) OH doped.  

 

Table 2.  Molecular electrostatic potential (MEP) maps and electron density distributions of RU-486 

doped with various functional groups (Ph, KOH, NO₂, OH) 

Molecule 
MEP Map 

Description 
Electron Density Distribution Chemical Implications 

RU-486-Ph 
RU-486 doped with a 

phenyl group (Ph). 

Red regions around the aromatic 

ring indicate high electron density 

(electron-rich areas). 

Likely sites for electrophilic 

attacks due to the electron-

rich nature of the aromatic 

ring. 

RU-486-KOH 

RU-486 doped with a 

potassium hydroxide 

(KOH) group. 

Potassium is shown in blue 

(electron-poor), oxygen in red 

(electron-rich), with green/yellow 

indicating moderate density. 

KOH group creates distinct 

areas for potential chemical 

interactions, influencing 

overall electron distribution. 

RU-486-NO₂ 
RU-486 doped with a 

nitro group (NO₂). 

Red regions around oxygen atoms 

of the nitro group indicate high 

electron density. 

Potential sites for 

nucleophilic attacks; nitro 

group significantly alters 

overall reactivity and 

interactions. 

RU-486-OH 
RU-486 doped with a 

hydroxyl group (OH). 

Red region around the oxygen atom 

shows high electron density; blue 

areas suggest lower density regions. 

Hydroxyl group affects 

electrophilic and 

nucleophilic regions, 

altering the molecule’s 

chemical reactivity. 
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Figure 2. MEP maps of a) RU-486-Ph b) RU-486-KOH, c) RU-486-NO2, d) RU-486-OH molecules. 

 

3.3. Vibrational spectroscopic analysis spectrum 

 

If the dipole moment of a molecule changes during vibration, the vibrational mode becomes 

infrared-active, meaning it can absorb infrared light (Mello et al., 2024). Symmetric vibrations, however, 

are rarely observed in the infrared spectrum, particularly in molecules with a center of symmetry where 

these vibrations are inactive (Esselman et al., 2024). Asymmetric vibrations are detectable for all 

molecules, allowing the investigation of various chemical groups, including amino acids and water 

molecules, which are challenging to detect with conventional spectroscopy (Araújo et al., 2024). In this 

study, the vibrational spectra of RU-486 and its derivatives were analyzed using the DFT/B3LYP 

method and the 6-31G basis set. The resulting IR spectra, covering the 3500-0 cm⁻¹ range, display 

absorption peaks that reflect the vibrational frequencies, which are influenced by bond strength and the 

mass of the bonded atoms. The similarity in spectra and vibrational frequencies across complexes 

indicates similar structural properties. 
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Table 3. Summary of peak ıntensities and frequencies in Figure 3a to Figure 3d with associated low-

level transmittance changes 

Figure 
Peak Number with Highest 

Intensity 

Wavenumber 

(cm⁻¹) 

Other Transmittance 

Numbers with Low-Level 

Changes 

Figure 3a 8 3108 
67, 26, 36, 15, 14, 27, 54, 64, 

80, 82, 88 

Figure 3b 0.1 3073 
8, 26, 25, 23, 20, 10, 30, 50, 

51, 15, 16 

Figure 3c 9 3100 
69, 25, 20, 16, 26, 20, 47, 64, 

79, 81 

Figure 3d 6 3091 
81, 30, 42, 19, 34, 17, 57, 70, 

38 

 

Figure 3. FT-IR spectrum of a) Ru-486-Ph b) Ru-486-KOH, c) Ru-486-NO2, d) Ru-486-OH molecules. 

 

3.4. Nuclear magnetic resonance spectroscopy 

 

3.4.1. 13C NMR spectrum 

 

The ¹³C NMR (Nuclear Magnetic Resonance) spectrum is a form of nuclear magnetic resonance 

spectroscopy used to identify different carbon environments within a molecule, helping to determine the 

structure of organic compounds (Günther, 2013). In the ¹³C NMR spectrum of RU-486 in Figure 4, 

Mifepristone exhibits a complex structure, with details of RU-486 and its derivatives in Table 4. 
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Figure 4. 13C NMR spectrum of a) Ru-486-Ph b) Ru-486-KOH, c) Ru-486-NO2, d) RU-486-OH 

molecules. 

 

Table 4. 13C NMR spectra for Ru-486 and its derivatives 

Compound Region (ppm) Peak Assignment 

Ru-486-Ph 

0-50 
Peaks in this region likely correspond to alkyl carbons in the structure, 

such as methylene (CH2) and methyl (CH3) groups. 

