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Abstract In an effort to develop a potent antidiabetic drug, new quinoxaline derivative, 2-(4-((3-

methyl-2-oxoquinoxalin-1(2H)-yl)methyl)-4,5-dihydro-1H-1,2,3-triazol-1-yl)-N-(p-tolyl)acetamide

(MOQTA) was synthesized and characterized by XRD and various spectroscopic tools (IR, 1H

&13C NMR, ESI-MS). The geometric optimization of the molecule was calculated with Density

Functional Theory (DFT) method by B3LYP with a 6–311++G(d,p) basis set. Frontier Molecular

Orbitals (FMOs) and Molecular Electrostatic Potential (MEP) surfaces of the title compound were

generated. Furthermore, Hirshfeld surface analysis (HSA) and 2D fingerprint plots were presented.

The calculated MEP and HSA surface interactions were compared in terms of hydrogen bonds and

p-p stacking interactions obtained by X-ray packing analyses. X-ray crystallographic structure

analysis revealed that the N—HN, C—HO and C—HN intermolecular hydrogen bonds were in

agreement with those obtained by HSA. Moreover, MOQTA was assessed for its in vitro
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anti-diabetic activity. Likewise, molecular docking analyses were conducted to examine the binding

mode between MOQTA and the enzymes a-glucosidase and a-amylase. Finally, the physicochem-

ical, pharmacokinetic and toxicological properties of MOQTA have been evaluated by using

in silico absorption, distribution, metabolism, excretion and toxicity analysis prediction.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Small heterocycles ring’s therapeutic and industrial importance, having

nitrogen atoms, has attracted much attention. Examples of heterocy-

cles studied as candidates in drug discovery are: triazoles, quinoxalines

and acetamides. They have an important role in medicinal chemistry.

Quinoxaline and its derivatives have attracted significant considera-

tions due to their pharmacological activities (Ramli and Essassi,

2015; Ramli et al., 2014; Abad et al., 2020) and industrial properties

(Allali et al., 2019; Lgaz, 2015; Laabaissi et al., 2020). This heterocycle

already preset in variety of biological active substance and present

anti-microbial (Badran et al., 2003; Singh et al., 2010), anti-fungal

(Wagle et al., 2008), anti-malarial (Hui et al., 2006), anti-bacterial

(Griffith et al., 1992; El-Sabbagh et al., 2009), anti-HIV (Loriga

et al., 1997; Balzarini et al., 2000), anti-tuberculosis (Carta et al.,

2006), anti-protozoal (Ancizu et al., 2010), anti-inflammatory (Carta

et al., 2001), anthelmintic (Guillon et al., 2004) and anti-cancer

(Gupta et al., 2005) properties. In addition, quinoxaline derivatives

possess anticorrosion characteristics (Lgaz et al., 2016; Zarrok et al.,

2012; El Ouali et al., 2010; Abboud et al., 2007; Zarrok et al., 2012;

Tazouti et al., 2016; el Aoufir et al., 2016). Similarly, the triazole ring

system is linked to biological and pharmacological activities as anti-

inflammatory (Abdel-Megeed et al., 2009), antifungal (Nowaczyk

and Modzelewska-Banachiewicz, 2008), antibacterial (Foroumadi

et al., 2003), antihypertensive (Sato et al., 2009), anti-Alzheimer’s dis-

ease (Missioui et al., 2022), anti-COVID-19 (Missioui et al., 2022;

Zhang et al., 2020) and anticancer (Shivarama Holla et al., 2003) activ-

ity. Also, this heterocyclic scaffold can tolerate reductive/oxidative and

basic/acid hydrolysis environments, displaying high-level aromatic

endurance to metabolic degradation (Tron et al., 2008; Ferreira

et al., 2010; Lauria et al., 2014). Diabetes affects around a quarter of

the World’s population, and this figure is expected to increase to 700

million by 2045 (Nazir et al., 2018). The identified a-amylase and a-
glucosidase inhibitors, as miglitol, voglibose, and acarbose, have been

tried to treat type 2 diabetes(T2DM). Nevertheless, it was interesting

to discover the novel a-amylase and a-glucosidase inhibitors because

of the undesirable effects (for example, diarrhea and stomachache)

of the existing a-amylase and a-glucosidase inhibitors. Therefore, the

therapeutic use of inhibitors of a-amylase and a-glucosidase in the

medication of T2DM side-effect has been considered (Gu et al.,

2020; Alomari et al., 2021; Hussain et al., 2021; Tavaf et al., 2020).

A variety of molecules, including quinoxaline (Ramli and Essassi,

2015; Missioui et al., 2021) N-arylacetamides (Missioui et al., 2021;

Wang et al., 2017; Moghimi et al., 2020; Asath et al., 2016) triazole

(Ye et al., 2019) have been reported as potential antidiabetic agents.

Because of this application and as part of our ongoing work (Zaoui

et al., 2021; Abad et al., 2021; Abad et al., 2021; Guerrab et al.,

2021; Guerrab et al., 2019; , xxxx), more recent work has reported syn-

thesizing a novel N-arylacetamides quinoxaline-based compound as an

anti-diabetic drug (Missioui et al., 2021). Continuing our ongoing

research to discover novel quinoxaline-based compounds and improve

this antidiabetic activity, the title quinoxaline compound including tri-

azole was synthesized, charecterized by crystallographic techniques.,

and assessed as an antidiabetic agent. Molecular docking, geometric

optimization, MEP surfaces, FMOs, and HSA were calculated for

the title compound. These studies highlighted the interaction of the

title compound as a promising a-amylase and a-glucosidase inhibitor.
2. Experimental section

2.1. Synthesis and crystallization

All chemicals, including solvents, were obtained from commer-
cial sources of high purity and used as received. Follow-up of
the reactions were made by TLC. In a Büchi Melting Point

SMP-20 apparatus, the compound’s melting point was deter-
mined and uncorrected. 1H NMR and 13C NMR spectra were
collected using a Bruker Avance 300 NMR Spectrometer in

DMSO d6 and a « JNM-ECZ500R/S1 FT NMR System de
JEOL » spectrometer, using TMS as the internal standard
and CHLOROFORM-D as solvent. FT-IR spectra were col-

lected using the Bruker-VERTEX 70 device. Mass spectra were
recorded on an API 3200 LC/MS/MS mass spectrometer using
electrospray ionization (ESI).

