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New benzopyrimidinone derivatives have been synthesized by reaction of 2-aminobenzamide with dif-
ferent acyl chlorides in good yield and their structures were confirmed by '"H NMR, *C NMR and mass
spectrometry. The newly synthesized compounds were studied theoretically by Density Functional Theory
(DFT) method with 6-311++G(d, p) basis set, structural and some spectroscopic parameters were deter-
mined. The synthesized compounds were assessed for their in vitro «-amylase inhibitory activity. The
structure-activity relationship (SAR) was discussed with the help of molecular docking analysis.
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1. Introduction

Heterocyclic compounds containing nitrogen have attracted the
interest of scientists in organic chemistry due to their abundance
in natural products, their many fold applications and valuable as
synthetic organic blocks [1-3]. The pyrimidinone ring is a use-
ful structure in heterocyclic synthesis and it has demonstrated
a significant range of biological properties such as antityrosi-
nase [4], cytotoxic [5], antimicrobial [6], anti-proliferative [7], anti-
acetylcholinesterase [8] andantidiabetic activities [9a-c] (Fig. 1).
Moreover, many synthetic analogues of pyrimidine are also known
to exhibit o-amylase inhibitory activity [10a-c] (Fig. 2).

Among the various classes of heterocyclic compounds, the ben-
zopyrimidinone scaffold represents an important class of the ni-
trogen heterocycles and is established as a member of the priv-
ileged structural class particularly in medicinal chemistry [11].
They are found in structural core of more than 200 natural alka-
loids isolated from plants, animals, and microorganisms [12]. The
antimalarial Febrifugine, the cytotoxic Luotonin A, the sedative-
hypnotic Methaqualone and the diuretic Metolazone [13] are repre-
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sentative examples of this family of natural and synthetic products
(Fig. 3).

In view of the above mentioned findings and as continuation of
our previous work, we have reported herein the synthesis of new
derivatives of benzopyrmidinones for which the structural param-
eters were obtained by theoretical calculations using the Density
Functional Theory (DFT) method with the common B3LYP function
using 6-311++G(d, p) basis sets. Furthermore, molecular model-
ing studies of the all compounds 2a, 2b, 2c and 2d were also per-
formed.

2. Materials and methods
2.1. Materials

All reactions were monitored by TLC using aluminum sheets
of Merck silica gel 60 Fps4, 0.2 mm. Melting temperatures were
determined on an electrothermal 9002 apparatus and were re-
ported uncorrected. NMR spectra were recorded on a Bruker AC-
300 spectrometer at 300 MHz ('H) and 75 MHz (13C). All chem-
ical shifts were reported as & values (ppm) relative to resid-
ual non deuterated solvent. ESI-HRMS were acquired with an
LCT Premier XE (Waters, ESI technique, positive mode) mass
spectrometer.
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Fig. 2. Previously reported synthetic analogues of pyrimidine as a-amylase inhibitors.

Metolazone

Methaqualone

Fig. 3. Representative examples of natural and synthetic bioactive products with
benzopyrimidinone cores.

2.2. Methods

2.2.1. General procedure for the synthesis of 2-benzopyrimidinones2
A mixture of 2-aminobenzamide 1 (1 g, 4.9 mmol) and acyl
chloride (1 mL, 5.8 mmol) was heated at 80 °C for 1 hour on steam
bath.After the reaction was completed, the mixture was cooled to
room temperature and neutralized with Na,;CO3 (10%) solution. The
precipitate was collected and recrystallized from ethanol.

2.2.1.1.2-(chloromethyl)benzopyrimidin-4(3H)-one 2a. White
solid, yield:80%. mp >300 °C. ES-HRMS [M + H|" calcd. for
(CgHgCIN,0)*:195.0319, found: 195.0325. 'H NMR (300 MHz,
DMSO-de): 6 (ppm) = 4.35 (s, 2H, Hg), 7.50 (t, j = 75 np 1H,
He), 7.64 (d, j = g1 nz, 1H, Hg), 7.79 (t, J = 7.2 Hz, 1H, H;), 8.09
(d, ] = 7.8 Hz, 1H, Hs), 12,53 (s, 1H, NH). 13C NMR (75 MHz,
DMSO-dg): & (ppm) = 43.18 (Cg), 121.2 (Cs,), 125.8 (Cs), 127.0
(Cg), 127.0 (Cg), 134.5 (C7), 148.1 (Cgy), 152.3 (Cy), 161.4 (Cy).