50-100 

Peaks in this region could correspond to carbons attached to 

electronegative atoms, possibly indicating carbons connected to 

oxygen or nitrogen atoms. 

100-150 

This region includes aromatic and olefinic carbons. Given that Ru-486-

Ph includes a phenyl (Ph) group, multiple peaks should appear in this 

region representing the aromatic carbons. 

150-220 

This region typically corresponds to carbonyl carbons (C=O). Ketone 

or other carbonyl groups in Ru-486 and its derivatives would be 

indicated by peaks in this region. 

Ru-486-KOH 

0-50 Alkyl carbons 

50-100 Carbons attached to oxygen or other electronegative atoms 

100-150 Aromatic carbons 

150-220 Carbonyl carbons (C=O) 

Ru-486-NO2 

0-50 Alkyl carbons 

50-100 Carbons attached to nitro group (NO2, de-shielding, downfield shift) 

100-150 Aromatic carbons 

150-220 Carbonyl carbons (C=O) 

Ru-486-OH 

0-50 Alkyl carbons 

50-100 Carbons attached to oxygen atoms (hydroxyl groups, de-shielding) 

100-150 Aromatic carbons 

150-220 Carbonyl carbons (C=O) 

 

 

3.4.2. 1H NMR spectrum 

 

The ¹H NMR (Nuclear Magnetic Resonance) spectrum is a powerful technique for determining 

the structure of organic compounds by identifying the different proton environments within a molecule 

(Chalbot & Kavouras, 2014). Figure 5 presents the ¹H NMR spectra for a) Ru-486-Ph, b) Ru-486-KOH, 

c) Ru-486-NO₂, and d) Ru-486-OH molecules. Table 5 provides the detailed ¹H NMR spectra for Ru-

486 and its derivatives. 
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Figure 5. 1H NMR spectrum of a) Ru-486-Ph b) Ru-486-KOH, c) Ru-486-NO2, d) Ru-486-OH 

molecules. 

 

Table 5. 1H NMR spectra for Ru-486 and its derivatives 

Compound 
Region 

(ppm) 
Peak Assignment 

Ru-486-Ph 

0-3 

Likely corresponds to alkyl protons, including methylene (CH2) and methyl 

(CH3) groups. Peaks around 1.0-2.5 ppm likely represent the protons of the 

methyl groups.  

3-5 
Protons attached to sp3 hybridized carbons adjacent to electronegative atoms 

such as oxygen or nitrogen. 

5-7 
This region usually corresponds to olefinic protons (protons on sp2 carbons in 

alkenes). Significant activity around this region indicates olefinic protons. 

6-9 
Aromatic protons typically appear in this region. Multiple peaks indicate the 

aromatic protons in the structure of Ru-486-Ph. 

9-12 
Protons attached to carbonyl groups (aldehydes) or carboxylic acids. No 

significant peaks suggest a lack of aldehyde or carboxylic acid protons. 

Ru-486-KOH 

0-3 Alkyl protons (CH2 and CH3 groups), peaks around 1.0-2.5 ppm 

3-5 Protons attached to sp3 carbons adjacent to electronegative atoms (O) 

5-7 Olefinic protons (sp2 carbons in alkenes) 

6-9 Aromatic protons 

9-12 No significant peaks (absence of aldehyde or carboxylic acid protons) 

Ru-486-NO2 

0-3 Alkyl protons (CH2 and CH3 groups), peaks around 1.0-2.5 ppm 

3-5 Protons attached to sp3 carbons adjacent to electronegative atoms (NO2) 

5-7 Olefinic protons (sp2 carbons in alkenes) 

6-9 Aromatic protons 

9-12 No significant peaks (absence of aldehyde or carboxylic acid protons) 

Ru-486-OH 

0-3 Alkyl protons (CH2 and CH3 groups), peaks around 1.0-2.5 ppm 

3-5 Protons attached to sp3 carbons adjacent to electronegative atoms (OH) 

5-7 Olefinic protons (sp2 carbons in alkenes) 

6-9 Aromatic protons 

9-12 No significant peaks (absence of aldehyde or carboxylic acid protons) 

 

3.4.3. UV–Visible analysis 

 

UV and UV-visible spectroscopy have played a crucial role in the discovery of atomic and 

molecular structures by chemists (Rahuman et al., 2020). These optical-based methods have further 

advanced the study of optical and electronic properties of nanoscale particles. The principle of UV-

Visible analysis is based on the absorption of photons by molecules, where interaction with photons in 

the UV or visible spectrum causes electrons to transition from lower to higher energy levels (Kebiroglu 
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& Yılmaz, 2023). Figure 6 presents the UV-visible absorption spectra for a) RU-486-Ph, b) RU-486-

KOH, c) RU-486-NO₂, and d) RU-486-OH molecules, while Table 6 details the absorbance spectra and 

peaks for RU-486 and its derivatives.  
  

