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Abstract: Amoxicillin  (Amox) and ampicillin  (Amp) are investigated by using quantum mechanical
methods. These compounds was confirmed by XRD analysis and optimized bond parameters were calculated
by density functional (DFT) at B3LYP/6-31G(d) level. The optimized geometrical parameters are in good
agreement with crystal data. The experimentally observed FT-IR and NMR picks were assigned to calculated
modes for the molecules. Some molecular descriptors are calculated with density functional theory
(DFT/B3LYP) 6-31G(d) level in the gas phase. The highestoccupied molecular orbital energy (EHOM O),
the lowest unoccupied molecular orbital energy (ELUMO), the energy difference (AE), hardness (1),
softness (o), electronegativity (y), chemical potential (1), electrophilicity index (o) and nucleophilicity index
(¢) are calculated in the this level and associated with inhibition efficiencies of the mentioned B-lactam
inhibitors. Molecular Electrostatic Potential (MEP) maps were investigated and predicted the reactive sites.
Some quantum chemical descriptors which are total static dipole moment (u), the average linear
polarizability (o), the anisotropy of the polarizability (Aa) and first hyperpolarizability (B) were evaluated
for explaining the NLO properties in studies molecules. The inhibition activities were studied using
molecular docking studies. The antibiotics were docked into the cocrystallized structure of PXR with
SR12813 (PDB ID: INRL). Docking results and order of inhibition activity associated with quantum
chemical parameters was the same as that of experimental inhibition activity.
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Graphical Abstract

Amoxicillin - (Amox) and ampicillin  (Amp) were investigated by using quantum mechanical
methods. Optimized geometrical parameters, IR and NMR spectroscopic studies were provided for the
structure elucidation of chemical species. NLO properties of related molecules are investiggated.
Docking was used to predict the bound conformation and binding free energy of small molecules to
the target.
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1. Introduction

B-lactams have been discovered at the
beginning of the twentieth century and they are
used in the struggle against pathogenic bacteria [1].
These compounds have the antibacterial effect
because they contain amino and carbonylgroups as
well as the nitrogen and sulfuratoms in the aromatic
structure [2]. In addition, B-lactam antibiotics are
applied in the treatment of neurological disorders
such as Alzheimer’s disease, Parkinson’s disease,
prion diseases and amyotrophic lateral sclerosis
(ALS) [3,4]. Transition metal chelates of B-lactams
are effective to prevent the most neurological
diseases [5-10].

Amoxicillin - (Amox) and ampicillin  (Amp)
exhibit a similar  antibacterial  spectrum.
Amoxicillin (Amox) and ampicillin (Amp) are two
B-lactam antibiotics derivatives. Amox and Amp
are effective against both gram-positive and gram-
negative organisms which are various pathogenic
enteric organisms. Amp is used to infections caused
by Escherichia coli, Salmonella, Proteus and
Klebsiella [11].

Amox and Amp have not been extensively
evaluated in the literature with experimental and
theoretical chemistry methods. For this reason,
these compounds with vital precautions have been
extensively studied, which is spectroscopic
behavior and quantum chemical approaches.
Density function theory (DFT) is one of the most
widely used methods for spectroscopic and
quantum chemical studies theoretically in recent
years for chemical compounds.

Structural parameters (bond lengths and bond
angles) and spectroscopic studies (IR and NMR)
provide a basis for the structure elucidation of
chemical species. Computational chemistry
methods provide visual and detailed analysis of
these studies. Non-linear optical (NLO) features
have become a very interesting subject due to their
potential applications such as optoelectronic
devices, optical modulation, molecular switching
and optical memory [12]. Therefore, a wide variety
of molecular systems inorganic, organic and
organometallic were investigated for NLO activity.
Some quantum chemical descriptors which are total
static dipole moment (u), the average linear
polarizability (o), the
polarizability (Aa) and first hyperpolarizability ()
have been used for explaining the NLO properties