2.2.1.2. 2-(1-chloroethyl)benzopyrimidin-4(3H)-one 2b. White solid,
yield:74%. Mp>300 °C.ES-HRMS [M + H]|* calcd. for (C;oHgCIN,0)*:
209.0480, found: 209.0484. 'H NMR (300 MHz, DMSO-dg): §
(ppm) = 1.84 (d, j = 66 Hz, 3H, Hio), 5.03 (q, j = 66 Hz, 1H, Hg), 7.53
(t,j = 73 1z, 1H, Hg), 7.68 (d, j = 50 1z, 1H, Hg), 7.81 (t, ] = 7.4 Hz,
1H, H;), 812 (d, J = 7.7 Hz, 1H, Hs), 12.54 (s, 1H, NH). 3C NMR
(75 MHz, DMSO-dg): & (ppm) = 21.72 (Cyg), 55.4 (Cg), 121.9 (Cs,),
126.3 (Cs), 127.7 (Cg), 127.9 (Cg), 135.1 (C7), 148.4 (Cg,), 155.4 (Cy),
162.0 (Cy).

2.2.1.3. 2-(dichloromethyl)benzopyrimidin-4(3H)-one 2c. White
solid, yield:66%. mp: 218-220 °C. ES-HRMS [M + H]' calcd. for
(CoH,CI,N,0)+: 228.9931, found: 228.9937. 'TH NMR (300 MHz,
DMSO—ds): ) (ppm) = 7.07 (S, 1H, Hg), 755(t, J = 74 Hz, 1H,
Hg), 7.68 (d, ; = go s, 1H, Hg), 7.81 (t, ] = 7.5 Hz, 1H, Hy), 8.12
(d, J = 7.7 Hz, 1H, Hs), 12.54 (s, 1H, NH). 13C NMR (75 MHz,
DMSO-dg): § (ppm) = 67.9 (Cg), 122.0 (Cs,), 126.5 (Cs), 128.1 (Cg),
128.5 (Cg), 135.3 (C7), 147.5 (Cg,), 151.8 (Cy), 161.8 (Cy).

2.2.14. 2-(chloro(phenyl)methyl)  benzopyrimidin-4(3H)-one  2d.
White solid, yield:72%. mp: 212-214 °C. ES-HRMS [M + H]*
caled. for (Cy5Hy3CIN,0)t: 271.0639, found: 271.0644. 'H NMR
(300 MHz, DMSO-dg): § (ppm) = 6.14 (s, 1H, Hg), 7.36-7.45 (m,
3H, Harom), 752 (t, | = 75 ng, 1H, He), 7.64-7.71 (m, 3H, Harom),
781 (t, ] = 7.6 Hz, 1H, Hy), 8.10 (d, ] = 7.9 Hz, 1H, Hs), 12.67
(s, TH, NH). 3C NMR (75 MHz, DMSO-dg): § (ppm) = 59.7 (Cq),
121.5 (Cs,), 126.3 (Cs), 127.8 (Cg), 127.9 (Cg), 128.6 (Cy214), 129.0
(C1115),129.4 (Cy3), 135.2 (C7), 137.2 (Cy0),148.4 (Cg,), 154.3 (Cy),
161.9 (Cy).

