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Synthesis, characterization, and evaluation of
molecular docking and experimented antioxidant activity of
some new chloro azetidine-2-one and diazetine-2-one
derivatives from 2-phenyl-3-amino-quinazoline-4(3H)-one

Assma Abbas Alabady* [Suaad M.H. Al-Majidi

Department of Chemistry, College of Science, University of Baghdad, Baghdad, Iraq

ABSTRACT

( )
This research aimed to synthesize new series of B-lactam derivatives from reaction of 2-phenyl-3-

amino-quinazoline4(3H)-one(3) through several reactions. Firstly, the reaction of anthranilic acid
with benzoyl chloride gives N-benzoyl anthranilic acid (1). Then, cyclization of N-benzoyl anthranilic
acid with acetic anhydride to give 2-phenyl- 4H- benzo [3,1] oxazine - 4- one (2). After that, compound
(2) was reacted with hydrazine hydrate to give 2-phenyl-3-amino quinazoline -4(3H)one (3).
Compound (3) was reacted with different parasubstituted aromatic aldehydes to give Schiff base
derivatives (49). Finally, cyclization of Schiff base derivatives with different reagents (chloro acetyl
chloride, phenyl isocyanate, and phenyl isothiocyanate) to form a new four-membered heterocyclic
ring (B-lactam andl1,3- diazetine-2-one (10-15) and (1627),respectively. The prepared compounds
were characterized by FTIR, 1H-NMR, and 13C-NMR as well as measurements of some of its
physical properties and specific tests were done. The antioxidant activity of all the prepared
compounds was estimated by molecular docking studies and in an experiment.

\, J

INTRODUCTION

Quinazoline derivatives are of great importance in biological activities, such as they exhibit antitumor
[1,2], diuretic [3], antiinflammatory [4,5], hypotensive [6,7], anticonvulsant [8], anti-allergy [9],
depressant [10], and into-cancer properties [ 11]. Several selective derivatives of quinazoline containing
drugs such as lapatinib, erlotinib, and vandetanib have been approved as anticancer [12] antibacterial
[13]. It was also reported that drugs thioquinazoline derivatives identified as a possible pharmacophore
for anti-tubercular activity [14]. Schiff bases are an important material for inorganic chemists due to
their diverse biological, pharmacological, and antitumor activities. They have gained much importance
in biomimetic modeling applications, molecular magnet molecules, liquid crystals aspect, and
inorganic chemistry [15,16]. Polymeric Schiff bases and coordination polymers have high thermal
stability, chemical resistance, scratch resistance, and corrosive resistance [17]. The p-lactam ringis a
part of the core structure of several antibiotic families. B-lactam antibiotics are primarily classified as
penicillin, cephalosporin, carbapenems, and monocyclic antibiotics structure [18,19].

Eurasian Chemical Communications (ECC) (Volume- 07, Issue - 02, May- August 2025) Page No. 1
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Materials and methods

All used chemicals were purchased from Fluka Aldrich starting chemical compounds. Melting points
(MP) were marked by using gallenkamp in open glass capillaries by using a Thomas capillary melting
point apparatus uncorrected. FTIR spectra were recorded on SHIMAZU FTIR8400 Fourier transform
infrared spectrophotometer as KBr disc. Total primary components and reagent were pure and
commercially available. IH-NMR and 13C-NMR spectra were recorded by 500 Mhz spectrometer. Di
methyl sulfoxide solvent (DMSO- d6) was used to record Agilent Technologies model ultra-shield
nuclear magnetic resonance (NMR) spectra, and the chemical shifts are given in d (ppm) downfield by
using tetra methylsilane (TMS) as references. UV-VIS spectra were recorded by Shimadzu-
spectrophotometer and apel PD-303-spectrophotometer, Japan. Schiff bases were synthesized as
intermediate compounds, which were then treated with various reagents (chloro acetyl chloride, phenyl
isocyanate, and phenyl isothiocyanate) and under various conditions to yield new heterocyclic
compounds (azetidine and 1,3-diazetiden) bearing quinazoline-4(3H)-one core[15].

Synthesis of N-benzoyl anthranilicacid[20]

To the cold and stirred solution from anthranilic acid (1.37 g, 0.01 mol) dissolved in (5 mL) dry acetone,
the solution of benzoyl chloride (1.16 mL,0.01mol.) with (0.5mL) dry pyridine was added in dropwise
addition with cooling by an ice bath, the mixture was refluxed for (3 hours) in a water bath at (4050) °C,
and then cooled to room temperature and poured into ice-cold diluted Hel (5%).The solid light-yellow
precipitate was filtered, washed with distilled water, and recrystallized from (ethanol-water). Physical
properties of compound (1) and FTIR spectral data are represented in Table 1.

Synthesis of 2-Phenyl-4H-benzo [3,1] oxazine4-one (2) [21]

A solution of compound (1) (2 g,0.001 mol) which dissolved in acetic anhydride (3 mL, 0.032 mol) was
refluxed for (4 hours) in dry conditions. After cooling the solution to room temperature, the mixture was
poured into cold petroleum ether to give crystals that were recrystallized from ethanol. Physical
properties of compound (2) and FTIR spectral are demonstrated in Table 1.

Synthesis of 2-phenyl-3-amino-quinazoline 4(3H)-one (3) [22]

Compound (2)(1 g,0.001 mol) was dissolved in (8 mL) ethanol as solvent; excess of 99% hydrazine
hydrate was added to the reaction mixture and reflexed for (8 hours). Finally, the reaction mixture
cooled to room temperature, poured on ice-cold water, stirred, and filtered. The precipitate was
recrystallized from ethanol and water. Physical properties of compounds (3) and FTIR spectral data are
indicated in Table 1. Compound (3) (0.5 g, 0.001 mol) with an equimolar amount of different
parasubstituted aromatic aldehydes (0.001 mol) was added, in (5 mL) absolute ethanol and (23) drops of
a catalyst glacial acetic acid. The mixture was refluxed for (8-12) hours and recrystallized from ethanol
and water to form base derivatives (4-9). Physical properties of compounds (4-9) and FTIR spectral data
are shown in Table 2.

Eurasian Chemical Communications (ECC) (Volume- 07, Issue - 02, May- August 2025) Page No. 2
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TABLE 1 Physicalproperties and FT-IR spectral data forpreparedcompounds [1-3)

Physicalproperties FTIR absorptionspectraldatacm-t
Compound M.P  Yield V(C-H) v v[C=C)
Structure oc % Color Avomatic  [C=0) Aromatlc Other bands
o
166 1710
1 on . 75 Light 3pp1  2cid 1544 (0m) broad 3600-
™~ 167 vellow 1685 1496 3240
IF 0 Ph amide
H
o
123 1e00
2 0 - B5 Dff white 3039 1764 1573 v[C=N] 1612
Py 124 lactone w(C-0)1257
N 'Ph
3 NV 169 a0 _— 1591 v(C=N)1639v(NH)
| ;}]\ 1;' " White 1660 1560 asys. 3438
N Ph sym. 3309

TABLE 2 Physical properties and FT-IR spectral data cm! of prepared Schiff's base compounds (4-9)