anisotropy of the

in many computational studies. Molecular
electrostatic potential (MEP) maps are used to
predict the atom with the higher electron density in
a molecule. MEP is the potential generated by the
charge distribution of a molecule and denotes
chemical reactivity, showing nucleophilic and
electrophilic sites indicated by MEP maps [13]. For
this reason, MEP maps of B-lactam compounds are
examined. Molecular descriptors are obtained with
quantum chemical calculations. These molecular
descriptors are the highest occupied molecular
orbital energy (Exomo), the lowest unoccupied
molecular orbital energy (ELumo), the energy gap
(AE), hardness (), softness (o), electronegativity
(), chemical potential (u), electrophilicity index
(o) and nucleophilicity index (¢). Computational
docking programs examine interactions with a
chemical compound and are widely used for drug
discovery and development. Docking is used to
predicting the bound conformation and binding free
energy of small molecules to the target. Docking
Server is a free open source software package for
virtual placement of small molecules into
macromolecular receptors and developed for
making related accounts.

In this study, the studied compounds are
optimized at DFT/B3LYP/6-31G(d) level both in
the gas phase. The structural parameters are
examined and compared with the data obtained
from X-rays for Amox and Amp. The computed
and experimentally observed spectroscopic values
are examined on the B-lactams to give a detailed
assignment of the fundamental bands in FT-IR and
NMR. The chemical activity areas of the studied
compounds are determined via MEP maps. The
quantum chemical identifiers are associated with
the activities of the compounds. NLO materials
have been calculated due to promising applications
in optoelectronic technology. For the compounds
with the target protein are reviewed to the
interacting energies by Molecular Docking studies
and are determined to the interaction types and
interaction regions.

2. Computational Details

The investigated compounds were drawn with
the Gauss View 5.0.8 package program for
molecular geometry optimization [14] and the
calculation was performed via Gaussian 09
Revision C.01 programme pack (Linux based) in

14



Turkish Comp Theo Chem (TC&TC), 1(2), (2017), 13- 26

Sultan Erkan Kariper

TUBITAK-TR Grid [15]. The calculations included
Density Functional Theory (DFT) hybrid B3LYP
[16] and used to 6-31G (d) basic sets. Molecular
geometries were optimized using B3LYP/6-31G
(d) level in the gas phase. IR spectrumwas obtained
from optimized structures and the frequencies
obtained as harmonic were converted to
anharmonic frequencies with a scale factor of
0.9600 [17].The protonand carbon NMR chemical
shift was calculated with the gauge-including
atomic orbital (GIAO) approach by using
B3LYP/6-31G(d) level of the studied molecule.
Molecular docking (ligand-protein) simulations
were performed by using DockingServer free
software package.

The total static dipole moment (), the mean
polarizability (o), the anisotropy of the
polarizability (Aa) and the total static first
hyperpolarizability (B) usingx, y, zcomponents are
defined as using Egs. 1-4 [18].
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2 2 %
Ll (a,-a,) +(a,-a,) + o
V2 (a,-a,) +6a,’+6a,’+6a,’
2 %
il o, “
\2 (a, -a,) +6a,’ +6a,’+6a,’

According the Koopman’s theorem, as can be
seen from eq. (5)-(6), Elumo and EHOMO of any
chemical species have been associated with its
ionization energy and electron affinity values [19-
22]

I'=—Eyomo ®)
A= —Eymo ©)
Energy gap (AE) [23], absolute

electronegativity (y), chemical potential (),
absolute hardness (1) and absolute softness (o) are

given by eq. (7-11) [24].
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Parr et al. have defined electrophilicty index as
a measure of energy lowering due to maximal
electro flow between donor and acceptor [25].

