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Abstract The study of the stability and reactivity shows that compound B with a value of the energy gap of 3.749 eV is
the most stable and the most electron accepting of the 2-(quinoline-4-yloxy)acetamide derivatives. Compound F, on the other
hand, is the least stable and hardest of the series studied. The results of the indices of the dual descriptor obtained from the
calculations at the theoretical level B3LYP in the base 6-31+G(d,p), showed that the C24 carbon atoms of the studied
compounds are the most electrophilic sites. The C37 carbon atoms for compound A, C40 for compound B, C34 for
compounds C and D and C33 for compounds E, F and G are the nucleophilic sites of the compounds.
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1. Introduction

Tuberculosis is an infection caused by a bacterium
(Mycobacterium tuberculosis) that most often affects the
lungs. It is a preventable and treatable disease. Tuberculosis
is spread from person to person through the air [1].
Tuberculosis remains a major infectious disease worldwide,
with more than 10 million cases and 1.4 million deaths each
year [2]. Today, for treatment, a combination of antibiotics
and chemotherapy is used, but the treatment must be
followed for at least 6 months (and up to two years in case
of multi-resistant strains). Incomplete or poorly followed
treatment is often responsible for the appearance of
antibiotic-resistant tuberculosis which is then transmitted in
the community. [2]. From these findings, there is an urgent
need to find an effective treatment against tuberculosis.
It is in this context that Borsoi et al. [3] synthesized a series
of 2-(quinoline-4-yloxy)acetamide against M. tuberculosis
H37Rv. Reactivity and stability are important studies in
chemistry, as they provide insight into the chemical behavior
of molecules. The general objective of this work is to
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evaluate the reactivity and stability of a series of 7 molecules
derived from 2-(quinoline-4-yloxy)acetamide. The molecular
structures of the studied molecules are presented in Table 1.

2. Material and Method

2.1. Computational Level of Theory

In order to predict the sites of chemical reactivity of
2-(quinoline-4-yloxy)acetamide derivatives the quantum
chemical calculations were performed using Gaussian 09 [4].
DFT methods are mainly used to generate the determination
of reactivity sites in the studies. The geometric molecular
optimization this work was conducted at the theoretical level
B3LYP [5,6,7] in the 6-31+G(d,p) basis. This study was
carried out by focusing on three theoretical approaches. The
first one highlights the analysis of the electronic potential
maps. The last approach is related to the boundary molecular
orbitals. The third approach is related to local reactivity
indices and dual descriptors. The hybrid functional confers
the best energies and correlates with ab initio methods at
high levels [8,9]. The geometries are kept constant for both
cationic and anionic systems. The DFT conceptual model
allows to obtain the global and local reactivity indices
[10,11].
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Table 1. Structures of 2-(quinoline-4-yloxy)acetamide
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2.2. Reactivity Descriptors

2.2.1. Electrostatic Potential Surface Area

The molecular electrostatic potential (MEP) map is
illustrated by the colors that vary from red to blue. The zero
potential is represented by the green colored areas. It
increases in the order red < orange < yellow < green < cyan <
blue [12,13]. On the MEP map, the negative areas (red and
yellow) of the MEP are electrophilic attack sites and the
positive areas (cyan and blue) are nucleophilic attack sites.

2.2.2. Global Descriptors

To predict the chemical reactivity, some theoretical
descriptors related to the conceptual DFT have been determined.
In particular, the energy of the lowest vacant molecular
orbital (MO) (ELumo), the energy of the highest occupied
molecular orbital (MO) (Exomo), the electronegativity (),
the global softness (o) and the global electrophilicity index
(o). These descriptors are all determined from the optimized
molecules. It should be noted that, the descriptors related to
the boundary molecular orbitals were calculated in a very
simple way within the Koopmans approximation [14]. The
LUMO energy characterizes the sensitivity of the molecule
to a nucleophilic attack, and as for the HOMO energy, it
characterizes the susceptibility of a molecule to an electrophilic
attack. The electronegativity (x) is the parameter which
translates the aptitude of a molecule not to let escape its
electrons. The overall softness (o) expresses the resistance of
a system to the change of its number of electrons. The global

electrophilicity index characterizes the electrophilic power
of the molecule. These different parameters are calculated
from equations (1-6):

