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Summary:

Theoretical study of Betamethasone drug has been carried by using different
computation methods such as Semi-empirical method(PM3) and density
functional theory(Bs;LYP) at basis set(3-21G and 6-31G). Packed programs such
as Gaussian 09 program and Hyperchem 8.02 program have been used to

achieve the required theoretical computations.

The characterization of estimation study has been done through geometrical
optimization structure for all chemical species at aground state. At the same
time, all respective properties such as the special orientation of atoms in the
molecule, the bond parameters(bond length and bond angles), the chemical
reactivity, potential energy surface, molecular orbitals (HOMO and LUMO),
electrostatic potential and zero-point energy have been determined to get on a

clear view about chemical modulation.

Molecular spectrum such as electronic transitions and vibration frequencies of
Betamethasone has been estimated, later comparative with practical spectrum.
The mass spectrum of Betamethasone has been studied practically to get on the

actual chemical structure of the drug moiety.

The suggestion of transition states for rate determinate step(slow step) of
chemical reactions has been tested through computations of the first negative
imaginary frequency and zero-point energy to discover the transition state
which gives the actual path step for the selected chemical reactions. At the same
time the thermodynamic values and energy barrier value of each reaction step
been calculated to employ Hess's law of thermochemistry for all chemical

reactions.

The suggestion of four new derivatives of Betamethasone has been done
through substituted functional groups into the reactive site of drug moiety such
as -NH,, -NHCH,CHs;, -COOH, and -CONH,. Comparative between original

Xl



moiety and its derivatives through transition state of rate-determining step,
chemical reaction formation, chemical reactivity and global index parameters.

From the obtained results, it was found that.

The total energy and energy-gap of the Betamethasone drug is equal to -
1331.653 kCal/mol, and 0.079 eV, respectively. The major bond length is O5-
H30 bond which is represented the lowest stability than other chemical bonds
and more chemical reactivity with a dissociation energy value equal to 33.35
kCal/mol.  Sequential reaction steps of Betamethasone formation have been

done through enthalpy of formation equal to -452.406 kCal/mol.

Four suggested derivatives of Betamethasone that had been suggested by the
theoretical investigation are AFHTDPO (Betamethasone-NH,), EFHTDPO
(Betamethasone-NHCH,CH;), FHCPCC  (Betamethasone-COOH), and
FHACPC (Betamethasone-CONH,).

Two of the new suggested derivatives, were AFHTDPO (Betamethasone.NHy),
EFHTDPO(Betamethasone.NHCH,CHs) were more chemical effective than the
Betamethasone molecule according to the theoretical calculation while
FHCPCC(Betamethasone. COOH), FHACPC(Betamethasone.CONH,) are less
chemical effective. Both AFHTDPO (Betamethasone.NH,),
EFHTDPO(Betamethasone.NHCH,CH3) can be used as an Antidrug toward

coronavirus or any other viruses after they are prepared and application tests.
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1- Introduction
1-1 viruses

A virus is a sub microscopic infectious agent that replicates only inside
the living cells of an organism[1]. Viruses infect all life forms, from
animals and plants to microorganisms, including bacteria and archaea[2].
Scientific opinions differ on whether viruses are a form of life or organic
structures that interact with living organisms[3]. They have been
described as (organisms at the edge of life)[4], since they resemble
organisms in that they possess genes, evolve by natural selection[5], and
reproduce by creating multiple copies of themselves through self-
assembly. Although they have genes, they do not have a cellular

structure, which is often seen as the basic unit of life.

Measles
Herpesvirus Rabies 150nm
180X80nm

i

Influenza virus Adenovirus Rotavirus
100nm 90nm 80nm

© © & 0 o o

4 Papillomavirus Dengue virus, Hepatitis Cvirus ~ Hepatitis Bvirus  Hepatitis A virus, Parvovirus
Ebolavirus 60nm Zika virus 50nm 42nm Poliovirus 20nm

80x970nm 50nm 30nm

“Figure (1-1). Virions of some of the most common human viruses

with their relative size [5].


https://en.wikipedia.org/wiki/Genes
https://en.wikipedia.org/wiki/Natural_selection

1-2 Coronaviruses

Viruses are microscopic parasitic particles that are unable to multiply on their
own. They can infect and multiply in the host cell if they enter it[6]
Coronaviruses are a broad group of viruses that can infect both animals and
humans and cause diseases for them [7]. Coronavirus disease 2019 (shortened
"COVID19") is a new respiratory illness produced by a novel coronavirus that
was initially discovered in Wuhan, China, in December 2019[8]. The world
health organization (WHO) authentically called this infectious illness Novel
Coronavirus-Infected Pneumonia (NCIP) and the virus had been named 2019
novel coronavirus (2019-nCoV)[9]. CoVs are members of the Corona virinae
subfamily of the Corona viridae family of the order Nido virales. There are four
genera in this subfamily: Alpha coronavirus, Beta coronavirus, Gamma
coronavirus, and Delta coronavirus. CoVs have (65-125 nm in diameter) and a
30 kb single-stranded positive-sense RNA (+ssRNA) genome with a 5'-cap
structure[5’-methylated head] and a 3’-poly-A [3'-polyadenylated] tail[10], [11].
The disease was originally categorized as a zoonotic disease since the infection
can be passed from human to human and animal to human[12]. It spreads from
person to person via droplets, faeces, and direct touch, with an incubation
period of 2-14 days [13]. Although seven coronaviruses can cause illness in
humans throughout the world, the four most prevalent human coronaviruses are
human coronavirus-Organ Culture 43(HCoV-OC43), human coronaviruses-
229E (HCoV-229E), human coronaviruses-Hong Kong University 1 (HCoV-
HKU1) and human coronaviruses-NetherLand 63 (HCoV-NL63)[14]. They
typically cause respiratory infections ranging from the common cold to more
serious diseases like Middle East Respiratory Syndrome (MERS), Severe Acute
Respiratory Syndrome (SARS), and the most discovered recently coronavirus
(COVID-19) cause infectious disease[7]. Coronaviruses (CoVs) are a type of
virus with prickly spikes protruding from its surface. They have RNA viruses



that are enveloped, club-like spikes that protrude from their surface, and a
unique replicating process[15]. Three novel human coronaviruses have
appeared in the last 20 years: SARSCoV in 2002, Middle East respiratory
disease (MERS)-CoV in 2012, and COVID-19's causal agent, SARS-CoV-2 in
2019. and they're all thought to have come from bats[16]-[18]. COVID-19 has
been labelled a public health emergency of international concern by the World
Health Organization (WHQO). On January 30, 2020, (PHEIC)[19].

1-2-1 Symptoms of covid-19

After an incubation period of around 5-2 days, COVID-19 infection symptoms
arise [12]. From the commencement of COVID-19 symptoms until death, the
time ranged from 6 to 41 days, with a median of 14 days [20]. The length of
time depends on the patient's age and the state of his or her immune system.
When comparing patients above the age of 70 to those under the age of 70, it
was shorter. Fever, cough, and exhaustion are the most prevalent symptoms of
COVID-19 infection, but other symptoms include sputum production,
haemoptysis, headache, dyspnea, diarrhoea and lymphopenia [20]-[23]. It's
worth noting that the symptoms of COVID-19 and previous beta coronaviruses
are similar, including fever, dry cough, dyspnea, and bilateral ground-glass
opacities on chest CT scans [24]. yet, COVID-19 displayed certain unparalleled
clinical characteristics, such as the targeting of the lower airway, as evidenced
by upper respiratory tract symptoms such as sneezing, rhinorrhoea and sore
throat[25], [26].



Figure(1-2). Shape of covid-19 [6].
1-2-2 Treatment of COVID -19

There are currently very few approved therapies for human coronavirus such as
Pfizer tablet, but a variety of medical countermeasures, such as direct-acting
antivirals (DAAs). Host-targeted antivirals, and immunomodulatory are being
prescribed off-label for COVID-19 in an attempt to reduce disease severity
based on previous observational studies for other coronaviruses [27] and interest
by symptomatic therapy like monitoring vital signs, maintaining oxygen
saturation and blood pressure, and treating complications like secondary
infections or organ failure[28]. Furthermore, numerous medications are now
being examined in randomized control studies to determine efficacy[29], [30]
with over 300 trials related to COVID-19 being registered[31]. The medications
now being tested are thought to target different stages of the virus's life cycle.

The treatment's three goals are as follows:

1- To administer an early antiviral treatment that will be more effective
during the first 7-14 days of infection, when the infection is highest in

the upper and lower respiratory tract.



2- To treatment the cytokine storm to avoid the onset of ARDS and prevent
unnecessary the need for mechanical ventilation, which has a 50% mortality

rate.

3- To lower the risk of serious thromboembolic events[32]. Many
corticosteroids, such as  cortisone,  hydrocortisone,  prednisolone,
methylprednisolone, betamethasone, and dexamethasone, are used to treat
numerous viral illnesses (Gagyor et al., 2019; Sullivan et al., 2016; Thaera et
al., 2010), but betamethasone and dexamethasone as more effective inhibitors
of SARS CoV-2 Mpro[33].

Ascorbic acid (vitamin C), zinc , vitamin D[33]-[35] and N-acetylcysteine[36],
[37] have all been proposed as COVID-19 preventative or treatment options due
to their ability to impact immunological response and reactive oxygen and

nitrogen species, as well as their availability as over-the-counter drugs.
1-2-3 Laboratory Diagnosis

Clinical specimens include nasal secretions, sputum, blood and bronchoalveolar
lavage (BAL) taken from suspected patients. For laboratory diagnosis, the
samples are submitted to specialized COVID-19 serological and molecular
testing. Serological studies that identify specific COVID-19 proteins use
enzyme-linked immunosorbent assays (ELISA) or Western blots. Real-time
PCR (RT-PCR) or Northern blot hybridization targeting specific COVID-19
genes are used in molecular methods[38]. The presence of viral antigens in
clinical specimens is determined utilizing a direct immunological fluorescence
test (IFA).



1-3 Glucocorticoids

Glucocorticoids are cholesterol derivatives steroid hormones synthesized and
secreted by the adrenal gland in response to stress and belong to the
corticosteroids family[39].Glucocorticoids are corticosteroids that bind to the
glucocorticoid receptor[40] found in nearly every vertebrate animal cell[41] and
that are required for mammals to operate normally[42]. Glucocorticoids (GCs)
are steroid hormones that are commonly utilized to treat inflammation and
autoimmune disorders. As a result, they're utilized in medicine to treat disorders
including allergies, asthma, autoimmune diseases, and sepsis that are caused by
an overactive immune system.They have anti-inflammatory properties
throughout all tissues and regulate metabolism in muscle, fat, liver, and bone
and play a role in water and electrolyte balance [42], the immunological
response(anti-inflammatory)  growth, cardiovascular function mood and
cognitive functioning , reproduction and development [43]. The term
"glucocorticoid” is derived from its role in glucose metabolism regulation,
synthesis in the adrenal cortex, and steroidal structure[44]. Dr. Philip Hench
first proposed glucocorticoid therapy for the treatment of rheumatoid arthritis in
the 1940s [45]. Since then, glucocorticoids have been widely used to treat
inflammatory diseases such as asthma, allergic rhinitis, ulcerative colitis, and a
variety of other dermatological, ophthalmic, neurological, and autoimmune
conditions[45] .
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Figure(1-3). Chemical structure of glucocorticoid compounds (cortisol) and

steroid hormone [39].
1-4 Betamethasone Drug

Betamethasone is a fluorinated glucocorticoid that is synthesized (GC) by using
the starting material 9-a-hydroxyandrost-4-ene-3,17-one (9-a-OH-AD). Some
of this compound's esters and salts are commonly employed as anti-
inflammatory, immunosuppressive, and antiproliferative medicines, as well as
in the dermatological treatment of various skin conditions[46], [47]. It has the
ability to treatment into many different diseases including Rheumatic disorders
such as rheumatoid arthritis and systemic lupus erythematosus, skin diseases
such as dermatitis and psoriasis, allergic conditions such as asthma and
angioedema, preterm labour to speed the development of the baby's lungs,
Crohn's disease, and cancers such as leukaemia. It can be taken orally, injected
into a muscle, or given topically to the skin in the form of a cream, liquid or
lotion ,It's also a crucial intermediate in the production of pharmaceuticals like
clobetasol and diflorasone. The glucocorticoid class of drugs includes
betamethasone ,It is a stereoisomer of dexamethasone, with only the spatial
arrangement of the methyl group at position 16 changing between the two

molecules.



Betamethasone was first patented in 1955 and approved for medical use in the
United States in 1961[47]. The production of steroid medicines and hormones is
based on a combination of microbial technologies and chemical synthesis[48] .
The «-9,11-halohydrin functionality in steroids, which is required for their
biological activity, can be generated by dehydration the a-11-hydroxysteroid.
the starting material used to betamethasone synthesis is 9-a-hydroxyandrost-4-
ene-3,17-one (9-a-OH-AD)[49], [50]. The indirect 16-methylation with CH;Br,
the introduction of the 17-side chain with 2-chlorovinyl ethyl ether, and
microorganism fermentation for the 1,2-dehydrogenation are all important to the

success of the betamethasone synthesis[51].

corticosteroids like betamethasone can function through nongenomic and
genomic pathways The genomic pathway is slower and happens when
glucocorticoids activate glucocorticoid receptors and initiate downstream
effects that enhance transcription of anti-inflammatory genes such as
phosphoenolpyruvate carboxykinase (PEPCK), IL-1 receptor antagonist, and
tyrosine aminotransferase (TAT). The non-genomic route, on the other hand,
can elicit a faster response by modulating  T-cell, platelet, and monocyte
activity through utilize of membrane-bound receptors and second messengers.
[52]. Corticosteroids bind to the glucocorticoid receptor, which inhibits pro-
inflammatory signals while increasing anti-inflammatory signals[53]. The
fundamental action of betamethasone drug occurs through binding to specific
intracellular glucocorticoid receptors and subsequently binds to DNA to modify
gene expression. The synthesis of certain anti-inflammatory proteins is induced

while the synthesis of certain inflammatory mediators is inhibited.

Betamethasone metabolism produces six metabolites, and among the metabolic
processes are 6-p hydroxylation, 11-p-hydroxyl oxidation, and reduction of the
C-20 carbonyl group followed by removal of the side chain[54].



Betaderm, Betaloan Suik, Betaflam, Betnesol, Celestoderm, Celestone
Soluspan, Dermacinrx Therazole Pak, Diprolene, Diprosalic are some of the
brand names for Betamethasone drug. the generic name is betamethasone which
has the chemical formula CyH,oFOs, molecular weight equal to 392.4611.

Figure(1-4) shows molecular structure of Betamethasone.
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Figure (1-4). The molecular structure of Betamethasone
1-5 Molecular modelling of drugs

Computational programs are used to achieve molecular simulation of
medications to reduce the cost and time of drug design. It plays an important
role in drug development and discovery [55]. Over the last several decades,
significant progress has been made in computer science, molecular biology,
mathematics, biochemistry, biophysics, pharmacokinetics, and
pharmacodynamics, aided by the rapid growth of reasonable drug design, which
has been used in the discovery of novel medications [56]. A new drug's
synthesis is a difficult process. Pharmaceutical and biotechnology companies
must spend a significant amount of money to model a single medication that can
cure a disease or alleviate the effects of another. Most pharmaceutical and

biotechnology companies say it is costly and takes 12 to 15 years to



complete[57], [58]. Both molecular structures and physicochemical properties
have piqued the interest of medicinal chemists as a modern drug research and
development technique for completing structure-activity relationships in the
development of drug designs and modelling. The chemical structure of the drug

molecule affects its structural and physicochemical properties [59], [60].

To obtain candidate drugs with good pharmacological activities, chemists
typically hold one part of a structural unit unchanged and optimize the
structures of compounds, as well as explore the structure-activity relationship
by adding or modifying various types of the functional group. Functional classes
have a big influence on drug-like properties. The functional classes in the
database of globally approved medicines, which include -F, -CHO, -CF;, -NH,,
-OH, -CN, -NO,, -SH, -COOR, -CONH,, -COOH, -CONHOH, -PO3H, -SO3H, -
SO,NH,, -AsO3H[61]. To conduct a thorough examination of the frequency of
functional groups in approved drugs and their relationship to drug-like
properties, The frequency of occurrence of 16 types of functional groups among
the 6891 drugs was counted. The most popular functional group in all databases
is a hydroxyl group (OH), which has the highest incidence level in all databases.
Furthermore, the functional groups -COOR or -COOH are the second most
common. The substituent -F has a higher occurrence frequency in CNS
products, but a lower occurrence frequency in the other drug sub-databases,
which is considered to be helpful to drug production [62]-[64]. In anti-infective
and anti-cancer drugs, the level of functional groups -NH, is higher than in the
other sub-databases. The most uncommon functional group in all databases is -
SH, which has the lowest incidence level in any drug category. Furthermore, the
functional groups -CONHOH, -CHO, and -SOzH are extremely rare in approved

medicines[65] .
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1-6 Computational chemistry

Computational chemistry is a branch of chemistry that incorporates elements of
mathematics, physics, and computer science to explain the behaviour of atoms
and molecules. Theoretical studies have grown in importance in recent years,
taking a leading role in science, especially in the fields of pharmaceutical
research and chemistry. Computational chemistry is a branch of chemistry that
merges theoretical chemistry and computer science to assist scientists in clearer

grasping the problem at hand, as well as solving problems in the lab

The main advantage of computational chemistry is that its conclusions are often
in close agreement with those of experiments, and it can accurately anticipate
and explain chemical phenomena as well as properties of compounds that have

yet to be synthesized.

There is a list of atomic and molecular properties that may be examined using
basic modern computational chemistry programs such as HyperChem,
Gaussian, GAMESS, and others. Programs are based on the computational
framework, such as atomic and molecular energies, molecular geometries (bond
lengths, bond angles, and torsions), absorption intensities, charge distributions
and molecular orbital energies(HOMO and LUMO), reaction Dbarriers,

vibrational frequencies, energies and geometries of transition states [66][67].