0=t (12)

Kiyooka et al. have detected that the ® is a
function of wn in the second-order parabola for
various species [26] and they have proposed the €
parameter related to nucleophilicty index

€= (13)

3. Results and discussion

3.1. Optimized Geometry

The optimized structures of Amox and Amp are
shown Figure 1 and the structure parameters (bond
length and bond angles) are listed in Table 1 using
DFT/B3LYP/6-31G(d) level in the gas phase. The
calculated bond lengths are compared with X-ray
diffraction data [27]. It can be seen that the results
obtained with the calculated values are in
agreement with the crystallographic data.

The bond lengths (S-C1, S-C3, C1-C2, C2-N1,
N1-C3, N1-C5, C3-C4, C4-C5 and C5-O1) of the
Amox and Amp are correlated with X-ray data and
R2 values are determined as 0.9756 and 0.9930,
respectively. It is shown that the correlation
coefficients (R2) close to 1 which provide
remarkable data of the theoretical calculations.
Therefore, bond lengths which are not in the
literature can be foreseen.

Frau etal. investigated the C1-S-C3, C3-N1-C5,
01-C5-N1, C3-N1-C2, C5-N1-C2, C4-C5-N1 and
C5-C4-C3 bonds for Amox and compared them
with X-ray data. They are given in Table 2 and
compared the calculated bond angles with X-ray
data.
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Figure 1. Optimized structure and numbering of Amox and Amp. Hydrogen atoms are not presented for

clarity.

Table 1. The calculated and X-ray bond lengths of Amox and Amp

Amox Amp
Bond length Calc. X-ray Calc. X-ray
S-C1 1.880 1.843 1.881 1.850
S-C3 1.850 1.775 1.851 1.810
C1-C2 1.584 1.559 1.584 1.550
C2-N1 1.443 1.456 1.443 1.460
N1-C3 1.462 1.492 1.462 1.450
N1-C5 1.398 1381 1.399 1.380
C3-C4 1571 1.575 1571 1530
C4-C5 1.556 1515 1.556 1520
C5-01 1.206 1.200 1.206 1.180
C4-N2 1.427 - 1.427 -
N2-C6 1.369 - 1.369 -
C6-02 1.222 - 1.222 -
C6-C7 1.547 - 1.546 -
C7-N3 1.546 - 1.481 -
C7-C8 1.518 - 1521 -
C8-C9 1.401 - 1.399 -
C8-C10 1.401 - 1.402 -
C9-C11 1.392 - 1.396 -
C10-C12 1.393 - 1.394 -
C12-C13 1.399 - 1.397 -
C13-03 1.367 - - -

Table 2. The calculated and X-ray bondangles of Amox and Amp

Amox Amp.
Bond angles Calc. X-ray Calc.
C1-S-C3 94.3 90.1 94.3
C3-N1-C5 94.9 933 94.9
01-C5-N1 131.3 131.2 131.3
C3-N1-C2 117.9 117.1 117.9
C5-N1-C2 128.6 1275 128.6
C4-C5-N1 914 93.0 914
C5-C4-C3 84.7 85.1 84.8
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As a result, R2 value is calculated as 0.991 for
Amox Additionally, bond angles of Amp are given
in Table 2, too. The graphs are plotted for Amox
and Amp both bond length and bond angle and
given in supplementary material. (Supp. Fig. S1).
As shown in Table 2, there is a deviation from the
ideal geometry at the bond angles of the lactamring
where is the square part and the sulfur ring of the
mentioned molecules above. For example, C3-N1-
C5, C4-C5-N1 and C5-C4-C3 angles are found as
94.9, 91.4 and 84.7, respectively.

