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Abstract

Theoretical quantum calculations have been carried out for two new ibuprofen and naproxen based
Non-Steroid Anti-inflammatory Drug candidates. DFT (Density Functional Theory) calculations of
molecules have been carried out with a general quantum chemistry software package GAMESS (the
General Atomic and Molecular Electronic Structure System). Both molecules have been optimised
successfully, and IR (Infra-Red) spectra have been obtained via vibrational HESSIAN analyses. The
frontier orbitals, HOMO (the Highest Occupied Molecular Orbital) and LUMO (the Lowest
Unoccupied Molecular Orbital) have been obtained, and also molecular dynamic descriptors, such as
chemical hardness, electronegativity and electrophilicity have been calculated for both molecules.
Electrostatic potentials, total molecular electron densities also have been calculated for optimised
molecules. All the result has been represented comparatively for both molecules.
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1. Introduction

Non-Steroidal Anti-inflammatory Drugs (NSAIDs), and some derivatives of them, have been using for
treating pain and inflammatory widely for decades.(Dugowson and Gnanashanmugam 2006; Klasser
and Epstein 2005) It is well known that, these drugs have serious gastrointestinal side effects especially
on long term use.(Binbay and Ziyadanogullari 2018; Rocha et al. 2001) One of the main strategies to
overcome these side effects has been to search for novel drug candidates which obtained by
modification of known NSAIDs.(Kiigiikgiizel et al. 1999; Melnyk et al. 2006; Todeschini et al. 1998;
Wu et al. 2007) Here we have worked on two molecules which have been obtained within this
perspective in another study, by deriving two well-known NSAIDs ibuprofen and naproxen
respectively.(Gokoglu et al. 2016) First of them is 2-(4-i-Butyl-phenyl)-propionic acid (pyridine-2-
ylmethylene)-hydrazide, which derived from ibuprofen, and from now on it will be called as AHI
shortly. The other one is 2-(6-Methoxy-naphthalen-2-yl)-propionic acid(pyridine-2-ylmethylene)-
hydrazide, which is derived from naproxen, and from now on it will be called as AHN shortly.(Gékoglu
et al. 2016)

The aimed main goal of these molecules is to create anti-inflammatory effect by binding to the trypsin
enzyme, just like the original NSAIDs which they were derived from, namely ibuprofen and naproxen;
but of course, with expectation of reduced side effects.(Gokoglu et al. 2016) As it is pointed out in
earlier study, there are strong clues which implies that AHI and AHN are bind trypsin
enzyme.(Gokoglu et al. 2016)

The aim of this study is to contribute to process of understanding of chemical properties that underlies
both therapeutic and side effects of AHI and AHN, by analysing their structural and dynamical
properties in detail via DFT calculations.

2. Material and Method

2.1 DFT study

A general ab-initio quantum chemistry package GAMESS (the General Atomic and Molecular
Electronic Structure System) has been used for DFT (Density Functional Theory) calculations.(Gordon
and Schmidt 2005; Schmidt et al. 1993) The hybrid Becke, three-parameter, Lee—Yang—Parr, using
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Coulomb Attenuating Method exchange correlation functional (CAM-B3LYP) was used for calculate
optimum conformations vibrational states.(Becke 1993, 1996) The basis set for calculations was
Dunning/Hay DZ and the polarisation parameter was selected as Dunning.

2.2. Calculations of chemical descriptors

The Highest Occupied Molecular Orbitals (HOMOs) and the Lowest Unoccupied Molecular Orbitals
(LUMOs) have obtained, and chemical descriptors, like chemical hardness (1), electronegativity (y),
and electrophilicity () , were calculated for each molecule. As it is known, for a system which
contains N electrons and total energy E, chemical hardness (1) and electronegativity ()) can be defined

as (Chaquin 2008):
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Here v(r) represents the external potential, and E is the total electronic energy of the N electron system.

For molecules those have closed energy shell, % and 1 can be defined also as (Chaquin 2008):
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Here I= - Eyomo and A= - E;ymo. There is also another chemical descriptor, electrophilicity (o),
which can be defined as (Chaquin 2008):

It is known that there is strong correlation between these descriptors and chemical behaviours of
molecules in chemical processes.(Parr and Pearson 1983) For example Eyomo , which describes the
energy of highest molecular orbital that contains occupied by electrons, directly relative to the
ionisation energy of the molecule, and also solely describes the sensitivity of the molecule upon any
electrophilic attack.(Parr and Pearson 1983) On the other hand, energy gap between highest occupied
molecular orbital and lowest unoccupied molecular orbital (E;ymo - Enomo ) is indicates the measure of
activity of the molecule in chemical reactions, and it is directly determines the chemical hardness (1) of
the molecule.(Pearson 1997) If there is a larger energy gap between these two molecular orbitals, then
it is said that this molecule is “chemically harder”; and vice versa. If the gap is smaller, then it is said
that the molecule is “chemically softer”. Chemically softer molecules are expected to be more active in
chemical reactions in general.(Pearson 1997)

3. Results and Discussion

The optimised structures of AHI and AHN are given in figure 1 and figure 2 respectively. As it is seen,
the structural properties, the distances between atoms, positions of the atoms according to the each
other, and bond angels of the atoms are almost same for the atomic groups which ibuprofen and
naproxen bonded to, in both molecules

The calculated electrostatic potentials of AHI and AHN are given in figure 3 and figure 4 respectively.
As it is seen, although both of the electrostatic potentials have similar structures in general, there is an
apparent distinction between electrostatic potentials of ibuprofen and naproxen parts of the molecules.
It is seen that, the oxygen atom that placed just before methyl group in AHN, have created a difference
in electrostatic potential of the molecule by attracting electrons close to it.
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Figure 1. Optimised structure of AHI.

