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Abstract

When used in combination with misoprostol, RU-486
(Mifepristone) offers a highly effective and non-invasive option
for managing early pregnancy loss (EPL), providing a suitable
alternative to surgical interventions. In this study, quantum
computational chemistry methods were employed to calculate
the structural and spectroscopic properties of the Ru-486
molecule and its derivatives (CH,CHs, CHs, F). The molecule was
optimized using Density Functional Theory (DFT/B3LYP) with the
B3LYP/6-31G basis set. Density of States (DOS) Analysis, UV-
Visible Spectroscopy, NMR Spectroscopy, and Molecular
Electrostatic Potential (MEP) Mapping were investigated. The
compound exhibited HOMO-LUMO band gaps ranging from 3.19
to 4.02 eV, with principal vibrational peaks at 3076 cm™
observed in the FT-IR spectrum and maximum UV absorption
detected at 408 nm. Additionally, a discussion of the basic
theory behind the characterization methods is included.

Keywords: Ru-486, DOS, UV-Vis, NMR, MEP

Oz

Misoprostol ile birlikte kullanildiginda, Ru-486 (Mifepriston)
erken gebelik kaybinin (EGK) yonetiminde son derece etkili ve
invaziv olmayan bir segenek sunarak cerrahi miidahalelere
uygun bir alternatif saglar. Bu galismada, Ru-486 molekili ve
turevlerinin  (CH2CHs, CH3, F) vyapisal ve spektroskopik
ozelliklerini hesaplamak igin kuantum hesaplamali kimya
yontemleri kullanilmistir. Molekil, B3LYP/6-31G baz seti ile
Yogunluk Fonksiyonel Teorisi (DFT/B3LYP) kullanilarak optimize
edilmistir. Durum Yogunlugu (DOS) Analizi, UV-Goriinir Bolge
Spektroskopisi, NMR Spektroskopisi ve Molekiler Elektrostatik
Potansiyel (MEP) Haritalamasi incelenmistir. HOMO-LUMO bant
araliklari 3,19-4,02 eV arasinda belirlenen bilesigin FT-IR
spektrumunda temel titresim pikleri 3076 cm™ degerinde
gbzlenmis olup, UV-Vis analizinde maksimum absorpsiyon 408
nm dalga boyunda tespit edilmistir. Ayrica, karakterizasyon
yontemlerinin temel teorisi Uzerine bir tartisma da dahil
edilmistir.

Anahtar Kelimeler: Ru-486, DOS, UV-Vis, NMR, MEP

1. Introduction

(EPL),
miscarriage, refers to spontaneously losing a pregnancy

Early pregnancy loss commonly known as
before 20 weeks of gestation (Yang et al., 2024). It is a
frequent complication of pregnancy, affecting about 10-
15% of clinically recognized pregnancies (McCullya et al.,
20242024).
trimester, before the 12th week of pregnancy (Riddell

Most EPL cases occur during the first

2024). EPL can be emotionally and physically challenging
for women and their families, and understanding its
management is critical for healthcare providers (George-
Carey et al., 2024). EPL can result from various factors,
including genetic abnormalities, hormonal imbalances,

uterine anomalies, infections, and lifestyle factors (Tisato
et al., 2024).

Chromosomal abnormalities, such as trisomy or
monosomy, are the most common cause, accounting for
approximately half of all early miscarriages (Qin et al.,
2024). Other contributing factors may include advanced
maternal age, a history of previous miscarriages, and
underlying medical conditions such as polycystic ovary
syndrome (PCOS) or thyroid disorders (La Marca &
Diamanti, 2024). Ru-486, also known as Mifepristone, is a
medication widely used in the medical management of
early pregnancy loss (Turner et al., 2024). Ru-486
functions as an

antiprogestogen by binding to
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progesterone receptors and inhibiting the action of
progesterone, a hormone crucial for maintaining
2024). Without

progesterone, the uterine lining breaks down, leading to

pregnancy (Elia et al., sufficient
the termination of the pregnancy. Ru-486 is often used in
combination with a prostaglandin analog, such as
misoprostol, to enhance uterine contractions and
facilitate the expulsion of pregnancy tissue (Marwah et
al., 2016). This combination is highly effective and offers
a non-surgical option for managing EPL, providing women
2024).