3.2. IR Analysis

A band may consist of multiple vibrational
transition in the IR spectrum. Some of the
vibrational transitions that form a band are violent
and some are weak. Some of the vibrational
transitions that form a band are violent and some

are weak. Vibrational transition with high severity
makes more contribution to band [28]. For this
reason, in this study, vibrational transition
frequency with the highest intensity in a band was
given and all the vibrational movements that make
up the band are labeled. The frequencies obtained
after the optimization of the molecules are
harmonic frequencies and the frequencies obtained
experimentally are also anharmonic frequencies.
Gaussian calculations provide a scale factor which
is converted harmonic frequencies into anharmonic
frequencies. The scale factor is 0.9600 of B3LYP
method and 6-31G(d) basic set [29]. The vibrational
spectra obtained from the optimized structures
which calculated at B3LYP/6-31G(d) level in the
gas phase of Amox and Amp were given in Figure
2.
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Figure 2. IR spectraof Amox and Amp

As seen in Figure 2, 15 peaks for Amox and 14
peaks for Amp were labeled. Table 3 indicates the
anharmonic frequencies for Amox and Amp and the
detailed labeling of these vibration modes with
obtained at B3LYP/6-31G(d) in the gas phase.
According to Table 3, the bond vibrational

frequency of the specific OH group of Amox is
3600.1 cm. This value in the literature is 3552 cm-
1. The N-H vibrational frequency calculated for
Amox is 33925 cm! and the experimental
frequency is 3161 cml. C = O frequency
experimentally measured in the B-lactam and amide
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region is labeled as 1775 and 1686 cm-1 and the
calculated frequencies are found as 1800.7 and
17171 cml,  respectively.  Although the
experimental value of the N-H bending stretching
frequency is 1560 cm, the calculated value is
determined as 1717.1 and 14814 cm?l by an
animation  program.  Observation of other
vibrational types besides N-H bending stretching
may cause a certain difference between
experimental and calculated. The CN bond
stretching frequency in the square part is calculated
as 1069.9 cm?, the experimental value of this
stretching is 1021 cmrl. The calculated frequency
for CS bond stretching is 554.9 cm while the
experimental stretching is 582 cm™,

The experimental vibrational frequencies of N-
H, C=0 of B-lactam and amide region, N-H bending
stretching, CN and CS in the Amp are 3200, 1774,
1688, 1516, 1075 and 598 cml, respectively. The
calculated values for these stretching types are also
3395.1, 1880.8, 1718.8, 1481.6, 1284.4 and 555.6
cmrl. The theoretical and experimental results for
some stretching frequencies are very close to each
other. Vibration spectroscopy is an effective tool
for illuminating the molecular structure and gives a
dynamic image of the molecule [30]. The used
method and the basic set are chosen quite
appropriately for structure verification.

Table 3. Calculated anharmonik frequencies (cm™) and assignments for Amox and Amp.

Amox Amp
Anhar. IR Assign. Anhar. IR Assign.

1 3600.1 STRE O-H 3587.3 STRE COO-H

2 33925 STRE N-H 3395.1 STRE N-H

3 3005.5 STRE C-H 3072.1 STRE C-H(aro.)

4 2928.1 STRE CHs 3004.2 STRE C-H

5 1800.7 STRE C=0 2928.5 STRE CH3

6 17171 STRE C=0 1800.8 STRE C=0
BEND N-H

7 1609.5 STRE C-C(aro.) 1718.8 STRE C=0

BEND N-H

8 14814 STRE C-N 1481.6 STRE C-N
BEND N-H BEND N-H

9 1284.1 STRE C-N 1284.4 STRE C-N
BEND C-H (square part)

BEND C-H

10 1200.9 STRE C-N 1055.4 STRE C-N
BEND C-H BEND C-H
BEND N-H BEND N-H

11 1069.9 STRE C-N (square part) 933.1 STRE C-C (square part)
BEND C-H Wagging N-H