Solving the molecular Schrédinger equation is an essential goal of quantum

computational chemistry projects.

A fundamental premise of quantum mechanics, is fully defined by the
mathematical function for coordinates and spins of many particles known as
state or the wave function ¥, which contains all information about the system
that can be known. During the operation of the linear Hermitian operators, the

information can be acquired from the wave function[68].
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Molecular mechanics, molecular dynamics, and electronic structure techniques
are among the approaches used in computational chemistry. Classical
mechanics is used in molecular mechanics to predict characteristics. Quantum
mechanics is used in electronic structure computations. Semi-empirical method,
density functional theory and ab initio are used to describe the properties of
ground-states and excited states in molecules, as well as stationary states and
those that develop with time. Every theory has different levels of precision and

computing cost that can be achieved[69].
1-6-1 Molecular Mechanics(MM)

The energy of a molecule is calculated using a simple algebraic equation rather
than total electron density or wave function in Molecular Mechanical (MM)

techniques. This method is based on four factors:
1-The information that can be used to calculate the constants parameterize.
2-The energy expression's functional form.

3- The user's ability to be applying the technique in a manner consistent with the

strengths and weaknesses in it[70].
4- The method used for optimizing the constants from that piece of information.

The theory of molecular mechanics is based on a model of a molecule as a
collection of atoms held together by bonds. The energy can be determined from
a collection of atoms and bonds (from a given molecule), and the geometry can
be changed until the lowest energy is obtained, which corresponds to the
molecule's ideal geometry[71]. The most common uses Calculate the geometries
(energies) of tiny to medium-sized (no polymeric) molecules, as well as the
geometry and energy of polymers, using molecular mechanics. Compute the
energy and geometry of transition states (rare), improve organic synthesis, and

then when molecules move, they produce a potential energy function that can be
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used to compute molecular dynamics. The use of MM saves time on the

computer when compared to quantum mechanical methods [72].
1-6-2 Hartree- Fock theory

Quantum chemistry is attempting to solve the Schrbdinger equation, as
represented in eqg. (1-1), to accurately determine the properties of atomic and
molecular systems resulting from the directly compute of wave functions for a
large number of diatomic and polyatomic molecules using the Self Consistent
Field (SCF) method[73].

Ay =Fy — —— — — — (1-1)

Here: H is the Hamiltonian operator, ¥ is the wave function and E is the

corresponding to the energy value

Hartree-Fock theory is a close approximation to Hamiltonian theory, and it
serves as a foundation for more complex theories. It's also known as a mean-
field theory because each electron is designed to move through a medium
potential field generated by many other electrons in the system. The HF
equations can be stated as follows, using the anti-symmetrized Hartree

product 1Xa) as an initial approximation to the wave function:

flxa) = €alXa) ————— (1-2)

In eq.f represented the Fock operator, Fock operator contains one an electron

Hamiltonian operator as well as the efficiency of the one-electron potential.

H represents the HF potential.

J(1) = RO +vP(1) = - szz ii% D M- Ky === (1-3)

i=1A4=1 b
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Where: h represents the core Hamiltonian that includes all one —electron.

jb is coulomb operator and exchange operator given by, K photh of which the

two-electron terms, in eq.(1-4)and (1-5) respectively.

fo = f dxy 1y (2) 7t — — — — — — — 1-4)

Ky (Dxa(D) = j A 1 (3 e (@) | (1) = — — — — — — (1-5)

The numbers 1 and 2 relate to the location coordinates of electrons 1 and 2,1;,
is the distance between the two electrons, Kk, does not have the same
straightforward classical explanation as j,, thus it must be described by its effect
on the spin-orbital,X,. There are many accurate solutions to the HF equations,
but the ground state wave function according to the variation principle[69],

represents the solution with the least energy available.

If the system contains any unpaired electrons, various types of HF might be
chosen. Restricted open-shell Hartree—Fock (ROHF) or Unrestricted Hartree—
Fock (UHF) can be employed for open-shell systems[74], [75]. Restricted
Hartree—Fock (RHF) restricts an occupied orbital to be twice occupied and is

being used for the closed-shell system (atomic or molecular).

1-6-2-1 Restricted open-shell Hartree — Fock method

Roothaan proposed the restricted open-shell Hartree—Fock (ROHF) approach
roughly 50 years ago, based on spin density eigenvalues that are mathematically
restrictive The ROHF method is a common tool used by quantum chemists to

examine molecules with unpaired electrons and singly and doubly occupied
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molecular orbitals. The lack of a single effective Fock operator is a major defect
in this model [76], [77] and Figure (1-5) shows a graphic diagram of ROHF.

o, €0 —/P
Y1, €1 %—

Figure (1-5). A graphic diagram of ROHF[77]
1-6-2-2 Restricted Hartree —Fock (closed shell)
For quantum chemists, the Restricted Hartree—Fock (RHF) methodology is the
primary technique for treating closed-shell molecules[78]. “In RHF, each pair of
electrons has the same spatial orbital, but each one has its spin, one up and one
down. Because the double electrons are constrained to the same spatial orbital,
this sort of wave function is known as a spin restricted wave function, resulting

in the restricted Hartree—Fock method[75].

1-6-2-3 Unrestricted Hartree —Fock (UHF)

UHF theory was developed by John Pople and is used in the majority of ab
Initio programs. The most widely used molecular orbital methods for open-shell
molecules with different numbers of electrons for each spin.UHF theory
employs multiple molecular orbitals for alpha and Beta electrons. UHF is more
favored over ROHF because it is easier to develop the post-Hartree Fock
procedures and yields unique functions, where several Fock operators can
produce the same end wave function[67]. Figure (1-6) shows a graphical
diagram of UHF.
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Figure (1-6). A graphical diagram of UHF
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1-6-3 Density Functional theory (DFT)

The quantum mechanical modelling method is the density functional theory
(DFT) that has been used in chemistry and physics to investigate the electronic
structure of a variety of body systems, including atoms and molecules and also
condensed phases. The features of a many-electron system can be determined
using functions that are spatially dependent on electron density in this theory.
As a result, the term "density functional theory" was coined from the use of an
electron density functional. Because of the nature of the DFT approach, it
includes some of the electron correlation[79], [80].

The needed form of the functional, which maps the electron density to the
electronic wave function, is unknown from any system other than the free
electron gas, which is a major problem in the DFT. To create the functional
needed, various approximations will be applied. The functional in the local
density approximation (LDA) is based on the density value in the coordinates
where the function is assessed. Although the LDA is frequently used and
successful in solid-state physics, it is a poor approximation for molecular

calculations[81].

One significant advantage of DFT calculations is that they are faster and more
accurate than ab initio approaches. With the same computing cost as HF
techniques, DFT also contains components of electron correlation. This means
that the DFT method is a particularly efficient approach to perform advanced
computations on a system and can tackle systems more correctly and it is very

big for post-HF approaches.

The disadvantages of DFT methods include that they cannot be improved
systematically like wave function-based approaches, making it impossible to
quantify the error associated with the computation without using experimental

data or other kinds of calculations. The use of the DFT method to characterize
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intermolecular interactions has its drawbacks, especially those involving
dispersion forces or systems in which dispersion forces compete with other

interactions (biomolecules)[82].

1-6-4 Semi-empirical method

Michael Polanyi and Henry Eyring [83] were the first to use the “semi-
empirical” term in theoretical chemistry for their effort to together chemical
Kinetics, thermodynamics, quantum mechanics with each other, and also the
theory of the binding electrons valence.

In quantum chemistry, semi-empirical methods are commonly used to study the
structure, chemical reaction, stability and spectroscopy of molecules (big and
complex molecules)[84].

Semi-empirical ways describe molecules by using the obvious interactions
between electrons and nuclei. They are founded on the three fundamental
principles.

1-There are explicit electron-nuclear and electron-electron interactions.
2-Electrons and nuclei are differentiated from one another.

3-interactions determine the distribution of space of nuclei, electrons and their
energies.

Semi-empirical calculations are quicker than ab initio calculations, primarily
because the number of integrals to be dealt with is substantially reduced by
ignoring some and approximating others with experimental quantities or values
from high-level DFT or ab initio calculations[85]. The advantages offered in
energy calculations lead to semi-empirical methods that are 100 to 1000 times
faster in general than ab initio HF or DFT ways of identical predictive quality,
as well as the capacity to characterize bond breaking and bond-building
reactions. Semi-empirical is a highly good calculation in a description of
organic chemists, specifically those that gives the lowest energy geometries,

which are also used to describe inorganic materials [86].
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1-6-5 Ab-initio method

The computations have been given the label ab initio way (from the first
principle) for apprise execution of the Hartree-Fock theory. This title has been
given to computations that are procured directly from theoretical principles of
guantum mechanics, electron masses and charges, atomic nuclei, and values of
essential physical fixed, such as Planck's constant or the speed of light (h=
6.626x10% J.s) , (C=2.998 x10® m/s), respectively, without the empirical data
being included. These computations cover a semi- comprehensive mathematical
treatment of the Hartree-Fock theory, which is inherent to the theoretical model.
For complex algebraic formulae, exhaustive calculations of this sort can result

in a potentially large number of integrations and differentiation[79], [87].

Solving the Schrodinger equation is required for ab initio calculations. The ab
initio method was used to compute energies, molecular geometries, vibrational
frequencies, spectroscopy, electron affinities, ionization potentials, and other

parameters which link with electron distribution such as dipole moments.

Ab-initio ways should only be used on tiny systems. from among the
disadvantage of ab-initio ways, The computational cost is high, and they always
consume a massive amount of time, memory, and computer disk space [88],
[89].

1-6-6 Basis set

In quantum chemistry, a basis set or basis function is a collection of functions
that are merged to form molecular orbitals [90]. Gaussian type atomic functions
as basis functions employ in Gaussian 09 and other ab initio electronic structure
programs. “A basis set is a mathematical representation of a system's orbitals

(which combine to approximate the whole electronic wave functions) that is
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utilized in theoretical calculations. The fundamental functions should provide a

complete set for a true representation of MOs”. A typical MO can be defined as:

The MO expansion coefficients are denoted by c,. Normally, the basic
functions, Xi... XN, are normalized functions. The coefficients of a linear
combination of the basis functions in the basis set employed agree with these
components. In this confined context, the operators are represented as matrices.
When utilizing molecular computations, it's popular to employ a basis with a
bounded number of atomic orbitals. The MOs are expanding by a set of atomic
orbitals (AO) on created atoms.

The linear combination of atomic orbitals (LCAO) is a frequent name for this
way. Bigger systems can quickly become unpractical. As a result, simpler
functions Slater type orbitals (STO)[91] and Gaussian type orbitals (GTO) [92]
are frequently utilized instead of AOs and they are regarded as the two most

prevalent types of basis functions.

1-6-6-1 Basis sets of Minimal

Minimal basis sets, or single-zeta basis sets, are constructed using a single basis
function for each core and valence orbitals in the system. The smallest basis set
that utilizes very big molecules calculations in quantum mechanical
computations appears as a kind of basis set. The STO-NG basis set is the
minimum basis set. This N value is several primitive Gaussians are fitted to a
single STO in a least-squares fashion to compose a single basis function.
“Extended basis sets are necessary for more precise outcomes. For example,
through using three functions of Gaussian type[93], the basis set STO-3G is

approximated of Slater orbitals.
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1-6-6-2 Split Valence Basis sets

Expanding the basis set is a simple way to increase the number of basis
functions employed per orbital. For more than one basis function of the variable
orbital exponents to each valence orbital, split-valence basis sets have been
used, but only for one basis function to each core orbital. for example, The
valence double-zeta (VDZ) basis set, utilized two basis functions to each
valence orbital, whereas the valence triple-zeta (VTZ) basis set utilized three.
Pople and his co-workers[94][95] developed k-ImnG basis sets which is another
example of them. The split-valence basis sets which commonly utilized are 3-
21G, 6-31G, 6-21G, 6-311G, and 4-31G. The first number denotes how many
primitives will be used in contracted core functions. The numbers next to the
hyphen refer to the number of primitives used in valence functions, two
numbers imply a valence-double ({) basis, while three numbers imply a
valence-triple ({) basis. Table(1-1) shows the description of these basis sets.

Table(1-1). Description of split-valence Basis sets

Type of split Description
valence orbital
basis sets
3-21G[94] This notation denotes that the core 1s orbital is composed
of three Gaussians, while the valence shell 2s and 2p
orbitals are divided into two parts: the inner fraction is
composed of two Gaussians, and the outer part is
composed of one Gaussian.
6-31G[96] This notation means that each core orbital is characterized
by a single constriction of six GTO primitives, while the
valence shell orbital is characterized by two contractions,
one with three primitives and the other with one.
6-21G[94] This notation denotes that the inner (1s) shell is made up of
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six Gaussian functions, as well as it has two valence shells
2s and 2p consisting of 2 and 1 Gaussian functions,

respectively.

4-31G[97] This notation denotes that each inner shell is represented
by a single basis function that is the sum of four Gaussian
functions and that each valence orbital is divided into inner
and outer sections, each of which is defined by three and

one Gaussian functions, respectively.

6-311G[98] The core 1s orbital is composed of six Gaussians, while the
valence shell 2s and 2p orbitals are divided into three
parts: The contracted portion is the product of three

Gaussians. 1 Gaussian is the more diffuse section.

1-6-6-3 Polarization and Diffuse Functions

To get improved results, the polarization functions must be introduced to the
basis set[99]. Polarization functions are frequently more precise computed
geometries and vibrational frequencies. The heavy elements functions desired
higher angular momentum, such as d- and f-types. while helium and hydrogen

atoms with p and d-types such as 6-31G. (d, p).

The flexibility of the basis set is increased by enabling the orbital form to alter.
One or two plus signs appear in the diffuse functions. A single plus sign denotes
the addition of diffuse functions to atoms other than hydrogen. The second plus
sign indicates the diffuse functions are utilized for all atoms, such as 6-31+G*
or 6-31++G*. The shape of the wave function far from the nucleus and which
have greater electron density distributions on anions is illustrated by these
diffuse functions[100].
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Asterisks (*) or two asterisks (**) have been used to indicate polarization
functions. A polarized basis set 6-31G*, for example, provides a basic set that
adds d polarization functions to each non-hydrogen atom. while A 6-31G**
basis set an add p functions to hydrogen's as well [99].

1-6-7 Geometry optimization

Geometry optimization is a technique for determining a molecule's lowest
energy or more relaxing conformation. For all levels of calculation, the path is
the same. Geometry optimization has to be the most necessary step in predicting
the properties of a molecule using guantum mechanics calculations. A geometry
optimized molecule represents the minimum structure of a potential energy
surface, which is then used as a starting point for subsequent calculations such
as single point, vibration, and so on.

Geometry optimization can also be used to forecast the molecule's equilibrium
structure by locating minima on a potential energy surface (PES). A stationary
point is a position on a PES where the forces are zero, and these are the spots
that are typically found throughout an optimization. It's debatable whether these
points constitute local or global minima, and perhaps even transition states. For
geometry optimization, an input geometry is provided, and the calculation
proceeds to move through the PES [101], [102].

1-6-7-2 Single point calculations

The fundamental molecular modelling computation is single point energy.
Single point calculation (SPC) gives the static properties of a molecule, such as
potential energy, electrostatic potential, derivatives of potential energy,
molecular orbital energies, and molecular orbital coefficients for ground or
excited states[103]. At a single fixed geometry, this algorithm simply calculates
the energy, wave function, and other desired parameters. It's usually done first
when studying a new molecule to determine the nature of its wave function. as

well as, repeatedly it's also done next the geometry optimization.
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1-6-7-3 Potential Energy Surface

Potential energy surface (PES) has an essential role in study of molecular
structures and the analysed of reaction kinetics. In computational chemistry, the
potential energy surface is a key concept. The PES is a relationship
(mathematical or graphical) between the energy of a molecule (or a group of
molecules) and its molecular structure[104]. The reactivity, structure, properties
of the substance(like dipole moment, polarizability, etc.).The spectra of the
molecules can be easily described in terms of the potential energy surfaces. In
the Exceptions much simple states, the potential energy surface cannot be
determined from the experiment. Computational chemistry has developed many
ways for determing the potential energy surface. When the Born—Oppenheimer
approximation is invoked in the solving of the Schrodinger equation for the
molecular system, the potential energy surface emerges naturally [105][106].
For the diatomic molecule, PES is plotted in two dimensions as shown in
Figure(1-7).
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Figure (1-7). Potential Energy Curve for a Diatomic Molecule[107].
Whereas :

De: is the dissociation energy for AB molecule.

Re: is the equalization distance between two atoms.

There are a few particular dots on the PES that should be noted, which

represent the minimum (local and global) and saddle point[108], which are
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acted stationary dots on the PES. The minimum with a very lowest energy is
the global energy minimum. The local minima corresponding is to the
molecule's structure stabilization. A saddle point is the highest energy point
along the path of minimum energy. This dot sometimes is defined as the
transition state[109].