Progesterone Receptor Antagonism: Ru-486 competes

with a choice in their care (Chua et al,

with progesterone for binding to its receptors in the
uterus and placenta, leading to the detachment of the
trophoblast and decidua (Ye et al., 2024). Cervical
Ripening: Ru-486 induces cervical softening and dilation,
which helps in the expulsion process.

Enhancement of Uterine Contractions: When used with
Ru-486
intensity of uterine contractions, aiding in the complete

misoprostol, increases the frequency and
evacuation of the uterus (Hogmark 2024). Ru-486 is
administered under medical supervision, typically in a
clinic or hospital setting. The standard regimen involves
an initial dose of Ru-486 followed by misoprostol 24-48
hours later. Clinical studies have shown this regimen is
highly effective, with success rates of over 95% in inducing
complete abortion in early pregnancy (Biswas et al.,
2024). Non-Invasive: It provides a non-surgical alternative
to procedures like dilation and curettage (D&C) (Vigano et
al., 2024). Privacy and Comfort: Women can undergo the
process in a more private and comfortable setting, often
(Bae & Kim, 2024). High Efficacy: The
combination of Ru-486 and misoprostol has a high success

at home

rate for complete uterine evacuation (Akter et al., 2024).
The emotional impact of EPL can be significant, and the
use of Ru-486 does
psychological support (Statham 2002). Counseling and

not mitigate the need for

support groups are essential components of care to help
women and their families cope with the loss and the
medical process (Pedraza et al., 2024). Ongoing research
aims to optimize the use of Ru-486 and explore its
potential applications in various reproductive health
contexts (Elia et al., 2024). Studies are focusing on refining
dosing regimens, minimizing side effects, and
understanding the long-term outcomes of medical
management with Ru-486 (Kay et al., 2024). Additionally,
research into patient experiences and preferences
continues to inform best practices for managing EPL with

medical methods (Engstrom et al., 2024).

This study demonstrates how small analytical
modifications (CH,CHs, CHs, F) that can fine-tune the

electron-distribution of RU-486 aim to systematically
reveal the fundamental electronic distribution (HOMO-
LUMO gap, dipole moment, reactivity indices) that may
underlie pharmacological performance.

2. Materials and Methods

Ab initio methods and Density Functional Theory (DFT)
are the cornerstones of quantum chemistry used to solve
the electronic Schrodinger equation that governs the
behavior of electrons in atoms and molecules (Rahman et
al., 2024).
properties such as geometry, energy, and electronic

Accurate determination of molecular

distribution depends on these methods. Ab Initio
Methods: Ab initio methods derived from first principles
are not based on experimental data (Lewars 2024). These
include post-Hartree-Fock methods such as Hartree-Fock
(HF) and Mgller-Plesset distortion theory (MP2), Coupled
Cluster (CC), and Configuration Interaction (Cl). The main
difficulty with ab initio methods is the computational
cost, which increases rapidly with system size. Density
Functional Theory (DFT): Unlike ab initio methods, DFT is
based on the electron density rather than the wave
function (Genoni & Martin Pendas, 2024).