Physicalproperties FTIR absorptionspectraldatacm™
v(C-
Compound M.F  Yield H) v(C=0) w(C=N) Other
Stroctare ¢ % % Arem Amid  v(C=C) bands
atic
v([NOz)
asys. 1558sym.
240 1641 1344
4 241_ 85 Yellow 3039 1681 1604 dp-position
1450 815 v(C=0)
overtone
v(C=0) 3431
v (C-C1)1093
1641 §p-position804
5 11552 78 Y:ﬁ';v 3039 1697 1589 v (C=0)
1452 overtone
v (C=0) 3431
0
N 233 1635
6 N . 71 White 3037 1685 1583
| A H 1527
N Ph
H,C
N-cu, -0
164315 v(C=0)

110- Overtone

7 ? ~/ 83 Yell 3062 1684 95
= 112 oW 1seg V' (€=0)3431
’J\P H dp-position811
N “Ph
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OCH =
/{ 3 v (C=0]
. overtone 3427
it = 143- 1650 v (C-0-C)
8 - J\N-N—-.. 145 88 Brown 3062 1685 1600 savs.1251
[ T 4 H 1575 ys.
R i Y sym.1159
dp-position831
OH
‘/.}/ v(C=0)
ﬁ _./"’ 209- 1645 overtone with
9 N=( 70 Yellow 3033 1680 1598
L T N 210 1560 v0-H3425
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Synthesis of 3-(3-chloro-2-(4-subs. Phenyl) oxo azetidin-1-yl)-2-phenyl quinazoline-4(3H)-one (10-
15)[24]

A mixture of equimolar amounts of (0.5 g, 0.001 mol) Schiff bases derivatives (3-8) in (2 mL) of dry
DMF as a solvent, chloro acetyl chloride (0.2 mL, 0.001 mol), and tri ethylamine (Et3N) (0.1mL,0.001
mol.) was added at (0-5)°C. The mixture was in reflux condition for (14-16) hoursat (45) °C. Then, it
cooled at room temperature. Theproducts (10-15) were washed with cool water and recrystallization by
using ethanol to form required products (10-15). Physical properties of compound (10-15) and FTIR
spectral data are listed in Table 3.

Synthesis of 3-[2-(4-subs. Phenyl)-4-oxo -3phenyl-1,3-diazietidin-1-yl)-2-phenyl quinazoline-4-(3H)-
one (16-21).and 3-[2-(4sub. Phenyl)-4-thioxo-3-phenyl-1,3diazetttidin-1-yl]-2-phenyl quinazoline-4-
(3H)one(22-27)[25]

A solution of (0.0016 mol) Schiff bases (4-9), phenyl isocyanate, and phenyl iso thio cyanate (0.1 mL,
0.001 mol) in (5 mL) ethanol were added in a round-bottomed flask with continuous stirring in addition
to the reaction mixture was heated at room temperature, and then heated under reflux condition for (5-6)
hours. The products (16-27) were washed with cool water and recrystallization by using ethanol to form
the required products (16-27). Physical properties of compound (16-27) and FTIR spectral data are
shown in Table 3.

TABLE 3 Physical properties of compounds (10-27)

Compound Physical properties
P Structures M.p.”C Yield % Color
|j-1| Dﬁ}__f_.-cl
- e _.N--_{
: N 180- Deep
10 ~._M:I:.N<==L~“ @ 182 88 brown
o,
,JL ‘*} €
f'“ﬁn N 160- Pale
11 ]: ~Ph {} %} 162 B2 white
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Antioxidant activity (DPPH radical scavenging assay)[26]

The antioxidant activity of compounds (3-27) was assessed by using the stable DPPH free radical
according to a known procedure. A variety of concentrations of (50,100, and 150) mg/mL of the
synthesized compounds (3-27) were mixed with methanol solution (up to 3 mL) including 0.0001
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mg/mL of DPPH radical. The absorbance of the reaction mixture was measured at 517 nm after
incubation for 30 min at room temperature by using a spectrophotometer. Ascorbic was used as the
positive control at the concentrations of the tested compounds. Percentage inhibitions of compounds (3-
27) and that of ascorbic acid were calculated by using the following formula:

DPPH inhibition effect (%) = ((Ac-As)/Ac) *100
Ac=Absorbance reading of the control
As=Absorbance reading of the sample

In silico studies Ligand preparation Molecular docking studies were performed with Small Drug
Discovery Suites package (Schrodinger 2020-3, LLC). Two dimensional structures of the synthesized
compounds were sketched, and then converted into 3D structures by using the LigPrep module in
maestro 12.5. To prepare ligands for the docking process, the ligands were set to the physiological pH
and by using the OPLS-2005 force field performed energy minimization. The epik option was used for
keeping the ligand in the correct protonation state.

Protein processing and binding site identification

The 3D crystal structures of the (3-27) enzyme were obtained from RCSB Protein Data Bank (PDB ID:
3pp0). The 3D crystal structure was repaired and prepared via protein preparation wizard in maestro
12.5. All water molecules were initially removed from the crystal structure. Bond orders and charges
were assigned, and then all missing hydrogen atoms were added to the protein structure. Amino acids
were ionized by setting physiological pH byPropka software. Finally, the restrained minimization step
has also been performed by using the OPLC force field. This minimized structure was the best structure
to utilize for molecular docking. After protein potential preparation, top-ranked protein binding sites
were identified to determine the most suitable binding site of proteins by using the glide grid tool of
maestro 12.5.

Results and discussion

The series of the reactions that were carried out to prepare the new chloro azetidine-2one,1,3-
diazetiden-2-one,and 1,3diazetidne 2- thione quinazoline derivative -4(3H)-one displayed in Scheme 1.

The FTIR spectrum for compound (1) indicated characteristic broad absorption bands at v(3600-
3240)cm-1duetov(OH),(3396)cm-1forv (N-H),(3001)cm-1dueto v(C-H) aromatic, and two bands that
appeared at (1710) cm-1 and (1685) cmlbelonged to v(C=0 acid) and v(C=0 amide), respectively,
also, at (1544,1496) cm-1 for v(C=C) aromatic. Compound(2) was prepared by cyclization reaction of
compound (1) in the presences of anhydride. Disappearing bands of carbonyl group of amid NH group
of compound (1) in the FTIR spectrum of compound (2) was a good evidence for the formation of this
compound (2). Conversion of compound (2)into 2-phenyl-3-amino-quinazoline-4(3H)one compound
(3) was performed in the presences of hydrazine hydrate. The FTIR spectrum of this compound showed
astrong absorption band at (asys. 3438 and sym. 3309) cm-1 for (NH2) group and (3039) cm-1
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due to v(C-H) aromatic, (1660) cm-1for stretching band due to (C=0 amide). While|H-NMR spectrum
of compound (3) is depicted in Table 5,13C-NMR spectrum data of this compound (3) demonstrated in
Table 5, it was subjected to condensation reaction with para-substituted aromatic aldehydes to form
Schiffbases derivatives (4-9). The FTIR spectra of these compounds showed absorption bands at-1635-
1650) cm-1 due to v (C=N). 1H-NMR spectrum of compound (7) was shown in Table 5. 13C-NMR
spectra data of these compounds (7 and 8) were listed in Table 5. Schiff base derivatives (4-9) were
subjected to cyclization reaction with different reagents (chloro acetyl chloride, phenyl isocyanate and
phenyliso thio cyanate) to form 4-oxoazetidin derivatives (10-15),4-oxo0-1,3-diazetidin derivatives (16
21) and 4- thioxo-1,3-diazetidin derivatives (22-27), respectively.