I = —Eyomo M
A=—-Epymo @
x=—-u=-1/2(Ewmo + Enomo) 3)
n = (Erumo — Enomo)/2 4)
w = )2{—71 ®)
c=1/n (6)

2.2.3. Local Descriptors and Dual Descriptors

The Fukui numbers of a molecule give information about
the local reactivity in a molecule. The atom with the largest
Fukui number is more reactive than the other atoms in the
molecule [15]. These indices represent the qualitative
description of the reactivity of atoms in the molecule. The
Fukui function successfully predicts the relative reactivity
for most chemical systems. The determination of Fukui
indices for the selectivity of electrophilic and nucleophilic
atoms in chalcone-derived compounds has been done. Ayers
and Parr [16] explained that molecules tend to react where
the Fukui function is largest when attacked by soft reagents
and in places where the Fukui function is smallest when
attacked by hard reagents. Using the Natural Atomic
Population charges of the optimized ground state compounds,
the Fukui function (£}, f"), local softness (s;,sj;) and local
indices of electrophilia (w;, wj) [17] have been determined.
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The Fukui functions are calculated using equations (7) and (8): qrx(N + 1) : Electronic population of atom k in the
=g (N+1) —a.(N 7)  anionic molecule.
fk_ i )~ @) () qr(N —1): Electronic population of atom k in the
fi =aN) —q(N—-1) (8)  cationic molecule.
fit for nucleophilic attack The values of the dual descriptors [18,12] are obtained
fi for electrophilic attack from equations (13 to 15)
mo?égfjvlz,\: Electronic population of atom k in the neutral Af = fit — f7 9)
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Figure 1. Molecular Electrostatic Potential (MEP) surface of seven compounds
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2.3. Natural Population Analysis (NPA)

The calculation of natural atomic charge plays an
important role in the study of molecular systems in quantum
chemistry. For the quantitative description of a molecular
charge distribution, the molecule is dissected into well-defined
atomic fragments. A general and natural choice is to share
the charge density at each point between the different atoms
in proportion to their free atom densities at the corresponding
distances of the nuclei [13]. In this work, the atomic charge
values were obtained by the Natural population analysis.

3. Results and Discussion

3.1. Overall Reactivity

The results of table 2 highlight the values of the calculated
energetic parameters. They show the compound B is the
most stable with a value of the energy gap of 3.749 eV.
Compound F having the most value of the energy gap
(AEgap = 3.396 eV), it is the least stable of the seven studied
compounds.

Table 2. Energy parameters of the compounds studied

codes HOMO (ev) | LUMO (ev) | AEgap | El (eV)
Compound A -5.850 -2.194 3.656 5.850
Compound B -5.826 -2.077 3.749 5.826
Compound C -5.911 -2.267 3.644 5.911
Compound D -5.918 -2.391 3.527 5.918
Compound E -5.931 -2.444 3.487 5.931
Compound F -5.975 -2.578 3.396 5.975
Compound G -5.915 -2.401 3.513 5.915

In Table 3 are listed the overall chemical reactivity indices.

These overall reactivity results show that compound F
has the smallest value of overall hardness (n = 1.698 eV).
It is therefore the soft one of the series. Compound B on
the other hand gives the largest value of electronegativity
of (x = 1.875 eV) and electrophilicity index (o = 0.914 eV),
this compound is more electron accepting of the series of
2-(quinoline-4-yloxy)acetamide derivatives.