The Hohenberg-Kohn theorems establish that the ground
state properties of a system are uniquely determined by
the electron density. DFT is computationally less
expensive than ab initio methods, making it widely used
for larger systems (Pellegrini & Sanna, 2024). However,
the accuracy of DFT calculations depends heavily on the
choice of exchange-correlation functional. 6-31G includes
to better

electrons, such as Split-Valence Basis Sets (Butera 2024).

additional functions represent valence
Comprehensive quantum chemical computations were
carried out using the B3LYP-DFT methodology with the 6-
31G(d) basis set, as implemented in the Gaussian 05
software package (Gidado et al., 2024). This method was
also employed to calculate the *H and *3C chemical shifts
for the Ru-486 molecule and its derivatives (CH2CHs, CHs,
F) utilizing the Gauge-Independent Atomic Orbital (GIAO)
approach (Nguyen et al.,, 2024). Additionally, basic
and the

geometrical parameters were optimized at the same

vibrational frequencies were determined,

theoretical level (Tegegn et al., 2024).
3. Results and Discussions
3.1. Geometry Optimization

Geometry optimization is a two-step process to
determine the three-dimensional spatial arrangement of
atoms in a molecule (Margraf 2024). In this process, the
first step is to determine the initial geometry of the

molecule and the second step is to optimize this geometry
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by energy minimization. These processes are performed
to find the lowest energy conformation of the molecule
and are usually performed using quantum chemistry
software. Gaussian 09 software is a powerful tool widely
used to perform such geometry optimizations (Tegegn et
al., 2024).
optimization was performed on the pure Ru-486

Using Gaussian 09 software, geometry

molecule. In addition, optimized geometry states were
determined by adding various components to the Ru-486
molecule (CH2CHs, CHs, F). These additional components
allow different conformations to be obtained by changing
the structural properties and energy states of the

molecule. At each step in the molecular optimization
process, an energy change occurs (Yilmaz & Kebiroglu,
2024). The optimized structures of the investigated
compounds were obtained because of molecular-level
interactions and energy minimizations (Reeda et al.,
2024). These structures represent the most stable and
lowest energy states of the molecules. These structures
obtained because of optimization processes play an
important role in understanding molecular properties and
examining the mechanisms of chemical reactions.
Optimization results are shown in Figure 1 and Table 1.

Table 1. Summary of Optimized Geometric Structures and Electronic Properties of Undoped and Doped Ru-486 Molecules

Molecule

Description

Undoped Ru-486

CH2CHs Doped Ru-486

CHsz Doped Ru-486

F Doped Ru-486

Represents the optimized geometry of the pure, undoped Ru-486 molecule. The molecular structure consists of carbon
(C), hydrogen (H), oxygen (O), and nitrogen (N) atoms in 3D configuration. Oxygen atoms are red, and nitrogen atoms
are blue.

Shows the Ru-486 molecule doped with an ethyl group (CH2CHs). The ethyl group changes the overall geometry and
electronic properties. The optimized structure illustrates the integration of the ethyl group into the Ru-486 framework,
affecting the spatial arrangement of atoms.

Displays the Ru-486 molecule doped with a methyl group (CHs). The addition of the methyl group alters the molecular
structure. The optimized geometry shows the position of the methyl group and its impact on the molecule's overall
conformation.

Depicts the Ru-486 molecule doped with a fluorine atom (F). Incorporating the fluorine atom significantly influences the
electronic distribution and geometry. The optimized structure shows the placement of the fluorine atom (light green)

within the molecular framework.

Figure 1. Optimized structure of Ru-486 molecule a) undoped b) CH,CHs c) CHs d) F doped.

3.2. Molecular Electrostatic Potential (MEP) Maps

Electrostatic potential maps (MEP) are a vital tool for
analyzing the distribution of electronegativity and partial
charges on different atoms within a molecule (Suhta et
al., 2024). In MEP (Molecular Electrostatic Potential), the
red regions indicate areas of negative charge, suggesting

susceptibility to electrophilic attack, while the blue
regions indicate areas of positive charge, indicating a
propensity for nucleophilic attack, as shown (Cankaya et
al., 2024). This analysis is essential for understanding
various properties of a molecule, including its bonding
interactions with biological molecules (Holehouse &
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Kragelund, 2024). These interactions can involve charge-
dipole, dipole-dipole, quadrupole-dipole
interactions. The MEP map visually represents electron