1-6-7-4 Transition state(TS)

The transition state is used to calculate transition state energy and for the
optimization of reaction intermediate geometries[109]. The initial step in
computationally modelling chemical reactions is due to the presence of a
Molecular Potential Energy Surface that contains stationary dots along with the
chemical reaction path reactant and product complexes are the endpoints of the
chemical reaction path. the energy of the minima on the molecular potential
energy surface, Furthermore, those structures agree with stable reactive
intermediates. At the potential energy surface, the reactants and products have
lesser energy positions separated by a greater energy region. when the
transmission of energy from reactants to transition state products, the maximum
energy is along a minimal energy pathway. The reactants, products, and
transition state's minimal energy has been calculated. Rate constants and
equilibrium constants are among the kinetic and thermodynamic parameters that
can be estimated[110] . Because the reactant and the final product are observed,
information about the reaction process by the minimal energy path of a reaction
is often easier to identify a minimum structure than it is to optimize to a
transition state, because minimization always prefers a structure with lower
energy. When the saddle point is closed in transition-state discovery, the total

energy increases or decreases[111], [112].
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1-7 Global index Chemical Reactivity

Chemical reactivity is a good indication to describe the local reactivity in
molecules [113].In terms of electronegativity (X), chemical potential (u) [114],
ionization potential energy (IE) [115], electron affinity (EA) [116],
electrophilicity index (w),reactivity characteristics like hardness(n) and
softness(o) [117]. The energy of HOMO is frequently linked to the molecules'
ability to donate electrons, whereas the energy of LUMO is linked to the
molecules' ability to accept electrons. As a result, a high HOMO value suggests
a strong inclination to donate electrons to a suitable acceptor molecule with a
low unoccupied molecular orbital energy. Similarly, a low LUMO value implies
a strong proclivity for accepting electrons from the metal surface[66] . bandgap
energy is regarded as an evaluative parameter very important for determining
the molecular electrical transport properties which interpret the biological
activity of chemical compounds due to changes in total dipole moment and
changes in partial charge[118]. The E,, (LUMO-HOMO) value is very
important for determining the hard and soft molecules and therefore, The
molecules which having large energy gaps or small energy gaps are defined as
hard and soft molecules respectively, also the soft molecules are more
polarizable than hard molecules because they require small energy for an
excitation [119]. Therefore soft molecules have lower kinetic stability [118] .
Through dependent on Koopmans theorem the highest occupied molecular
orbital (HOMO) and the Lowest Unoccupied Molecular Orbital (LUMO)
energy are utilized to estimate the IP and EA [120].where

IP=-E HOMQ ~——===——=-- (1-7)
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Therefore, the chemical potential(u),electronegativity(X), chemical
hardness(n),chemical softness(S) and electrophilicity index(m) were calculated
according to the following equations[121], [122].

u=-X=-(IP+EA)/2 --------- (1-9) EA= electron affinity

n= (IP-EA)/2 ------------- (1-10) M= chemical potential
S=1/2n = ------m-mmmme- (1-11) X= electronegativity
R VR ) T — (1-12) n= chemical Hardness
AN= -p/n --------m-mmm-- (1-14) S= chemical softness
where o= electrophilicity index

IP= lonization potential AN = Additional electronic charge
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1-8 Literature Survey

Fadhel O. E., et al., 2012, Estimation study of transition state and synthesis is
carried, to synthesise the Barbituric Acid with their derivatives of 1, 3, 4-
Thiadiazole. various computation methods of Quantum mechanics to estimate
the real transition state using semi-empirical computation methods. Energetic
parameters have been calculated such as zero-point energy, the first imaginary
frequency and total binding energy to suggest the real transition state of

chemical reaction [123].

L. Shao et al. in 2013, described the biosynthesis route of gentamicin and other
aminoglycosides starting with the addition of D-xylohexose to paromamine (N-
acetyl-D-glucosamine added to 2-DOS) and then subjecting it to a series of
enzyme modifications that led to the biosynthesis of the final gentamicin[124] .

Belaidi, et al., in 2013, used the Gaussian 09 and HyperChem programs at ab
initio and DFT methods to study the geometries, bond angle, bond length,
charge densities, the heat of formation, bandgap energy of HOMO and LUMO
molecular orbitals and Physico-chemical properties of thiazole and some of its
derivatives. as well as , they were found that the results of calculations agree

with experimental values[125].

R. Singh et al. in 2014, synthesised a new Schiff base of a molecule (S-
benzyldithiocarbazate) and used H-NMR and FT-IR spectroscopic data to
determine its structure. They have been determined the optimized structural
parameters (bond angle and bond length ), vibration frequencies, band gap
energy and other properties for S-benzyl b-N-(4-NN biscynodiethyl amino
phenyl methylene)dithiocarbazate by using semi-empirical computational
methods (PM3 and AM1) and they found a good agreement between the
theoretical and experimental values[126].
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Ebtihal K. K., et al., 2015, Theoretically, metal complexes of the new tridentate
Schiff base are proposed and synthesized as ligand type (NNO) obtained from
Isatine. New Schiff base ligand [(E)-3-[(Z)-3-(2-aminoethyl imino)-1, 5-
dimethyl-2-phenyl-2, 3-dihydro-1H-pyrazol-4-ylimino] indolin-2-one].
Transition metal ions such as Co(ll), Ni(ll), and Cu have been used to prepare
the chelate complexes of three ligands. The results suggest that the geometrical
structures of Co(ll), Ni(ll), and Cu(ll) complexes are octahedral. The spectrum
method, conductivity, and magnetic behaver investigations are used to identify

compounds [127].

Halla T. M., et al., 2016, Computational methods are utilized to study a new
Parkinson's disease treatment. Using PM3 semi-empirical calculations and DFT
based on STO-3G, nine chemical compounds have been proposed. Chemically
changed derivatives of active drugs are used to make new medications, which
ignore undesirable drug features such as low solubility, low selectivity,
instability, and excessive toxicity. All of the suggestions are made to prevent

adverse effects and improve absorption distribution in living tissues [128].

Mansoorinasab, et al., In 2017, Using quantum mechanics, studied the
processes of gentamicin drug interaction with COOH & COCI functionalized
carbon nanotubes, as well as the energetic features of the chemical species.
They discovered that the contact of a nanotube with gentamicin via COCI has a
lower energy barrier than the interaction via COOH, and that the contribution
via the NH pathway is larger. They also discovered that the presence of

nanotubes reduces the stability of gentamicin[129].

Lekaa H. K., et al., in 2018, studied the Chemical reactivity of a new suggested
Chemotherapy agent . This study involved Our new suggested chemotherapy
agent is diaminobis((methylthio)oxy)platinum(VI)chloride (DMOP) complex.
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The agent has been described to be an effective anticancer therapy. Suggested
transition states formation of DMOP (1) complex(square planer) with purine
bases(guanine and adenine) are studied by DFT/B3LYP method. They found an
energy gap 0.02632 kCal.Mol™ is a small value of indicators of high chemical
reactivity for DMOP complex. The reaction is most probable of the complex
with guanine bases than adenine bases by total energy value equal to -792.613
kcal mol™ [130].

Dhevaraj ., et al., 2019, preparation a series of multi-heterocyclic anti-bacterial
drugs 3-(4-(tetrazol-1-yl)phenyl)-5-phenyl-1H-pyrazoles are synthesized using
the reaction with (E)-1-(4-(1H-tetrazol-1-yl)phenyl)-3-arylprop-2-en-1-one and
hydrazine hydrate in the presence of weak acidic catalyst like acetic acid. The
structures of synthesized compounds were confirmed by various spectral
studies. Biological activity was measured antibacterial studies with MTT assay
methods. The parameters such as optimized geometry, electronic properties and
hyperpolarizability of the tetrazole containing pyrazoles have been calculated
using density functional theory (DFT) with the application of hybrid functional
“B3LYP”. In fact, a good agreement between the calculating mode with the
experimental one was attained using at the B3LYP/6-311G theoretical level.
Therefore, used The dual heterocyclic system showed enhanced biological
activity as compared to the isolated pyrazole compounds. As a result of these,
the tetrazole moiety is accountable for an increase in biological activity in the

whole molecular system[131].

Siileymanoglu ., et al., 2020, Preparation New Schiff base derivatives with
thiophene, 1- (4-(((5-phenylthiophene-2-yl) methylene) amino) phenyl) ethan-1-
one (1) and 1-(4)-((benzo [b] thiophene-2-ylmethylene) amino) phenyl) ethan-1-
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one (I1), were synthesized and characterized by FTIR and NMR (1 H- and 13C
NMR) spectroscopic methods. The structural parameters and spectral data of
Schiff base derivatives were obtained by DFT/B3LYP/6- 311ppG(d,p) method
and theoretical spectral data were compared with the experimental ones. Both
compounds were tested for their antibacterial and antifungal properties against
to the selected 15 bacteria and 4 fungi isolates, which could be threat to the
public health, by microdilution broth assay with alamar blue. In vitro
antimicrobial activity was determined by using the Minimum Inhibitory
Concentration (MIC) values. Results show that, both compounds have high
antibacterial activities against Enterococcus faecalis, Streptococcus agalactiae,
Shigella flexneri isolates and the MIC values obtained for compounds | and Il
are 1250/2500, 1250/2500, 1250/ 312 mg/ml, respectively[132].
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1-9 Aims of the Present Work

The main aims of the present work are to investigate new derivatives of

Betamethasone drugs against Coronavirus. These aims are listed as follows.

1.

Characterisation of the affected structural properties for Betamethasone
drug.

Investigation of the effect of new substituted functional groups on
chemical structure-activity of Betamethasone drug.

Estimation the reaction steps pathway of formation for the
Betamethasone drug.

Investigation the optimized geometrical transition states of
Betamethasone drug for slow rate determinate step of reaction formation.
Suggestion new derivatives, molecular models, for Betamethasone drug
as new suggested drugs of Coronavirus.

Estimation the reaction steps pathway of formation for all suggested new
derivatives of the Betamethasone drug.

Investigation the optimized geometrical transition states for all suggested
new derivatives of Betamethasone drug through slow rate determinate
step of reaction formation.

Procuration a comparative about the chemical activity, reactivity and
global Index parameters of new suggested optimized model derivatives

structures with the original moiety of Betamethasone drug.
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2-1 Instruments and Package programs

2-1-1 Computers

Computational studies have been carried out by using various computers
according to their specification to increase efficiency and minimize the required
time for calculations.

Table (2-1). Types of computers and it’s properties

Computer | Type Processer RAM System type
Laptop TOSHIBA- CORE | Intel[R] 4.00 GB | 64-bit operating
i5 (5" Gen) Core[TM] i5- [3.90 GB | system,x64-
3320M usable] based processor
CPU@2.60GH;, Hard
Laptop HP Pavilion- Intel®Core™i7- | 16.0 64-bit operating
CORE i7 (9" Gen) | 9750H CUP@ | GB(15.8 | system, x64-
2.60GH; 259 |GB based processor
GH; usable) Hard
Desktop | Windows 10 Intel®Core™i7- | 16.0 64-bit operating
Home single 9750H CUP@ | GB(15.8 | system, x64-
language 2.60GH; 259 |GB based processor
GH; usable) Hard

2-1-2 Spectral Analytical Instruments

Instruments that have been used in molecular spectroscopy proving the
chemical structure of betamethasone are listed in Table (2-2), according to their
characteristics, workplace and origin. Betamethasone drug has been imported
from China as 50 grams container made by company Energy chemical with
99% purity. Chemical formula C22H29FOs.CAS (378-44-9).Molecular weight
equal to 392.46 g/L. LOT NO(GD180321).
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Table (2-2). Instruments of spectral Analysis for molecular spectroscopy

NO. Instrument specification Origin Work
place
1 FT-IR Bruker/ Germany Iran
Spectrophotometer |  Equinox 55/Tensor 27
2 UV-visible Perkin Elmer/ United states Iran
Spectrophotometer Lambda 850
3 Mass Agilent Technologies/ United states Iran
Spectrophotometer 5975C

2-1-3 Packaged Software Programs

Package programs have been used to achieve the required data for the
modulation study of Betamethasone. Table (2-3) shows the packaged programs
and their specifications.

Table( 2-3). Programs characteristics in this study

Programs Version Origin
Gaussian 09 7.0.0.0 Walling USA
Gauss view 05 5.0.8 Semichem USA
Hyperchem 08 8.0.2 Gainesville, Florida, USA.

2-2 Programme of Calculations
2-2-1 Gaussian program

Gaussian 09 is a commercial computational chemistry software produced by
Gaussian, Inc. It is a resource by many authors, considered standard for
molecular modelling for computational chemistry. The programs include all
necessary major methods of molecular modelling. There are three various major
levels of computations such as semi-empirical method, density functional theory
(DFT) and ab-initio. Various requirements of molecular modelling can be
carried out such as energies, geometries, vibrational frequencies, excited states,

transition states, reaction paths and a set of properties based on different
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uncorrelated and correlated wave's functions[133]. Chemical engineers,
chemists, physicists, biochemists, and others utilize the Gaussian programme
for researches in confirming and growing areas of the chemicals field[134].
Experimentally hard or hopeless such as short-lived intermediates and transition
structures, as well as comparison with experimental data, such as X-ray

crystallography technique[135].
2-2-2 Gauss View 05

Gauss 05 [133] has a full-featured graphical user interface called the Gauss
view, with the aid of Gauss view, one can prepare input for subjugation
Gaussians and see the output that Gaussian produces in graphic form. The first
step in generating a Gaussian input file is to construct the required molecule.
Gauss view is used to draw a molecular structure by calculating bond angles,
bond lengths and dihedral angles for the molecule. Gauss view includes a
fantastic molecular builder. Atoms, groups, rings, amino acids, and nucleosides
can all be used to construct molecules. The Gaussian view shows several
different Gaussian computed values, as shown below Molecular stereochemistry
structure[136], [137] .

e The structures of optimized molecular.

e The electron density from any computed density.
e Electrostatic potential surfaces of molecular.

e Charges of atomics and dipoles moments.

e Calculation of IR, UV, NMR spectra.

e The Molecular. Orbitals (MO).
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2-2-3 Hyperchem 8.02

Version 8.0.2 of HyperChem is a chemical calculational programme. It is the
integrated graphic interface, calculational and visualization package. It has seen
much use on Personal Computers. Density functional theory(DFT), semi-
empirical, Ab initio and MM methods are all involved in HyperChem.
Geometry optimization, vibrational frequencies, transition states, electronically
excited states, and MD, QM/MM, and MC simulations have all been done using
these methods. The program has included the drawing mode, thus the backbone
drawing first, after that the hydrogen atoms spontaneously added. Because this
sketcher does not determine the bond lengths or bond angles, the MM
optimization was employed before doing the time-consuming computations
[138]. Various rendering modes are present in the graphic interface. It is used to
show molecular surfaces and vibrational mode animations. The electronic and

vibrational spectra, as well as their intensities, are illustrated.

The calculation results are displayed on the screen by default, but they are not
stored on the disk. The user can direct that all results from a particular session
be written to a log file. The MM force fields are included in the program, which
includes MM™, BIO", OPLS, and AMBER. The semi-empirical methods include
(extended Huckel, CNDO, INDO, ZINDO, MINDO/3, MNDO, PM3, PM6 and
AM1). As well as, the ab initio calculations. Several common basis sets are
used[139].

2-2-4 ChemDraw

ChemDraw is one of the most widely used chemical drawing programs. A
comprehensive set of standard tools for sketching 2D chemical structures is
included in the drawing software. Some more aspects are quite useful for
chemists. One of these advantages is its ability to anticipate the NMR spectrum.
Chemical structures can be used to generate IUPAC names. A structure can be
created by systematic typing of a chemical name. Chemical compounds'
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physical properties, such as melting point and boiling point, can also be

calculated.

2-3 Calculation Methods

Different calculation methods have been approved out to calculate the energetic

properties, scheme (2-1) shows path of computation into the Gaussian

programme run the chemical system, it's necessary to give us real significant

results [140]. Scheme (2-2) shows path of the computation into Hyperchem

programme run the chemical system.

Molecular Geometry:Initial guess.
Level of theory,Basis set

Y

Trial Wave Functions estimated
from Semi-empirical calculations

y

[ SCF calculation of energy and ]

improved wave functions

- [Ilas energy C(mvergcd) \
Is the Geometry optimizated i.e.,are /

the forces within the molecule OUTPUT

sufficiently close to zero 1

For molecular geometry L
Yes l Sy » ( Optimized molecular
For Molecular properties * structure

( calculate Molecular propcrlics) [vibralinnal spectrum,IR

R_aman IntensityUV, - | OUTPUT
NMR spectrum efc.

Scheme (2-1). Flow chart runs for Gaussian Programme[140].
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Quadratic Ab-initio PM3,AM1.CNDO. .. etc.
* or DFT
No basis Set.minimal(STO-3G),]

* small(3-21G).medium(6-31G),
Stop Log / / Large(6-31G**),other.

) . ) I — Geometry
singl point,singl poimnt CI, «— | optimization
vibration,Rotation Analysis, | <€ @ P

potential

Stop Log »

Scheme (2-2). Flow chart run for Hyperchem Programme.

2-3-1 Building of molecular structure

The Gaussian view 05 tools were used to build and exhibit a molecular structure
that sketches into two-dimensional structures (2D). Converting a three-
dimensional structure (3D) utilizing model building and presenting a molecular
structure in a sketch region by selecting atoms from the periodic table and

selecting a structure from the toolbar[109] .

In Hyperchem program, to construct the molecules, program tools were
employed. After Hyperchem window was opened, the molecules were drawn
using the drawing tools. Using the model builder, a two-dimensional
representation of a molecule was drawn and then converted to a three-
dimensional structure. Molecules have been shown in a variety of shapes
(symbols, numerals) utilizing the display list and labels selection. By selecting

Rendering from the display menu, the molecules were rendered in the form of
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balls, cylinders, and tubes[111], [141] .Scheme (2-3) shows drawing the

chemical structure of Betamethasone molecule.

(()pen Gaussian view) —_— —p..

Greate molecular
group

v

( Periodic lablc)

\

(Choose atomesj

v

Selecte builder
fragment

( Draw in G5 view )

Scheme (2-3). Drawing chemical structure of betamethasone molecule[142].
2-3-2 Geometry Optimization

Geometry optimization is a technique for determining a molecule's lowest
energy or most relaxing conformation. For all levels of calculation, the route is
the same. Geometry optimization is the most crucial phase in predicting the
properties of a molecule using quantum mechanics(QM) calculations, that a
geometry optimized molecule represents the lowest structure of a potential
energy surface, which is then utilized as a beginning point for sequential
calculations. Different parameters such as total energy, atomic charges, dipole

moment, heat of formation and binding energy, vibration, and others are
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calculated using geometry optimization [101], [143]. The following path of

geometry optimization in Gaussian 09 programme is shown in scheme(2-4).