Figure 6. UV-visible absorption of a) Ru-486-Ph, b) Ru-486-KOH, c) Ru-486-NO2, d) Ru-486-OH 

molecules. 
 

Table 6. Absorbance spectra and peaks for Ru-486 and its derivatives 

Figure Compound 
Peak Wavelength 

(nm) 
Energy (eV) Description 

6a RU-486-Ph 408 4.276 
The peak indicates the color of the Ph-

doped RU-486 molecule. 

6b RU-486-KOH 524 1.137 
The peak indicates the color of the 

KOH-doped RU-486 molecule. 

6c RU-486-NO2 287 4.086 
The peak indicates the color of the 

NO2-doped RU-486 molecule. 

6d RU-486-OH 287 4.094 
The peak indicates the color of the OH-

doped RU-486 molecule. 

 

3.4.4. Density of states (DOS) 
 

The density of states (DOS) is a crucial physical quantity that represents the number of 

electronic states available at specific energy levels within a material (Kebiroglu & Ak, 2023). DOS plays 

a vital role in fields like solid-state physics and materials science, providing insights into the electronic 

properties of materials (Aghdasi et al., 2024). The Energy (eV) Axis (X-axis) represents these energy 
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levels in electron volts, typically ranging from approximately -20 eV to +10 eV. In Figure 7 and Table 

7, the DOS for a) RU-486-Ph, b) RU-486-KOH, c) RU-486-NO₂, and d) RU-486-OH molecules is 

illustrated. 
 

Table 7. Overview of density of states (DOS) parameters and energy levels for Ru-486 and its 

derivatives  

Feature Description 

DOS Axis (Y-axis) 
Represents the density of states, indicating the number of electronic states 

available at each energy level. 

Color-Coded Spectra 

- Alpha DOS spectrum (blue): Density of states for alpha spin electrons. 

- Beta DOS spectrum (green): Density of states for beta spin electrons. 

- Total DOS spectrum (red): Combined density of states for both alpha and beta 

spin electrons, scaled by 0.5 for better visualization. 

Occupied and Virtual Orbitals 

- Alpha Occupied Orbitals (cyan): Energy levels where alpha spin electrons are 

likely to be found in occupied states. 

- Alpha Virtual Orbitals (magenta): Energy levels where alpha spin electrons are 

likely to be found in virtual (unoccupied) states. 

- Beta Occupied Orbitals (yellow): Energy levels where beta spin electrons are 

likely to be found in occupied states. 

- Beta Virtual Orbitals (black): Energy levels where beta spin electrons are 

likely to be found in virtual (unoccupied) states. 
  

 

Figure 7. Density of states (DOS) of a) Ru-486-Ph, b) Ru-486-KOH, c) Ru-486-NO2, d) Ru-486-OH 

molecules. 
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4. Discussion and Conclusion 

 

This comprehensive study underscores the critical role of Mifepristone (RU-486) and its 

derivatives in breast cancer prevention and treatment. By employing advanced computational methods, 

including Density Functional Theory (DFT) and various spectroscopic techniques, we have successfully 

elucidated the structural and electronic properties of RU-486 and its derivatives (Ph, KOH, NO₂, OH). 

The findings reveal these modifications significantly influence molecular geometry, electronic 

distribution, and chemical reactivity, which are crucial for enhancing the therapeutic potential of these 

compounds. The study highlights the nucleophilic tendency of RU-486 derivatives, which plays a 

pivotal role in their interactions with biological targets. The promising antitumor activity of 

Mifepristone, especially when incorporated into nanosized drug delivery systems like liposomes and 

micelles, was confirmed. These systems demonstrated enhanced efficacy by effectively penetrating 

tumor tissues, inhibiting cancer-associated fibroblast (CAF) activation, reducing extracellular matrix 

(ECM) deposition, and decreasing tumor angiogenesis, leading to significant inhibition of breast cancer 

metastasis. Using computational tools such as DOS analysis, UV-Visible spectroscopy, NMR, and MEP 

mapping provided deep insights into the molecular dynamics and potential reactivity of RU-486 and its 

derivatives. These insights are invaluable for understanding the mechanisms of action and optimizing 

the design of new pharmaceutical compounds. This study reinforces the importance of combining 

computational chemistry with experimental validation to develop more effective chemo preventive and 

therapeutic strategies against breast cancer. The findings pave the way for future research and 

development of targeted therapies, contributing to better outcomes in breast cancer treatment. 
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