2.2.2. In vitro a-amylase inhibition assay

The a-amylase inhibitory assay of the tested compounds was
evaluated according to a previously described method (Ranilla
et al., 2010) [14] with some modifications. In brief, 0.5 mL of each
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compound (in DMSO) was mixed with 0.5 mL of «-amylase solu-
tion (0.5 mg/mL) with 0.02 M sodium phosphate buffer (pH 6.9
with 0.006 M NaCl). The mixture was incubated at room temper-
ature for 10 min and 0.5 ml of starch solution (1%) in 0.02 M
sodium phosphate buffer (pH 6.9 with 0.006 M NaCl) was added.
The resulting mixture was incubated at room temperature for
10 min, and the reaction was terminated using 1 mL of dinitros-
alicylic acid color reagent. At this time, the test tubes were placed
in a water bath (100 °C and 5 min) and cooled until room tem-
perature was reached. The mixture was then diluted with 10 mL
of deionized water, and absorbance was determined at 540 nm.
The absorbances of blank (buffer and DMSO instead of the tested
compound and amylase solution) and control (buffer and DMSO
instead of the tested compound) samples were also determined.
Acarbose was used as a positive control. The inhibition of «-
amylase was calculated using the following equation:

% inhibition of «-Amylase = (AbS.ntrol
[(ADSconero1) x 100

Where Abscgniro COrresponds to the absorbance of the solu-
tion containing only «-amylase and the buffer instead of the com-
pound, and Absg,pe corresponds to the absorbance of the solution
in the presence of both tested compound and «-amylase. Com-
pound concentration providing 50% inhibition (ICs9) was obtained
plotting the inhibition percentage against the concentrations of the
tested compound. The tests were carried out in triplicate.

Abssample )

2.2.3. Molecular docking procedure

Molecular docking simulations were performed by the Auto
Dock 4.2 program package [15]. The optimization of all the geome-
tries of scaffolds was performed with ACD (3D viewer) software
(http://www.filefacts.com/acd3d-viewer-freeware-info). The crystal
structures of PDB (PDB: 4W93) was obtained from the RSCB pro-
tein data bank [16]. First, the water molecules were eliminated and
the missing hydrogens and Gasteiger charges were then added to
the system during the preparation of the receptor input file. In-
deed, Auto Dock Tools were used for the preparation of the cor-
responding ligand and protein files (PDBQT). Next, pre-calculation
of the grid maps was carry out using Auto Grid for saving a lot
of time during docking. Subsequently, the docking calculation was
performed using a grid per map with 40 x 40 x 40 A points in ad-
dition to grid-point spacing of 0.375 A, which was centered on the
receptor in order to define the active site. After complex formation,
the visualization and analysis of interactions were performed us-
ing Discovery Studio 2017R2 (https://www.3dsbiovia.com/products/
collaborative-science/biovia-discovery-studio/).

2.2.4. Computational details (DFT studies)

Density functional theory plays an important role in determin-
ing the molecular electronic structure by computer simulations.
The studied products were modelled with the Gauss View program
[17] and, later optimized with the Gaussian 09 program [18] by us-
ing the functional hybrid (Becke, three-parameter, Lee-Yang-Parr)
B3LYP with the 6-311++G(d, p) basis set [19, 20]. Thermodynamic
parameters and molecular electrostatic potentials were predicted
at the same level of theory. Additionally, reactivities and behav-
iors of the studied products were predicted by using calculations
of frontier orbitals and the chemical potential (14) electronegativity
(x), global softness (S), global hardness (n), global electrophilicity
index (w) and nucleophilicity indexes (E) descriptors [21-23].

2.2.5. Statistical analysis

Data from the bioassay carried out were subjected to analysis
of variance (ANOVA) using SPSS 16.0 for Windows. The inhibition
data of w-amylase activity of compounds 2a-d have been trans-
formed using arcsin- square root (arcsin,/x) transformation before
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Scheme 1. Synthetic pathway to benzopyrimidinone derivatives.

ANOVA. Means were separated at the 5% significance level by a
least significant difference test (Student’s test).

3. Results and discussion
3.1. Synthesis

The synthetic strategy adopted to obtain the target compounds
are depicted in Scheme 1.The synthesis of new benzopyrimidinone
derivatives was done by the chloroacylation of 2-aminobenzamide
1 using various acyl chloride on steam bath for one hour followed
by treatment with sodium carbonate solution [24]. The formed
compounds were characterized according to their spectral data.