{Open Gaussian}
. — —
view
( Calculation )

\

[(}aussian calculation }

setup

Optimization
(ground state)

[ Semi-empirical(PM3) or DFT(B;LYP) }

at Basis set(STO-3G)

Scheme (2-4). Pathway of geometry optimization in Gaussian

programme[142].

To compute the properties or physical characteristics of the molecule, it must
have acquired the best structure of this molecule. In other words, determining
the molecule's coordinates with the lowest attainable energy potential [141],
[144]. The molecules have been completed after the construction and displaying
process. The basis set minimal (STO-3G) has been utilized in the density
functional computations, and the semi-empirical calculations PM3, CNDO, and
other methods have been chosen from the setup menu, and the geometry
optimization has been selected from the computing menu. next to the
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completion of the calculations, the file was saved with the supplied name by
selecting start Log from the file menu, which had been formatted before the
computations and then selecting stop log. Then save the calculation results as an
external file. The time it takes to compute the geometry optimized of the
Betamethasone molecule using semi-empirical (PM3) and DFT(B3LYP)
methods at different basis sets (3-21G and 6-31G). The Run time of geometry
optimized for Betamethasone molecule in Gaussian programme is shown in
Table (2-4).

Table(2-4). The Run time of geometry optimized for Betamethasone

molecule in Gaussian programme.

Geometry Density function theory[BsLYP] Semi-empirical
optimization 3-21G 6-31G method[PM;]
Run time 5hr:20 4hr:37min:31.0 sec. | 00 hr:4 min:55 sec.
min:17.0sec

2-3-3 Single point calculation(SPC)

Single-point computations provided the stationary properties of molecules such
as potential energy, electrostatic potential and molecular orbital energies for
stable and excited states, as well as fundamental vibrational frequency
computations, intensities of an electronic UV-visible spectrum, and bond
properties ( length, angle and order). The molecular structure's influence on
single point computations is reflected in stationary point coordinates on the
potential energy surface [143]. Single-point computations were performed

directly after that the geometry optimization computations for the molecule

were completed by selecting a single point from the Compute menu.
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2-3-4 Configuration Interaction computation of wave function

Configuration interaction of wave function is the linear combination of Slater
determinants, and it is an approach to improve the Hartree- Fock theory by
including a description of correlated motions of an electron. The diagonalization
of the Hamiltonian in the presumed subspace of determinants is used to
determine differential linear coefficients. In Hyper-Chem, two types of
Configuration interaction calculations have been carried out: odd excited and
microstates. UV spectra have been created using semi-empirical and ab initio
calculations using the singly excited CI. but the semi-empirical methods have
just used the microstate Cl to improve the wave function and energy values,
including the electronic correlation. by the dependent on the electron
configurations, There are limited states in the CI calculation that has been used.
First, For DFT, semi-empirical, and ab initio ways closed-shell singlet ground
states were utilized. Second, for the semi-empirical methods, half electron filled
and excited singlet states were used. Third, the half electron filled, doublet, and
triplet open-shell ground states have been utilised for the semi-empirical ways
only[145].

After the geometry optimization computations were completed, the CI
computations were conducted. from the calculation menu was selected single
point ClI computations were and after that from options dialogue box CI (3*3)

Microstate has been chosen.
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2-3-5 Potential energy of bonds

The dissociation energy of any bond can be computed by stretching the bond to
its maximum length and calculating the difference between the bond's length
stability and the maximum length potential. When the bonds' potential energy
calculations were finished, they were plotted in a one-dimensional potential
energy plot among energy and bond length if two atoms were chosen and if
three atoms are chosen, the needed energy can be computed for the angles, and
the same may be done for torsion angles energy with four atoms. In calculation,
the PM3 method was picked, and then potential was selected from the

computing menu.
2-3-6 Spectroscopic Investigation

The spectroscopic analysis provides structural information that may be
compared to practical spectral data to ensure that details of our calculations are

near to proposed chemical structures.
2-3-6-1 IR-Spectroscopy

The purpose of vibrational analysis study is to hand a general understanding of
the stability of geometrized chemical structures and their reactivity to the
environment surrounding or electromagnetic radiation interaction. Chemical
species' bonds vibrate as soon as they are created, and they continue to vibrate
within time. With the chemical bonded deployment on the symmetry axis of the
structures and their identity, six diffracted kinds of vibration occur[146].
Hooke's law describes the movement of a vibrating spring as well as the
relations among atom masses (ml, m2), bond force constant (f), and

wavenumber (v), that appears in eq.(2-1)[147]:

p=—1 % —-(2-1)
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Where:

v: is the wavenumber in cm™.

c:is the speed of light in cm.sec™.

K: is the force constant of the bond in gm/cm?.
H:is the masses of the atoms [m1,m2] in gm.
2-3-6-2 UV-VIS spectroscopy

UV-Vis spectroscopy is a technique for determining a sample's absorption
intensity and wavelength. In general, UV spectroscopy is used to study
molecules and inorganic compounds in solution. UV and visible light photons
have quite enough energy to cause outer electrons to excite or move to higher
energy states. Bonding (low energy), anti-bonding (high energy), and non-
bonding molecular orbitals are generated by the overlap of atomic orbitals.
Transitions of electrons from bonding to anti-bonding molecular orbitals are

usually connected with energy absorption[148].
2-3-6-3 Mass spectroscopy

Mass spectrometry is an analytical method for determining the mass-to-charge
ratio (m/z) of one or more molecules in a sample. These measurements are
frequently used to determine the exact molecular weight of components of the
sample. Mass spectrometers are commonly used to identify unknown chemicals
by determining their molecular weight, quantifying known compounds, and

determining the structure and chemical characteristics of molecules.

The generation of gas-phase ions of the compound is the initial step in the mass

spectrometric study of compounds, for example by electron ionization:

M + e —>M+2 -—-(2-2)
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After that, the molecular ion is normally subjected to fragmentations. Because it
Is a radical action with an odd number of electrons, it can fragment to give
either a molecule and a new radical action or a radical and an ion with an even

number of electrons. such as in the following equations[149] .
M™ —EE* +R"----(2-3)
Even lon Radical
M* —OE™ + N ----- (2-4)

Odd lon-Molecule

2-3-7 Molecular orbitals View and Molecular electrostatic potential

The interaction of the energy of a system with the positive point charge can be
defined as the Molecular Electrostatic Potential (MEP). The plot provides
information about the activity of the molecules in real reactions with
nucleophiles or electrophiles. Electrostatic potential (ESP) is important for
finding possible sites of reaction in molecules. The negative regions of ESP
have been illustrated in red colour, whereas The positive regions of ESP have

been represented in green colour[150].

The molecular properties plot was used to show electrostatic potential, total
charge density (which defines the likelihood of detecting electrons at a given
place in space), and total spine density in 2D contours and 3D isosurfaces with
ball and cylinder, tubes perspective. After the semi-empirical or DFT
calculations were completed, and the Molecular Graphs plot was selected from

the Compute menu.

The key orbitals involved in chemical stability are HOMO and LUMO[151],
[152]. They were drawn in 2D and 3D using the same orbital option, and after
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that, the energy gap (Egap) was calculated from the difference in energy
between HOMO and LUMO as follows in eq.(2-5).

Egep =LUMO — HOMO ---------- (2-5)
2-3-8 Transition state search

A transition state search determined the maximum energy along the reaction
pathway on the potential energy surface. It finds the first-order saddle point,
which is a structure with one imaginary frequency that have one negative
eigenvalue. To determine the energy barrier for the chemical reaction, a
transition state computation must be performed. The transitional states of the
structures were computed using the semi-empirical (CNDO) quantum
mechanics method. After the geometry optimization has been completed for
each structural reaction singly, the proposed transition states have the same
work. The molecules and names of the reactant and product were first chosen
from the selected menu, and then the number was chosen from the labels menu,
which is found in the display menu. Then, from the setup menu, the reaction
map was chosen to merge the same transition state and product. After that, the
computing menu was used to pick the transition state, and the settings dialogue
box for transition state search was used to select synchronous transit and
guadratic. The start log in file menu has been selected before starting the
transition state. Finally, after the calculations were performed, a stop log was

chosen and the results were saved[153].
The activation energy (energy barrier ) has been computed from the equation

Ey - Es-YE -—(2-6)

45



Where:
E, - represented the energy barrier (Eb).

E - represented the total energy for the transition state that has been taken from

the log file of the transition state.
E, - represented the summation of the total energy of reactants.

Table[2-5] was shown to the required time to calculate Betamethasone and its

derivatives in the Gaussian programme.

Table (2-5). Geometry optimization structure of Betamethasone and its
derivatives calculated at DFT(Bs;LYP/6-31G)method

Compounds Time [day: hr : min: sec]
Betamethasone 0 day:4 hr:37 min:31.0 sec.
AFHTDPO (Beta.NH,) 1 day:22 hr:52 min:10.0 sec.
EFHTDPO(Beta. NHCH2CH3) 4 day:4 hr:17 min:54.0 sec.
FHCPCC(Beta. COOH) 2 day:22 hr:36 min: 33.0 sec.
FHACPC(Beta.CONH,) 1 day:17 hr:44 min:51 sec.

2-3-9 Zero-point energy transition states

Zero-point energy has been calculated for transition states structures. The
lowest energy value of a structure at the ground state is zero-point energy. It
was computed as a preliminary step after the geometry optimization[154] .
Zero-point energy(ZPE) is the non-thermic and Kkinetic power at zero degrees
Kelvin, called Zero-point vibration, quantum oscillation, as well as newly dark
energy.The DFT computations and semi-empirical calculations have been

carried out by the ZPE. To compare the energies of all structures, the zero-point
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vibrational energy was estimated after geometry optimization based on the plain

vibration frequencies for all structures and proposed transition states[155].
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Results and Discussion

3-1 Geometry optimization structure

Molecular structural properties of betamethasone drug were estimated using semi-
empirical method (PM3) and density function theory (B3LYP)at basis sets (3-21G
and 6-31G) as shown in Figure(3-1). The geometry-optimized structure of
betamethasone is released a total energy equal to -1331.652742 a.u., since the
orientated bonded atoms are labelled with number which represents the numerical
order in geometry optimize structure [156], [157]. The atomic charge influence has a
main role in application of quantum chemical calculations of molecular systems.
Therefore molecular parameters such as dipole moment, electronic structure,

polarizability and Mullikan atomic charge have been computed [158].

Figure(3-1) shows Mullikan charge distribution on atoms of Betamethasone, The
hydrogen atoms have a positive charge, indicating that it is an acceptor atoms,
while, the carbon; fluorine and oxygen atoms all have a significant negative charge,

indicating that they are donor atoms.

At the same time the molecular orbitals (HOMO and LUMO)in three dimensions
which appear in green and red colour respectively. Green colour represents the
positive part of the wave function that would be attacked by a nucleophile, whereas
red color represents the negative part of the wave function, which would be attacked
by an electrophile[159]. The energy of HOMO is frequently linked to the molecules'
ability to donate electrons, whereas the energy of LUMO is linked to the molecules'
ability to accept electrons. As a result, a high HOMO value suggests a strong
inclination to donate eclectrons to a suitable acceptor molecule with a low
unoccupied molecular orbital energy. Similarly, a low LUMO value implies a strong
proclivity for accepting electrons from the metal surface [66]. Electrophilic and
nucleophilic attacks are also most likely to occur at atoms with large coefficients of

corresponding atomic orbitals in HOMO and LUMO, respectively. This conduct
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controls the Betamethasone molecule's chemical efficiency in the substitution

reactions [160].

b-Geometry optimize
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Figure (3-1). Geometries optimized structure of betamethasone calculated
by DFT (B;LYP) method at Basis set (6-31G)

Band gap energy value is an important evaluative parameter for determination the
molecular electrical transport properties. It is interpret the chemical reactivity and
biological activity of chemical compounds due to changes in total dipole moment
and changes in partial charge [118]. Table (3-1) shows the energetic properties of
betamethasone, energy value of HOMO and LUMO orbitals are equal to -0.35519
and -0.27574 eV respectively. The energy gap of betamethasone compound is equal

to 0.07945 eV. and that means lower electronic stability with higher chemical
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reactivity[161]. Figure (3-2) shows Mulliken charges for the atoms of
betamethasone molecule. The hydrogen atoms have a positive charge, while, the

carbon; fluorine and oxygen atoms all have a significant negative charge.

Table (3-1). Energetic properties of betamethasone calculated by semi-
empirical (PM3) and DFT(B3LYP) at basis sets(3-21G and 6-31G)

Energetic properties | DFT (BsLYP) | DFT(BsLYP) | Semi-empirical Units
(3-21G) (6-31G) (PMs5)
Total energy -1324.772 -1331.652 -0.0737 a.u
RMS gradient 1.3*10° 5.22*10° 4.92*10° a.u
Dipole moment 3.6073 6.6254 7.0428 Debye(kg.m?)
Energy of LUMO -0.25580 -0.27574 -0.24376 e.V
Energy of HOMO -0.34518 -0.35519 -0.48976 e.V
Energy gap 0.08938 0.07945 0.246 eV
Time of calculation 5:20:17 4:37:31 0:4:55 hr : min :sec

Figure(3-2). Mulliken charges for the atoms of betamethasone
molecule calculated by DFT(B3LYP/6-31G) method
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3-1-2 Estimation of chemical bonds

Structural properties such as bond lengths and bond angles of geometry
optimized betamethasone compound have been estimated to determine the
reactive chemical bonds of moiety, since the reactive bond is essential and very
important in the chemical modulation of betamethasone moiety. Table(3-2)
shows the chemical bonds of betamethasone. Bond lengths of betamethasone
are ranged from 0.9 A to 1.5 A, while it was found that chemical bond R29
between carbon atom 16 and carbon atom 17 has a bond length equal to 2.7693
A. This phenomenon gives an indication about this site is the lowest stability
and its very reactive to chemical reaction than other chemical bonds. Other
bonds such as R5, R10, R14, R24, R26, R30, R32, R37, and R44 have the same
phenomena of length than other rest bonds. That’s mean they found many active
site on this molecule but the most probable site 1s R29. Figure (3-3) shows
geometry optimization structure for Betamethasone.

Geometry optimize

Figure (3-3).geometry optimization structure for Betamethasone
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Table (3-2). Bond length estimation of Betamethasone, calculated by Semi-
empirical (PM3) and DFT(B3LYP) methods at basis set (3-21G and 6-31G)

Chemical bonds Semi-empirical DFT(3-21G) DFT(6-31G)
Bond length A | Bond length A Bond length A

R1(C1-C12) 1.4768 1.5796 15796
R2(C1-C14) 1.5357 15716 15716
R3(C1-C21) 1.5468 1.5694 1.5694
R4(C1-F31) 1.3499 1.3716 1.3716
R5(C2-C3) 1.5465 1.5031 1.5031
R6(C2-H9) 1.0703 11116 11116
R7(C2-C13) 1.5316 1.5436 1.5436
R8(C2-H50) 1.0694 1.1125 1.1125
R9(C3=C8) 1.3262 1.3388 1.3388
R10(C3-C21) 1.5433 1.5406 1.5406
R11(C4-H5) 1.07 1.0863 1.0863
R12(C4=C6) 1.3735 1.334 1.334
R13(C4-C21) 1.5204 1.5193 15193
R14(C6-C7) 1.5714 1.5047 1.5047
R15(C6-H10) 1.0698 1.0933 1.0933
R16(C7-C8) 1.5425 1.4854 1.4854
R17(C7=022) 1.2584 1.2051 1.2051
R18(C8-H11) 1.07 1.0941 1.0941
R19(C12-C13) 1.537 1.5291 1.5291
R20(C12-C17) 1.5064 15153 15153
R21(C12-HA47) 1.07 1.1261 1.1261
R22(C13-H48) 1.0699 1.1105 1.1105
R23(C13-H49) 1.0693 1.1073 1.1073
R24(C14-C15) 1.5836 1.4795 1.4795
R25(C14-051) 1.4297 1.2986 1.2986
R26(C15-C16) 1.5761 1.5813 1.5813
R27(C15-H57) 1.0692 1.1313 1.1313
R28(C15-H58) 1.0706 1.1175 1.1175
R29(C16-C17) 1.6113 2.7693 2.7693
R30(C16-C18) 1.5908 1.5891 1.5891
R31(C16-H49) 1.0699 1.1259 1.1259
R32(C16-C53) 1.5405 1.5258 1.5258
R33(C17-C19) 1.5258 1.5192 1.5192
R34(C17-H44) 1.07 1.1181 1.1181
R35(C17-H45) 1.0698 1.1311 11311
R36(C18-C20) 1.4958 1.5843 1.5843
R37(C18-C32) 1.5406 1.5609 1.5609
R38(C18-036) 1.4296 1.4273 1.4273
R39(C19-C20) 14717 1.5612 15612
R40(C19-H42) 1.0699 1.1048 1.1048
R41(C19-H43) 1.0702 1.106 1.106
R42(C20-C27) 1.5412 1.5269 1.5269
R43(C20-H41) 1.0701 1.1264 1.1264
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R44(C21-C23) 15402 15334 15334
R45(C23-H24) 1.0698 1.0956 1.0956
R46(C23-H25) 1.0702 1.1035 1.1035
R47(C23-H26) 1.07 1.0999 1.0999
R48(C27-H28) 1.0703 1.1071 1.1071
R49(C27-H29) 1.0697 1.0993 1.0993
R50(C27-H30) 1.0703 1.1011 1.1011
R51(C32-C33) 15399 1526 1526
R52(C32=034) 1.2586 1.2103 1.2103
R53(C33-035) 1.4303 1.4248 1.4248
R54(C33-H37) 1.0699 1.1129 1.1129
R55(C33-H38) 1.0702 1.1059 1.1059
R56(035-H39) 0.96 0.9902 0.9902
R57(036-H40) 0.9594 0.9989 0.9989
R58(051-H52) 0.9601 1.0317 1.0317
R59(C53-H54) 1.0702 1.0969 1.0969
R60(C53-H55) 1.07 1.0934 1.0934
R61(C53-H56) 1.07 11113 11113