and

acceptor, donor, and neutral regions of a molecule, which
helps in identifying the electrophilic and nucleophilic
reactive regions. The surface map is typically color-coded,
ranging from red to blue, indicating regions from
electron-rich (red) to electron-poor (blue). In the MEP
analysis, the green color represents areas where the
electron density is moderate. Molecular electrostatic
potential illustrates electronic density and is valuable for
susceptible
nucleophilic attacks and for understanding hydrogen
bonding interactions (Kebiroglu & Ak, 2023). For the Ru-
486 molecule, some observed that the regions around the

identifying sites to electrophilic and

remaining part of the molecule are less electron-dense,
indicated by green. The green-colored areas show that
the C-H hydrogens are in the electrophilic region. This
color-coding allows for a clear identification of the
electrophilic and nucleophilic regions, which is crucial for
predicting the molecule's interactions with other

molecules during chemical reactions. The analysis
indicated that the Ru-486 molecule and its derivatives
usually exhibit more nucleophilic properties compared to
electrophilic properties. The MEP maps for the Ru-486
molecule and its derivatives is displayed in Figure 2 and in
Table 2. These maps illustrate the electron density
distribution, helping to visualize the potential reactive

sites of the molecules and providing insights into their

chemical behavior.

Figure 2. MEP maps of a) Ru-486, b) Ru-486-CH,CHjs, c) Ru-486-CHs, d) Ru-486-F molecules

Table 2. Summary of Molecular Electrostatic Potential (MEP) Maps for Ru-486 and its derivatives

Molecule Description Electron-Rich Regions (Red) Electron-Poor Regions (Blue) Effect of Doping
. . Around electronegative Baseline for comparison,
Electrostatic potential atoms like oxygen, indicatin Regions indicatin showing natural electron
Ru-486 surface of the pure Ru- veen, & g g s

high electrophilic attack

486 molecule. likelihood.

nucleophilic sites. distribution without any

modifications.

MEP map of Ru-486

Ru-486-CH:CHs 1 lecule doped with an

Shifted due to the influence

Shifted areas of nucleophilic
sites compared to the

The ethyl group alters the
distribution, affecting the

Ethyl of the ethyl group.
(Ethyl) ethyl group (CH2CH3). vigroup undoped molecule. molecule's reactive regions.
The methyl group also alters
MEP map of Ru-486 Similar shifts to those seen Modifications in nucleophilic Vg . p X
Ru-486-CHs R . ’ . the electron distribution but to
molecule doped with a with the ethyl group but with  regions, less pronounced
(Methyl) . . K a lesser extent than the ethyl
methyl group (CHs). less intensity. than with ethyl. group
MEP map of Ru-486 Strong red regions around Distinct blue regions Fluorine mgmﬁcantly Impacts
Ru-486-F R RO the molecule, creating a
. molecule doped with a fluorine, indicating elsewhere, more prone to . . .
(Fluorine) unique electrostatic potential

fluorine atom (F).

significant electron density.

nucleophilic attack.
surface.

3.3. Vibrational Spectroscopic Analysis Spectrum

If the dipole moment of a molecule changes during
vibration, the usual vibrational mode becomes infrared-
active (i.e., absorbs incoming infrared light) (Alejandro et
al., 2024). Therefore, symmetric vibrations are rarely
observed in the infrared spectrum. If a molecule has a

center of symmetry, all vibrations symmetric to this
center are inactive in the infrared spectrum (Kolek et al.,
2024). But asymmetric vibrations can be detected for all
molecules. This lack of selectivity allows us to investigate
the properties of most chemical groups in a single sample,
especially amino acids and water molecules, which are
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difficult to detect using conventional spectroscopic
techniques. 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. Estimated IR
spectra showing the absorption peaks of the examined
molecules in the range of 3500-0 cm™ were obtained. The
frequencies in the figures are harmonic frequencies and
are calculated by multiplying the harmonic frequencies
for each calculation level by the appropriate scaling
factor. The similarity of complexes indicates similarity in

both spectrum and vibrational frequencies. According to
the basic principles of vibrational spectroscopy, the
vibrational frequency of a bond increases as the bond
strength increases and the mass of the bond atom
decreases. Table 3 provides a summary of the peak
intensities and frequencies observed in the FT-IR spectra
(Figure 3a to Figure 3d) for the Ru-486 molecule and its
derivatives, highlighting the highest intensity peaks and
associated low-level transmittance changes.