12 989.5 STRE C-C 686.4 OUT C-H (aro.)
TORS CHs

13 682.5 OUT N-H 555.6 STRE C-S

14 554.9 STRE S-C 458.0 OuUT O-H

15 349.5 Wagging O-H

STRE; bond stretching, BEND; valence angle bending, OUT; out-of-plane bending and Wagging;

valence angle bending between the planes.
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3.3.NMR spectral analysis
Nuclear magnetic resonance  (NMR)
spectroscopy is one of the most frequently used

methods in structure illumination. The chemical
shift values for the 3C and H-NMR of the
investigated compounds are given in Tables 3 and
4. Bperimental 13C and 'H-NMR spectra of t'
compounds were obtained in the DMSO-de+Ne

in the D20 solvent [31]. Theoretical NMR spectra
were calculated in the gas phase. Theoretical 13C
and 1H NMR chemical shifts are presented in
Tables 3 and 4 with reference to TMSO using the
GIAO method [32] in the gas phase for the
optimized structures obtained at the B3LYP/6-
31G(d) level. The atomic labeling of the mentioned
compounds for NMR data is indicated in Figure 3.
The results of Table 3 and 4 show that the
theoretical chemical shifts obtained by the DFT
method are in good agreement with experimental
data. The chemical shift values, which are slightly
different from the experimental value, arising from
the theoretical calculations taking place in isolated
gas phase.

Figure 3. Labeling atomic number of Amox and
Amp.

According to Table 3, 13C-NMR the chemical
shift value of 6C for the Amox compound is greater
than the chemical shift value of othercarbons in the
ring. Likewise, the chemical shift values of 13C,
19C and 34C for the compound are higher than the
chemical shift values of the other carbons. This is a
theoretically expected situation. Because the
electronegative oxygen atom attracts more
electrons from the carbon atoms it is bound to. In
this case, the nuclei of these carbon atoms show less
shielding effect. Less shielded nuclei show the

higher chemical shift. The similar situation is valid
for Amp compound in Table 3 and the hydrogen
atoms in Table 4.

Computational studies have many advantages.
Bxperimental NMR does not give the chemical shift
value separately for atoms and the atoms with
similar chemical structure entities have similar
values. However, theoretical calculations give the
value of individual chemical shifts for each atom
and also illuminate many chemical shift values that

are not observed experimentally.

Table 3.13C-NMR data of Amox and Amp

Amox Amp
Atoms  Calc. Bxp. Atoms  Calc. Bxp.
1C 1079 1150 1C 1227 1270
2C 1223 1314 2C 120.6 1285
3C 1281 1281 3C 136.8 1270
4C 1245 1314 4AC 1223 1285
5C 1085 1150 5C 1216 1270
6C 1475 1568 6C 120.6 1275
11C 61.1 57.2 12C 61.8 57.0
13C 1594 1731  14C 1593 1740
17C 67.3 57.5 18C 67.3 57.7
18C 76.6 67.0 19C 76.6 67.1
19C 161.3 1700 20C 1614  171.0
24C 68.8 739 25C 68.8 74.0
25C 70.1 64.6 26C 70.3 65.0
26C 345 318 27C 344 31.0
30C 25.7 2715 31C 25.6 2715
34C 156.1 1736  35C 156.2  174.2
Table 4.'H-NMR data of Amox and Amp

Amox Amp
Atoms Calc. Bgp. Atoms Calc. Bp.
H 6.11 6.75 7H 7.23 7.45-7.31
8H 6.90 722 8H 7.04 745731
9H 6.85 850 9H 6.90 7.45-7.31
10H 6.61 850  10H 7.16 7.45-7.31
16H 7.83 no. 11H 7.16 7.45-7.31
20H 5.37 545 17H 7.79 7.56
27H 1.59 149 21H 5.40 5.42
28H 123 149  28H 1.60 150
29H 1.65 149  29H 1.23 1.50
31H 1.15 159  30H 1.66 1.50
32H 1.64 159  32H 1.16 1.56
33H 1.66 1.59 33H 164 1.56
37H 5.30 - 34H 1.67 1.56
38H 395 453 38H 531 -
39H 5.23 541  39H 393 454
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40H 371 398  40H 5.25 5.46
41H 0.32 - 41H 3.71 3.97
42H 1.22 - 42H 0.40 n.o.
44H 3.48 n.o. 43H 1.27 n.o.

corrosion activities of molecules. Exchange of the
calculated ELumo values for these compounds is:
Amox = Amp

n.o. not observed.