Table (3-3) shows measurements for bond angles of betamethasone compound.
The bond angles of the Betamethasone molecule are ranged from 60° into 120°.
The bond angle of A59 that has formed by carbon atom 12, carbon atom 17 and
carbon atom 19 is equal to 133.5942°. Its first indication about the carbon atom
17 is a very active site towards chemical reaction due to its position in the
betamethasone molecule and it may useful for any desired substitution reaction
to getting on any new derivatives for betamethasone, same thing may occurs on
A24 and A26 [162].
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Table(3-3). Bond angle estimation of Betamethasone compound calculated
by Semi-empirical(PM3) and DFT(B3LYP) methods at basis set (3-21G and
6-31G)

Bond angles Semi-empirical(PM3) | DFT(3-21G) DFT (6-31G)
Degree Degree Degree
Al1(C12-C1-C14) 106.9687 117.7737 117.7737
A2(C12-C1-C21) 113.1894 108.5048 108.5048
A3(C12-C1-F31) 107.6194 108.829 108.829
A4(C14-C1-C21) 111.3372 114.1949 114.1949
A5(C14-C1-F31) 109.781 97.341 97.341
A6(C21-C1-F31) 107.8637 109.3823 109.3823
A7(C3-C2-H9) 110.5279 110.0745 110.0745
A8(C3-C2-C13) 111.9651 111.6591 111.6591
A9(C3-C2-H50) 106.9119 110.7698 110.7698
A10(H9-C2-C13) 109.8021 110.6216 110.6216
A11(H9-C2-H50) 109.856 104.0462 104.0462
A12(C13-C2-H50) 107.6851 109.4116 109.4116
Al13(C2-C3=C8) 120.0525 122.6114 122.6114
Al14(C2-C3-C21) 123.0254 117.118 117.118
A15(C8=C3-C21) 116.7636 120.2584 120.2584
A16(H5-C4=C6) 122.8244 121.1532 121.1532
Al7(H5-C4-C21) 122.9795 117.0099 117.0099
A18(C6=C4-C21) 114.1132 121.6851 121.6851
A19(C4=C6-C7) 119.3864 121.1495 121.1495
A20(C4=C6-H10) 120.2757 123.8207 123.8207
A21(C7-C6-H10) 120.3282 115.0263 115.0263
A22(C6-C7-C8) 117.173 113.7705 113.7705
A23(C6-C7=022) 121.4303 122.0378 122.0378
A24(C8-C7=022) 121.3567 124.1832 124.1832
A25(C3=C8-C7) 111.8148 122.2718 122.2718
A26(C3=C8-H11) 124.2575 123.1292 123.1292
A27(C7-C8-H11) 123.8219 114.5922 114.5922
A28(C1-C12-C13) 106.5363 108.5522 108.5522
A59(C12-C17-C19) 111.9438 133.5942 133.5942

3-1-3 Potential energy surface

Potential energy surface has been done in two dimension to get on curve for
chemical bond dissociation. It is helpful method to estimate the energetic
stability of the reactive chemical bonds of betamethasone. The equilibrium
energy and the dissociation energy value required to break down a bond (the

weakest bond) were determined [163], [164]. Table (3-4) shows a comparative
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of energetic values between the reactivity (stability) of chemical bond of
betamethasone compound. The bonds Cg-C,g and C23-C25 were lower stable
bonds than others with 0.77 and 2.99 kcal/mol respectively of the dissociation
energy values, while the bonds of Oy-Hs; and C,3=0,4 were higher stable with
169.29 and 169.43 kcal/mol respectively of the dissociation energy values than
other bonds. Other chemical bonds also have lowest stability, such as Os-Hsg
and C,7-O, with 33.35 and 26.09 kcal/mole respectively, they are also reactive

bond but with lowest probability.

Figure (3- 5) shows the reactive chemical bonds which have been determined on
betamethasone. The chemical bonds of Cg-Cyg, Cy3-Cys, Cy7-O, and Os-Hzy were
appeared in red colour line to signify their chemical reactivity than other bonds.
The bonds of Oy-Hs; and Cx3=0,4 have been appeared in yellow colour line to

signify their higher chemical stability than other bonds.

Betamethasone Molecule

Figure(3-4).Geometry optimization structure for Betamethasone in

Hyperchem
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Table (3-4).Energetic values of chemical bonds stability of betamethasone

Chemical | Equilibrium | Equilibrium | Dissociation | Dissociation Energy
bonds length Energy length Energy difference
A kCal/mol A kCal/mol kCal/mol
C26=03 1.02 -5759.81 2.42 -5618.69 141.12
C14-H38 1.12 -5824.05 2.62 -5664.21 159.84
C13-H37 1.12 -5824.09 2.62 -5664.63 159.45
C8-C28 1.22 -5749.63 2.32 -5748.86 0.77
05-H30 2.36 -5677.45 2.96 -5644.10 33.35
C9-F1 1.22 -5802.58 2.42 -5702.93 99.65
C27-02 1.12 -5745.15 2.32 -5719.06 26.09
02-H29 0.92 -5823.56 2.62 -5654.29 169.27
C17-H40 1.12 -5824.23 2.62 -5684.27 139.96
C17-H41 1.12 -5824.22 2.62 -5677.58 146.64
C18-C23 1.56 -5824.24 2.96 -5720.45 103.79
C18-05 1.46 -5823.35 2.96 -5674.32 149.03
C23=04 1.02 -5759.19 2.42 -5589.76 196.43
024-H51 0.92 -5823.58 2.62 -5654.29 169.29
C23-C25 1.22 -5758.79 2.32 -5755.80 2.99
C23-024 1.12 -5750.36 2.32 -5711.09 39.27
C25-H52 1.12 -5824.23 2.62 -5687.50 136.73
C25-H53 1.12 -5824.23 2.62 -5693.59 130.64
C19-C21 1.22 -5757.99 2.32 -5741.55 16.44
C19-H42 1.12 -5824.24 2.62 -5678.88 145.36
C21-H47 1.10 -5824.23 2.50 -5681.69 142.54
C21-H46 1.10 -5824.23 2.50 -5677.82 146.41
C21-H45 1.10 -5824.24 2.50 -5685.67 138.57
C20-H43 1.10 -5824.23 2.50 -5684.18 140.05
C20-H44 1.10 -5824.24 2.50 -5682.01 142.23
C10-H32 1.13 -5824.24 2.62 -5686.38 137.86
C11-H33 1.13 -5824.23 2.63 -5675.80 148.33
Cl11-H34 1.13 -5824.17 2.63 -5682.62 141,55
C12-H35 1.13 -5824.14 2.63 -5678.73 145.41
C12-H36 1.13 -5824.12 2.63 -5676.55 147.57
C6-H31 1.11 -5824.24 2.51 -5688.26 135.98
C28-H55 1.12 -5824.06 2.62 -5676.62 147.44
C28-H56 1.12 -5824.14 2.62 -5684.43 139.71
C28-H57 1.12 -5824.11 2.62 -5686.35 137.76
C27-H54 1.12 -5824.23 2.62 -5693.64 130.59
C16-C22 1.11 -5662.13 2.12 -5773.71 111.58
C22-H48 1.11 -5824.22 2.51 -5693.18 131.04
C22-H49 1.11 -5824.18 2.51 -5678.01 146.17
C22-H50 1.11 -5824.22 2.51 -5684.60 139.62
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Figure (3-5). Most probable reactive chemical bonds of Betamethasone

Two-dimensions curve of potential energy is estimated for the most chemical
bonds of betamethasone. Figure ( 3-6) illustrates the potential energy stability of
bonds onto Betamethasone, the stability energy curve of bond such as Cg-Cyg S
broken down at 2.32 A(-5748.86 kCal/mol) while the bond O4-Hs; is broken
down at 2.62A(-5654.29 kCal/mol) these values are closer the experimental
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3-2 Molecular Spectrum Identification

Molecular spectrum identification is important tool to improve the actual real
chemical structure of betamethasone drug because the manufactured companies
may produce the same trade drugs with modified structures, with an additives
structure or in different manner. Simulation of molecular spectrum and
comparative with the experimental spectrum give a clear view of chemical
structure to find a good way of modulation for chemical drugs.

3-2-1 Vibration spectrum

Infrared spectrum of betamethasone has been estimated with range of (4000 -
400 cm™) as well as for theoretical and experimental to get the comparative
investigation in vibrational. Infrared spectrum is frequently used to demonstrate
the existence or absence of functional groups with certain vibration frequencies,
such as (C-0O), (N-H), (O-H), (C-H), and so on [166]. Figure (3-7) shows a
comparative between theoretical spectrum and experimental spectrum for

betamethasone, which found closer in the vibrational transition.

Table (3-5) shows the comparative of transition frequencies of the
betamethasone, since theoretical transitions and experimental transitions are
closer from each other. Stretching and bending vibration of bonds (C-C, C=C,
C-H, O-H, C-O, C=0) are closely for the two measurements. The main
theoretical signal stretching vibration of C-H bond occurs at 3146.83-
2964.94cm™ but the experimental value at 3441.12 cm™ due to some effected
factors. Theoretical C5-Hsg bending and C,o-Hy; bending modes observed in the
1351.09cm™, are a good agreement with the experimental value that’s is equal
to 1365.65 cm™[167].The modes are in the range(1507.86-323.01cm™) due to
O-H bending vibration while the experimental value is equal to 1448.59cm™.
The peaks in the range of less than 900 cm™ lead to bending vibrations of C-O
and C-C. The modes in the range (3018.44-945.29 cm™) due to C=C bending
while the range (1977.66-1963.58 cm'l) due to C=O stretching and C=0
bending at 323.01 cm™ .
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The bond C=C is stretching between (1722.04-1670.17 cm™) and it is bending
between (954.73-725.82 cm™) and the experimental value equal to 964.44cm™
[168], C-O bending in the range (1506.73-1385.41cm™) while the bond C=0 is
stretching in the range(1722.04-1667.16 cm™). The bond O-H is stretching
between (3658.03-3539.52 cm™). Vibration transitions at different levels of
calculation give identical parameters for a functional group of drugs
comparatively with practical data[169] .
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Figure (3-7). Comparative of Infrared spectrum of betamethasone
A-Theoretical vibration spectrum. DFT(BsLYP) at basis set(6-31G) .

B-Experimental vibration spectrum.
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Table(3-5).Vibrational

frequencies

of betamethasone compound

DFT(B3LYP)at basis set(6-31G).

calculated

at

NO. Theoretical Description Experimental
mode | Frequency | Intensity Frequency
cm™ Km.mol™ cm™
54 725.82 30.4826 | O51-H52 bend and C4=C6 bend 707.90
64 898.94 39.8242 | C2-H9 bend and C8-H11 bend 896.93
65 917.84 27.1181 | C53-H55 bend and O36-H40 bend
66 932.69 27.6058 | C27-H28 bend and C27-H30 bend 947.08
68 954.73 39.1511 | C6=C4 bend and C8-H11 bend 964.44
74 1019.48 | 45.1571 | C23-H24 end, C23-H26 bend
78 1052.60 82.7539 | C33-035 str. and O35-H39 bend 1049.31
79 1054.87 36.7710 | C21-C23 str. Out ring, 0O51-H52 bend 1049.31
86 1129.45 26.7324 | C53-H55 bend and C53-H56 bend 1112.96
88 1142.96 30.9628 | C23-H25 bend,C23-H24 bend, 1138.04
051-H52 bend
92 1189.99 29.5963 | C6-H10b, C4-H5b 1180.47
94 1213.85 36.9149 | C33-H37 bend,C33-H38 bend, 1257.63
035-H39 bend
101 | 1302.19 60.9075 | C15-H57 bend and C15-H58 bend 1294.28
104 | 1323.74 24.9946 | C7-C8str.in-ringand C7-C6 str.inring |  -------
107 | 1351.09 34.4935 | C16-H46 bend and C20-H41 bend 1365.65
110 | 1385.41 73.6679 | C12-H47 bend,C13H48 bend, C14-O51 |  -----
bend, and O51-H52 bend
115 | 1413.18 | 41.6551 | O35-H39 bend,C33-H37 bend, 1404.22
C33-H38 bend
120 | 1461.26 29.1201 | C53-H54 bend,C53-H55 bend, C53-H56 1448.59
bend
122 | 1506.73 98.0277 | C14-C15 bend,C15-H57 bend, C14-O51 |  -------
bend, and O51-H52 bend
135 | 1667.16 110.8066 | C4-H5 bend, C4=C6 str.in ring, C6-C7 1608.09
bend, C7=027str. Out ring
136 | 1670.17 | 18.5432 | C3=C8str in ring, C4=C6 str. In ring, 1660.77
C7-022 str. Out ring , and C7-C8 bend
137 | 1685.92 | 46.6062 | C32=034 str. andC32-C18 bend 1710.92
138 | 1722.04 | 97.9514 | C7=022 str. out ring, C8=C3 str.inring, |  -------
C6=4 str. in ring, C4-H10 bend,
and C8-H11 bend
139 | 2964.94 | 26.0839 | C33-H37str. And C33-H38 bend, 2943.47
158 | 3146.83 | 15.3214 | C27-H28 str., and C27-H29str. | = ------
166 | 3539.52 | 148.9455 | O51-H52 str. 3441.12
168 | 3658.03 | 28.7463 | O36-H40str. | -
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3-2-2 Electronic transition

The absorption spectrum of electronic transitions is recorded in the range (200-
800 nm) and is separated into two regions: Ultraviolet region (190-400 nm) and
visible region (400-800 nm)[170]. Theoretical UV-visible spectrum of
betamethasone has been compared with experimental UV-visible spectrum of
betamethasone as shown in Figure (3-8). Both the theoretical and experimental
electronic spectrum are consisted from two band. The first band occur at
wavelength equal to 532 nm refers to the n—n transition of the non-bonding
electrons of the carbonyl group and other functional group in the compound.
The second band occur at 715 nm appears as a tail on the shoulder of 532 nm
peak a band. However it’s not pronounced due to the weaker of the absorption
band caused by the red shift created by high electron density between the
atoms[171], [172].other transitions may occurs but with low intensity such as -
n transitions. Electronic absorption spectrum of betamethasone compound
illustrate in the table (3-6).There are an agreement between theoretical and

experimental data. Figure(3-8) shows the Experimental and Theoretical

spectrum of Betamethasone compound.

UV-VIS Spectrum
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A- Theoretical spectrum
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B-Experimental spectrum

Figure (3-8). Absorption spectrum of electronic transitions for

betamethasone by DFT(B3LYP)/(6-31G) . A-Theoretical spectrum calculated
B- Experimental spectrum.

Table(3-6). Electronic absorption spectrum of Betamethasone compound
calculated by DFT(B3LYP)method at basis set(6-31G) in vacuum

Wave length | Wave length | Excitation Corresponding Oscillator | Transition
Experimental | Theoretical energy Transition orbitals | Strength(f) Type
nm nm eV
- 796 1.556 (105-106) 0.706 0.0001 n—m*
720 715 1.733 (104-106) 0.703 0.0057 n—m*
580 532 2.327 (101-106) 0.109 0.0111 n—m*
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3-2-3 Mass spectroscopy

Mass spectrometry is a destructive way for determining molecular weight and
obtaining information about molecular structure which sets it apart from other
ways, The material is ionised and not subject to electromagnetic radiation.
Fragmentation occurs when ionized molecules are stimulated[173]. The mass
spectrum of betamethasone was studied and Figure(3-6) illustrates appearance
of the molecular ion equal to 392.3 g/mol which confirms the validity of the
molecular structure of this drug. The mass spectrum also showed many
fragments due to the dissociation of that drug. It was also noted that the relative
abundance of the apparent fragments was acceptable. According to mass
spectrum, Scheme (3-1)is represented the suggested fragmentation mechanism
for betamethasone depending on the peaks values of radical's moieties.
Summation of molecular weight of all species show that the molecular weight
of betamethasone is 392.3 g/mol. Losing of fragments occurs gradually and by
combination all these species can be now the fundamental structure it is identify
with our theoretical mimic structure of betamethasone or not. This process will
achieved later by improving the calculations on the pathway of betamethasone

synthesis.
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Figure (3-9). Experimental spectrum of Betamethasone compound
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Scheme(3-1). Proposed mechanism of mass fragmentation pathways for
Betamethasone molecule
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3-3 Thermodynamic Investigation

Thermodynamics function determination is a good tool to understanding the
chemical reaction of compound formation. Applying Hess's law of thermal
constant summation gives clear idea about the nature and behaviour of chemical
reactants through the pathway of compound formation rather than the

controlling transition state of the reaction.
3-3-1 Transition states investigation

Four transition states of betamethasone molecule are suggested as represented in
Figure (3-10).According to their energetic properties, one of these transition
states is most probable for giving the actual path way of betamethasone

formation reaction.