Table 3. Summary of Peak Intensities and Frequencies in Figure 3a to Figure 3d with Associated Low-Level Transmittance Changes

Peak Number with

Figure . . Wavenumber (cm1) Other Transmittance Numbers with Low-Level Changes
Highest Intensity
Figure 3a 5 3076 84, 25, 35, 16, 22, 51, 53, 68, 85, 86
Figure 3b 1 3092 95, 36, 15, 22, 48, 54, 69, 84, 82, 90
Figure 3c 3 3092 94, 25, 36, 16, 22, 51, 67, 83, 84, 89
Figure 3d 8 3108 67, 26, 36, 15, 14, 27, 54, 64, 80, 82, 83
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Figure 3. FT-IR spectrum of a) Ru-486, b) Ru-486-CH,CHs, c) Ru-486-CHs, d) Ru-486-F molecules

3.4. Nuclear Magnetic Resonance Spectroscopy

3.4.1. 3C NMR spectrum

The 3C NMR (Nuclear Magnetic Resonance) spectrumis a
type of nuclear magnetic resonance spectroscopy used to
determine the structure of organic compounds by

identifying the different carbon environments in a
molecule (Chakrawal et al., 2024). In the 3C NMR
spectrum of Ru-486 in Figure 4, mifepristone has a
complex structure with various Ru-486 and its derivatives
is given in Table 4.
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Figure 4. 13C NMR spectrum of a) Ru-486, b) Ru-486-CH,CHs, c) Ru-486-CHjs, d) Ru-486-F molecules

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

Compound Region (ppm) Peak Assignment
0-50 Alkyl carbons (methylene CH; and methyl CHs groups)
Ru-486 50-100 Carbons attached to electronegative atoms, sp carbons, carbons connected to oxygen
(Mifepristone) 100-150 Aromatic and alkene carbons
150-220 Carbonyl carbons (C=0)
0-50 Ethyl group (CH, and CHs) and other alkyl carbons
50-100 Carbons attached to oxygen or nitrogen atoms
Ru-486-CH,CH3s .
100-150 Aromatic carbons
150-220 Carbonyl carbons (C=0)
0-50 Methyl group (CH3) and other alkyl carbons
50-100 Carbons attached to oxygen or nitrogen atoms
Ru-486-CHj3; .
100-150 Aromatic carbons
150-220 Carbonyl carbons (C=0)
0-50 Alkyl carbons
RU-486-F 50-100 Carbons attached to fluorine atoms (de-shielding, downfield shift)
100-150 Aromatic carbons
150-220 Carbonyl carbons (C=0)

RS

Degeneracy

Shielding (ppm) Shielding (ppm)

d) |

Degeneracy
Degeneracy

7 T T T T T T T T T T
2 2 2 % E 0 2 3 Ed 2 2 2 % El
Shielding (ppm) Shielding (ppm)

Figure 5. 'H NMR spectrum of a) Ru-486, b) Ru-486-CH2CHs, c) Ru-486-CHs, d) Ru-486-F molecules

3.4.2. 'H NMR spectrum organic compounds by identifying the different proton
The *H NMR (Nuclear Magnetic Resonance) spectrum is a environments in a molecule (Tagliavini et al., 2024). In the
powerful technique used to determine the structure of 1H NMR spectrum of Ru-486 in Figure 5 and in Table 5.
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Table 5. IH NMR spectra for Ru-486 and its derivatives