Table 3. Global descriptors of chemical reactivity

codes x n ®
Compound A 1.828 1.828 0.911
Compound B 1.875 1.875 0.914
Compound C 1.822 1.822 0.911
Compound D 1.764 1.764 0.882
Compound E 1.743 1.743 0.872
Compound F 1.698 1.698 0.849
Compound G 1.757 1.757 0.878

3.2. Local Reactivity

3.2.1. Electrostatic Potential Surface

The determination of the molecular electrostatic potential
(MEP) surfaces gives us a clear idea about the sites of
molecular reactivity of the compounds in our study. The
variation of the colors of this surface from red to blue allows
to explain it better. The green areas have zero electrostatic
potential, the yellow and red have negative potential and
the cyan and blue have positive potential. The surface
analysis shows that the C24 carbon atoms of the seven
compounds of the 2-(quinoline-4-yloxy)acetamide series
studied are electrophilic sites. As for the carbon atoms C37
for compound A, C40 for compound B, C34 for compounds
C and D and C33 for compounds E, F and G, they were
identified as nucleophilic sites. Carbon C24 is located in a
negative electrostatic potential area and carbons C37, C40, C34
and C33 in the positive potential area.

3.2.2. Dual Reactivity Descriptors

The theoretical level B3LYP/6-31+G (d, p) was used to
determine the values of the dual descriptor of the different
compounds. This analysis concerns only the atoms different
from the hydrogen atom. The calculated dual descriptor
values are recorded in Table 4 to 10. The results of the
descriptor of the compound A grouped in table 4. They show
that the carbon atom C24 is the favorable electrophilic site
and the carbon C34 is the nucleophilic site.

The results in Table 5 predict that the C24 carbon atom is
the most favorable site for nucleophilic attack. With regard
to the electrophilic attack site, the C40 carbon atom is the
most favorable.

The values of the various descriptors calculated indicate
that the C24 carbon atom is the molecule's electrophilic site.
For the nucleophilic site, the carbon atom C34 is the most
privileged site.

Table 7 predicts that the C24 carbon atom is the electrophilic
site while the C34 carbon is the nucleophilic site.

The identification of the reactive sites of compound E
whose descriptor coefficient values are recorded in Table 8.
These values obtained show that the carbon atom C24 is the
most favorable electrophilic site and the carbon C33 is the
most nucleophilic site.

The results in Table 9 indicate that the most nucleophilic
site is the C33 carbon atom. Carbon atom C24 is the most
likely electrophilic site.

The results in Table 10 indicate the most nucleophilic site
is the C33 carbon atom. The C24 carbon atom is the most
likely electrophilic site.

Generally speaking, for the 7 compounds studied, the C24
carbon atom appears to be the most electrophilic.
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Table 4. Compound A reactivity descriptors calculated using natural population analysis (NPA)

Local descriptors

Atoms
f+ f- Af o+ - S+ S- n+ n-

C24 0.444 | -0.280 | 0.725 0.820 | -0.518 | 0.214 -0.135 | 0.511 | -0.323
Cc2 0.240 | -0.135 0.375 0.443 | -0.249 | 0.115 -0.065 | 0.276 | -0.155
Cl1 0.170 | -0.053 0.223 0.314 | -0.098 | 0.082 -0.026 | 0.196 | -0.061
C8 -0.089 | 0.303 | -0.392 | -0.165 0.560 | -0.043 0.146 | -0.103 | 0.349
025 -0.119 | 0.287 | -0.407 | -0.221 0.531 -0.057 0.138 | -0.137 | 0.331
N14 -0.187 | 0.326 | -0.513 | -0.345 0.602 -0.090 | 0.157 -0.215 | 0.376
020 -0.265 | 0.323 | -0.588 | -0.490 | 0.596 -0.128 0.155 | -0.305 | 0.372
015 -0.266 | 0.403 | -0.669 | -0.491 0.743 -0.128 0.194 | -0.306 | 0.464
C37 -0.365 | 0.350 | -0.715 | -0.673 0.646 -0.175 0.168 | -0.420 | 0.403