Figure 2. Optimised structure of AHN.

Figure 3. Molecular electrostatic potential of AHI.
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Figure 4. Molecular electrostatic potential of AHN.

The total electron densities of the AHI and AHN are given in figure 5 and figure 6 respectively. As it is
seen, the electron densities of the atomic group which ibuprofen and naproxen are bonded to, are
similar for both molecules. But it can be seen in figure 6 that, as the oxygen that placed just after the
methyl group in AHN, attracts more electrons to itself, there is apparently more electronic density near
it. Another point which can be noticed in figure 6 is that, the methyl group which placed at the end of
the AHN has less electronic density (ie. more positive) than the same two methyl group of the AHN
which placed at the end of the molecule. That means the oxygen-methyl area of AHN is more polarised
than AHI. As polarisation is one of the most important factors about intermolecular interactions, it is
expected that AHN will be chemically more active than AHI.

Figure 5. Total electron density of AHI.
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Figure 6. Total electron density of AHN.

The frontier orbitals (HOMOs and LUMOs) of AHI and AHN and the energy gaps between them is
given in figure 7 and figure 8 respectively. As it is seen, the energy level of AHI’s LUMO is higher than
AHN’s LUMO, and also the energy level of AHI’s HOMO is lower than AHN’s HOMO. Therefore,
AHN has a larger energy gap than AHI, between frontier orbitals HOMO and LUMO. Hence, within
the perspective that the energy levels of frontier orbitals and the energy gap between them are
important parameters for determining the chemical activeness of molecules; it is expected that AHN
can be more active than AHI chemically.

ELUMO(AH1)=1,85 eV

AE=10,5570eV

EHOMO(AHI)=‘8,707 eV

Figure 7. HOMO and LUMO of AHI.
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ELUMO(AHN)=1,768 eV

AE=9,4960 eV

EHOMO(AHN)='7,728 eV

Figure 8. HOMO and LUMO of AHN.

Another point that can be noticed is that, LUMOs of the both molecules are seem to be constructed
from combination of same atomic orbitals and structure of them looking very same. On the other hand,
it is seen that, overall differences of molecules can change the energy level of the molecular orbital
LUMO, by without changing its structure or shape at all. For AHI E yyo is 1.850 eV, while for AHN
Erumo is 1.768 eV.

Calculated Infra-Red (IR) spectra of AHI and AHN are given in figure 9 and figure 10 respectively. As
it is seen in figure 9, the most intense vibration of the AHI’s IR spectrum at 1245.88 Hz, that mainly
occurs between oxygen and the carbon which is double bonded to oxygen. On the other hand, as it is
seen in figure 10, most intense molecular vibration in AHN’s IR spectrum at 1701.16 Hz, which mainly
occurs between the nitrogen atoms that bonded to each other.
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Figure 9. IR spectrum of AHI.
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Figure 10. IR spectrum of AHN.

The calculated chemical descriptors for AHI and AHN, HOMOs, LUMOs, chemical hardness values
(1), electronegativities () and electrophilicities (®) are given altogether in table 1. As it is seen, the
energy level of the highest occupied molecular orbital of AHI (Epomoranr) is lower than same molecular
orbital for AHN (Egomorann)- Also, the energy level of the lowest unoccupied molecular orbital of AHI
(EvLumorann) 1s higher than the same molecular orbital for AHN (Epymosann). Therefore, AHI has larger
energy gap than AHN, between its frontier orbitals ((Epumosan - Enomorant) > (ELumo/ann - Enomosann))-
Hence, AHI is chemically harder than AHN, in other words, AHI is more stable than AHN. But this is
not a preferred property from perspective of chemical activity in reactions. As it can also be seen in
table 1, AHI is both more electrophilic and electronegative than AHN. As AHN is chemically softer
than AHI (Mapn< Mam), it is expected that AHN presents more active behaviour in chemical reactions.
This is compatible with literature.(Gokoglu et al. 2016)

Table 1. Calculated chemical descriptors for AHI and AHN

! | AE= n T 0]
Molecule E(H(?IO) E(LL?IO) Exrvmo)-Emomo)| (chemical hardness) |(electronegativity)|(electrophilicity)
Y | @9 (V) (V) V) (eV)
AHI -3.707 1.850 10.5570 5.2785 3.4285 1.1134
AHN -7.728 1.768 9.4960 4.7480 2.9800 0.9352

The calculated chemical descriptors for AHI and AHN; energy level of HOMOs and LUMOs, chemical
hardness values (1), electronegativities (y) and electrophilicities (®) are given altogether.

4. Conclusion

Here a computational study, includes DFT calculations and theoretical analysis of two NSAID
candidate molecule which derived from ibuprofen and naproxen respectively, has been completed and
presented successfully. Among these two molecules, AHN, which is derived from naproxen, is found to
be potentially more active than AHI, which is derived from ibuprofen. Finally, it is concluded that, in
the light of biological importance of acylhydrazone derivatives due to their anti-microbial (Loncle et al.
2004; Papakonstantinou-Garoufalias et al. 2002; Vicini et al. 2002), anti-convulsant (Kiigiikgiizel et al.
2003), and anti-tuberculosis (Patole et al. 2003) effects, both of AHN and AHI has strong potentials as
candidates of NSAIDs with reduced side effects.
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