Compound Region (ppm)

Peak Assignment

0-3 Alkyl protons (CH; and CHs groups), small peak around 1.0-2.5 ppm likely for methyl groups
3-5 Protons attached to sp3 carbons adjacent to electronegative atoms (O, N)
Ru-486 5-7 Olefinic protons (sp2 carbons in alkenes)
6-9 Aromatic protons
9-12 No significant peaks (absence of aldehyde or carboxylic acid protons)
0-3 Alkyl protons, including ethyl group (CH; and CHs), peaks around 1.0-2.5 ppm
3-5 Protons attached to sp3 carbons adjacent to electronegative atoms (O, N)
Ru-486-CH,CH; 5-7 Olefinic protons (sp2 carbons in alkenes)
6-9 Aromatic protons
9-12 No significant peaks (absence of aldehyde or carboxylic acid protons)
0-3 Alkyl protons, including methyl group (CHs), peaks around 1.0-2.5 ppm
3-5 Protons attached to sp3 carbons adjacent to electronegative atoms (O, N)
Ru-486-CHjs 5-7 Olefinic protons (sp2 carbons in alkenes)
6-9 Aromatic protons
9-12 No significant peaks (absence of aldehyde or carboxylic acid protons)
0-3 Alkyl protons (CH; and CHs groups), peaks around 1.0-2.5 ppm
3-5 Protons attached to sp3 carbons adjacent to electronegative atoms (F)
Ru-486-F 5-7 Olefinic protons (sp2 carbons in alkenes)
6-9 Aromatic protons
9-12 No significant peaks (absence of aldehyde or carboxylic acid protons)
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Figure 6. UV-visible absorption of a) Ru-486, b) Ru-486-CH2CHs, c) Ru-486-CHs, d) Ru-486-F molecules

3.5. UV-Visible analysis

Using UV spectroscopy and UV-visible spectroscopy, the
atomic structure and later the molecular structure were
&
Domenici, 2024). However, optical-based methods have

likely first discovered by chemists (Carpentieri
made it easier to examine the optical and electronic
properties of nanoscale particles. The principle of UV-
Visible analysis relies on the absorption of photons by

molecules. When photons with energies in the UV or
visible spectrum interact with the sample, electrons in the
molecules can transition from lower to higher energy
levels (Kebiroglu & Yilmaz, 2023). Figure 6 presents the
UV-visible absorption spectra of the Ru-486 molecule and
its derivatives, while Table 6 details the absorbance
spectra and corresponding peak values for these
molecules.
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Table 6. Absorbance Spectra and Peaks for RU-486 and Its Derivatives

. Peak Wavelength  Energy o
Figure Compound Description
(nm) (eV)
6a Ru-486 276 4.061 The peak indicates the color of the undoped Ru-486 molecule.
6b Ru-486-CH,CHj3 275 4.045 The peak indicates the color of the CH,CHs-doped Ru-486 molecule.
6¢C Ru-486-CHs; 275 4.044  The peak indicates the color of the CH3-doped Ru-486 molecule.
6d Ru-486-F 274 4.081 The peak indicates the color of the F-doped Ru-486 molecule.
a) = Alpha DOS spectrum b) = DOS spectrum
—— Beta DOS spectrum 54 —— Occupied orbitals
4 : ;T;:L%ii:;:c;;u,:r(;c:led by 0.5) = Virtual orbitals
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Figure 7. Density of States (DOS) of a) Ru-486, b) Ru-486-CH2CHs, c) Ru-486-CHs, d) Ru-486-F molecules