The separation energy, AE is an important

3.4. Quantum chemical parameters

The molecular descriptors were calculated by
using B3LYP/6-31G(d) level for investigation of
inhibition efficiencies of B-lactam inhibitors given
in Figure 1. The calculated molecular descriptors
were given in Table 5 at gas phase. Abdallah
experimentally identified the biological activities of
these compounds and found that the inhibitory
activity of Amox was greater than Amp [33].

Table 5. Quantum chemical parameters with
B3LYP/6-31G(d) level in gas phase of inhibitors

Parameters Amox Amp
Eromo™ -5.962 -6.271
ELumo”™ -0.414 -0.414
AE 5.549 5.857
n 2774 2.928
c 0.360 0.341
X 3.188 3.343
u -3.188 -3.343
® 1.832 1.908
€ -8.845 -9.789

*Enomo and ELumo are given in eV unit

Evomo is a parameter associated with the
electron donating ability of molecule [34,35]. If the
EHomo increases, electron transfer tendency will
increase to the LUMO of appropriate receptor
molecules. The molecule having the higher Enomo
indicates the higher inhibition effect. The order of
the calculated Enomo values for these compounds
is:

Amox >Amp

ELumo is a measure of electron accepting ability
of chemical species. ELumo determines the
polarizability of the compound i.e. the ability to be
distorted by an electric field, and hence LUMO
level receives electrons. BExperimental and
theoretical studies related to biological activity
show that increasing of ELumo decreases the

parameter as a function of reactivity ofthe molecule
and chemical hardness is defined as resistance to
electron transfer. The larger values of the HOMO-
LUMO energy gap and chemical hardness will
provide low reactivity for chemical species. The
inhibition efficiencies orders according to AE gap
and n will be similar to each other. The rankings of
the AE andn values are:
Amox <Amp

Softness is the inverse of chemical hardness and
represents high reactivity. Therefore, soft
molecules exhibit high electron donating tendency
and high biological activity effect. Exchange of the
calculated o values for these compounds is:

Amox >Amp

Absolute electronegativity is taken into account
as achemical descriptorin comparison of inhibition
effects of chemical species. It should be noted that
strong inhibitors should have low electronegativity
values. Because inhibitors with low
electronegativity are tended to give the electron.
For a reaction of two systems with different
electronegativity the electronic flow will occur
from the molecule with the lower electronegativity
towards that of higher value until the chemical
potentials are equal [36,37]. Theranking ofy values
for these compounds is:

Amox <Amp

Chemical potential is the inverse of the
electronegativity.  Therefore, the inhibition
efficiency increases with increasing of chemical
potential. Chemical hardness and softness,
chemical potential are known as global reactivity
descriptors [38]. According to the chemical
potential, the inhibitor efficiency ranking should
be:

Amox >Amp

Recently, Parr et al. have defined a new
descriptor [39]. This parameter is a numeric
expression of the global electrophilic power of the
molecule that known as electrophilicity index (o).
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The electrophilicity index is a descriptor that
represents the reactivity of the chemical species.
The global electrophilicity index of the molecule
allows quantitative classification of its reactive [40-
44]. The electrophilicity index shows the ability of
the electron-accepting ability [45]. According to the
electrophilicity index, the inhibitor efficiency
ranking should be:
Amox <Amp
Nucleophilicity index indicates the electron-
donating ability of inhibitor molecules. The
inhibition efficiency increases with increasing the e
value or decreasing the  value. According to the
nucleophilicity index, the inhibitor efficiency
ranking should be:
Amox >Amp

If inhibitory activities in terms of the molecular
properties of the [-lactam compounds are
examined, this inhibitory efficiency rankings are an
expected result. Amox among the first group of
inhibitors are expected the condition to have higher
inhibitory efficiency. The phenyl ring has a
negative inductive effect. Moreover, OH group on
the phenyl ring at Amox provides form stable
complexes of compounds because it increases the
electron density in the ring. Thus, localization of the
electron pairs on the nitrogen atom of the NH>
group increases. In this case, inhibitory efficiency
increases of these molecules.