2.1.1. 3-Methyl-1H-quinoxalin-2-one (MQO)

Compound MQO was synthesized following a procedure sim-
ilar to that of Hinsberg (Hinsberg, 1887); using O-
phenylenediamine (15 mmol) and ethyl pyruvate (22.5 mmol)

in HCl 4.4 N at room temperature for 30 min (Scheme 1).

2.1.2. 3-methyl-1-(prop-2-yn-1-yl)quinoxalin-2(1H)-one

(MPQ)

To 15 mL of DMF and MQO (0.5 g, 3.11 mmol) was added
potassium carbonate (0.5 g, 3.73 mmol), propargyl bromide
(0.41 mL, 3.11 mmol), and tetra-nbutylammonium bromide.

The solution was stirred at 25 0C for 24 h. After filtration,
all volatiles were removed under low pressure. The recrystal-
lization is carried out in ethanol to afford MPQ as colorless

crystals in a good (68%) yield. (Benzeid et al., 2009)
(Scheme 1).

2.1.3. 2-azido-N-(p-tolyl)acetamide (ATA)

A previous procedure (Missioui et al., 2022) was used to afford
2-chloro-N-(p-tolyl)acetamide, precursor. 2-chloro-N-(p-tolyl)
acetamide (0.011 mol) and sodium azide (0.015 mol) were dis-

solved in a mixture of ethanol/water (2:1 ratio) then refluxed
for 24 h at 80 �C. After completing the reaction, the compound
ATA: 2-azido-N-(p-tolyl)acetamide precipitated, filtered,

washed with cold water, and recrystallized from ethanol.

2.1.4. 2-(4-((3-methyl-2-oxoquinoxalin-1(2H)-yl)methyl)-1H-
1,2,3-triazol-1-yl)-N-(p-tolyl) acetamide (MOQTA)

To a solution of MPQ (0.5 mmol), in a water–ethanol mixture
(5/15 mL), 2-azido-N-phenyl)acetamide (0.65 mmol) was
added with sodium ascorbate and a catalytic amount of copper

sulphate. After stirring, under reflux for 24 h, the solution was
concentrated. The residue was washed with water and purified
by column chromatography on silica gel using a hexane/ethyl

http://creativecommons.org/licenses/by-nc-nd/4.0/


Scheme 1 Synthesis pathway of 2-(4-((3-methyl-2-oxoquinoxalin-1(2H)-yl)methyl)-1H-1,2,3-triazol-1-yl)-N-(p-tolyl) acetamide

(MOQTA). Reagents and conditions: (a) HCl 4 N,rt; (b) K2CO3, propargyl bromide, TBAB, DMF, rt, 24 h; (c) THF, 0 �C; (d); NaN3,

DMF, 40 �C; (e) CuSO4, Sodium ascorbate, EtOH / H2O.
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acetate (9/1) mixture as eluent. The solid product isolated was
recrystallized from ethanol to afford a light yellow block-

like specimen of compound MOQTA. (Scheme 1).

2.2. X-Ray crystal data collection

A light-yellow block-like sample of MOQTA of dimensions 0.
197 mm � 0.250 mm � 0.268 mm, was mounted on a polymer
loop in a cold nitrogen stream on a Bruker Smart APEX CCD

diffractometer equipped with a fine-focus sealed tube (Mo-Ka,
k = 0.71073 Å) and a graphite monochromator. The complete
sphere of data was processed using SAINT (Bruker APEX3,
SAINT, SADABS SHELXTL, Bruker AXS, Inc., Madison,

WI., 2016). The structure was solved by direct methods and
refined by the full-matrix least-squares method on F2 using
SHELXT and SHELXL programs (Sheldrick, 2015;

Sheldrick, 2015). The molecular and packing diagrams were
generated using DIAMOND (Brandenburg and Putz, 2012).
A group of 1565 reflections having I/r(I) � 13 was analyzed

with CELL_NOW (Sheldrick, 2008) which showed the crystal
to be twinned by a 180� rotation about the a-axis. The data
were integrated with SAINT (Bruker-AXS and Madison,

2019) using the two-component orientation matrix generated
by CELL_NOW. The structure is in (Fig. 1), and crystal and
refinement (refined as a 2-component twin) details are pre-
sented in Table 1.
The structure was solved and refined using the Bruker
SHELXTL Software Package, using the space group P 1 21/

n 1, with Z = 4 for the formula unit, C21H20N6O2. The final
anisotropic full-matrix least-squares refinement on F2 with
265 variables converged at R1 = 5.27%, for the observed data

and wR2 = 14.53% for all data. The goodness-of-fit was
1.067. The largest peak in the final difference electron density
synthesis was 0.344 e-/Å3, and the largest hole was �0.230 e-/

Å3 with an RMS deviation of 0.053 e-/Å3. Based on the final
model, the calculated density was 1.400 g/cm3 and F(000),
816 e-.

The supplementary crystallographic data for this paper are

available: CCDC 2073886.

2.3. Biological activity

All chemicals and solvents were purchased from Sigma–
Aldrich and used as received.

2.3.1. Enzyme inhibitory activities

1) a-Glucosidase inhibition assay.

The a-glucosidase inhibitory activity was performed using
q-nitrophenyl-a-D-glucopyranoside as a substrate (Kee et al.,
2013; Mortada et al., 2022) with minor modifications. Also,



Fig. 1 The MOQTA molecule with labeling scheme and 50% probability ellipsoids.

Table 1 Refined crystal data for MOQTA.

Value Parameter

Chemical formula C21H20N6O2

Crystal system, space group Monoclinic, P21/n

Temperature (K) 150

a, b, c (Å) 7.1831 (7), 18.8662 (17), 13.6756 (12)

b (�) 96.113 (1)

V (Å3) 1842.7 (3)

Z 4

Radiation type Mo Ka

m (mm�1) 0.10

Crystal size (mm) 0.27 � 0.25 � 0.20

Absorption correction Multi-scan

TWINABS (Sheldrick, 2009)

(Sheldrick, 2009)

Tmin, Tmax 0.97, 0.998

No. of measured,

independent and

observed [I > 2r(I)]
reflections

53140, 53140, 39,130

Rint 0.042

(sin h/k)max (Å
�1) 0.668

R[F2 > 2r(F2)], wR(F2), S 0.053, 0.145, 1.07

No. of reflections 8723

No. of parameters 265

No. of restraints 2

H-atom treatment H-atom parameters constrained

Dqmax, Dqmin (e Å�3) 0.29, �0.22
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the detailed protocol was described in our previous work
(Hashim et al., 2013).