H ﬂ C{E‘\H acetic anhydride . i
O oo 25 c. (1 o S g
(2)

1)

MH,NH,
DMF

5-"‘%
( T
glacuﬂ acetic acid N‘ﬂl\rh

cl (ﬂl\ . e T

=

ﬂ \?,?- ,-f ] :
A N . . :
.""ﬁaﬂ':::LﬁP‘h

{10-15)
(16-21) (22- I7)

G=-NO;, C1, -H, -N{CH,);, -OCH,, -OH

SCHEME 1 Synthesis of compounds (10-27)

The FTIR spectra (Table 3) of 4-oxoazetidin derivatives (10-15) revealed new bands at (1658-1701)
cm-1 owing to (C=0 lactam ring). |[H-NMR spectra were depicted in Table 6; 13C-NMR spectra data of
these compounds (13 and 15)was listed in Table 5. presented in Table 6; 13C-NMR spectra data of these
compounds (19,20) was listed in Table 5.

The FTIR spectra of 4-oxo0-1,3-diazetidin derivatives (16-21) illustrated bands at (1668-1699) cm-1 for
(C=0 lactam). 1H-NMR spectra of compounds (19, 20) were The FTIR spectra (Table 3) of 4-thioxo-
1,3diazetidin derivatives (22-27) showed new bands at (1438-1477) cm-1 for (C=S) group. IH-NMR
spectra of compounds (22-27) were illustrated in Table 6. 13C-NMR spectra data of these compounds
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(19,20) was listed in Table 5.

The FTIR spectra (Table 3) of 4-thioxo-1,3diazetidin derivatives (22-27) showed new bands at (1438-
1477) cm-1 for (C=S) group. 1H-NMR spectra of compounds (22-27) were illustrated in Table 6. 13C-
NMR spectra data of these compounds (22 and 27) was listed in Table 4.

TABLE 4 FTIR spectral data cm- of compounds [10-27)
Major FTIR Absorption cm-1

1o

11

12

13

14

15

1

17

18

Structures

? 3

e -..N_-
x,ﬁxﬁx"

LN
™
N'oL"H
ol
[.-‘ *-\.N.-"
b
H-CH,
Hytt
o Cl
B !

g
6 8o

w([C-H)
Arom.

anol

ales

ana9

alas

a0sh

al64

atal

3055

alha

v(C=0)

16749
lactam
16449
quinazoline

1683
lactam
16449
guinazoline

1680
lactam
1651
quinazoline

1683
Lactam
1651

guinazoline

1683
lactam
1652
quinazoline

1680
Lactam
1650
quinazoline

1686
lactam
1650
quinazoline

1683
lactam
1654
quinazoline

1684
lactam
16449
guinazoline

w[C=C)
Arom.

1573
1475

1556
1475

1558
1477

1591
1477

1577
1482

1554
1475

15349
1442

1577
1450

1577
1442

Other bands

v (MOz)
asym. 1573
sym. 1342

tip-positionB02
v [C-Cl1) 923

w [C-Cl) 923
op-position
761

w(C-cl) 923

ip-positionB0G
W [C-C1) 923

ip-positionB&h
v [C-C1) 921

v[OH] 3433
v [C-Cl) 921
ip-positionB831

v (MOz)
asym. 1539
and sym. 1317
iip-positionB27

v [C-Cl) 1014
ip-position 825
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19

20

21

22

23

24

25

26

3047

3001

3062

3054

3058

a050

A065

3055

1679
Lactarm
1653

quinazoline

1679
lactaim
La50
quinazelineg

180
lactam
La50
quinazelineg

180
Lactar
1652
quinazoline

16483
Lactarm
1652
quinazoline

1643
Lactarm
La50
quinazoline

1685
Lactar
La50
quinazelineg

1643
Lactarm
1654
quinazelineg

1565
1445

1573
1475

1583
1444

1575
1448

1591
1494

15HY
1413

15491
1494

1591
1492

wlaliph. CH)
29R1, 2ah4
Gp-positiond 15

Ap-position B2

vOH] 3463
fp-position 827
viC-0)1278

WwC=5) 1448,
W HOz)
asyim. 15149
sym. 1338

fp-positiond3 1

w(C=5) 1450

fp-positiond 5
v [C-C1) 1091

w[C=5) 1452

wC=5)14H4
fp-positiond 15

wC=5] 1448
fp-position Bile
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Yy
I S
N
27 @ N 3029
NA\PII

OH

1683
Lactam
1654
quinazoline

1556
1477

v(OH) 3444
v(C=5) 1413
dp-position825

TABLE 5 'H-NMRand W C-NMR spectral data (Bppm) compounds (3, 7, 8, 13, 15, 19, 20, 22, and

23)
Compound

=]

13

15

IH-NMRspectral data (5ppm)

3.37(s,2H,NH2);
7.21-8.73(m,9H Ar-H)

3.47(s,6H,N-(CHs)2; 6.67(s,1H,-
N=CH- };B.32-B.60 (m,13H, Ar-
Hj;

3.38 (s, 3H, OCHy); 7.35(s, 1H, -
N=CH-).
7.37-8.58 (m, 13H, Ar-H);

2.98(d,1H,CH-CI
azetidine ring };
3.04 [5,6H,M[CHz)z):3.35
(s,1H, CH diazetidin ring),
:6.75-8.62 (m,13H,Ar-H).

2.88(d,1H,CH-CI azetidin
ring);3.36(5,1H,CH di
azetidine ring };
6.85-8.8 (m,13H.Ar-H),
10.34 (S,1H,0H).

13C-NMRspectraldata
[6ppm])

117.41 (C10); 120.31 [C2);
127.39 (C4); 128.27 (C8);
128.53 (C7); 129.48 (C9);
130.49 (C1); 146.72 (C3);
156.86 (C6); 167.78 (C5).

40.50 (C16); 121.27 - 139.74
(C3,C4,C7.C12); 127.48-129.21
(C1,C2,C8, 09, C10,C13); 150.57
(C15);152.18(C6, C11); 164.96

(C5).

40.06 (C16); 120.90-129.50
(C1,C2,C8,C9,010,013);132.16-
140.37 (C3,C4,C7,C12); 143.81
(C15); 151.47 (C6,C11); 165.38
(C5).

43.01(C18);63.11(C12):65.31
{C13); 150.55-121.61(C1,
C2,C3,04,C7,C8,09,010,C14,C15
C16,C17);
152.19 [C6); 164.91({C5)
1168.91 (C11).

60 (C12);70{C13); 128.11-
116.24
(€1,02,C3,04,C7,C8,09,C10,C14,
C15,C16,C17);
153.61(C6);165.16
(C5):169.99(C11).