In fact, the TH NMR spectrum of compound 2b, as an exam-
ple, showsa doublet at §y 1.84 (J = 6.6 Hz) relative to the methyl
group and a quadruplet at éy 5.03 (J = 6.6 Hz) attributable to
the methane proton, both introduced by the 2-chloropropanoyl
chloride, and the presence a characteristic singlet at &y 12.54
assignable to the mobile proton -NH. The remarkable de-shielding
of the methine proton isexplained by the inductive attractor ef-
fect exerted by the neighboring chlorine atom and the two nitro-
gen atoms of the pyrimidinone ring (one hybridized sp? attarctor,
and the other conjugated with the carbonyl function), thus leav-
ing a partial positive charge on the sp? quaternary carbone directly
linked to the methine. Moreover, the exploration of the 13C NMR
spectrum allowed to notes the appearance of new signals at &c
21.7 and 55.4 due to carbons Cg and Cyq, respectively.

Finally, the ES-HRMS of this compounds howed a pseudo-
molecular ion peak [M + H]*at m/z 209.0484 in agreement with
its molecular formula (C;oHgCIN,O)*.

3.2. In vitro o-amylase inhibitory activity

The in vitro «-amylase inhibitory activity of compounds 2a-d
were assessed by measuring the inhibition percentage (PI%). As
shown in Table 1, the evaluated compounds exhibited significant
inhibitory potentials towards «-amylase with ICsy values rang-
ing from 60 to 31 ug/mL compared to acarbose used as a pos-
itive control (IC590=29.86 + 1.57 ug/mL). Compound 2a(-CH,-Cl),
was found to be the less active derivative with an ICsgvalue of
60.07 + 1.89 ug/mL. On the other hand, it has been found that
the compound 2b (CH3-CH-Cl) exhibited the highest «-amylase
inhibition activity with an ICsy value of 31.12 + 1.05 ug/mL, com-
parable to that of acarbose. The significant activity of compound
2b compared to that of its analogue 2a is certainly due to the
additional methyl group which, by its inductive donor effect and
its spatial arrangement in this position, could promote this ac-
tivity. The compound 2c¢ (ClI-CH-Cl) was found to be more ac-
tive than 2a. This finding clearly shows the contribution of the
two chlorine atoms to this activity. On the other hand, the com-
parison of the activity of derivative 2c with that of 2b shows
that the substitution of the methyl group in the latter by a sec-
ond chlorine atom (compound 2c¢) did not improve this activity
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Fig. 4. Optimized geometries of the products 2a-d at B3LYP/6-311++G(d, p) level
of DFT.

(ICso = 37.22 + 1.32ug/mL). The size of the added chlorine atom
in 2c¢ and GLU-A-233. For more details, its inductive attracting ef-
fect unlike that of the methyl group in 2b could be at the origin of
this difference in activity.

The introduction of a phenyl group in compound 2d decreased
the activity (ICsg = 43.14 4+ 2.05ug/mL) by comparison to 2c. This
result shows that the relatively higher inductive attracting effect
exerted by the second chlorine atom in 2c compared to that ex-
erted by the phenyl group in 2d, may explain the attenuation of
this activity. Also, it is possible to think at the steric hindrance of
the phenyl group in compound 2d which could possibly explain
the loss of this activity compared to that of 2b with a methyl
group. The compound 2d remains still more active than its ana-
logue 2a.

3.3. DFT studies

3.3.1. Geometry optimization and reactivity parameters

Optimized structures obtained by DFT method using B3LYP
hybrid functional with 6-311++G (d, p) basis set of 2-
(chloroalkyl)quinazolin-4(3H)-one derivatives 2a-d are shownin
Fig. 4. Several thermodynamic parameters such as the energy (E),
enthalpy (A, H°), entropy (S) , heat capacity (Cy) , dipole mo-
ment and thermal energy were calculated using B3LYP functional
with 6-311++G(d, p) basis set. The calculated parameters of com-
pounds 2a-d are given in Table 2. Compound 2d with a phenyl
ring was found to have the highest dipole moment (3.734 Debye)
while compound 2c¢ with an extra chlorine atom gave the low-
est dipole moment (1.70 Debye). In order to compute the elec-
tronic properties of the studied compound, a powerful practical
approach has been carried out for describing the chemical reactiv-
ity, namely the Frontier Molecular Orbital (FMO) theory. The FMO’s
also plays a very crucial role in various fields such as optical, elec-
tric properties and field of quantum chemistry. Various reactivity
descriptors like electron affinity (4), ionization potential (I), hard-
ness (n), electronegativity ( x ), dimensionless descriptor(e) as well
as electrophilicity index (w), all derived from the HOMO and LUMO
energies, were proposed for understanding many aspects of reac-
tivity associated to chemical reactions and describe the chemical
hardness and stability of compounds [25] all these parameters are
calculated and given in Table 3. Recall that, the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) are fundamental quantum chemical descriptors and can be
used to predict stability and reactivity of molecules [26, 27]. The
band gap HOMO-LUMO specifies the lowest energy needed for an
electron to transits from the valence band to the conduction band
also determines the biological activity from intramolecular charge