2.3.2. Antioxidant activity

For the protocol used to evaluate the antioxidant activity, see
the reported method by Mortada et al. (Hashim et al., 2013),
Tuberoso et al. (Tuberoso et al., 2013).

2.4. Computational procedure

Geometrical optimization of the title compound was calcu-
lated using Gaussian 03 program package (Frisch et al.,

2004). This operation used the density functional theory by
Becke’s three-parameter hybrid functional (Becke, 1993) with
Lee–Yang–Parr correlation functional (Lee et al., 1988;

Miehlich et al., 1989) (B3LYP) approach in conjunction with
the 6–311++G(d,p) basis set (Pople et al., 1986). The data
obtained by XRD was used as initial values. FMO, MEP

map and harmonic vibrational bands were generated using
GaussView molecular visualization program (Frisch et al.,
2007).

HSA (Spackman and Byrom, 1997; McKinnon et al., 1998)
of the mole AutoDock Vina program in the crystal structure
and 2D fingerprint (Spackman and McKinnon, 2002) plots
were formed using Crystal Explorer 3.0 computer program

(Wolff et al., 2012) using the CIF file.

2.5. Docking methodology

The docking study was carried out against a -glucosidase and
a -amylase enzymes. The crystal structure of a-amylase (PDB
Id: 4GQR; resolution 1.2 Å) (Williams, 2012) and a-
glucosidase (PDB Id: 5NN5; resolution 2.0 Å) (xxxx) were
downloaded from the PDB database. Auto Dock tool (ADT)
was employed to prepare proteins (Trott and Olson, 2010).

The 3D structure of the studied compound (MOQTA) was
obtained using a CIF file. And acarbose was used as a refer-
ence drug for comparison in the in vitro study. Docking grids
box was established to cover the catalytic nucleophile and
acid/base sites assigned to D518 and D616, respectively

(Hermans, 1991; Roig-Zamboni, 2017) And were prepared
using Auto Grid with a spacing of 0.375 Å and dimensions
70; 42; 70 Å (x = -11.303; y = -30.54; z = 93.287) and 64;

42; 46 Å (x = 5.024; y = 13.128; z = 60.575) respectively
for a-amylase and a-glucosidase. The grids were created
around the enzyme active site. Docking was performed using
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AutoDock Vina and employed the Lamarck Genetic Algo-
rithm (LGA) and the Solis and Wets search methods. Other
docking parameters were set at their default values. The best

docking poses for the studied compound were visually ana-
lyzed using Discovery Studio 4.5. The docking procedure
was first validated by re-docking the 1-

DEOXYNOJIRIMYCIN and 3,5,7-TRIHYDROXY-2-(3,4,5
-TRIHYDROXYPHENYL)-4H-CHROMEN-4-ONE succes-
sively into its binding site of the crystal structure of the a-
glucosidase and a-amylase enzyme.

3. Result and discussion

The preparation of MOQTA was described in Scheme1. The
starting material, MQO was made by treating o-
phenylenediamine with ethyl pyruvate in chloridric acid

4.4 N. MOQTA shows a good synthon for various pharmaco-
logically active compounds (Ramli et al., 2010). The lactam
function of MQO is very reactive, so it is condensed by alkyla-
tion with propargyl bromide to afford the dipolarophile MPO.

An example, it is used to synthesize 1,2,3-triazole. With an
intense dipole moment, this scaffold could actively participate
in hydrogen bonding and p -stacking interactions (Ferreira

et al., 2010); p-stacking, hydrogen bonding and hydrophobic
effect play critical roles in promoting both enzymes’ inhibitory
activity (Liu et al., 2007; Li et al., 2011). Due to the importance

of the 1;2;3 -triazole and N-arylacetamide moieties in the ther-
apeutic area and have suitable inhibitory activities towards a-
amylase and a-glucosidase (Ye et al., 2019; Wang et al., 2016;
Wang et al., 2017), it seems interesting to associate these hete-

rocycles with the 3-methylquinoxalin-2-one derivative MPQ.
Thus, we have studied the copper-catalyzed 1,3-dipolar
cycloaddition reaction of 2-azido-N-phenylacetamide and the

compound MPO. The structures of MPQ and MOQTA were
elucidated based on spectral data.

3.1. 3-methyl-1-(prop-2-yn-1-yl)quinoxalin-2(1H)-one (MPQ)

Yield 73%, FT-IR (ATR, t, cm-1): 1264.90 t (N-Camide),
1650.10 t (C = Oamide), (1571.54–1598.51) t(C = Carom),

(1051.91–1265.29) t(C-Harom), 2114 t (C�C propargyl).
1H

NMR (chloroform-d) d ppm: 2.6 (3H, s,CH3); 2.3 (1H, s,
CH); 5.1 (2H,s, CH2); [7.2–7.8] (4H, m, CHarom);

13C NMR
(chloroform-d) d ppm: 21.6 (CH3); 31.6 (CH2); 75.6 (CH);

78.5 (C�Cpropargyl); 157.58 (C = Oquinoxaline).

3.2. 2-(4-((3-methyl-2-oxoquinoxalin-1(2H)-yl)methyl)-1H-
1,2,3-triazol-1-yl)-N- (p-tolyl)acetamide (MOQTA)

Yield 66%, mp = 222.7–224.5 �C, FT-IR (ATR, t, cm-1):
(636.86–675.05) t(C-HCH3qinoxaline), 951.46 t(CH2), (1057.91–

1369.13) t(C-Harom), 1307 t(N = Ntriazole), 1362.13 t(N-
Hacetaamide), (1423.31–1467.21) t(CH3 Tolylacetaamide),
(1509.78–1534) t(C = Carom), 1661.85 t(C = O amide),

1701.38 t(C = Oacetaamide);
1H NMR (DMSO d6) d ppm:

5.55 (2H, s, CH2qui); 5.26 (2H, s, CH2triazol); 8.1 (1H, s,
CHTriazol); 11.37 (1H, s, NH); 2.5 (3H, s, CH3 quinoxaline);
2.26 (3H, s, CH3tolyl); 6.48–7.79 (m, J = 7.5 Hz, 13HAr);

13C
NMR (DMSO d6) dppm: 37.30 (CH2-NQuin); 52.13 (CH2-
NTriazol); 21.17 (CH3 Quin); 20.40 (CH3); 129.24 (CHTriazol);
165 (C = O amid); 157.58 (C = O quinoxaline); HRMS (ESI-

MS) (m/z) calculated for C21H20N6O2 388,16 found 389.16.
The 1H NMR spectrum of MPQ revealed three signals at d

2.59, 2.27, and 5.04 ppm due to the methyl of quinoxaline, CH

of propargyl group, and CH2 attached to the quinoxaline
nitrogen, respectively. Confirming the alkylation reaction of
3-methylquinoxaline MQO with propargyl bromide. Also, 1H

NMR shows the signals relating to aromatic protons between
7.24 and 7.81 ppm. (Abad et al., 2020).