Eurasian Chemical Communications (ECC) (Volume- 07, Issue - 02, May- August 2025)

Page No. 11



ISSN 2676 - 6280

40.59(C21); 60.56(C16);
C12(60);140.19-121.61

3.38(s,6H,2CHs); 4.14(s,1H,CHdi
(5,6H,2CH,); 4.14(s, IH.CHAI (C1,C2,03,04,07,08,09,

19 “ZEt‘d;:‘fi’;ﬁgif'ﬁE'ﬂﬂ £10,013,C14,015,C17,
(m,17H,Ar-H). C18,C19,C20);154.01(C6);1616
0.29(C5);164.92 [C11).
52.42(C21);60.55(C16);140.35-
118.6
20 3'35{5';]'253;‘5 i'niﬁxls]'-m CH (crezcacecrcecociocz,
6.98.5.59 mlEHErI-H £13,014,C15,C17,C18,
98-8.59 (m,18H Ar-H). €19,020);154(C6);164.92(C5),
o 165.38(C11).
LR
P
o j/“% 67.16(C16);140.79-121.07
7y
o &_ [ ) (C1,c2
- L =£= i 3.37(s,1H, CH di azetidine £3,04,C7,C8,09,C10,C12,C13,C1
T 8 ring);7.14-8.56(m,18H,Ar-H). 4,015,017,C18,019,
e 'f“’\i'”‘j C20);148.47 (C6);165.7
e (C11); 165.0B(C5).
L
C'll

Q LL}
1{: . Ijﬂ 65.31(C16);139.78-120.97

(C1,C2,C3,C04,C7,C8,C9,

- A VLNJE{P B 3.36(s,1H,CHdiazetidine C10,C12,C13,014,C15,
g ring);7.15-8.72 (m,18H Ar-H). C17,C18,C19,020);148.13
e 24, (C6);165.5(C5);166.93
L [ci1).
-

Antioxidant activity

Antioxidants can stop the oxidative stress by binding with free radicals and neutralizing their harmful
effects through several chemical mechanisms created by natural active [26]. Oxidative degradation of
organic materials, including biological molecules such as lipids, proteins, foods, and cosmetics, like any
other radical chain reaction, autoxidation is composed of three steps: initiation, propagation, and
termination [27].

DPPH scavenging activity

All the compounds (3-27) and starting 2phenyl-3-amino-quinazoline-4(3H)-one showed comparable
or slight less activity than the standard (ascorbic acid). It was predestined by DPPH (2,2- diphenyl-
Ipicrylhydrazyl) assay method at various concentrations (50,100, and 150 pg/mL). The result
depending on the reaction characterized by a change in its deep violet color (DPPH) or Decolourization
is stoichiometric concerning several captured electrons. Compounds (3-27) exhibited the best results
among all compounds. Some compounds (4, 11, 17, and 22) bearing a nitro group (electron-
withdrawing group) at a para-position showed high antioxidant activity when compared with some
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compounds (8, 14, 20, and 26) that have methoxylgroup (electron-donating group).

Compounds (5, 11, 17, and 23) substituted with halogen groups-Cl (electronwithdrawing group)
exhibits a good antioxidant activity. These Compounds (6, 8, 12, 14, and 20) appear to be the antioxidant
activity that is decreased. These compounds possessed good reducing power ability at a concentration
of (150 pg/mL) among other compounds and exhibited close or higher antioxidant activity than the
standard solution (ascorbic acid). Figure 1 displays the DPPH scavenging activity of the newly
synthesized compound, as shown in Table 7.

100.00%
S0.00%
B80.00%
70.00%

E0.00%
B 150mg
50.00%
H 100 mg
40.00%
50 mg
30.00%
20.00%
10.00% I I I
0.00%

9 11 13 15 17 18 21 23 25 27

FIGURE 1 DPPH scavenging activity of the newly synthesized compound

Total antioxidant capacity

The total antioxidant capacity of the synthesized compounds was evaluated by the
phosphomolybdenum method. A different concentrations (50, 100, and150 mg/mL) of an aliquot
compound solutions was combined with (1 mL) of reagent (0.6 M) sulfuric acid, (28 mM) sodium
phosphate, and (4 mM) ammonium molybdate. All containing the reaction solution for the tested
compounds were capped and incubated at 95 °C for 90 min. Next, the tubes were cooled to room
temperature, and then the absorbance of each tube was measured by using a spectrophotometer at 695
nm against blank. The total antioxidant activity is expressed as the number of grams equivalent to
ascorbic acid. Different concentrations (10, 20, 30, 50, 70, 90, 120, 180, and 200 pg/mL) of ascorbic
acid with DW where it is used to plot the calibration curve,as depicted in Figure 2.
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FIGURE 2 Total antioxidant capacity for compound

Molecular docking studies [28]

Ligand docking was performed for the prediction of the best poses and binding energies of ligands at
binding sites identified by glide grid tool on the receptor. All ligands were initially docked on the
receptors by using Glide docking module in Maestro 12.5. Briefly, grid box was generated around the
selected co-crystalized ligand at the binding site by using the receptor grid generation platform. Then
rigid receptor docking simulations were performed by the extra precision options in maestro 12.5. both
visualizing poses and results analyses were performed by using maestro 12.5 space visualizer, as
illustrated in Figure 2.

TABLE 6 The molecular docking of compounds (1-22)
Types of Types of Docking Glide

Compound residues interaction score Energy Glidermsd Glideposenum
2 Hydrophobic  -7.63096 -50.3906 32.8306 2
3 MET 801 Hydrophobic  -7.61815 -47.646  33.48688 4
4 Hydrophobic =~ -7.35403 -34.7349  34.87986 3
5 ASP 808 Hydrophobic  -7.18914 -45.9591 32.63256 10
6 Hydrophobic  -6.80809 -43.9367  33.45379 2
7 polar -5.85965 -38.1529  34.99858 1
8 LYS 753 polar -5.83351  -44.4437  33.14897 9
9 ARG 849  Charge positive -4.40299 -23.9661  34.99762 3
10 Charge positive, - 5 74401 412674 3318349 2

negative
ARG 849 H-bond
11 ARG 811 Pi-cation -2.61187 -41.8032  34.10098 28
SER728 Halogen bond
12 ASP 863 Hydrophobic  -2.02553 -34.5091  33.28576 9
13 e Charge negative -1.94687 -34.3469 33.50194 7
14 Glycin Charge negative -1.93338 -33.672 33.25601 24
15 SER 728 H-bond -1.88123  -36.547 32.80697 1
16 -1.74724  -39.0748  33.46274 3
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The best result was related to compounds (1, 2, 3, and 4) for docking score ranging from [(-7.630)-(-
7.189)] and RMSD score ranging from (32.8306- 32.7587), as indicated in Figure 3.

The compounds (5, 6, 7, and 8) for docking scores range from ranging from [(-6.80809)(-4.402)] and
RMSD score ranging from (33.45379-34.99762) as showed in Figure 3. On other hand, the lowest
results for compounds (9-22) for docking score ranging from [(-2.744)-(0.338)] and RMSD score
ranging from (33.18349-32.7587), as demonstrated in Figure 3.

The docking was perfect for compounds (1-4).the best interaction was with the target protein for
compound (2). The type of residues was (MET) at (801) where a type of interaction was (hydrophobic).
This combination gives the best grove pose and affinity for the protein, this situation was shown in less
form for the compounds (5-8) as the residue (LYS) at (753), (ARG) at (849), and type of interaction was

(polar).