Journal of Molecular Structure 1230 (2021) 129920
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Fig. 5. HOMO, LUMO orbitals and their energy gap (AEgap) of the products 2a-d
at B3LYP/6-311++G(d, p) level of DFT.

transfer. However, in a typical system, the HOMO act as an elec-
tron donor and the LUMO primarily act as the electron acceptor
[26, 27].

For more detail, in these parameters, (I) and (A) are the ioniza-
tion potential and electron affinity of the molecule, respectively. In-
deed, the ionization potential (I) characterizes the susceptibility of
a molecule, whereas the electron affinity of the molecule (A) refers
to the capability of a ligand to accept one electron from a donor. As
can be seen from Table 3, the ionization potential (I) value of com-
pound 2c¢ (7.35 eV) indicates the greater donating capability of 2¢
(R= Cl) as compared to its analogs. The lower value of (A) (0.37 eV)
of derivative 2c¢, shows its greater acceptability, unlike compound
2a (R = H) which has the highest electron affinity value (1.92 eV).
From a general point of view, the all positive values noted for these
compounds (2a-d) are a good indication of their possible use in
charge transfer reactions. In addition, when the value of the global
hardness () is showed greater, this explains that the compound in
question is more stable and less reactive. So, it is the case of the
derivative 2c¢ with (n) value of 3.49 eV while the compound 2d
(R= pH) exhibiting the lower value (2.43 eV) is therefore consid-
ered to be the less stable and more reactive. Another quantum de-
scriptors which is extensively used: electronegativity ( x) and the
electrophilicity (w). This last factor has been proposed as a means
of measuring the decrease in energy due to the maximum flow
of electrons between the donor and the acceptor. Compound 2c¢
displaying the lowest values demonstrates the above findings con-
cerning stability and reactivity.

3.3.2. Frontier molecular orbital (FMO) analysis

The frontier molecular orbitals, HOMO (highest occupied molec-
ular orbital) and LUMO (lowest unoccupied molecular orbital), play
a significant role in defining the reactivity of molecules as well
as charge delocalization within the molecule. The orbital HOMO
is capable to give electrons, while (LUMO) can take electrons first
[28]. Meanwhile, Figs. 5 and 4 show the Frontier Molecular Orbital
(FMO) of compounds 2a-d. This analysis shows that the HOMO or-
bital is mainly concentrated on all structure of compound 2a, on
almost the entire structure except the methyl group of compound
2b, on the oxygen (carbonyl groups) of compound 2c¢ and is lo-
calized on 2-(chloromethyl)quinazolin-4(3H)-one fragment and the
chlorine atom of derivative 2d However, strong delocalization of
the LUMO for compound 2a occurs on the whole structure ex-
cept the carbonyl groups. Similarly, for compound 2b inaddition to
methyl groups, the LUMO is concentrated especially on the nitro-
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gen atoms of derivative 2¢ and is centered on total structure unless
carbonyl groups of compound 2d

On the other hand, the energy gap which expresses the energy
difference between this two important FMOs (HOMO-LUMO), sig-
nifies the chemical hardness-softness, the kinetic stability and the
reactivity of a molecule [29, 30]. Hard molecules with large HOMO-
LUMO gap are more stable and less reactive. In the opposite case,
soft molecules having a small HOMO-LUMO gap are more reactive
and less stable [31]. In this light and for given in Fig. 8, compound
2c¢ having the highest energy gap (6.99 eV) is the most hard and
stable and less reactive, thus the insertion of chlorine exerting an
electron withdrawing effect increases the stability of the molecule
unlike compounds 2a, 2b and 2d