3.5. Molecular Electrostatic Potential (MEP)
Maps

Molecular electrostatic potential (MEP) maps
are used to predict the atom with the higher electron
density in a molecule. MEP is the potential
generated by the charge distribution of a molecule
and denotes chemical reactivity, showing
nucleophilic and electrophilic sites indicated hy
MEP contour maps [46]. For the consideration of
the reactive behavior of a chemical system and to
investigate the molecular structure with its
physiochemical property relationships, the three-
dimensional distribution of its MEP is helpful [47].
In MEP diagram negative regions can be regarded
as nucleophilic centers [48]. Negative electrostatic
potential corresponds to the attraction of a proton
by the concentrated electron density in the molecule
(lone pairs, pi-bonds); thus, revealing sites for
electrophilic attack (colored in shades of red in

standard contour diagrams) Positive electrostatic
potential corresponds to the repulsion of a proton
by the atomic nuclei in regions where low electron
density exists and the nuclear charge is
incompletely shielded (colored in shades ofblue in
standard contour diagrams) [49]. Theoretical
methods can be used to answer these questions that
may be greatly helpful in designing otherand better
drugs. Molecular electrostatic potentials (MEP)
computed wusing ab initio methods can be
particularly useful in this context since MEP is
known to be a reliable descriptor of hydrogen
bonding [50-55].

The MEP maps of inhibitors which calculated
B3LYP/6-31G(d) are given in Figure 4. The third
region with higher electron density is labeled in
maps. These regions are referred to as Zone 1, Zone
2 and Zone 3. According to this diagram will be
protonated regions. Zone 1,2 and 3 have protonated
region for Amox (14, 21 and 350), Amp (15, 22
and 360). Asa result, the MEP map show that the
negative potential region is on oxygen atom which
is the biologically active region.

Amox

Zoiel

Figure 4. The MEP maps of the neutral
inhibitor molecules at HF/6-31++G(d,p) level in
gas phase

3.6. Non-Linear Optical (NLO) Properties

NLO is important property in providing the key
functions of frequency shifting, optical modulation,
optical switching, optical logic and optical memory
for the technologies in areas such as
telecommunications, signal processing and optical
interactions [10]. In the recent studies, NLO is
attracted a lot of attention. Organic molecules
exhibit significantly NLO properties due to
delocalized = electron moving along the molecule.
NLO materials are categorized as semiconductor
multilayer structures. Therefore, a wide variety of
molecular  systems inorganic, organic and
organometallic were investigated for NLO activity.
Some quantum chemical descriptors which are total
static dipole moment (u), the average linear
polarizability (), the anisotropy of the
polarizability (Ac) and first hyperpolarizability ()
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have been used for explaining the NLO properties
in many computational studies. NLO properties
and urea is taken according to standards were
calculated at the DFT/B3LYP/6-31G(d) level for

protein. The interaction between the ligands and the
target enzyme are presented in the Figure 5.

Table 6 The calculated dipole moment (u), average linear polarizability (o), the anisotropy of the
polarizability (Aa) and hyperpolarizability (B) for urea and investigated molecules.

n(D) a/(A3) Aa/(A3) Bo (cmP/esu)x10-30
Urea 1.8059 2.0958 8.8780 297.3869
Amox 1.1490 23.4659 58.9546 2539.9904
Amp 0.5947 25.4659 66.6607 038.9493

the studied ligand. These parameters are given in
Table 6.

NLO properties can be affected from
polarizability, the anisotropy of the polarizability
and hyperpolarizability. NLO properties increase
with increasing the linear polarizability, the
anisotropy of the polarizability and first
hyperpolarizability. According to Table 3, all
values of each mentioned molecules are greater
than their urea values. Therefore, NLO properties
of Amox and Amp are better than urea and these
molecules can be used as NLO material [56].