The situation was less appropriate for compounds (5-8) because this compound have lower interaction
with the target protein. For compound (6), the types of residues and the type of interaction (polar). This
combination gives the lower grove pose and affinity for the protein. Finally, the worst result was for
compounds (9-22). This gives less interaction with the target protein, this may be for the reasonthat the
residues and interaction were very weak as it has (CYS) at position (805) with (Hbond) interaction, this
gives a low affinity and makes interaction as nearly impossible. According to this results we can state
that this value can give a good prediction for the protein-compound interaction, this prediction will
consume less time and our results show the best compound is can be used for laboratory experiment and
gives us the desired effect without using any form of compounds (9-22) that will consume our efforts.

Conclusion

Various derivatives of new B-lactam were synthesized from Schiff bases derivatives and different
reagents (chloro acetyl chloride, phenyl isocyanate, and phenyl isothiocyanate). These derivatives were
identified with FT-IR, IHNMR, 13CNMR, and physical properties. All synthesized derivatives were
studied in-vitro antioxidant activity. The results revealed a good biological property. We used molecular
docking and chemical synthesis to study the structure activity relationships of compounds as inhibitors
for TEM-class Blactamase.

In the last study [29],new B-lactams were synthesized from N-carbazole derivatives. Physical and
chemical properties and identified for all synthesized compounds of (tetra hydro carbazole and N-
carbazole) derivatives and they studied in-vitro antioxidant activity for compounds. The results showed
that a test had been a good ant-biological activity. In this study, we evaluated synthesized, molecular
characterized, docking, and of some new chloro azetidine-2-one and diazepine-2-one derivatives from
2-phenyl-3amino-quinazoline-4(3H)-one in addition to newly application for this group from organic
compounds.
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Electrocatalytic hydrogenation of azobenzene
and nitrocyclohexane with dispersed cooper microparticles
into poly (pyrrole - alkylammonium) films

Tahar Melki* [Maroua Iméne Benamrani |Ahmed Zouaoui

ABSTRACT

(This paper presents the results of the electrocatalytic hydrogenation of azobenzene and |
nitrocyclohexane on carbon felt cathodes modified by poly(pyrrole-alkylammonium) films and
containing dispersed metallic copper microparticles in a hydroorganic medium at neutral and basic
pH. The effect of the polymers’ structures, the cathode nature, and the effect of synthesis methods on
the electrocatalytic activity of the electrodes have been examined, as well. The obtained products were
identified by gas chromatography in comparison with authentic ones. It is found that azobenzene leads
to aniline, while nitrocyclohexane to cyclohexanone oxime. Indeed, these cathodes allow the
hydrogenation of the substrates at potentials between -1 and -1.2 V/SCE in basic medium and between
-0.65 and 0.85 V/SCE in neutral medium, lower as compared with their reduction potentials. It is
indicated that the best chemical and electrical yields are obtained in a basic medium and the chemical
yields of the formed products increase with the amount of copper inserted, while the length of the
alkylammonium chain has no remarkable influence on yields. It has been demonstrated that these
cathodes have a good electrocatalytic activity despite the very small amount of copper inserted into the
polymer film.

KEYWORDS Electrocatalytic hydrogenation; modified poly(pyrrole-alkylammonium); nitro-

compounds.
\. y,

INTRODUCTION

The initial investigation on electrocatalytic hydrogenation goes back at the beginning of the 20th
century [1-3]. This was forgotten for sometimes due to the low activity of the utilized cathodes, often
made of bulk transition metals. Electrocatalytic hydrogenation can be likened to the conventional
catalytic hydrogenation. However, this method has important advantages:

* The use of hydrogen generated in siturather than from an external source; its production can therefore
be controlled by adjusting the potential or the current density; place

* The electrocatalytic hydrogenation can take at lower pressures and temperatures because hydrogen is
generated in an already activated form;

* In comparison with the conventional electroreduction techniques, electrocatalytic hydrogenation

makes it possible to achieve reductions at less negative potentials, which makes it possible to orient the
reduction differently, to decline energy consumption, and to avoid the formation of by-products [4].
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Due to its low cost, catalytic activity and interesting selectivity, nickel has been used in the
electrocatalytic hydrogenation of organic compounds, either in the form of electrodeposited nickel on
various conductive substrates or in the form of Raney nickel [5-8]. On the other hand, the use of copper
in electrocatalytic hydrogenation remains limited to a few experiments carried out with electrodes
based on Devarda copper [9-10] or polycrystalline copper [11-12]. In the meanwhile, nitrobenzene,
phenylhydroxylamine, azoxybenzene, azobenzene, and hydrazobenzene have been reduced to aniline.
In addition, the Devarda copper cathode allows to reduce nitro aliphatic compounds, such as
nitrocyclohexane into cyclohexylamine [9]. Other electrodes have further been used for the
electrocatalytic reduction of nitroarenes and nitrocyclohexane [ 13-18]. Recently, cyclohexanone oxime
has been synthesized by liquid phase hydrogenation of nitricyclohexane using a bimetallic catalyst [ 19].
Likewise, the recent development electrodes for the degradation of dyes [20-22], the electrochemical of
CO2 [23], as an sensor [24-25] and photoacoustic response of organic compounds is of high
significance [26-27].

The dispersion of microparticles in conductive polymer films provides effective cathodes for the
electrocatalytic hydrogenation of organic compounds due to the formation of chemisorbed (active)
hydrogen on the surface of the electrode. The initial electrodes modified by polymer films containing
noble metal particles for the electrocatalytic hydrogenation of organic compounds were developed in
France at the laboratory of organic electrochemistry and redox photochemistry [28]. It has been shown
that the incorporation of particles of noble metals and transition metals in films of poly (pyrrole-
viologen) and polypyrrole alkylammonium, makes it possible to manufacture modified electrodes
effective for the electrocatalytic hydrogenation of a number of organic functions in hydroorganic
medium (water-alcohol) [28-32].

In this work, the electrocatalytic activity of carbon felt cathodes were studied which were modified by a
film of polypyrrole alkylammonium containing dispersed copper microparticles for the hydrogenation
of azobenzene and nitrocylohexane in environment of water-ethanol at neutral and basic pH. The length
of the carbon chain of polypyrrole substituted by alkylammonium with 3 carbons (polyl) and 12
carbons (poly2) and the method of copper insertion by exchange-reduction as well as the direct
reduction were investigated.

Experimental

Instrumentation

The electrochemical equipment consisted of an EGG PAR 273 potentiostat/galvanostat. The reference
electrode was either the system Ag/Ag+ 10-2 M consisting of a silver wire immersed in a solution of 10-
2MAgNO3 in 0.1 M acetonitrile in TEAP for the study in acetonitrile, or a saturated calomel electrode
with KCI(SCE), Tacussel C10, equipped with an electrolytic bridge.

Chemicals

The used reagents, electrolytes, and solvents were commercial products used without prior purification.
The monomers (3-pyrrol-lylpropyl) triethylammonium [33], denoted 1, and (11-pyrrol-1-yldodecyl)

triethylammonium [34-35], denoted as 2, were synthesized at the Department of Molecular Chemistry,
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University Joseph Fourier Grenoble (France).
Electrodes elaboration

The preparation of the modified electrodes for the preparative electrolysis is carried out in a Metrohm
cell of 50 ml volume without barriers, where the auxiliary electrode is a cylindrical platinum grid placed
around the working electrode. The latter having the dimension 2512014 mm3 were carbon felts (RVC
2000, 65 mg cm-3, Le Carbone, Lorraine) with an active electrochemical surface area of 42.5 cm?2 per
cm3 of felt[36]. These were modified by polymer films containing copper microparticles.