1H NMR spectrum of the title compound MOQTA, exhib-
ited five signals at d 2.26, 5.26, 5.55, 8.1, and 11.37, referring to

CH3 tolyl group, CH2 triazole adjacent, CH2 quinoxaline adja-
cent, CH of triazole group and NH of acetamide group,
respectively. It also revealed the absence of signals at d 3.3 et

5.1 ppm corresponding to the propargyl hydrogen, which con-
firms the cycloaddition reaction between MPQ and the azide
ATA. The 13C NMR spectrum presented signals at d at

20.40, 37.30, 52.13, 129,24 and 165 ppm referring to CH3 of
tolyl group, CH2 triazol adjacent, CH2 quinoxaline adjacent,
CH of triazole group and carbon of acetamide, respectively.

Furthermore, in addition to the presence of the CH3 quinoxa-
line signal at 21.17 ppm. IR spectrum of MOQTA revealed a
band at 1308.19 cm�1 for the N = Ntriazole, a band at
1362.13 cm�1 for the NH group and an absorption band at

1769.6 cm�1 characteristics for the carbonyl group. These data
are in agreement with the characteristics of the analogous com-
pounds of MOQTA (Abad et al., 2020; Missioui et al., 2022).

Its mass spectrum demonstrated a molecular ion peak (MH+,
m/z = 389.16) which conforms to C21H20N6O2.

3.3. X-ray crystallography

As indicated by the 1.33(10)� dihedral angle between the con-
stituent planes, the quinoxaline unit is not planar. The dihedral

angle between the C1/C6/N1/C7/C8/N2 and N3/N4/N5/C11/
C12 planes is 88.77(10)� while that between the latter ring
and the C15���C20 ring is 89.97(5)� giving the molecule an
approximate ‘‘U”-shaped conformation. The orientation of

the C15���C20 ring is partially determined by the weak, in-
tramolecular C16 –H16. . .O2 interaction (Table 2 and
Fig. 1). The bond lengths and interbond angles appear as

expected for the given formulation.
In the crystal, N6—H6���N5 H-bonds with graph sets C1,1

(7) form chains of molecules extending along the a-axis direc-

tion which are linked into layers parallel to the ac plane by
C13—H13B���O1 H-bonds having graph sets C1,1(9). These
interactions are reinforced by weaker C10—H10A���O2,
C19—H19���O2 and C20—H20���O2 hydrogen bonds having

graph sets C1,1(8), C1,1(7) and C1,1(6), respectively plus)
C3—H3���Cg4 interactions (Table 2 and Fig. 2). Each layer
has an inversion-related counterpart which is linked to it

via C12—H12���N1 hydrogen bonds (graph sets C1,1(9))
and slipped p-stacking interactions between quinoxaline units
(centroid���centroid = 3.5495(12) Å, dihedral angle = 1.33�)
Table 2 and Fig. 3). The layers are connected by C4—H4���
N4 hydrogen bonds with graph sets C1,1(10) (Table 2 and
Fig. 4).



Table 2 H-bond geometry (Å, �).

D—H
. . .A D—H H

. . .A D. . .A D—H
. . .A

N6—H6. . .N5i 0.91 2.25 3.142 (2) 165

C3—H3. . .Cg4ii 0.95 2.69 3.516 (2) 146

C4—H4. . .N4iii 0.95 2.53 3.356 (3) 145

C9—H9C. . .Cg2iv 0.98 2.61 3.364 (2) 134

C10—H10A. . .O2v 0.99 2.57 3.439 (2) 146

C12—H12. . .N1iv 0.95 2.54 3.379 (3) 147

C13—H13B. . .O1vi 0.99 2.37 3.174 (2) 138

C16—H16. . .O2 0.95 2.28 2.868 (3) 120

C19—H19. . .O2i 0.95 2.55 3.157 (3) 122

C20—H20. . .O2i 0.95 2.52 3.133 (3) 123

Symmetry codes: (i) x � 1, y, z; (ii) x + 1, y, z; (iii) � x + 3/2, y + 1/2, �z + 1/2; (iv) � x + 1, �y + 1, �z + 1; (v) x + 1/2, �y + 1/2, z + 1/2;

(vi) x � 1/2, �y + 1/2, z � 1/2.
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3.4. Computational ad theoretical study

3.4.1. Geometric optimization of MOQTA

The optimized molecular parameters of the molecule using

DFT/B3LYP/6–311++G(d,p) method and X-ray data for
bond angles and bond distances were given in Table 3 and
Table 4, respectively. For bond distances, the error values

range up to 0.0241 Å. While the significant error was found
for N4—N5 bond distance with 0.0241 Å, whereas the smallest
error was found for C10—C11 bond distance. It can be consid-

ered the theoretical results are consistent with the experimental
results.