3.6. Density of States (DOS)

The density of states (DOS) is a physical quantity that
indicates the number of electronic states at specific
energy levels within a material (Erdinc et al., 2024). DOS
is a critical parameter in fields such as solid-state physics
and materials science for understanding the electronic
properties of materials (Hallock & Rose, 2024). Energy
(eV) Axis (X-axis): This axis represents the energy levels in
electron volts (eV). It ranges from approximately -20 eV
to +10 eV. The energy levels are important for
understanding the distribution of electronic states within
the molecule. DOS Axis (Y-axis): This axis represents the
density of states, which indicates the number of
electronic states available at each energy level. Color-
Coded Spectra: Alpha DOS spectrum (blue): Represents
the density of states for alpha spin electrons. Beta DOS
spectrum (green): Represents the density of states for

beta spin electrons. Total DOS spectrum (red): The

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):
Indicates the energy levels where alpha spin electrons are
likely to be found in occupied states. Alpha Virtual orbitals
(magenta): Indicates the energy levels where alpha spin
electrons are likely to be found in virtual (unoccupied)
states. Beta Occupied Orbitals (yellow): Indicates the
energy levels where beta spin electrons are likely to be
found in occupied states. Beta Virtual Orbitals (black):
Indicates the energy levels where beta spin electrons are
likely to be found in virtual (unoccupied) states. In Figure
7.

4, Conclusions

RU-486 (Mifepristone), combined with misoprostol, is a
highly effective and non-invasive method for managing
EPL, offering a viable alternative to surgical procedures.
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The success of this medical management approach lies in
its ability to induce complete uterine evacuation with high
efficacy while allowing women to undergo the process in
a more private and comfortable setting. The mechanism
of action of Ru-486, through progesterone receptor
antagonism, cervical ripening, and enhancement of
uterine contractions, ensures a comprehensive approach
to terminating early pregnancies. The geometry
optimization process applied to the Ru-486 molecule and
its various derivatives (CH2CH3, CH3, F) provided valuable
about the
properties of these compounds. Using the B3LYP-DFT
technique with the 6-31G(d) basis set in the Gaussian 09
software package, the most stable,

information structural and electronic

lowest energy
conformations were determined for each molecule.
Geometry optimization by quantum chemical methods
provided a detailed and accurate understanding of the
structural and electronic properties of the RU-486
molecule and its derivatives. This understanding is crucial
to advance their applications in chemical, pharmaceutical
and biological fields and to ensure that these compounds
can be effectively used in various practical scenarios.
Analysis of Molecular Electrostatic Potential (MEP) maps
for Ru-486 molecule and its various derivatives (CH2CH3,
CH3, F) summarized the electronic distribution and
potential reactive sites in these compounds. The study of
MEP maps for Ru-486 and its derivatives highlighted the
importance of electrostatic potential analysis in
understanding molecular reactivity and interactions. By
identifying electrophilic and nucleophilic sites, we can
better predict how these molecules will behave in various
environments, paving the way for the development of
new and more effective chemical and pharmaceutical
applications. Vibrational analysis of Ru-486 and its
derivatives (CH2CH3, CH3, F) using the DFT/B3LYP
method and 6-31G basis
information

set provided important

about the molecular properties and
interactions of these compounds. Focusing on estimating
their IR spectra and analyzing the absorption peaks in the
range of 3500-0 cm™, it revealed the aspects of their
vibrational modes and their corresponding frequencies.
By examining different regions of the 3C NMR and *H
NMR spectrum, the presence and effect of various
functional groups on the overall molecular structure was
determined. UV-Visible spectroscopy analysis of Ru-486
molecule and its derivatives (CH2CH3, CH3, F) provided
important information about the electronic transitions
and optical properties of these compounds. By examining
the absorbance spectra and corresponding peaks, the
effects of different functional groups on the electronic
structure and optical behavior of Ru-486 molecule were
determined. The analysis of Density of States (DOS) for

Ru-486 and its derivatives (CH2CH3, CH3, F) provides
valuable information about the electronic structure and
properties of these molecules. By studying the DOS, we
observed the distribution of electronic states at various
energy levels, which is crucial for predicting the electronic
behavior and reactivity of these compounds. The
potential implications for EPL pharmacology have been

summarized as bullet points.
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