After depositing the polymer film by electrochemical oxidation of the monomer at 0.9 V in 0.1 M
acetonitrile medium in TEAP on the carbon electrode, the incorporation of metallic copper particles into
poly1 and poly?2 films was carried out according to two manners, as given in the schematic diagram of
Figure 1. The first manner consists of a simple immersion of the modified electrode in an aqueous
solution of CuSO4 and Na2C204. Then, the anions (Cu(Ox)2)2- exchange with the counter ions CI-
initially present in the film, and thus an electrochemical reduction at the potential of -0.5 V/SCE in an
aqueous medium makes it possible to precipitate the metallic copper in the polymer film (Way A). The
second manner consists of a direct electrochemical reduction of the modified electrode in an aqueous
solution of CuSO4 and Na2C204, without going through independent ion exchange step (Way B).

= e T+ .
o N(CH)y -NY(CoH);-BE,

Orxadation on carbon felt clectrode
mCH,.OCN =01 MTEAP
E=0385V/SCE

C/Poly(N", (BF,))

Electrochemical reduction in lmmersioa in
CuSOy + NayC10y + NasSO, CoSOy = NaxC-0y

-
L]

i
v

CPoly(N", (CW0,)s )

C/Poly(N", S04 Cu)
Electrochenncal reduction

Way A Way B

F &

Repeated oycles

CIPohIN™, S0, Cu)

FIGURE 1 Schematic diagram of the two ways of preparing the electrode C/PolyN+-Cu. Way A:
Direct electrochemical reduction; Way B: Reduction after an exchange procedure

The characterization of polymer-metal composites has already been presented in details in previous
work. This technique makes it possible to insert the metal in the form of microparticles dispersed
uniformly in the polymer film. The amount of introduced not exceeding a few micrograms [28-32,37].
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Electrocatalysis

The electrolysis of azobenzene and nitrocyclohexane were carried out according to the experimental
conditions described by Lessard et al. [10-11]. These were carried out in a three-compartment H-shaped
cell. The modified carbon felt electrodes were placed in the cathode compartment containing 40 ml of
the electrolyte. The potential was maintained between -1.0 and -1.2 V/SCE in basic solutions, and
between -0.85 and -0.65 V/SCE in neutral ones. After 30 minutes of (hydrogen evolution), 1 mM of
substrate was introduced into the cathode compartment. The electrolyzes were stopped after the current
fell to a few mA. The end products were extracted with diethyl ether. Their identification was based on
gas — chromatography (GC) in comparison with authentic samples and confirmed by GC — mass
spectrometry experiments.

Chromatography analysis

The qualitative and quantitative analyzes of the electroreduction products were carried out using a
Shimadzu GC-14A chromatograph equipped with a flame ionization detector and connected to a Merck
D 2000 recorderintegrator. The doses were thereafter performed by comparison with authentic samples.
The column (diameter 2 mm, length 3m) was filled with the phase SE 30 phase at 10% on Chromosorb
W washed with acids (45/60 mesh) and sieved at 0.1 mm.

Results and discussion

Electrocatalytic hydrogenation of azobenzene During the nitrobenzene reduction to aniline, Zouaoui et
al. [31] have reported the formation of azobenzene with variable yields depended on the utilized
electrode and the medium pH.

With the electrodes prepared by incorporation of copper microparticles in films of poly1 or poly2, the
chemical yields of azobenzene are very low due to the high catalytic activity of these cathodes, which
allows the preferential reduction of nitrobenzene to aniline. On the other hand, on the electrodes of felt
ofbare carbon or modified by the copper deposit, the chemical yields of azobenzene are relatively high.

According to the literature, the reduction to 4 electrons of azobenzene should lead to aniline,

hydrazobenzene being formed (Figure 2) [38]. The intermediate product of this reduction is
hydrazobenzene and a side product is benzidine. We are therefore interested in the reduction of this
compound on carbon felt cathodes modified by polyl or poly2 films and containing copper
microparticles and on bare carbon felt electrodes. The results are presented in Table 1.

-

( \\j

| . 1|| +2¢ [ J
NN z/ /// ] \ _ ~ /

azobenzene E hydrazobenzene

2H
S ~NH; f )
g 2¢ P /\+/ \J
+
: [ -~ = W ] N
S
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aniline ~

FIGURE 2 Schematic diagram of azobenzene reduction
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should be noted that the cyclohexanone oxime is obtained by tautomerization of nitrocyclohexane. The
most significant results obtained on the reduction of nitrocyclohexane on carbon felt cathodes modified
by poly1 and poly?2 films containing copper microparticles and on copper plates are presented in Table 2

i
N< NO N.
e -~
O mte2e 7 ToH
re—— i~
-H,(}
nitrocyclohexane cyclohexanone oxime
2H 2 4" 42¢
NHOH N NH;
~" M 2e ™
—b
e
hydroxycyelohexylamine cyclohexylamine

FIGURE 3 Schematic diagram of nitrocyclohexane reduction

The reduction current of nitrocyclohexane is lower than that of nitrobenzene, even at more negative
potentials (- 1.1 V/SCE in basic medium and - 0.9 V/SCE in neutral one). The oxime has been the
product essentially which was formed, with often quantitative chemical yields (100%, input 1). In some
cases, small amounts of amine were formed (inputs 2 to 6). The non-indentified by-products were
further detected by gas — chromatography (inputs 5 and 6), nevertheless, hydroxylamine was not
detected.

In view of the reported results in Table 2, there is no significant difference in the catalytic activity
between the different electrodes, whatever the polymer (poly!1 or poly2) and the incorporation manner
(ion exchange-reduction or direct reduction). It is worth noting that the highest reduction currents were
obtained, in the basic medium (input 3) and in the neutral one (input 5), with the electrodes prepared by
direct electroprecipitation of a large quantity of copper (4 Coulombs). However, the largest amounts of
cyclohexylamine (11% and 13%; inputs 2 and 4) were obtained with electrodes prepared by the ion-
reduction exchange procedure. This result reveals that this manner leads to electrodes whose catalytic
activity is significantly better, probably due to a more homogeneous dispersion of copper microparticles
in the polymer.