Table (3-7) shows energetic properties of proposed transition states of
betamethasone formation. From these results ,it can be seen that TS2 is most
probable than other transition states due to has the highest of zero-point energy
equal to 341.874 kCal/mol and the first imaginary frequency was negative. This
meaning TS2 needed to lowest value of activation energy(E,) for giving the

actual path way of Betamethasone formation reaction[174].
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OAC OAC

3HC ©O

o

Transition state 3 Transition state 4

Figure(3-10). Proposed transition states of betamethasone calculated at

semi-empirical(PM3) method

Table(3-7).Energetic properties of transition states of Betamethasone

Energetic properties TS1 TS2 TS3 TS4

Total energy™ -110833.639 -145411.769 -117022.737 -114010.084
Heat of formation* -195.593 -194.144 347.382 203.765
Zero-point energy™ 319.499 341.874 313.687 295.546
Imaginary frequency* - - -

*kCal/mol unit.
3-3-2 Chemical Reaction Formation for Betamethasone

Synthesis of glucocorticoids have been carried out by using e 9a-
hydroxyandrost-4-ene-3,17-one  (9aOH-AD) and 4-ene-3,17-dione (4-AD)
readily[175], since use of (9o OH-AD) as a starting material[176]. Figure (3-
11). Shows the optimized geometries structures of the reaction component,
that’s expressed by full [IUPAC name and coded names. Energetic parameters
and imaginary frequency of betamethasone reaction components are listed in
Table(3-8), since the imaginary frequency values estimate the nature of reactant

component whether is transition component or stable component .
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Salpha-hydroxyandrost-
d-ene-3.1 7-one

a-HAEO

4. 9-androstadiene-3.1 7-dione

b-ADEO
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3. 5. 9-diene-1 7-one

c-ELDO

S-ethoxy-l16alpha-methylandrosta-
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e-CKMP

Zl_mcetorxy 16 mmethhylprecgran
4.9 16 triene- 3. 20 diorne

f-AMPT

Zi1-mcetorxy  16alpha-epo <y — 16—
methyipregna-4.9-diene-3.20-dione

g-AEMP

Z1-acetoxy-1 7alpha-hydroxy-16-
methylenepregna-4.9-diene-3.20-dione

h-AHMP

21-acetyloxy-17alpha-hydroxy-16beta-
methylpregna-4.9-diene-3.20-dione

I-AHMD
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epoxy-T66beta-mirthyipregmna-il. 4-diene-3.20-dionmne

Figure (3-11). Geometry optimized structures of pathway reactions

components of betamethasone with their coded names
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Table (3-8). Energetic parameters of pathway reaction components of

betamethasone formation

Codes of Total Binding Heat of Zero HOMO | LUMO | E g, | Imaginary
Reaction’s energy energy formation point Energy | Energy eV frequePcy
kCal/mol kCal/mol kCal/mol energy eV eV cm’
components kcal/mol
HAEO -81507.098 | -4914.737 | -134.498 | 262.087 | -10.029 | -0.037 | 9.992 +
ADEO -74010.942 | -4694.050 -77.574 243.433 | -9.828 | -0.190 | 9.638 +
ELDO -80887.704 | -5234.755 -68.091 277.580 | -8.554 | 0.250 | 8.804 +
EMDO -84336.271 | -5515.295 -73.537 294.793 | -8.549 | 0.254 | 8.803 -
CKMP -144775.495 | -1608.919 | -10766.477 | 270.435 | -9.670 | -0.475 | 9.195 -
AMPT -103347.100 | -6050.943 | -148.286 | 308.498 | -9.775 | -0.165 | 9.613 +
AEMP -110091.999 | -6123.325 | -161.110 | 310.645 | -9.892 | -0.205 | 9.687 -
AHMP -110111.443 | -6142.769 | -180.555 | 311.068 | -9.683 | -0.093 | 9.59 -
AHMO -110843.881 | -6272.254 | -205.835 | 325.489 | -9.873 | -0.207 | 9.666 -
AHEM -117418.166 | -6173.986 -48.046 316.112 | -8.645 | -0.787 | 7.858 -
DHEM -103847.049 | -5611.478 -95.247 286.872 | -7.465 | -3.263 | 4.202 +

The pathway of reaction betamethasone formation is consisted from some
elemental reaction steps. The first step include dehydration of all-hyroxy
steroid for 9-a-OH-AD(HAEO) to produced ADEO with releasing water
molecule at energy barrier of reaction (Ep;) equal to 163.67 kCal/mol and

AH=3.465 kcal/mol. This process can be presented as shown in equation(3-1)

(o]

=57
o

HAED

Eb=163.67 kcal/mol

'

dehydration of 11alpha- o

hydroxysteroid ADEO

AH=3.465 kcal/mol

The second step involved ADEO product is interacted with the ethanol
molecule which reacted to the terminal 3-keto group accompanied by loss
another water molecule and gave ELDO at E, equal to 328.4 kCal/mol and
AH=12.991 kCal/mol.
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0
0
Eb=328.4 /@ESDE} + 00 -(3-2)
+ CH;CH,0H —Gaifmol > /\o

0 ethanol ELDO AH=12.991 kcal/mol
ADEO

At third step ELDO product is turned in addition to methyl group at the carbon
atom (C16).After interaction with bromo methane by loss of hydrogen bromide
molecule, to give the EMDO with E, equal to 13.683 kCal/mol and AH=1.885
kCal/mol.

(]
0 Eb=13.683keal/mol J;)';g:yd il (3-3)
K + B O
+ CHiBr P o nbr
/\0 hydrogen

bromomethane EMDO bromide
ELDO AH=1.885 kcal/mol

In step Four, EMDO product is interacted with 1-chloro-2-ethoxy ethylene to
give CKMP product with ethanol and ethene molecules at E, equal to 342.199
kCal/mol and AH =1.992 kCal/mol.

0 cl IO
/
il Eb=342.199 il P
+ CICH=CHOCH,CH; Teatmar ™ +CH;CH,0H+ CHy=CHy~(34)
/o I-chloro-2 ° ethanol ethene
— CKMP
EMDO -ethoxyethene AH=1.992 keal/mol

In fifth step, AMPT product is formed after CKMP interaction with sodium
acetate accompanied with releasing sodium chloride molecule at E, equal to -
29.09 kCal/mol and AH = - 462.484 kCal/mol.
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(o] OAC

c O
. \
/
all + NaOCOCH; Eb=-29.09 kcal/mol »/dgg:/ NaCl (35
o o] sodium

sodium acetate

chloried

AMPT
CKMP AH=-462.484 kcal/mol

The product AMPT in step fifth is reacted with m-CBPA(meta-chloroperoxy
benzoic acid) and after releasing 4-chlorobenzoic acid molecule the AEMP was
formed at E, equal to 240.624 kCal/mol and AH=-37.063 kCal/mol(step six).

(o] OAC o OAC
\ Eb=240.62 kcal/mol -0
+ C;H;Cl0, o “— 4+ C,HsClO,-—(3-6)
) meta-chloroperoxy 0 4-chlorobenzoic
benzoic acid acid
AMPT AEMP

AH=-37.063 kcal/mol

The product of AEMP in step six, which is gave AHMP at the presence of
hydrogen bromide as catalytic agent by E, equal to 39.585 kCal/mol and AH=-
19.445 kCal/mol(step seven).

OAC

o OAC S
\\\OH
-0 Eb=39.585 kcal/mol
. ~—-(3-7)
HBr(catalytic) o

AEMP AHMP  AH=-19.445 keal.mol

The eighth step include adding hydrogen molecule to AHMP to formation most
probable TS1 at Ey, equal to 427.085 kCal/mol and AH= 39.149 kCal/mol.
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CHs  ____(3-8)

o
OH
Eb= 427.085
+ H; Kcal/mol 3
o o

AHMP ts1
AH= 39.149 kcal/mol

TS1which in turn dissociation to AHMD at E, equal to 272.633 kCal/mol and
AH=-399.071 kCal/mol.

o OAC OAC

Eb= 272.633
kcal/mol

i . 2 e — (3-9)
(o]

AHMD

ts1

In the ninth step, adding perchloric acid to AHMD to give the most probable
TS2 at Ey,=37.931 kCal/mol and AH= 52.354 kCal/mol.

OAC

o oAcC A =°
OH H \o/
Eb= 37.931 +
+ HCIO, s "o --—-(3-10)
o perchloric

acid

ts2 AH= 52.354 kcal/mol

After that TS2 will dissociation to AHEM and chloric acid at E, = 134.444
kCal/mol and AH= 20.274 kCal/mol.

OAC OAC

OH

H,;C O
Eb= 134.444
kcal/mol + HClO; ----(3-11)
o chloric
AHEM acid
ts2 AH= 20.274kcal/mol
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In the tenth step, AHEM give the most probable TS3 at E;,=395.429 kCal/mol
and AH= 367.847 kCal/mol.

V/4
o OAC o H\/O__/c\o::u3
Sl - —H
OH OH
H,C O Eb= 395.429 __  3HC_O
kcal/mol TN N~ 3-12)
o o
ts3
AHEM AH= 367.847 kcal/mol

TS3 suffers from rearrangement and 1,2 dehydration to gives DHEM and
acetaldehyde molecule at Ey=-518.874 kCal/mol and AH= -458.687 kCal/mol.

o
V4
o H/o--/c\CHs o OH
- —H OH
H;C O
Eb=-518.874
kcal/mol —+ CH;COH - ---—-- (3-13)
° acetaldehyd
DHEM
ts3 AH= -458.687 kcal/mol

In the eleventh step DHEM is reacted with hydrogen fluoride to give the TS4 at
E,= 361.777 kCal/mol and AH= 377.085 kCal/mol.

OH

OoH
Hel + HF
hydrogen
o fluoride
DHEM

Eb=361.777
kcal/mol

AH= 377.085 kcal/mol

After that TS4 which in turn dissociation to Betamethasone molecule at E,= -
71.349 kCal/mol and AH= -451.357 kCal/mol.

OH

HO OH

HycF

Eb= -71.349

kcal/ml o —(3-15)

betamethasone
molecule

ts4

AH=— -451.357 kcal/mol
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thermodynamics summation of net equation of reaction pathway (3-16) is
clarifies that the reaction of betamethasone formation is exothermic reaction at

the reaction total enthalpy change equal to - 452.406 kCal/mol.

oH
o
o
HO oH
@’ H,cF
° Q‘ + CH4Br — + 2H,O ---(3-16)
o HBr

CICH=CHOCH,CH
HAED 2 3 CH2=CH2

NaOCOCH; Betamethasone NaCl
molecule
%7H5C'O3 C,HsCl0,
2
HC103
}I;glo4 AH= -452.406 kcal/mol CH,COH

The catalyst are used to realize reaction with minimized energy value and to
orient the product toward the desired result[51], [177] .

3-4 Modulation of new suggested derivatives

Modulation of new suggested derivatives for Betamethasone can be done
through transition state estimation for rate determining step of reaction
mechanism. In this case both of steps, eight and nine in are rate-determining
steps in the betamethasone formation; therefore must be studied the transition
state formation for any modulation of betamethasone drug. To suggest anew
betamethasone's derivatives, must be choice suitable functional groups that has
substituted into the molecular structure of betamethasone. Main effect of the
introduced functional groups is enclosed in electrostatic potential effect change
for reorientation of electronic density around the molecular structure and other
stereo isomerism effects . We have choice the amine group (-NH,), ethylamine
group (-CH3CH,-NH,), Carboxyl group (-COOH) and Carboxyl amide group (-
CONHy,) due to common uses in the fabrication of drugs modulation [178]. The

suggested final structures of derivative have been examined through Reaxys
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programme of scientific research definer for preparative chemical material in

the world as represented in appendix.

Using various functional groups, which has subsisted into the active site of
Betamethasone, this means the newest functional group will attached to carbon
atom (Cy7) through reaction steps eight and nine of chemical reaction formation.
Introducing of electron donating or electron withdrawing functional group
substitutions on the molecule are very important to determine several critical
electronic parameters such as ionization energy, electron affinity, and so on
because of these functional groups influence on the activity of molecule [179]-
[182]. Donor substituents are increased the energies of highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)
relative to that of bare molecule, which allows for large modification of the
molecular electronic properties. In addition, the electron donating groups
increased the effect of electron density onto a molecule through the carbon atom
(C17). It is bonded to and decreased the Eg,, value [183]. Electron acceptor
functional groups (withdrawing) are decreased the energies of HOMO and
LUMO relative to that of bare molecule. Also reduced the electron density onto
a molecule through the carbon atom (C17). It is bonded to and increased the Eg,,

which lead to decrease the reactivity of the molecule .

3-4-1 Amino Betamethasone derivative

The first optimized geometry structure of suggested derivative is amino
betamethasone (AFHTDPO (Betamethasone.NH,), Figure(3-12) illustrates the
electrostatic behaviour of this derivative. Electrostatic potential is redistributed
onto molecular orbitals, because of changes the electronegativity of bounded
atoms, which influences HOMO, LUMO, and overall charge density [184]. The
nitrogen and oxygen atoms reflect the most electronegative area and these

atoms have an excessive negatively charged.
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A-Geometry optimization B-Electrostatic potential
Figure (3-12) Energetic properties of AFHTDPO (Betamethasone.NH,)

derivative calculated by semi-empirical (AM1) method

3-4-1-1 Transition states estimation for amino Betamethasone

Four transition states of AFHTDPO(betamethasone.NH,) are suggested as
represented in Figure (3-13).According to their energetic properties ,one of
these transition states is most probable for giving the actual path way of
AFHTDPO(betamethasone.NH,) formation reaction [174].

Table (3-9) shows the energetic properties of proposed transition states of
AFHTDPO(betamethasone.NH,) derivative formation. From these results TS2
Is most probable than other transition states due to has the highest of zero-point
energy equal to 350.951kCal/mol and the first imaginary frequency was negative.
this meaning TS2 needed to lowest value of activation energy(Ey) for giving the
actual path way of AFHTDPO(betamethasone.NH,) formation reaction[174].
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OAC

Transition state 2

OAC

3HCO
o
Transition state 3 Transition state 4
Figure (3-13). Proposed transition states of
AFHTDPO(betamethasone.NH,)
Table(3-9).Energetic properties of transition states of
AFHTDPO(betamethasone.NH,).
Energetic properties TS 1 TS2 TS3 TS 4
Total energy * -108156.249 | -142825.209 | -114444.172 -111263.153
Heat of formation * | -148.963 -238.345 295.188 319.936
Zero point energy * 327.008 350.951 333.363 294.040
Imaginary frequency + - - -

*kCal/mol unit.
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3-4-1-2 Amino Betamethasone Formation reaction

Table(3-10).Energetic

derivative components

properties

of AFHTDPO(betamethasone.NH,)

Derivatives Total energy* | Heat of Zero point Imaginary
formation* energy* frequency
AHMP.NH, |-107433.839 |-133.710 318.602 +
AHMD.NH, |-108165.951 |-158.666 333.847 -
AHEM.NH, |-114916.929 |-177.568 335.757 -
DHEM.NH, |-101177.175 |-56.133 299.547 +

*units of kCal/mol

Formation reaction of AFHTDPO(betamethasone.NH,) derivative , since the
first seven steps are the same that of betamethasone formation reaction . The
differences in reaction formation steps is began from step eight. Step eighth
involved adding ammonium chloride to AHMP to formed the most probable
transition state and hydrochloric acid at Ey equal to 0.112 kCal/mol and
AH=340.006 kCal/mol.

o OAC
o OAC H oW
+ Z--,
1|o
\\\OH Eb=0.112 kcal/mol \ \;'IéH
+ NH,C1 T \ + HCI ---(3-17)
. o
o Ammonium H Hydrochloric
chloride TS acid

AHMP AH=340.006 kcal/mol

After that the transition state was dissociated to AHMP.NH, and water
molecule at E, equal to -436.117 kCal/mol and AH=-436.116 kCal/mol.

OAC

o
o OAC
CI NH,
+ Ly
11jo Eb= -436.117 kcal/mol —(3-
N - + H,0 —G-18)
H

AHMP.NH,
AH= -436.116 kcal/mol

TS
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After that AHMP.NH2 interaction with hydrogen molecule to give the most
probable TS1 at energy barrier equal to -1.821 kCal/mol and AH= -1.84
kCal/mol.

OAC

o
o OAC
NH2 Eb= -1.841 e
= -1 CH
+ H; kcal/mol 3 SH 2 --—-(3-19)
o o H’

AHMP.NH, ts1
AH= -1.84 kcal/mol

TS1 which in turn dissociation to AHMD.NH, at E,= 235.858 kCal/mol and
AH= -9.68 kCal/mol.

OAC

o
NH,
Eb= 235.858
kecal/mol  °©°  C 7 Y T/ (3'20)
o

AHMD.NH,
AH= -9.68 kcal/mol

ts1

In the ninth step, adding perchloric acid to AHMD.NH, to give the most
probable TS2 at Ep=-54.439 kCal/mol and AH= -74.639 kCal/mol.

OAC

o
H—__ 2
NH,
Eb= -54.439 €2
+ HCIO, oot ----(3-21)
o perchloric

acid

AHMD.NH, °

ts2

AH= -74.639 kcal/mol

after that TS2 will dissociation to AHEM.NH, and chloric acid at E, = 74.696
kCal/mol and AH= -62.424 kCal/mol.
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NH,

Eb= 74.696 H,C 0O

kcal/mol + HClO3; ----(3-22)
chloric
acid

o
AHEM.NH,

ts2 AH= -62.424 kcal/mol

In the tenth step, AHEM.NH, give the most probable TS3 at E,=472.756
kCal/mol and AH= 380.479 kCal/mol.

o oAac o H— o-- c —CH,
——H
NH NH-
H3;C O Eb= 472.756 H;C O
kcal/mol T @\ "~ W - 3-23)
o

AHEM.NH, ts3
AH= 380.479 kcal/mol

TS3 suffers from rearrangement and 1,2 dehydration to gives DHEM.NH, and
acetaldehyde molecule at E,= -72699.626 kCal/mol and AH= -350.253
kCal/mol.