Table 5. Compound B reactivity descriptors calculated using natural population analysis (NPA)

Local descriptors

Atoms
f+ f- Af ot - s+ s- n+ n-

C24 0.566 | -0.221 0.787 1.044 | -0.409 | 0.272 -0.106 | 0.651 | -0.255
N14 -0.181 | 0.106 | -0.287 | -0.334 | 0.196 -0.087 0.051 -0.208 | 0.122
020 -0.221 | 0.239 | -0.460 | -0.408 0.441 -0.106 0.115 | -0.254 | 0.275
015 -0.226 | 0.319 | -0.544 | -0.416 0.589 -0.109 0.153 | -0.260 | 0.367
C8 -0.141 | 0.460 | -0.601 | -0.260 | 0.849 -0.068 0.221 -0.162 | 0.529
C34 -0.384 | 0.357 | -0.741 | -0.709 0.659 -0.185 0.172 -0.442 | 0.411
C40 -0.419 | 0.377 | -0.796 | -0.773 0.696 -0.202 0.181 -0.482 | 0.434
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Table 6. Compound C reactivity descriptors calculated using natural population analysis (NPA)

Atoms

Local descriptors

f+ f- Af o+ ®- S+ S- n+ n-
C24 0.449 -0.280 0.729 0.828 -0.517 0.216 -0.135 0.516 -0.322
C32 0.343 -0.212 0.555 0.633 -0.392 0.165 -0.102 0.395 -0.244
F40 -0.148 0.177 -0.324 | -0.272 0.326 -0.071 0.085 -0.170 0.203
025 -0.119 0.288 -0.407 | -0.220 0.531 -0.057 0.138 -0.137 0.331
N14 -0.186 0.324 -0.510 | -0.343 0.599 -0.089 0.156 -0.214 0.373
020 -0.266 0.322 -0.588 | -0.491 0.595 -0.128 0.155 -0.306 0.371
015 -0.266 0.405 -0.671 | -0.491 0.748 -0.128 0.195 -0.306 0.466
C34 -0.365 0.350 -0.715 | -0.674 0.646 -0.176 0.168 -0.420 0.403

Table 7. Compound D reactivity descriptors calculated using natural population analysis (NPA)

Local descriptors

Atoms
f+ f- Af ot - S+ S- n+ n-

C24 0.449 | -0.281 | 0.729 0.828 | -0.518 | 0.216 | -0.135 | 0.516 | -0.323

Cc2 0.228 | -0.134 | 0.362 0.421 | -0.248 | 0.110 | -0.065 | 0.262 | -0.155
Cl40 0.055 0.009 0.046 0.101 0.016 0.026 0.004 0.063 0.010
C28 0.001 0.087 | -0.086 | 0.001 0.160 0.000 0.042 0.001 0.100
N14 -0.193 | 0.322 | -0.516 | -0.357 | 0.595 | -0.093 | 0.155 | -0.223 | 0.371
020 -0.269 | 0.321 | -0.590 | -0.496 | 0.593 | -0.129 | 0.154 | -0.309 | 0.370
015 -0.267 | 0.403 | -0.670 | -0.492 | 0.744 | -0.128 | 0.194 | -0.307 | 0.464
C34 -0.364 | 0.350 | -0.715 | -0.673 | 0.647 | -0.175 | 0.168 | -0.419 | 0.403
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Table 8. Compound E reactivity descriptors calculated using natural population analysis (NPA)