The reduction of nitrocyclohexane in a basic electrolyte to the corresponding oxime on the copper plates
is quite effective (input 6), however, this requires the application of a much more negative potential (-
1.5 V/SCE instead of - 1.2 V/SCE) and the resulting amount of formed amine is low (4%). In this case,
the electrocatalytic activity of copper microparticles as dispersed in the films of polyl and poly2 is
further greater than that of copper plates. These cathodes are, however, less efficient than those based on
copper from Devarda, which led to reduce nitrocyclohexane to cyclohexylamine with good chemical
and electrical yields [9].
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TABLE 1 Azobenzene electrocatalytic hydrogenation
Chemical Electrical

-
g- Cathode Medium 3 Lo i e efficiency®(% efficiency(%
£ (V/sCE) (ma)  (ma) () eleneC6) - efclenai6)
C/Poly1
1 [1,5x10’5m01}c-Cu Basic -1 25 1,2 200 36 72
(4 exchanges)
C/Poly1
2 (1,2x10-5mol)"-Cu Basic -1 16 4 430 19 17
(1 exchange)
C/Poly2
3 (1,1x10-mol)*-Cu Basic -1 100 2,0 245 24 38
(4 exchanges)
C/Poly1
4 [0,6x10-5mol}“-Cu Neutral -0.65 13 1,8 210 19 36
(1 exchange)
C/Poly2
5 (2,2x10-5mol)"-Cu Neutral -0.65 65 3 240 35 58
(4 exchanges)
6 Carboned Basic -1 14 5,8 336 e e
Carbone® Neutral -0.65 25 1 195 21 41

In basic electrolytes (Eapp = - 1 V/SCE) and in neutral electrolytes (Eapp = - 0.65 V/SCE), the
electrolysis was stopped after the exchange of about 4 electrons, or after the current dropping to a few
mA. Load charges varied between 200 to 430 F, corresponding to approximately 2 to 4 electrons per
azobenzene molecule. The only product has been aniline with fairly good chemical and electrical yields
(inputs 1 and 5). Hydrazobenzene was never detected at the end of the reactions.

For the same polymer, the amount of incorporated copper had a significant effect on the electrocatalytic
activity of the cathodes. In fact, on an electrode prepared with 4 incorporations of copper in polyl, the
chemical yield of aniline is clearly greater (36%, input 1) than with a cathode prepared with a single
incorporation (19%, input 2). Furthermore, the amount polymer on carbon felt had an important
influence on the activity of these cathodes. The comparison between the results of inputs 1 to 5
illustrates that the production of aniline is greater in cases of thicker polymer films. This result is not
surprising, since more copper particles are incorporated as the polymer film thickness is increased.

It is worth noting that the reduction of azobenzene on bare carbon felt does not take place at -1 V/SCE in
a basic medium (input 6). On the other hand, in a neutral medium and at Eapp =- 0.65 V/SCE, aniline is
formed, with a chemical yield (21%, input 7), which markedly lower than that obtained with
carbon/polymer-copper cathodes under the best conditions (35%, input 5). Finally, it had been indicated
that the reduction of azobenzene on a polycrystalline copper electrode leads only to hydrazobenzene
[11]. All of these results once again illustrate the good electrocatalytic activity of these cathodes
prepared by the dispersion of copper microparticles in polymer films.

Electrocatalytic nitrocyclohexane of hydrogenation

In comparison with that of nitroaromatic compounds, the electrochemical reduction of nitroaliphatics to
their corresponding amines is more difficult. The intermediate reactions formed during the reduction
process such as oxime and hydroxylamine are more stable. The reaction mechanisms of their
electrochemical reduction, taking nitrocyclohexane as an example, is depicted in Figure 3 [9, 39]. It
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TABLE 2 Nitrocyclohexane electrocatalytic hydrogenation

Chemical
M Cathode Mediu E Io Load efficiency*(%)
= m  (yScE) (ma) V(g
) - NH
O=nNoH {O-NH;
C/Poly1
1 (1,2x10-°mol) ©dCu Basic -1,1 6 1,5 1808 100
(1 exchange)
C/Poly2
2 (2,2x10-5mol) “4Cu Basic -1,2 9 1,8 320 89 11
(4 exchanges)
C/Poly1
3 (4,2x10-5mol) ¢ -Cu Basic -1,2 12 10 300 95 5
(2x10-°mol)
C/Poly2
4 (2,2x10-mol) &4 -Cu Neutral -0,9 19 1,6 430 87 13
(4 exchanges)
C/Polyl
5 (4,2x10-mol) 4 /Cu Neutral  -0,85 30 2 430 82 6
(2x10-5mole)
6 Copper Platef Basic -1,5 25 25 600 90 4
Conclusion

This study allowed us to study the electrocatalytic activity of the modified electrodes (carbon
felt/polypyrrolealkyammonium-copper) vis-a-vis the hydrogenation of azobenzene and
nitrocyclohexane in water-ethanol medium at neutral and basic pH. Aniline and oxime were obtained in
quantitative yields. It is important to note that, despite the very low amounts of copper contained in the
polymer films, these cathodes are effective for the electrocatalytic reduction of nitrates. The amount of
the metal incorporated has a great influence on the electrocatalytic activity of these modified electrodes,
as demonstrated by reduction studies of azobenzene. However, we did not observe an influence of the
nature of the polymer and of the incorporation manner (ion exchange-reduction or direct reduction of
copper complexes) on the activity of these cathodes. Finally, although they are less efficient than the
copper-based ones from Devarda, these modified electrodes are more active than the polycrystalline
electrodes.

To sum up, in the case of nitrocyclohexane, the best result is obtained with the electrode modified with
polyl containing copper particles inserted by the exchange-reduction method in a basic medium.
Electrocatalytic hydrogenation is selective and results only in cyclohexanone oxime with a chemical

yield of 100%.

Finally, the results obtained clearly reveal that the electrocatalytic hydrogenation of the studied nitro
proves to be selective.
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ABSTRACT

4 '

The inhibitive effect of garlic extract on copper alloy corrosion in HNO3 acid solutions were studied
by using weight loss methods. According to the findings, the extract was effective and very good

inhibitors in the acidic media. In this study, the  temperature influence was investigated on the
efficacy in which there is (no) extract, and finally thermodynamic activation and adsorption
parameters were determined. The results of every method used in this study showed a good agreement,
We utilized the Langmuir adsorption isotherm to fit experimental data and the obtained adsorption
Gibb’s free energy values and signs indicated the spontaneous adsorption of inhibitor molecules on
copper surfaces by the mechanism of physical adsorption.

KEYWORDS Garlic extract; copper inhibition; weight loss; thermodynamic parameters; Langmuir.

INTRODUCTION

Corrosion naturally occurs affecting our life degradation to domestic gadgets and airplanes, distribution
systems public roads, automobiles, and bridges [ 1]. Its key cause in metals is their tendency for reaching
stable states. Many metal alloys are not stable and require interaction with the surrounding to obtain
minor energies by the formation of the metal complexes [2].

The corrosions of the copper and copper alloys happen oxides layers (patina) are formed. Yet, these
patinas degrade if exposed to polluted atmosphere [3]. Still, chemical inhibitor utilization like the
chromate, nitrate, carbonate, phosphate, silicate, and other toxic compounds as an inhibitor of corrosion
control confirmed their active inhibitors at relatively cheap costs, while these chemicals make
additional obstacles not offering solutions [4].