H/o--c\cH

Eb= -72.699
Keal/mol % + CH3;COH - 3-24)
acetaldehyd

DHEM.NH2 AH= -350.253 kcal/mol

In the eleventh step DHEM.NH, is reacted with hydrogen fluoride to give the
TS4 at E,=486.275 kCal/mol and AH= -96.6 kCal/mol.
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o
NH>
H.C ©O Eb= 486.275
> +HF Kkcal/mol
hydrogen
o

fluoride

ts4

AH= -96.6 kcal/mol

After that TS4 which in turn dissociation to AFHTDPO(betamethasone.NH,
derivative at Ey= -250.608 kCal/mol and AH= -445.822 kCal/mol[177].

OH
o

HO NH

H,cF
Eb= -250.608
kcal/ml

———(3-26)
o
AFHTDPO
ts4

(betamethasone.NH,)

AH= -445.822 kcal/mol

The net equation (3-34) is clarifies the  formation  of

AFHTDPO(betamethasone.NH,) derivative is exothermic reaction at the

reaction enthalpy change equal to -1255.548 kCal/mol.

o ° oH
HO HO, NH,,
H;C F.
+ CH3Br —_— + 3H,O ---—-- 3-27)
o — o CH,=CH,
9a-hydroxyandrost- CICH CHOCHZCH?’ AFHTDPO NacCl
4-ene-3,17-one NaOCOCH; (Betamethasone.NH,) C,;H5Cl10,
C,;H5Cl1O3 >
NH4CI1 HC1
4 HClO;
H, CH;COH
HCl104
HF AH= -1255.548 kcal/mol
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3-4-2 Ethylamine Betamethasone derivative

Ethylamine is a nucleophilic group that is widely used in chemical drugs
industry and organic synthesis[185]. Figure (3-14) shows the geometry
optimization structure and electrostatic potential of
EFHTDPO(Betamethasone.NHCH,CHs) derivative. Negative electrostatic
potential (ESP) areas are seen over oxygen and nitrogen lone pairs, which are
coloured red due to the atoms' high electronegativity, while The lowest electron
density of the carbon and hydrogen atoms were described by the positive

regions in green colour[160].

A-Geometry optimization B-Electrostatic potential

Figure (3-14). Energetic properties of
EFHTDPO(Betamethasone.NHCH,CH;) derivative calculated by semi-

empirical(AM1)method in vacuum
3-4-2-1 Transition states estimation for Ethylamine Betamethasone

Four transition states of EFHTDPO (Betamethasone.NHCH,CHy) derivative are
suggested as represented in Figure (3-15). According to their energetic
properties one of the transition states is most probable for giving the actual path
way of EFHTDPO (Betamethasone.NHCH,CHy) derivative formation reaction.
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OAC

OAC

NHCH,CH,

/
o H/O__/C\CH3
L __H
NHCH,CH;,
3HC O
o
Transition state 3 Transition state 4
Figure (3-15). Transition states estimation for EFHTDPO

(Betamethasone.NHCH,CHy5) derivative

Table (3-11) shows the energetic properties of the suggested transition states of
the EFHTTDPO(Betamethasone.NHCH,CHs) derivative formation. It was
found that TS2 is most probable than other transition states for giving the actual
path way of EFHTTDPO(Betamethasone.NHCH,CHs) derivative formation
reaction due to the high Zero-point energy value that equal to 384.684 kcal/mol

with the negative imaginary frequency[174].

Table (3-11). Energetic properties of the transition states of
EFHTTDPO(Betamethasone.NHCH,CHy5)

Energetic properties TS 1 TS 2 TS 3 TS 4
Total energy™ -115047.297 | -149692.228 | -121346.332 | -118176.960
Heat of formation* -153.768 -219.119 279.272 292.373
Zero point energy* 361.429 384.684 365.344 335.444
Imaginary frequency + - + -

*kCal/mol units.
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3-4-2-2 Ethylamine Betamethasone formation reaction

Table(3-12)

shows

the
EFHTDPO(Betamethasone.NHCH,CHy) derivative components.

energetic

properties of

Table(3-12). Energetic properties of
EFHTDPO(Betamethasone.NHCH,CH,) derivative components
Derivatives Total Heat of Zero point | Imaginary
energy* formation* | energy* frequency
AHMP.NHCH,CH; | -114324.558 |-138.185 352.975 +
AHMD.NHCH,CH; | -115057.832 | -164.302 368.483 -
AHEM.NHCH,CH; | -121779.200 |-153.595 371.035 -
DHEM.NHCH,CH; | -108063.088 | -55.803 336.098 +

*kCal/mol unit.

The results of multi steps reaction of EFHTDPO(Betamethasone.NHCH,CH3)
derivative. Since the first seven steps are the same that of betamethasone
formation reaction. The differences in reaction formation steps is began from
step eight. The eighth step include adding 2-chloroethan-1-amine and hydrogen
molecule to AHMP to formation most probable TS and hydrochloric acid at E,
equal to 90.676 kCal/mol and AH= 393.378 kCal/mol.

OAC

[o] (o] Oﬁc
_H
+ CICH,CH,NH, 4+ H, _Eb=90.676 o \L;/_H + HCl -—-(3-28)
2-chloroethan- keal/mol Hydrochlori
o o \ y rocnioric

AHMP 1-amine TS CH,CH, acid

AH= 393.378 kcal/mol

The TS which in turn dissociation to AHMP.NHCH2CH3 and water molecule
at Eyequal to -311.988 kCal/mol and AH=-396.781 kCal/mol.

o OAC

NHCH,CH,

S + H,0 -—(3-29)
o

+ Z--
11| o
N~ +/ H Eb=-311.988 kcal/mol

AHMP.NHCH,CHj;
AH=-396.781 kcal/mol
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After that AHMP.NHCH,CHj interaction with hydrogen molecule to give the

most probable TS1 at energy barrier equal to -2.167 kCal/mol and AH= -1.64
kCal/mol.

OAC
OAC o

o
NHCH,CH; Ebe 2.167
+ H; kcal/mol >
o

AHMP.NHCH,CHj, ts1
AH= -1.64 kcal/mol

NHCH,CH;,

CHs  ____(3-30)

TS1 which in turn dissociation to AHMD.NHCH,CH; at E,= 303.799 kCal/mol
and AH=-11.062 kCal/mol.

OAC

OAC

o
NHCH,CH;
Eb= 303.799
kcal/mol Ll > e (3-31)
o

sl AHMD.NHCH,CHj;

AH= -11.062 kcal/mol

In the ninth step adding perchloric acid to AHMD.NHCH,CHjs to give the most
probable TS2 at Ey=-29.577 kCal/mol and AH= -137.842 kCal/mol.

OAC

OAC

o
" NHCH,CHj
NHCH,CH, —
Eb= -29.577
—_— e (3=
+ HCIOs —oyma s (3-32)
o perchloric

acid
AHMD.NH

ts2 AH= -137.842 kcal/mol

after that TS2 will dissociation to AHEM.NHCH,CH; and chloric acid at E, =
166.719 kCal/mol and AH= 66.289 kCal/mol.
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OAC
OAC

40
H . NHCH,CH3; NHCH,CH3;
\ O
=- Eb=166.719_ HsC
\ kcal/mol + HCIO; ----(3-33)
o chloric
o AHEM.NH acid
CH,CH; AH= 66.284kcal/mol

ts2

In the tenth step, AHEM.NHCH,CH; give the most probable TS3 at

E,=432.868 kCal/mol and AH=-71.118 kCal/mol.

(o]
V4
o OAC o H/o——/c\‘_.’H3
--H
NHCH,CH; NHCH,CH;
H;C O Eb= 432.868
kcal/mol = T @A\ P~ - (3-34)
o o
AHEM.NHCH,CH; ts3
AH= -71.118 kcal/mol

TS3 suffers from rearrangement and 1,2 dehydration to gives

DHEM.NHCH,CH; and acetaldehyde molecule at E,= 48.509 kCal/mol and
AH= -344.155 kCal/mol.

c ~cCH,
“H NHCH,CH;
NHCH,CH;, co
H,C O Eb= 48.509 "
kcal/mol + CH3;COH ---—-- 3-35)
acetaldehyd
DHEM.NH

H=-344.1 kcal 1
CH2CH3 A 3 55 kcal/mo

In the eleventh step DHEM.NHCH,CHjs is reacted with hydrogen fluoride to
give the TS4 at Ey,= 410.94 kCal/mol and AH= 354.572 kCal/mol.
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OH

NHCH,CH;
OH

o H
NHCH,CHgj
H;C O Eb= 410.94
+ HF k¢cal/mot =~ |} 1 ! ————=
hydrogen
o o

fluoride
DHEM.INHCH2CH3 ts4

AH= 354.572 kcal/mol

After that, TS4 which in turn dissociation to
EFHTDPO(betamethasone.NHCH,CHj, derivative at E,= -406.229 kCal/mol
and AH= -421.554 kCal/mol.

OH
o

OH

NHCH,CH; NHCH.CH
2 3

Eb= -406.229
kcal/ml

-——=(3-37)
o

AFHTDPO

(betamethasone. NHCH,CH3)

ts4

The net equation (3-52) is  clarifies the  formation  of
EFHTDPO(Betamethasone.NHCH,CHs) derivative is exothermic reaction at the
reaction enthalpy change equal to -1068.572 kCal/mol.

o HO NHCH,CH,

HO H,cF
+ CH3Br —————> + 3H,0 ----(3-38)
o o HBr

CICH=CHOCH,CH,

9a-hydroxyandrost- NaOCOCH; EFHTDPO(Betamethasone. CH,=CH,

4-ene-3,17-one C7H5C103 NHCH,CHj3) NacCl
CICH,CH,NH, C,H5Cl0O;
2H, HCl1
HClO4 HCI1O;
CH,COH CH,COH
HF AH= -1068.572 kcal/mol
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3-4-3 Carboxyl Betamethasone derivative:

Carboxyl group is almost non-existent in the antipsychotic, antidepressant, and
hypnotic medication classes, which all work on the central nervous system.
CNS-acting medications, as is widely known, must penetrate the blood-brain
barrier, which necessitates lipophilicity, which disfavours acid groups [186].
The geometry optimization structure and the electrostatic potential are shows in
Figure (3-16). The electrostatic potential mapping is a powerful tool for
examining the relation between the molecular structure and physiochemical
property. The electrostatic potential of FHCPCC (Betamethasone. COOH)
derivative is clearly appears the negative areas around nitrogen and oxygen

atoms, which are shown red[187].

A-Geometry optimization B-Electrostatic potential

Figure (3-16). Energetic properties of FHCPCC(Betamethasone. COOH)

derivative calculated by semi-empirical( AM1)method in vacuum.
3-4-3-1 Transition states estimation for Carboxyl Betamethasone:

Four transition states of FHCPCC (Betamethasone. COOH) are suggested as
represented in Figure (3-17). According to their energetic properties, one of
these transition states is most probable for giving the actual path way of
FHCPCC(betamethasone.COOH) derivative formation reaction .
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Table (3-13) shows the energetic properties of the suggested transition states of
the FHCPCC(Betamethasone.COOH) derivative formation. It was found that
TS2 is most probable than other transition states for giving the actual path way
of FHCPCC(Betamethasone.COOH) derivative formation reaction due to the
high Zero-point energy value that equal to 341.994 kcal/mol with the negative
Imaginary frequency[174].

OAC

Transition state 2

3HC O

Transition state 3 Transition state 4

Figure (3-17). Transition states estimation for FHCPCC (Betamethasone.
COOH) derivative

Table(3-13). Energetic properties of the transition states of
FHCPCC(Betamethasone. COOH) derivative.

Energetic properties TS1 TS2 TS3 TS4
Total Energy * -120339.217 | -155011.566 -126643.164 -123491.480
Heat of formation * -233.131 -325.901 194.995 190.408
Zero point energy * 325.695 341.994 327.944 298.164
Imaginary frequency + - - -

*units of kCal/mol
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3-4-3-2 Carboxyl Betamethasone formation Reaction:

The energetic properties of FHCPCC(Betamethasone.COOH) derivative
components were shown in Table(3-14).
Table (3-14).Energetic properties of FHCPCC(Betamethasone.COOH)

derivative components

Derivatives Total energy* | Heat of Zero point Imaginary
formation* energy* frequency
AHMP.COOH | -119616.591 |-217.663 317.602 -
AHMD.COOH | -120350.545 | -244.460 332.040 -
AHEM.COOH | -127044.441 | -206.281 337.109 +
DHEM.COOH | -113412.528 |-192.687 298.915 +

*kCal/mol unit.

Results of multi steps formation reaction of FHCPCC(Betamethasone.COOH)
derivative , since the first seven steps are the same that of betamethasone
formation reaction. The differences in reaction formation steps is began from
step eight. In the eighth step the acetic acid adding to AHMP to form most
probable TS at E,equal to 492.74 kcal/mol and AH=548.236 kCal/mol.

OAC o OAC
o H
uion = °</I (3-39)
Eb=492.74 ~Ce—a ——(3-
o + CH3COOH —Gimor 2 \ °
Acetic acid o CH,
AHMP TS

AH=548.236 kcal/mol

After that TS dissociation to gives AHMP.COOH and methanol molecule at E;,
equal to -447.913 kCal/mol and AH=-538.183 kCal/mol.

o OAC o OAC
H
+ e | COOH
o Eb=-447.913
°\<8- kcal/mol . o + CH;OH ----- (3-40)
o CHj3 AHMP.COOH Methanol

Ts AH= -538.183 kcal/mol

92




After that AHMP.COOH interaction with hydrogen molecule to give the most
probable TS1 at energy barrier equal to -2.067 kCal/mol and AH= -1.793
kCal/mol.

OAC

o
COOH
Eb= -2.067
+ H2 kcal/mol
o

AHMP.COOH

H
———-(3-41)

ts1
AH= -1.793 kcal/mol

TS1 which in turn dissociated to AHMD.COOH at E,= -0.029 kCal/mol and

AH= -11.605 kCal/mol.
eatmor (iEK —————— (3-42)

AHMD.COOH
AH= -11.605 kcal/mol

ts1

In the ninth step, adding perchloric acid to AHMD.COOH to give the most
probable TS2 at Ey,=515.978 kCal/mol and AH= -116.62 kCal/mol.

OAC

° OAC N =°
COOH
COOH Eb=515.978 H\O/
= +
- H;C
+ HCIO4 T Gaumer P '8 -——(3-43)
o perchloric

acid

AHMD.COOH o
ts2  AH=-116.62 kcal/mol

After that TS2 will be dissociated to AHEM.COOH and chloric acid at E, =
61.413 kCal/mol and AH= 72.633 kCal/mol.
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OAC
OAC
o

COOH

COOH
H— H;C O
oZ Eb=61.413
+ HCIO; --—-(3-44)

kcal/mol
o chloric

AHEM.COOH acid
AH= 72.633kcal/mol

ts2

In the tenth step, AHEM.COOH give the most probable TS3 at E,=426.702
kCal/mol and AH=40.635 kCal/mol.

H p— o - C \CH3
——H
COOH COOH
H,C O Eb= 426.702 HzC ©
kcal/mol & 77 N TN~ Y mm—— (3 45)
AHEM.COOH
AH 40.635 kcal/mol

TS3 suffers from rearrangement and 1,2 dehydration to gives DHEM.COOH
and acetaldenyde molecule at E,= -169.145 kCal/mol and AH= -401.971

kCal/mol.
c‘\cn3
_'H COOH
COOH
H;Cc O
H;Cc O _Eb=-169.145
kcal/mol -+ CH3COH ----- (3-46)
acetaldehyd
DHEM COOH
AH= -401.971 kcal/mol

In the eleventh step, DHEM.COOH is reacted with hydrogen fluoride to give
the TS4 at E,= 445.86 kCal/mol and AH= 50.461 kCal/mol.

———C3—aT7>

-
L o =
ras L sessasse
AL
Aad fluoride o
ts <8
= AHIl— SO.461 kcal/mmol

DEIE N . C OO
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After that TS4  which in  turn dissociation  to FHCPCC
(betamethasone.NHCH,CHg, derivative at E,= -463.977 kCal/mol and AH= -
472.81 kCal/mol.

OH

o
HO COOH
H,cF
Eb= -463.977
kcal/ml 'o ----(3-48)

AFHTDPO
ts4 (betamethasone. COOH)

AH= -472.81 kcal/mol

The net equation (3-70) illustrates formation of
FHCPCC(Betamethasone.COOH) derivative  is exothermic reaction at the

reaction enthalpy change equal to -1329.626 kCal/mol.

o HO COOH

HO HscF
+ CH3Br —_— + 2H,O0 -—-(3-49)
o

CLCH=CHOCH,CH; o HEBr

NaOCOCH; FHCPCC CH.—CH

C;HsClO3 (Betamethasone.COOH) 2 2

CH;COOH NaCl

Ha C,HsCl10,

2

HCIO, CH;O0OH

HF HCIO;
AH= -1329.626 kcal/mol CH;COH

3-4-4 Carboxamide Betamethasone derivative:

Carboxamide group, among the common organic functional groups
investigated appears frequently in the CMC database as well as in the numerous
medication classes studied because that In a hydrogen bond, it has both
hydrogen-accepting and hydrogen-donating abilities, neutral group, hydrophilic
and chemically stable[186].Figure (3-18) is illustrated the geometry
optimization structure and electrostatic potential of
FHACPC(Betamethasone. CONH,) derivative. The negative and positive
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potentials zones in the Electro static potential maps correspond to the electron-

rich and electron-deficient areas, respectively[188].

A-Geometry optimization B-electrostatic potential

Figure(3-18) Energetic properties of FHACPC(Betamethasone.CONHy,)

derivative
3-4-4-1 Transition states estimation for Carboxamide betamethasone

Geometrical optimization structure of different four transition states have been
suggested are represented in Figure(3-19). According to their energetic
properties (Total energy, heat of formation, zero-point energy and imaginary
frequency), one of the transition state is most probable for giving the actual path
way of FHACPC(Betamethasone.CONH,)derivative formation reaction[189].
Energetic values are recorded in Table(3-15) of suggested transition states. It
was found TS2 is most probable for giving actual path way of the
FHACPC(Betamethasone.CONH,) derivative than other transition states due to
has high zero-point energy value which equal to 359.323 kCal/mol and the
negative imaginary frequency[190]. Zero-point energy of TS yields a lower
activation energy value than other transition states. Hilltop structure is a

structure with more than one negative frequency [191].