3.3. 3. molecular electrostatic potential (MEP)

The molecular electrostatic potential (MEP) surface describes
the intensity of potential at different regions in the molecular
structure, hence the behavior and the reactivity of the molecules.
More precisely, it is widely used to predict the nucleophilic and
electrophilic active sites of compounds. The positive (assigned to
blue) districts of MEP were related to nucleophilic attack while
the negative (assigned to red and yellow) regions explain the elec-
trophilic reactivity [32, 33]. All these interesting properties moti-
vated us to do the MEP mapping of synthesized compounds 2. It
can be seen from Fig. 6, the NH group shows positive potential and
hence suitable site for nucleophilic attack. While the negative po-
tential shows that the high electron density is located on the car-

Table 1
o-Amylase inhibitory activity of compounds 2a-d.
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Fig. 6. Molecular electrostatic potential (MEP) surfaces of the products 2a-d at
B3LYP/6-311++G(d, p) level of DFT.

bonyl function juxtaposed to the NH group, the latter can there-
fore attack in two ways: either on the electrophilic site of another
molecule (intermolecular attack) or on the electrophilic site of the
carbonyl function of the same molecule (intramolecular attack), as
it has been already described. In the latter case, the oxygen atom
will be too electronegative, which makes it susceptible to attack
another molecule. All the above results showed the good reactiv-
ity of the synthesized compounds 2. The last findingis also verified
bythe frontier molecular orbitals analysis HOMO, LUMO and the
energy gap.

3.4. Molecular docking study

To better explain the obtained w«-amylase inhibition activity
(Table 1) and the mechanism of action of the compounds, the
binding modes of all representative ligands, 2a, 2b, 2¢ and 2d
in addition to the control (acarbose) using the docking pro-
gram, AutoDock 4.2 package with Discovery Studio 2017R2, have

Compound Structure ICsg (ug/mL)"
o)
2a 60.07 =+ 1.89
NH
N/j\/CI
2b NH 31.12 + 1.05
= cl
N)\(
CH,
o)
2¢ N 37.20+ 132
= cl
N
cl
o)
2d N 43.14 +2.05
=
N
cl
Acarbose® 29.86+ 1.57

a The concentration at which 50% of a-amylase is inhibited (mean + SD, n = 3).

b Positive control.
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Table 2

Journal of Molecular Structure 1230 (2021) 129920

The calculated thermodynamic parameters (at 298.15 K) for the synthesized products 2a-d with DFT/B3LYP method using 6-311++G(d, p) basis set.

Compounds  E (kJ.mol~1) A H (298) (Kcal/mol)  Thermal energy (kcal mol-')  C, (cal mol-'K-') S (cal mol-? K~ ')  Dipole moment (Debye)
2a —2,605,326.59 338,453.79 98.954 39.466 102.19 3.397
2b —2,708,550.02 338,461.19 117.352 45.137 108.545 3.238
2c —3,811,996.03 338,461.25 93.59 43.087 110.298 1.70
2d —3,212,057.42 338,462.76 152.22 58.65 127.653 3.734
Table 3
Calculated kinetic parameters of the reaction forthe synthesized products 2a-d at B3LYP/6-311++G(d, p) level of DFT.
Compounds  Epomo (V)  Ewm (V)  AE (nomo -tumoy (€V)  I1(eV) A(eV) "7(eV) x(eV) w(eV) ¢
2a —6.84 -1.92 493 6.84 1.92 2.46 438 3.90 —0.89
2b -6.79 -1.85 4.94 6.79 1.85 2.47 4.32 3.78 —0.88
2c -7.35 -0.37 6.99 7.35 0.37 3.49 3.86 213 —0.55
2d —6.75 -1.90 4.85 6.75 1.90 243 4.32 3.85 —0.89
THR HIS
B al63 LU W o
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-0 A162 A:306
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\ \
TRP o= — ’ Ll
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HIS
A201 VAL
A:234

Fig. 7. A: Superimposed conformations of best docked poses for respective ligands 2 (grey color) and acarbose (yellow color) in the cleft of «-amylase pocket, B: 2D-
interactions of the standard drug acarbose in the active site of PDB: 4W93. (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)

Table 4
Binding energies of promising anti-o-
amylase agents.