For bond angles, the biggest difference between X-ray and

optimized data was calculated for C14-N6-C15 bond angle
with �2.0926� error value. The lowest error value belongs to
C5-C4-C3 bond angle with 0.0098�. Like bond distances, bond
angles calculated by the DFT method are close to experimental

values.
Fig. 2 Detail of a portion of two chains seen along the b-axis directio

blue and black dashed lines. C—H���p(ring) interactions are depicted
3.4.2. Molecular Electrostatic map

Molecular Electrostatic Potential (MEP) map of the MOQTA
was generated by DFT/B3LYP/6–311++G(d,p) basis set and
given in Fig. 5. MEP reveals electrophilic and nucleophilic cen-

ters and helps us understand non-bonding interactions
(Hathwar et al., 2015; Okulik and Jubert, 2005; Luque et al.,
2000). In the MEP, while the red areas show electrophilic

attack centers, the blue areas show nucleophilic attack centers
(Scrocco and Tomasi, 1978). It can be seen that the elec-
trophilic centers in the MEP are in the vicinity of the oxygen
and nitrogen atoms. These values are �0.0510 a.u. for O1

atom, �0.0417 a.u., for O2 atom, �0.0383 a.u. for N1 atom
and �0.0461 a.u. for the region between N4 and N5 atom.
The most nucleophilic region was detected at the vicinity of

H6 atom with + 0.0709 a.u. The crystal structure contains
intermolecular N6—H6N5, C4—H4N4, C10—H10AO2,
C12—H12N1, C13—H13O1, C19—H19O2, C20—H20O2

hydrogen bonds and intramolecular C16—H16O2 hydrogen
n. N—H���N, and C—H���O H-bonds are depicted, respectively, by

by green dashed lines.



Fig. 3 Detail of portions of two inversion-related layers projected on 01 1
�� �

showing the p-stacking interactions (orange dashed lines).

C—H���p(ring) interactions and C—H���O hydrogen bonds are depicted, respectively, by green and black dashed lines.

Fig. 4 Packing seen along the a-axis direction giving an end view of several chains and their linkage through C—H���O hydrogen bonds

(black dashed lines). p-stacking and C—H���p(ring) interactions are omitted for clarity.
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Table 3 Experimental and theoretical bond distances of MOQTA (Å).

Bond Distances

Atoms X-ray DFT Error Atoms X-ray DFT Error

O1-C8 1.226(2) 1.2276 �0.0016 N1-C6 1.390(2) 1.3834 0.0066

N1-C7 1.298(2) 1.2915 0.0065 N2-C1 1.401(2) 1.3949 0.0061

N2-C8 1.375(2) 1.3886 �0.0136 N3-N4 1.341(2) 1.3546 �0.0136

N2-C10 1.476(2) 1.4757 0.0003 N3-C13 1.455(2) 1.4498 0.0052

N3-C12 1.348(2) 1.3538 �0.0058 N5-C11 1.364(2) 1.3641 �0.0001

N4-N5 1.323(2) 1.2989 0.0241 N6-C15 1.426(2) 1.4179 0.0081

N6-C14 1.347(2) 1.3661 �0.0191 C1-C2 1.391(3) 1.4045 �0.0135

C1-C6 1.409(3) 1.4149 �0.0059 C2-C3 1.379(3) 1.3874 �0.0084

C7-C9 1.488(3) 1.4977 �0.0097 C3-C4 1.387(3) 1.4006 �0.0136

C10-C11 1.497(3) 1.497 0 C4-C5 1.379(3) 1.3833 �0.0043

C15-C20 1.386(3) 1.3986 �0.0126 C5-C6 1.396(3) 1.4042 �0.0082

C16-C17 1.387(3) 1.3919 �0.0049 C7-C8 1.487(3) 1.4856 0.0014

C17-C18 1.386(3) 1.3986 �0.0126 C11-C12 1.364(3) 1.3783 �0.0143

C18-C19 1.390(3) 1.3977 �0.0077 C13-C14 1.526(3) 1.5401 �0.0141

C19-C20 1.385(3) 1.3903 �0.0053 C15-C16 1.393(3) 1.3995 �0.0065

O2-C14 1.216(2) 1.2163 �0.0003 C18-C21 1.507(3) 1.5093 �0.0023

Table 4 The experimental and theoretical bond angles of the MOQTA (�).

Bond Angles

Atoms X-ray DFT Atoms X-ray DFT

C7-N1-C6 118.86(16) 119.4641 C19-C20-C15 120.3(2) 120.4785

C8-N2-C10 117.96(16) 116.4543 C8-N2-C1 121.83(16) 121.8952

N4-N3-C12 111.22(16) 110.8914 C1-N2-C10 120.20(16) 121.6489

C12-N3-C13 128.38(17) 129.8309 N4-N3-C13 120.09(16) 119.2652

N4-N5-C11 108.52(16) 109.4753 N5-N4-N3 106.98(15) 107.2333

C2-C1-N2 122.54(17) 122.8732 C14-N6-C15 126.89(17) 128.9826

N2-C1-C6 117.97(17) 117.6003 C2-C1-C6 119.48(18) 119.5256

C2-C3-C4 121.14(19) 121.1275 C3-C2-C1 119.91(19) 119.6938

C4-C5-C6 120.65(19) 120.7363 C5-C4-C3 119.45(19) 119.4402

N1-C6-C1 122.02(17) 122.0814 N1-C6-C5 118.61(17) 118.4638

N1-C7-C8 123.44(18) 123.2729 C5-C6-C1 119.36(18) 119.4542

C8-C7-C9 116.44(17) 116.3535 N1-C7-C9 120.12(17) 120.3735

O1-C8-C7 121.79(18) 122.6526 O1-C8-N2 122.56(18) 121.8852

N2-C10-C11 112.40(15) 114.019 N2-C8-C7 115.65(17) 115.4554

N5-C11-C12 108.55(17) 108.2603 N5-C11-C10 121.18(17) 121.7624

C12-C11-C10 130.27(18) 129.976 N3-C12-C11 104.73(17) 104.1396

N3-C13-C14 110.25(15) 111.9846 O2-C14-C13 120.37(18) 120.6494

O2-C14-N6 125.25(19) 125.5932 C20-C15-C16 119.29(19) 119.2427

N6-C14-C13 114.37(17) 113.7077 C16-C15-N6 123.26(18) 123.4533

C20-C15-N6 117.41(18) 117.3039 C18-C17-C16 122.3(2) 122.2655

C17-C16-C15 119.3(2) 119.3124 C17-C18-C21 121.6(2) 121.0374

C17-C18-C19 117.3(2) 117.4913 C20-C19-C18 121.5(2) 121.2089

C19-C18-C21 121.1(2) 121.4692
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bonds. This is a sign that all electrophilic and nucleophilic

attack centers participate in hydrogen bonds.