96



OAC

OAC

3HC O

Transition state 3

Transition state 4

Figure (3-19). Transition states estimation for Carboxamide betamethasone

derivative

Table(3-15). Energetic properties of the transition states of FHACPC(

Betamethasone .CONH,) derivative

Energetic properties TS1 TS?2 TS 3 TS 4
Total energy * -124431.768 | -159122.991 | -130777.341 -127620.548

Heat of formation* -228.368 -336.011 162.133 162.655

Zero point energy* 335.835 359.323 345.119 312.256

Imaginary frequency

*kCal/mol unit.
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3-4-4-2 Carboxamide Betamethasone Formation Reaction

Table(3-16) shows the energetic properties of
FHACPC(Betamethasone.CONH,) derivative components.

Table(3-16).Energetic properties of FHACPC(Betamethasone.CONH,)

derivative components

Derivatives Total energy* | Heat of Zero point Imaginary
formation* energy* frequency
AHMP.CONH2 | -123707.658 |-207.414 327.266 -
AHMD.CONH?2 | -124440.409 |-233.009 343.009 -
AHEM.CONH?2 | -131190.546 |-251.071 346.651 -
DHEM.CONH?2 | -117506.220 |-185.064 309.559 +

*kCal/mol unit.

Results of multi steps formation reaction of FHACPC(Betamethasone.CONH,)
derivative. Since the first seven steps are the same that of betamethasone
formation reaction. The differences in reaction formation steps is began from
step eight. In the eighth step the AHMP was reacted with carbamic acid to gives
the most probable TS at E, equal to 501.64 kcal/mol and AH=426.259 kCal/mol.

OAC o OAC

o H
+, R \
\\OH Eb=501.64 kcal/mol N
+NH,COOH A o /° —-(3-50)
Carbamic o cH
o |

acid

AHMP TS NH,

AH= 427.259 kcal/mol

After that, TS dissociated to AHMP.CONH, and water molecule at E, equal to -
338.337 kCal/mol while AH= -412.361 kCal/mol.
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o OAC o OAC

= 0"\ Eb=-338.337 OCONH,
\\ = . ———— - 1
0\ /o kcal/mol r + HZO (3 5 )
CH
o | o
TS NH, AHMP.CONH,

AH=-412.261 kcal/mol

After that, AHMP.CONH, interaction with hydrogen molecule to give the most
probable TS1 at energy barrier equal to -1.69 kCal/mol and AH= -98.29

kCal/mol.

OAC

OAC

o
OCONH, Eb 1.69
+ H; Kkcal/mol =
o o

AHMP.CONH,

OCONH,
CHs ----(3-52)

ts1
AH= -98.29 kcal/mol

TS1 which in turn dissociation to AHMD.CONH, at E,= -1.84 kCal/mol and
AH=-10.492 kCal/mol.

oAcC oAc

o o
OCONH, OCONH
Eb= -1.851
CH —
3 k¢cal/mod °© [ _T T /" (3_53)
o

<1 AHMD.CONH,
S
AH= -10.492 kcal/mol

In the ninth step, adding perchloric acid to AHMD.CONH, to give the most
probable TS2 at E,= -76.763 kCal/mol and AH= -81.216 kCal/mol.
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OAC
o
o OAC \\_m&o
OCONH
OCONH, e 76763 H\o/ 2
+  HCIO, S re g Hio ——(3-54)
o perchloric
acid
AHMD.CONH, o
ts2 AH=-81.216 kcal/mol

after that, TS2 will dissociation to AHEM.COOH and chloric acid at E, =
107.151 kCal/mol and AH= -18.506 kCal/mol.

OAC

OAC
o
o
o
\\-c = OCONH,
H OCONH,
~ H;C O
Eb=107.151
- —_—
kcal/mol + HCIO; ----(3-55)
o chloric
AHEM.CONH, acid

AH= -18.506kcal/mol

ts2

In the tenth step, AHEM.CONH, give the most probable TS3 at E,=412.704
kCal/mol and AH= -46.722 kCal/mol.

O—-(:\CH3

——H

CONH, OCONH,,
Eb= 412.704 H3;C O

————— (3-56)

o
H3;C O
kcal/mol

AH— -46.722 kcal/mol

AHEM.CONH,

TS3 suffers from rearrangement and 1,2 dehydration to gives DHEM.CONH,
and acetaldehyde molecule at Ep= -96.826 kCal/mol and AH= -525.995

kCal/mol.
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c\cH3
——H
CONH,

O
H;Cc O _Eb=-96.826 _
“keaUmol . + CH3;COH - (3-57)

acetaldehyd

OCONH,
H;c O

DHEM CONH2
AH= -525.995 kcal/mol

In the eleventh step, DHEM.CONH, is reacted with hydrogen fluoride to give
the TS4 at E,= 396.226 kCal/mol and AH= 98.07 kCal/mol.

OH

o
OCONH,,
H,C O Eb= 396.226
+ HF kcal/mol
hydrogen
o fluoride o

DHEM.CONH, ts4d

AH= 98.07 kcal/mol

After that TS4 which in turn dissociation to Betamethasone.CONH, derivative
at E,=-338.788 kCal/mol and AH= -408.437 kCal/mol.

OH

OH

o
OCONH,,
HO OCONH,,
H,cF
Eb= -338.788
kcal/ml o —-———=(3-59)

AFHTDPO
(betamethasone. CONH,)

ts4

AH= -408.437 kcal/mol

the net equation (3-88) illustrates formation of
FHACPC(Betamethasone.CONH,) derivative is exothermic reaction at the

reaction enthalpy change equal to -1576.349 kCal/mol.
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OH

o HO OCONH,

HO H,cF
+ CH3Br ———— + 3H,0 -—-(3-60)
CLCH=CHOCH,CHj; ©

o HBr

9ca-hydroxyandrost- FHACPC _

dcene.3.17-one gjg:é?(iH3 (Betamethasone.CONH,) g‘:(z;(:‘lz
NH,COOH C.HCIO,
H> HC103
1[11(;104 AH= -1576.349 kcal/mol CH;COH

3-5 Comparative of major transition states:

To compare between original moiety of Betamethasone and new suggested
derivatives. Transition state formation for reactions eight and nine will be
estimation to find the optimized transited state of derivatives. Figure (3-20)
shows geometry optimized view of transition states formation through rate
determinate step for original molecule of betamethasone and their new
derivatives. To compare the energetic properties of these transition states,
Table (3-17) show numerical values for the energetic properties of each the
original betamethasone and their suggested derivatives. We found the total
energy value of geometry optimized transition state for betamethasone is equal
to -110444.927 kCal/mol. This value of energy liberated through relaxation
process is lowest than for the newest transition states of suggested derivatives.
At the same time, the fourth suggested derivative (FHACPC(Beta.CONH,, ) has
the largest value of energy liberated(-130713.608 kCal/mol) through relaxation
process than original betamethasone and other suggested derivatives. The
Binding energy value of transition state for betamethasone, which has the
lowest value (-5833.301 kCal/mol) than other transition states of suggested
derivatives, while the second suggested
derivatives(EFHTDPO(Beta.NHCH,CHj)) liberated -6980.832 kCal/mol than
original betamethasone and other derivatives. Heat of formation values are
described another factor, since the transition state of Betamethasone needed to
absorb 233.117 kCal/mol of formation, while the other transition states of first
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and second suggested derivatives (AFHTDPO (Beta.NH,) and
EFHTDPO(Beta.NHCH,CHjs)) are liberated -111.421 and -118.032 kCal/mol
respectively. The important factor of comparison between the transition state
formation for the Betamethasone and their suggested derivatives is zero point
energy. Transition state of betamethasone has lowest reactivity to give product
by 314.278 kCal/mol. Transition states for both the second and third derivatives
(EFHTDPO(Beta.NHCH,CHs) and FHCPCC(Beta. COOH) ) are the most
reactive transition states than other derivatives with 358.376 and 348.659

kCal/mol respectively to release the desired product of reaction.

Transition state of
Betamethasone Molecule

Transition state of

Transition state of Betamethasone.COOH

Betamethasone.NHCH2CH3
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Transition state of
Betamethasone. CONH2

Figure (3-20).Geometry optimization structure of transition states of
Betamethasone and their derivatives

Table (3-17). Comparative for energetic properties of transition states of
Betamethasone and their derivatives

Transition states | Total energy Binding Heat of | Zero-point | Dipole | Imaginary
kCal/mol energy formation | energy moment | frequency
kCal/mol kCal/mol | kCal/mol Debye
Betamethasone | -110444.927 | -5833.301 233.117 | 314.278 42.935 -
AFHTDPO -122502.061 | -6424.034 | -111.421 | 330.376 1.722 -
(Beta.NH,)
EFHTDPO -129394.916 | -6980.832 | -118.032 | 358.376 4.586 -
(Beta.NHCH,CH5)
FHCPCC -130071.197 | -6421.435 | 210.085 | 348.659 40.928 -
(Beta. COOH)
FHACPC -130713.608 | -6295.662 225.866 | 341.543 29.672 -
(Beta.CONH,,

3-6 Comparative of Global index Chemical Reactivity

Second comparative was conducted in terms of chemical reactivity that’s an

excellent indicator to characterize of local reactivity in molecules[113], [192].

Comparative according to Global index values of Betamethasone compound
and four new derivatives are shown in Table (3-19). Both of the
EFHTDPO(beta.NHCH,CH3) and AFHTDPO(beta.NH,) derivatives have lower
stability, higher activity and softness molecules more than other derivatives due
to have the lower values of Eg, which equal to 9.069 ev and 9.47 eV
respectively[193], [194]. The dipole moment in a compound is relies on the

distribution of positive and negative charges. The dipole moment is raised when
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the electronic density of atoms increases, and all atoms contribute one or two
pair electrons, thus increasing electron density [195], Therefore the
EFHTDPO(beta.NHCH,CH3;) and AFHTDPO(beta.NH,) derivatives have
higher values of the dipole moment that equal to 6.975 eV and 5.547
respectively, because they contain of CH3;CH,NH, and NH, functional groups
which in turn increase the electron density of the molecules because these

functional groups are donating electrons.

According to the results in Table (3-18) the EFHTDPO(beta.NHCH,CH3) and
AFHTDPO(beta.NH,) derivatives have been lower stability, higher activity
more than other derivatives due to have low values of ionization potential that

equal to 9.489 eV and 9.815 eV respectively.

The chemical hardness of a molecule is represented by the HOMO-LUMO gap.
Increases in hardness result in the system's movement towards a more stable
configure ration. High values of softness would lead to increased chemical
reactivity[196] . The EFHTDPO(beta.NHCH,CH3) and AFHTDPO(beta.NH,)
derivatives have been higher reactivity than other derivatives due to low values
of hardness which equal to 4.535 eV and 4.735 eV while have high values of
softness that equal to 0.110 ev and 0.105 eV respectively .the low values of
electrophilicity is a good nucleophile while higher values signals a good
electrophile[197].

The obtained results showed lower dissociation energy equal to 33.35 kcal/mol
than other bonds. Substituted functional groups are globally recognized groups
in drug manufacturing that have a significant impact on drug characteristics,
such as —NH,,-CH3;CH,NH,,-COOH and -CONH, [178]. After substituted four
different functional group at active site on the Betamethasone compound,
estimated the structure energetic properties for all derivatives and compare

between them.
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Table(3-18).Global index values of Betamethasone compound and four new

derivatives
(lobal index betamethasone AFHTDPO EFHTDPO FHCPCC FHACPC
beaN) | peanncncry | (PeaC00H) (betaCONH)
Total energy -114446.232 -111766.974 -118654.883 -123949.713 -128041.883
(Keal/mal)
Dipole momentipeye 4513 6.975 5.947 6.032 4503
Energy of HOMOg -10.126 -0.815 -0.489 -10.148 -10.187
Energy of LUMO -0.468 -0.345 -0420 -0.404 0515
Egap @) 9,658 947 9.069 0,744 9,672
I (ex) -5.297 -5.08 -4955 5276 -5.351
Py 10.126 9.815 9489 10.148 10.187
EAgy 0468 0.345 0420 0.404 0515
X 5.297 5.08 4,955 5.276 5.351
Ne) 4829 4735 4535 4877 4836
S 0.104 0.105 0110 0.102 0.102
W(er) 2.905 2725 2707 2.857 2.960
AN 1.09 1072 1.092 1.083 1.106

3-7 Energetic comparative:

Table (3-20) shows a comparison for energetic properties of betamethasone and
their proposed derivatives. It was found, that the two derivatives
EFHTDPO(Beta.NHCH,CH3) and AFHTDPO(Beta.NH,) are more effective
than betamethasone drug due to they have lower values of Eg, and higher
values of zero-point energy. EFHTDPO(Beta.NHCH,CHj3) derivative is highest
effectiveness due to has lower value of Eg, equal to 9.069 eV while
AFHTDPO(Beta.NH,) derivative has Eg,, equal to 9.47 eV.
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Table(3-19):Structural energetic properties of Betamethasone and their

derivatives
Derivatives Total Energy | Heatof | Zero- Energy | Energy | Egap
kcal/mol formatio | point of of eV
n Energy HOMO | LUMO
kCal/mol | kCal/mol | eV eV
Betamethasone -114446.232 | -232.383 | 302.619 -10.126 | -0.468 | 9.658
AFHTDPO(Beta.NH; | -111766.974 | -183.885 | 309.986 -9.815 -0.345 | 9.47
)
EFHTDPO(Beta.NH | -118654.883 | -185.549 | 346.347 -9.489 -0.420 | 9.069
CH,CHj3)
FHCPCC(Beta. -123949.713 | -267.824 | 308.777 -10.148 | -0.404 | 9.744
COOH)
FHACPC(Beta.CON | -128041.883 | -258.679 | 318.663 -10.187 |-0.515 |9.672
Hy
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3-8 CONCLOUSIONS

From the obtained results in the current study it can be concluded the following

points.

1. Geometry optimization structure of Betamethasone showed total energy
and energy gap equal to -1331.653 a.u and 0.079 eV, respectively.

2. Chemical reactivity of Betamethasone is controlled through the Os-Hsg
bond, which is appeared most probable to break down with bond
dissociation energy equal to 33.35 kCal/mol.

3. Theoretical spectra gave good identification to some clear peaks of
Betamethasone molecule as well as showing identical parameters for
functional groups of drug comparatively with practical data.

4. Mass spectra of Betamethasone illustrate appearance of a molecular ion
equal to (392.3 m/z") which confirms the validity of the molecular
structure of Betamethasone drug.

5. Betamethasone synthesis from (9-a OH-AD) as the starting material
which is reacted in sequentially steps to yield AH= - 452.406 kCal/mol.

6. Four new models are suggested as anti Covied-19 drugs by substituted
functional groups on the original structure of Betamethasone.

7. Two new suggested models of anti Covied-19 drugs were more chemical
effectively [AFHTDPO(Betamethasone.NH,) and
EFHTDPO(Betamethasone.NHCH,CH3)] than the Betamethasone
molecule while FHCPCC(Betamethasone. COOH) and
FHACPC(Betamethasone.CONH,) are less chemical effective.
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3-9 Recommendations

1. Investigation chemical reactivity of Os-Hsobond in all derivatives .

2. Estimation chemical reactivity of derivatives toward the chemical
reactions with DNA-bases.

3. Preparation new derivatives to conduct on their chemical properties
and after that compare with their theoretical data.

4. Investigation antibacterial activities for the preparative derivatives of

Betamethasone must be examine.
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Albstract

Structural and energetic propertics of the Betarmethasone drug has been studicd using different
calculation methods such as PM: semiempirical method and Density function theory Ba LY P jat
basis sep{3-21G** and 6-31G**) that's implemented inte Gaussian 09 program.  Total cnergy.
bandgap energy, bond lengths and bond angles are investigated through vacuumed optimization
configuration of Betamethasone. Estimation of vibrational analysis spectra has been done and
compared with practical spectra of Betamethasone drug. We found the geometry optimization
structure of Betamethasone has -1331.652 a_ u_ units as total encrgy come out from the relaxation
process with bandgap cnergy cqual o 0.07945 cov. units. The bond of Cl&-C17 with a length
equal to 2. TE93A" js more reactive bound due to their length than other chemical bonds to share
in the important reaction. This bond is broken down at 0.7TkCalimol. The bond angle of C12-
C17-C19 is equal to 1335942 degroe shows the lowest stability than others, which explain the
cffectiveness of Betamethasone at these bond to share in the variows resction. Theorctical
vibration transitbons are identical with experimental FT-IR spectrum for main bonds of
Betamethasone as cvidence about the reality of the theoretical calculatvon. Investigation shows
the ability to drive some other derivative from this drag to maximize their activity toward
inflammatory discases.

Keywords: Betamwethasone drug, Density functional theory, Molecular modelling  mcethods,
Craussian 7P program, and Optimized structure.

Inredwetion

Betamethasone is one of the most used public dmogs aroound the world due to its ability 1o
ircatment mito many different discases. It s used as an example, for skin diseases, allergic
reactions,  rheumsatie disorders, Crohn's discase, and also for leuksemia[l]. In somse drogs
manufacturers, Betarmethasone can be used to generate another drug, such as Clobetasol[2]. In
gencral, Betamethasone has been listed according to the World Health Orgamization] W HO)
model as an essential medicine for an anti-inflammatory and anti-pruritic doeg] 3]

In some countries, Betamethasone has different knowing names like Diprolene, Dhiprosone,
Celestamine, Proctor {in Pakistan) and Betamethasone sodivm phosphate is known as Bentelan

[3358]
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