Binding energy

Compound (kcal/mol)
2a 5.4
2b —6.2
2c -6.0
2d —6.1
acarbose -6.2

been examined. The «-amylase-acarbose inhibitor complex showed
—6.2 kcal/mol binding energy containing mostly four hydrogen
bonds with the interacting residues ASP-A-179, GLU-A-233, GLU-
A-240 (Figs.7-A and B).

On another hand, the most anti-«-amylase derivative 2b, pre-
senting the lower free binding energy, compared to those of its
analogues and equal to that of the control (Table 4), interacted
with the active site of the enzyme via the most marked inter-
actions: tow hydrogen bonding (green color) by its NH and car-
bonyl groups with GLU-A-233 and ARG-A-195 besides to Pi-Anion
interaction (golden color) with ASP-A-197 (Fig. 8). These findings
reinforce the considerable activity of this derviative (2b) (ICsq:
31.12 £+ 1.05 pg/mL)compared to its analogues. The low free bind-
ing energy value and the hydrogen bonds engaged with the en-

zyme are proof of the inhibitory potential of compound 2b com-
pared to the other compounds.

In the case of 2a, 2¢, 2d-w-amylase complexes (Fig. 8), we
found that these compounds formed a hydrogen bond with GLU-
A-233. For more details, the derivative 2a displayed a Pi-Anion
interaction with ASP-A-300 and a Pi-Pi shaped (dark pink color)
with TYR-A-62. The compound 2c showed a carbon hydrogen bond
(grey color) with ALA-A-198, a Pi-Anion with GLU-A-233, a Pi-
Alkyl (light pink color) with LEU-A-162, ALA-A-198 and LYS-A-
200, a Pi-Pi stacked (dark pink color) with TYR-A-151, a Pi-Pi
shaped with HIS-A-201, and Pi-Sigma interactions (dark purple
color) with ILE-A-235. On the other hand, compound 2d estab-
lished interactions with residues LEU-A-162 and ALA-A-198 (via Pi-
Alkyl), TYR-A-62 (via Pi-Pi stacked), HIS-A-201 (via Pi-Pi shaped),
ASP-A-197 (via Pi-Anion) and HIS-A-101 (via carbon hydrogen
bond).

The docking calculation were found in good agreement with the
experimental results which show the most marked anti-cz-amylase
activity of compound 2b compared to its analogues.

4. Conclusion

In conclusion, this work describes the synthesis andthe struc-
tural elucidation of a series of new benzopyrimidinones deriva-
tives 2a-d, via cyclocondensation reaction of 2-aminobenzamide
with different acyl chlorides. The newly prepared compounds 2a-d
have been screened for their o-amylase inhibitory activity. Further-
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Fig. 8. Binding pose of conjugates 2a, 2b, 2c and 2d in the active site of PDB: 4W93.

more, all synthesized compounds were modeled by DFT calcula-
tions using 6-311++G(d, p) basis set, the geometrical parameters
and frontier molecular orbital have been obtained and analyzed,
the energy gap between the HOMO and LUMO molecular orbitals
allowed to determine the chemical stability and electrical trans-
port properties of derivatives 2a-d. The molecular electrostatic po-
tential has been mapped for predicting sites and relative reactivi-
ties towards electrophilic and nucleophilic attacks which opens up
the possibilities to think about other chemical reactions starting
from precursors2. Molecular docking simulations exhibited excel-
lent bindings of the synthesized compounds with the receptor ac-
tive sites of PDB: 4W93. The multiple interactions made by com-
pound 2b with this enzyme used, clearly confirmed its significant
activity compared to its analogues.

The above significant findings showed that compounds 2a-
d may be of interest for further studies of the mechanism of
action, binding and biological profile of the promising tested
compounds.
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