3.4.3. Hirshfeld surface analysis (HSA)

HSA and 2D fingerprint plots were created using Crystal

Explorer 3.0 computer program and Hirshfeld surfaces of
the molecule with the normalized contact distance (dnorm)
was given in Fig. 6. The dnorm can take negative and positive

values according to intermolecular contacts are closer or
longer than VDW radii, respectively. In the Hirshfeld surface
negative values are given by red areas, and positive values

are presented by blue areas. dnorm range from 0.366 Å to
1.258 Å.

In Fig. 5, the Hirshfeld surface of the molecule with adja-
cent molecules is given. Fig. 6 (a) represents intermolecular

N6—H6���N5, C12—H12���N1, C19—H19���O2 and C20—H2
0���O2 interactions between the central molecule and adjacent
molecules, Fig. 6 (b) represents intermolecular C4—H4���N4

hydrogen bond between the central molecule and adjacent
molecules, Fig. 6 (c) represents intermolecular C10—H10A���



Fig. 5 The Molecular Electrostatic Potential (MEP) map of

MOQTA.
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O2 and C13—H13B���O1 interactions between the central
molecule and adjacent molecules. In the Hirshfeld surface,

the environment of C4—H4, C10—H10A, C12—H12, C13—
H13B, C19—H19, C20—H20, N6—H6 groups and N1, N4,
N5, O1, O2, atoms are seen like red areas that these regions

are active regions for intermolecular interactions. X-ray
diffraction results show that intermolecular N6—H6N5,
C4—H4N4, C10—H10AO2, C12—H12N1, C13—H13BO1,

C19—H19���O2, C20—H20O2 hydrogen bonds are present in
these regions.

In Fig. 7, OH, HO, NH and HN interactions and the 2D
fingerprint plot with hydrogen bonds were given and it is seen

that OH / HO and NH / HN interactions in the 2D fingerprint
plot are seen like two distinct spikes. While the spikes in the
lower right and upper left of the 2D fingerprint plot corre-

spond to NH / HN interactions resulting from intermolecular
C12—H12���N1, C4—H4���N4 and N6—H6���N5 interactions.
The spikes in the middle right and middle left of the 2D finger-

print plot correspond to OH/ HO interactions resulting from
intermolecular C10—H10A���O2, C13—H13BO1, C19—H19�
��O2, C20—H20O2 hydrogen bonds. The contributions of
these interactions are 12.1% and 15.8% to the Hirshfeld sur-

face, respectively.
Fingerprint plots of crystal and dominant interactions can

be seen in Fig. 8. In the 2D fingerprint plot, characteristic

wings at the top of left and bottom of right are defined like
C-Hp interactions (Seth et al., 2011; Luo and Sun, 2013). As
shown in Fig. 8, while the upper left wing corresponds to the

spots in the vicinity of C-H donor, the lower right wing corre-
sponds to the spots in the vicinity of p acceptor. The crystal
structure has C3—H3p, C9—H9Cp interactions and the
Fig. 6 Hirshfeld surface with in
contribution of C���H / H���C interactions is 18.5% to Hirsh-
feld surface. H-H contacts with 44.7% give the most dominant
contribution to the Hirshfeld surface. The contributions of

intermolecular interactions with rations to the total Hirshfeld
surface were given in Table 5.

3.4.4. Frontier Molecular orbitals

Frontier molecular orbitals (FMOs) play an essential role in
molecular orbitals in chemical, electrical, and optical proper-
ties (Fleming and Wiley, 1979). Highest Occupied Molecular

Orbital (HOMO) and Lowest Unoccupied Molecular Orbital
(LUMO) from these orbitals are very important for the biolog-
ical activities of molecules. Because of charge transfer, while a

small energy gap between HOMO and LUMO increases the
biological activity of molecules, low energy gap decreases the
biological activity of molecules (Yousef et al., 2016; Agrawal

et al., 2016; Wu et al., 2020; Pearson, 2005). According to
Koopmans’ theorem (Koopmans, 1934), ionization potential,
I, and electron affinity, A, are given by.

I ¼ �EHOMOandA ¼ �ELUMO ð1Þ
Chemical hardness, g, is defined as the resistance of chem-

ical potential against to change electron number (Pearson,
2005; Parr and Pearson, 1983) and is defined in terms of ion-
ization potential and electron affinity.

g ¼ 1

2
ðI� AÞ ð2Þ

While soft molecules have a low energy gap, hard molecules

have high energy gap (Fleming and Wiley, 1979).
Therefore, FMOs were created using DFT with B3LYP/6–

311++G(d,p) basis set and are given in Fig. 9. In molecule,
HOMO and LUMO orbitals are mainly concentrated on 3-

methylquinoxalin-2(1H)-one part of a molecule. While
HOMO-1 orbitals are concentrated on N-p-tolylformamide
group, LUMO + 1 orbitals are concentrated on 2-(4,5-dihy

dro-1H-1,2,3-triazol-1-yl)-N-(p-tolyl)acetamide group of the
molecule. The energy gap between LUMO and HOMO orbi-
tals is 4.3824 eV, too.

3.5. Biological activity

3.5.1. Antidiabetic activity

The in vitro antidiabetic activity of hybrid quinoxaline deriva-
tive MOQTA was screened for two enzymes inhibitory proper-
ties. Effects were compared with acarbose. The obtained

results proved that the MOQTA has an inhibitory effect on
the digestive enzymes, as shown in Table 6. The results showed
that MOQTA had an average inhibitory effect on a-
glucosidase activity (IC50 288.6 ± 0.965 mM), which exceeds
termolecular hydrogen bonds.



Fig. 7 2D fingerprint plot and 3D Hirshfeld surface mapped with dnorm with the intermolecular interactions between the molecule and

neighbor molecules.
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the acarbose taken as a reference with IC50 value was activity
(IC50 72.58 ± 0.682 mM). MOQTA is a statistically highly sig-

nificant as P < 0.001, a similar result was found for a-amylase.
Table 6 demonstrated an excellent activity (IC50246.6 ± 1.16

mM), which exceeds the acarbose taken as a reference (IC50

115.6 ± 0.574 mM). Therefore, it is considered an active
compound.