3.7. Molecular Docking Study

Molecular docking is an effective tool used to
achieve binding affinity between the identified
ligand and the appropriate target protein of this
ligand. Docking is a program that is allowed to
interact with a chemical known as a 'receptor' and a
chemical entity known as a 'ligand' in a software to
analyze interactions between the receptor and
ligand. The interaction can be analyzed by
evaluating various parameters such as the free
energy of binding (kcal/mol). Binding energy is a
measure of the affinity of the ligand-protein
complex [57]. Astheenergy decreases, the stability
of the complex increases. Computational
approaches can be a method for filtering molecules
before the experimental test. Docking methods may
need a combination with other computational
methods for structure-activity relationships [58].

The starting structure was selected by PDB
Database (PDB ID: INRL) for Amox and Amp and
the molecular docking calculations were performed
on AutoDock [59] is a free open source software
package for virtual placement of small molecules
into macromolecular receptors and developed for
making related accounts. Forthis reason, all ligands
were studied in the docking program with this target

Amox Amp

Figure 5. Ligands (green balls) interaction with
protein 2J9N.

According to molecular docking result,
interaction energies that occur when ligands bind to
the protein for Amox and Amp is -9.0 and -8.29
kcal/mol, respectively. These results show that the
inhibition efficiency of Amox is higher than Amp.
Ki provides information that predicts that a ligand
can inhibit an enzyme and interact with a substrate
for the enzyme. Docking server inhibition constant
for Amox and Amp is 229.81 and 837.77 nM,
respectively. If Ki is smaller, less drugis needed to
inhibit the enzyme activity and this situation shows
thatthe ligands are within reasonable limits [60]. If
vdW is hydrogen bond and dissolved energy is
negative, the ligand is well attached to an active site
on the target molecule. Similarly, if the electrostatic
energy is negative, this negative value proves that
the ligands are linked to the target molecule [61].
These values in the molecular docking results are
negative for the ligands. So, it can say it is
appropriate for the selected target molecule ligands.
In accordance with the docking server which gives
the binding site analysis, the ligands interacted well
with the protein in the docking grid.

The hydrogen bond between Amox and INRL
is between the nitrogen atoms of the ligand and
LEU209 and SER238 of the target proteins. Polar
bonds are between the hydrogen atom of the ligand
SER238. There are hydrophobic bonds between the
carbon atoms in the ligand and LEU206, LEU209,
PRO227, LEU239, MET243, HIS407 and ILE414.
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The hydrogen bonds for Amp are between nitrogen
atoms LEU209. Polar bonds are between oxygen
atoms and SER247. m-m interactions occur between
the carbon atoms of the ligand and HIS407. The
hydrophobic interactions of this ligand exst
between the carbon atoms and LEU239, LEU240,
MET243 and LEU411. According to molecular
docking calculations, the most important
interaction is the hydrogen bond interaction. Amox
has made more H-bonds than Amp. As a result,
according to experimental, theoretical and docking
studies, Amox is a molecule with a higher
inhibitory activity than Amp.

4. Conclusion

Amoxicillin (Amox) and ampicillin (Amp) were
calculated at B3LYP/6-31G(d) level. The
optimized geometrical parameters are in good
agreement with crystal data. The theoretical and
experimental  results for some strecthing
frequencies are very close to each other. It was
observed that the theoretical chemical shifts
obtained by the DFT method were in good
agreement with the experimental data and it was
thought that the difference between the
experimental values and the calculated chemical
shift values was derived from the theoretical
calculations in the isolated gas phase. The
biological activity suggested from the quantum
chemical parameters and the experimental
induction activities gave very similar results for the
molecules. MEP maps for Amox and Amp show
that the biologically active region is on the oxygen
atom. NLO properties of Amox and Amp are better
than urea and these molecules can be used as NLO
material. As a result, according to experimental,
theoretical and docking studies, Amox is a
molecule with a higher inhibitory activity than
Amp.
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