Local descriptors

Atoms
f+ f- Af ot - s+ s- n+ n-

C24 0.453 | -0.281 0.734 0.837 | -0.518 | 0.218 -0.135 | 0.522 | -0.323
C2 0.227 | -0.137 0.364 0.419 | -0.254 | 0.109 -0.066 | 0.261 | -0.158
C11 0.170 | -0.058 0.228 0.313 | -0.107 | 0.082 -0.028 | 0.195 | -0.067
Cl40 0.036 0.025 0.012 0.067 0.046 0.017 0.012 0.042 0.028
020 -0.269 | 0.319 | -0.587 | -0.496 0.588 -0.129 0.153 | -0.309 | 0.367
015 -0.267 | 0.398 | -0.665 | -0.493 0.735 -0.128 0.192 -0.307 | 0.458
C33 -0.364 | 0351 | -0.715 | -0.673 0.647 -0.175 0.169 -0.419 | 0.404

Table 9. Compound F reactivity descriptors calculated using natural population analysis (NPA)

Local descriptors

Atoms
f+ f- Af ot - S+ S- n+ n-

C24 0.456 | -0.281 | 0.737 0.842 | -0.518 | 0.219 | -0.135 | 0.525 | -0.323
Cc2 0.218 | -0.136 | 0.354 0.402 | -0.251 | 0.105 | -0.065 | 0.251 | -0.156
Cl40 0.072 | -0.008 | 0.080 0.133 | -0.014 | 0.035 | -0.004 | 0.083 | -0.009
CI39 0.052 0.003 0.049 0.096 0.006 0.025 0.001 0.060 0.003
025 -0.100 | 0.283 | -0.383 | -0.184 | 0.523 | -0.048 | 0.136 | -0.115 | 0.326
020 -0.271 | 0.319 | -0.589 | -0.500 | 0.588 | -0.130 | 0.153 | -0.312 | 0.367
015 -0.267 | 0.400 | -0.668 | -0.493 | 0.739 | -0.129 | 0.193 | -0.308 | 0.461
C33 -0.364 | 0351 | -0.715 | -0.672 | 0.647 | -0.175 | 0.169 | -0.419 | 0.404
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Table 10. Compound G reactivity descriptors calculated using natural population analysis

Atoms Local descriptors
f+ f- Af ot - s+ s- n+ n-
C24 0.449 -0.281 0.730 0.829 -0.520 0.216 -0.135 0.517 -0.324
C2 0.225 -0.137 0.363 0.416 -0.253 0.108 -0.066 0.259 -0.158
C11 0.170 | -0.058 | 0.228 0.313 | -0.108 | 0.082 | -0.028 | 0.195 | -0.067
C5 0.133 | -0.047 | 0.181 0.246 | -0.088 | 0.064 | -0.023 | 0.154 | -0.055
Br40 0.097 -0.006 0.103 0.179 -0.011 0.047 -0.003 0.112 -0.007
C8 -0.105 | 0.298 | -0.403 | -0.194 | 0.549 | -0.051 | 0.143 | -0.121 | 0.343
N14 -0.195 | 0.318 | -0.514 | -0.361 | 0.587 | -0.094 | 0.153 | -0.225 | 0.366
020 -0.269 0.318 -0.588 | -0.497 0.587 -0.130 0.153 -0.310 0.366
015 -0.267 | 0.398 | -0.665 | -0.493 | 0.735 | -0.128 | 0.192 | -0.307 | 0.459
C33 -0.364 0.351 -0.715 | -0.672 0.647 -0.175 0.169 -0.419 0.404

4. Conclusions

The study of the stability and reactivity shows that
compound B is the most stable and the most electron
accepting of the derivatives used. On the other hand,
compound F is the least stable and the least hard of the series
studied. The analysis of the electrostatic potential surface
and the results of the dual descriptor indices show that
the C24 (largest value of the dual descriptor Af) carbon
atoms of the studied compounds are identified as the more
electrophilic sites. From the point of view of nucleophilic
sites are the carbon atoms C37 for compound A, C40 for
compound B, C34 for compounds C and D, and C33 for
compounds E, F and G. As perspectives to this work, we plan
to evaluate the reactivity of these compounds in different
types of solvents, then to make a Natural Bonds Atomic
study in order to see the electron displacements in the
molecules and finally, to make a Molecular docking study.
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