Values represent mean ± standard deviation (n = 3).
3.5.2. Antioxidant activity

The antioxidant activity of MOQTA complex was evaluated
in vitro using radical methods, ABTS, DPPH, FRAP and
H2O2. The antioxidant property of MOQTA was assessed in

comparison with ascorbic acid as standard. The obtained
result of DPPH assay showed good antioxidant activity, with
IC50 value (101 ± 1.01 lM), similar to the action of NPOQA,

a novel N-arylacetamides quinoxaline-based compound



Fig. 8 2D fingerprint plot of All atoms���All atoms, N���H / H���N, O���H / H���O, C���H / H���C interactions.

Table 5 The contributions of short contacts to Hirshfeld Surface of MOQTA (%).

H���H C���H N���H O���H C���C C���N C���O N���O N���N
44.7 18.5 15.8 12.1 3.9 3.3 1.2 0.3 0.2
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recently reported (Missioui et al., 2021). While IC50 value of
ascorbic acid (78.11 ± 0.68 lM). In the ABTS test, MOQTA

has developed an important antioxidant activity compared to
the activity of NPOQA (Fig. 10) (Missioui et al., 2021). The
antioxidant activity presented in the DPPH test, Table 7, dis-
played the average antioxidant ability (59.61 ± 0.65 mM). Fur-

thermore, the FRAP method observed the highest reducing
power for MOQTA (133,9 ± 0,52 mM). The synthesized com-
pound MOQTA demonstrated activity in H2O2, with IC50

value (44.83 ± 1.32 ± lM), while IC50 value of ascorbic acid
(7.45 ± 1.11 lM).
3.6. Molecular docking results

Molecular docking aims to predict the binding types of the
studied compound against a-amylase enzymes and a-
glucosidase. Docking studies have been reported in previous

studies where many compounds were docked with the a-
glucosidase/amylase enzymes (Missioui et al., 2021). The dock-
ing study of MOQTA and acarbose (standard) is represented

in Fig. 11, 12, 13. The binding energy of the compounds and
implicated residues of a-glucosidase and a-amylase are shown
in Table 8. The results showed that both MOQTA and stan-



Fig. 9 Frontier molecular orbitals of the compound.

Table 6 IC50 of the MOQTA enzyme inhibitory activity.

(IC50 mmol/ml)

a-glucosidase a-amylase

MOQTA 288.6 ± 0.965**** 246.6 ± 1.1****

NPOQA 83.78 ± 0.888 199.7 ± 0.952 (Missioui et al.,

2021)

Standard 72.58 ± 0.682 115.6 ± 0.574

Fig. 10 The structure of NPOQA.
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dard were able to bind to the active site of a-glucosidase, the
calculated binding energy was found to be�7.5 and�6.5 kcal/-
mol successively for MOQTA and standard (Table 8), signifi-
cantly improved compared to the binding affinity of
Table 7 Tests (ABTS, FRAP, H2O2 and DPPH) of MOQTA. Dat

IC50 mM) DPPH ABTS

MOQTA

NPOQA

101 ± 1.01

104 ± 4.65

59.61 ± 0.65

330.30 ± 3.44

Ascorbic Acid 78.11 ± 0.68 22.49 ± 0.59
NPOQA (Missioui et al., 2021). MOQTA showed three hydro-

gen bonds interactions with the main chains of residues SER
566, ARG 189, TYR191 as appeared in Fig. 11 and stabilized
in the active site pocket with hydrophobic interactions with
residues LEU565, ASP243, ARG190, and TYR191. Many

H-bonded interactions were formed between different hydro-
xyl groups of acarbose and amino acids Arg252, Pro312,
Ser3, Arg421, Gly403, Arg398, Thr11, Arg5, Asn5, and

Gly334 of the a-glucosidase enzyme (Fig. 13). The studied
compound MOQTA and standard shear the same hydropho-
bic interactions with a-glucosidase residues arg190, which

may explain the crucial binding affinity compared to the stan-
dard drug acarbose.

We have also performed a docking study of MOQTA and
the standard with a-amylase. The calculated binding affinity

was predicted to be-7.7 and �6.6 Kcal/mol successively for
MOQTA and acarbose, as shown in Table 8, which is better
than the binding affinity of NPOQA (Missioui et al., 2021).

Compound MOQTA occupied the hydrophobic pocket of
the enzyme and showed two hydrogen bonds interactions with
residues PRO332 SER289 and several other types of interac-

tions with residues HIS331 PRO4 PHE335 ASP 402. Interac-
tions analysis showed that the formed ring 1,2,3-triazole
allowed the studied compound to establish strong N. . .H
hydrogen interactions, which is consistent with the literature
(Ferreira et al., 2010); Consequently, the formation of a stable
complex ligand-receptor with a low free energy DG (Fig. 11).
The comparison of the obtained results with the binding of

NPOQA (Missioui et al., 2021) showed an increase of affinity
between ligand and studied enzyme that can also be allowed to
the heterocyclic structure of triazole.
a are expressed as mean ± SD (n = 3).

FRAP H2O2

133.9 ± 0.52

298.54 ± 6.59

44.83 ± 1.32

5.06 ± 0.48 (Missioui et al., 2021)

88.12 ± 0.23 7.45 ± 1.11



Fig. 11 The ligand MOQTA is docked into the binding site of glucosidase. (A) Binding of MOQTA with glucosidase, (B) (3D) amino

acid residues and interactions in MOQTA-glucosidase hydrophobic pocket. (C) (3D) amino acid residues and interactions in MOQTA-

glucosidase complex. (D) (2D) amino acid residues and many interactions formed in MOQTA-glucosidase compound.

Fig. 12 The ligand MOQTA is docked well into the binding site of amylase. (A) The interaction of MOQTA with amylase, (B) (3D)

amino acid residues interactions in acarbose-amylase hydrophobic pocket. (C) (3D) amino acid residues and interactions in MOQTA-

amylase complex. (D) (2D) amino acid residues and interactions formed in MOQTA-amylase.
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Fig. 13 Acarbose was docked with –amylase and glucosidase. (A) A display of binding of acarbose with glucosidase (B) amino acid

residues and interactions in Acarbose-glucosidase complex, (C) A display of binding acarbose with -amylase (D) A display of amino acid

residues and interactions formed in acarbose-amylase complex.

Table 8 The binding energy for the MOQTA and acarbose.

a-Glucosidase a-Amylase

Affinity

kcal/mol

Residues Affinity

kcal/mol

Residues

Standard �6.5 THR567, ASN570, SER566, HIS562,, LEU538,

ASN470, GLY335, ASP243, ARG190,

TYR191, ARG189

�6.6 ARG421, GLY403, ASP402, ARG252, GLN8, THR6,

PRO4, SER3

PRP332, PHE335, THR336, THR11, ARG398, GLY334,

ASN5, ARG92

NPOQA �6.9 LEU538, ASP243, ASN570, TYR191, SER566,

THR56

�7.6 PRP332, PHE335, THR336, THR11, ARG398, GLY334,

ASN5, ARG92ASP402,ARG398, SER289, TYR333,

ARG421, PRO332

MOQTA �7.5 LEU565, ASP243, ARG190, TYR191,

TYR191, SER 566, ARG 189

�7.7 PRO332 SER289

HIS331 PRO4 PHE335 ASP 402
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The binding energy of MOQTA with a-amylase and a-
glucosidase is very encouraging. This suggests that MOQTA
merits further assessment in the context of in vitro/ in vivo of

a-glucosidase and a-amylase studies.

3.7. Lipinski’s rule and ADMET prediction

The Lipinski rule and ADMET parameters(Kerflani et al.,
2022; Lipinski et al., 2001) of the investigated molecule were
performed using the web servers Swissadme (‘SwissADME’.
http://www.swissadme.ch/ (accessed Dec. 15, 2021) and
ADMETlab2.0 (‘ADMETlab 2.00. https://admetmesh.

scbdd.com/ (accessed Sep. 24, 2021), respectively. The Lipinski
rule including molecular weight, number of rotational bonds,
number of acceptor hydrogen bonds, number of donor

hydrogen bonds and log(P) (Adedotun, 2022) were deter-
mined. Molecules that violate more than one of these parame-
ters may have bioavailability problems and a high probability



Table 9 Lipinski’s Rule of MOQTA.

Lipinski’s Rule

Compound Molecular Weight (g/mol) Lipophilicity (MLogP) H-bond Donors H-bond Acceptors Rule Violations Drug-Likeness

<500 <5 <5 <10 <2

MOQTA 388.42 1.85 1 8 0 yes

Pioglitazone 356.4 2.16 2 4 0 yes

Table 10 Physicochemical properties.

Physicochemical descriptor Value

Lipophilicity(LogP) 1.938

Distribution at pH 7.4 (logD) 2.423

Polar Surface Area (PSA) 94.70

Plasma protein binding (PPB) 94.32%

Table 11 ADMET properties of

MOQTA.

ADMET prediction Value

Absorption

HIA 0.005

MDCK Permeability 2.6e-05

Caco-2 Permeability �4.747

P-glycoprotein inhibitior 0.977

P-glycoprotein substrate 0.011

F20% 0.007

F30%

0.005

Distribution

PPB 94.32%

VD 0.232

BBB

Penetration 0.29

Fu 4.345%

Metabolism

CYP2C19 substrate

CYP2C19 inhibitor 0.419

0.786

CYP2C9 inhibitor 0.917

CYP2C9 substrate 0.796

CYP2D6 inhibitor 0.578

CYP2D6 substrate 0.461

CYP3A4 inhibitor 0.67

Excretion

CL 8.93
T1/2

0.537

Rat Acute Oral Toxicity

0.034
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of not being similar to a drug (Ferreira and Andricopulo,
2019).

The server (ADMETlab) was utilized to predict the absorp-
tion, distribution, metabolism, excretion, and toxicity
(ADMET) properties of MOQTA. Pioglitazone was used as

a standard drug.
As observed in Table 9 MOQTA respects all the conditions

mentioned in Lipinski’s rule with Lipophilicity (MLogP) < 5,

H-bond Donors < 5, and H-bond Acceptors < 10. As
reported in Table 10, logD value is in the range of 2.423, sug-
gesting a stabilized distribution. Thus, the obtained value of
logP 1.938 indicates that the compound may be slightly perme-

able to the biological barriers of the physiological system but
still has lipophilicity estimated as ideal in the intestinal absorp-
tion phase. The PSA evaluated at 94.7 presents a good

permeability.
The selected molecule has a low BBB (blood–brain barrier

penetration), with a MDCK permeability of 2.6e-05 and a

Caco-2 permeability value of �4.747 for the metabolism.
The MOQTA could inhibit the cytochromes CYP2C19,
CYP2C9, and CYP3A4. (Table11). Non-Rat Acute Oral Tox-
icity effect has been observed.

The molecule satisfied the conditions mentioned in Lipin-
ski’s rule and has good ADMET properties; thus, MOQTA
could be orally active in humans.

4. Conclusions

Herein, a straightforward synthesis of a new quinoxaline derivative

MOQTA is reported. The XRD analysis illustrates that the quinoxa-

line unit is not entirely planar, as revealed by the dihedral angle

between the constituent planes, 1.33 (10)�. The optimized geometry

of the molecule was obtained by the DFT method. Both bond dis-

tances and bond angles of an optimized molecule are consistent with

the experimental values. Based on the theoretical calculation resuls,

the oxygen atom is the main reaction site for electrophilic attack and

H6 atom is the most important reaction site of the nucleophilic attack.

Hirshfeld surface analysis study also confirms the regions which are

active for intermolecular interactions. In the 2D fingerprint plot, NH

/ HN and OH / HO interactions are present like two distinct spikes

and CH / HC interactions are seen like the lower right-wing and the
upper left wing. The contributions of these interactions to Hirshfeld

surface are 15.8% for NH / HN, 12.1% for OH / HO and 18.5%

for CH / HC. The data obtained X-ray diffraction show that
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N6—H6N5, C4—H4N4, C10—H10AO2, C12—H12N1, C13—

H13BO1, C19—H19O2, C20—H20O2 interactions are present in these

active regions. The energy gap between LOMO and HUMO orbitals is

4.3824 eV. The compound MOQTA demonstrated moderate anti-

diabetic activity and excellent anti-oxidant activity. Besides, molecular

docking analyses were carried out to examine the binding mode

between MOQTA and the two enzymes, a-glucosidase and a-
amylase. Thus, this study explores, theoretical prediction, antidiabetic,

antioxidant activities and docking studies of triazole-quinoxaline- N-

arylacetamide hybrid system for the development of potential multi-

functional medicinal candidates. Finally, physicochemical properties,

as well as drug-likeness, demonstrated that MOQTA had interesting

ADMET properties.
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