Plant extracts are interesting because the corrosion inhibitors for relatively longer periods appeared
from the data in review papers. In particular, natural inhibitors are particularly interesting as they seem
to be environmentally friendly, readily accessible, at low costs, with renewable supply sources [5—13].
The natural-happening substance includes many organic compounds which natural like ascorbic acid,
flavonoids, and pigments. Their extracts are nitrogen, compounds in sulfur and oxygen making them
active anti-corrosion inhibitors. In general, an inhibitor consists of heterogeneous atoms like (N, O, and
S) possessing electronic densities which suit acting as antidotes to corrosion. N, O, and S are the
adsorption active center on the metal after the inhibitor of the competences of P>S>N>0 [14].
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Garlic is vegetable with a bulb of the family Liliaceae and is commonly distributed worldwide and
China is the leader with about 81% of world. It is one of the significant preventive herbs, a spice, and a
well-trusted remedy in different epidemics like dysentery, typhoid, cholera, and influenza. It is aremedy
different ailment. Garlic has at least 100 sulphur-containing compounds basically to medicinal
applications. Allicin is 70 to 80 % of the total thiosulphinates in it. Its smell is slight and imperceptible
until peeled. Upon peeling, slicing or crushing, it at once spread intense smell with sulphur glycosides.
Several studies revealed that allicin is a significant garlic element responsible for its odours, flavor and
its biological features.

Although it is high medicinal and culinary values, garlic has anti-nutrition like flavonoids, saponins,
tannins, alkaloids, steroids, hydrocyanide, and anthocyanin. Flavonoids, saponins and tannin of the
garlic are in 0.04 to 0.36%, 0.14 to 19.0%, and 0.06 to 6.10%, respectively [15]. In this article, the new
environmentally friendly corrosion inhibitor effects (garlic extract) like corrosion inhibitors to copper
innitric acid solutions were studied by the methods of the weight loss.

Experimental
Materials

The utilized copper sheet has a purity of >99.% (supplied by Local Market in Iraq). This sheet cut the
samples (dimensions= 2 c¢cm diameter= 0.5 cm). It is also mechanically polished with grade emery
papers 220,400, and 600. In addition, it is washed exhaustively with distilled water, while washing with
ethanol and acetone to degrease it, and then it was stored in desiccator prior to their uses in corrosion
examinations.

Sample collection and preparation

Garlic was taken from Local Market in Iraq. Distilled water was used to clean and wash it, and then it
was dried at room temperatures and grounded to be powdered. Then, it was stored in the dark within
containers of glasses for additional used (50 g) of it. It was put after drying in 500 mL round bottomed
flasks with a 400 mL of 0.5M HNO3 and refluxed for 1 hour in boiling degrees. Next, it was left to cool
at room temperatures out of the light. The mixture was filtered with filter papers at various
concentrations (200, 250, 300, 350, and 400) ppm of stock solution

Quantification of all alkaloids, saponins, and flavonoids content in the garlic extracts

Garlic powder and quantification chemical compositions of all .alkaloids, saponins, and flavonoids
were made based on the standards (Fajemileh in Samuel Oladipo chemical compositions,
phytochemical, and mineral profiles of garlic (Allium sativum), 2018 [15].

TABLE 1 Percentage compositions of chemical compounds in garlic powders

Garlic Phytochemical Composition
Alkaloids mg/100g 421
Tannins mg/100g 3.54

Carotenoids mg/100g 0.64
Sappnine mg/100g 0.80
Flavonids mg/100g 5.56
Steroids mg/100g 0.04
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The weight loss approaches the easiest to study corrosion inhibitors because devices (except for the use
of the digital scale) are needed. This approach has the weight metal sample differences of the measured
pre- and post-exposing the corrosion media (with and without inhibitors). This work weighed copper
specimens completely immersing it in 0.5 M HNO3 solutions with no (control samples) and with the
garlic extract. In terms of specimens, they were circular copper foils (dimensions: 2 cm diameter and 0.2
cm thickness). We conducted these at various concentrations of garlic extract: (200, 250, 300, 350, and
400) ppm. All weight-loss calculations re-occurred three times followed by the comparison of the
results. The test lasted 2 hours in stirred settings at 25 °C (298 K) in the acid media by using a new fresh
solution in all experiments.

The inhibition competence (%IE), surface coverage values (8), and corrosion rates were measured as
follow:

%IE=[(CRo-CRi)/CRo0]*100% (1)
8=(CRo-CRi)/CRo (2)
CR(mdd)=(wo-wi)/Axt (3)

Where, wo and wi are copper weight losses in mg with and without inhibitors, respectively, (8),  is the
surface coverage of inhibitors; A in the outer layer areas of the copper specimens (in dm2), and t is
immersion times (in days)[16].

Results and discussion

Concentration and temperature influence The inhibition efficiency differences were resulted due to the
weight losses in other inhibitor concentrations in 0.5 M HNO3 at variable temperatures (298, 308, 318,
and 328K) appear in Table 2.

TABLE 2 Corrosion rates and inhibition efficiency values in two-hour immersions at various
temperatures for copper in 0.5M HNO3 with and without concentrations of garlic extracts

Temp.(K) Cinh.(ppm) CRmdd ] IE%
Blank 43.16 - -
200 20.22 0.53 53.00
208 250 13.68 0.68 68.29
300 11.8 0.72 72.60
350 7.43 0.82 82.90
400 5.21 0.87 87.90
Blank 47.37 - -
200 24.21 0.48 48.88
308 250 20 0.57 57.78
300 17.88 0.62 62.26
350 15.54 0.67 67.19
400 12.63 0.73 73.33
Blank 53.68 - -
200 36.84 0.31 31.37
318 250 28.42 0.47 47.06
300 24.96 0.53 53.50
350 21.34 0.60 60.23
400 17.89 0.66 66.77
Blank 70.53 - -
200 49.47 0.29 29.85
328 250 43.15 0.38 38.80
300 39.65 0.43 43.77
350 29.74 0.57 57.82
400 25.26 0.64 64.18
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Based on the results, the inhibition efficiency IE% increases when concentration of the inhibitors rises
and is declined by the reduction of temperatures at the same inhibitor concentrations, the inhibition
efficiency showed an inverse proportion to the temperatures in which highest efficiency reached 87.9%
at (298) K [18] because the adsorption amounts and the inhibitor molecule coverage on copper outer
layers rises with the inhibitor concentrations, so copper surfaces are professionally drifted from the
medium decrease in inhibition efficiencies with rise of temperatures suggesting adsorption
mechanism[17,18].

Copper corrosion activating energy:

The activating energy measurements are for the corrosion coppers in nitric acids with (without) no
garlic extract that are evaluated from Arrhenius Equation[19,20]:

—Ea

- 2.303RT + lﬂg A [4]

ng leorr

Where, (Ea) and (R) are the activating energy is the gas constant, respectively (8.314), while (A) refers
to the Arrhenius constant. According to Equation 4, plotting log (;,,,) versus = should appear linear as

we practically noticed line slopes giving ==, yet the line intercept extrapolateato 1 — 0 givinglnA
- T

By using alternative relationships (AH) and (AS):
() () +(59) - (29)

Hence, (h) is "planks constant"(6.626*10-34 J.S), (N) is "Avogadro's number" (6.022*1023 mol-1),
(In *‘%) VS. [é) can be drawn. Here, a straight line slope depicts its values (- %) and the intersections
reveal itvalues (n—+ %}, asindicated in Figure 1 and Table 3.

The rise of the Arhinius coefficient

becomes stable showing high reaction rates, yet activation energy reduction reveals the Arhinius
coefficient stability in a low reaction rates. The activating energy variations and the Arhinius coefficient
are clear in which reacting corrosion starts with sites showing low activating cards spreading to higher
activation energy sites [21].

So, adding inhibitors raises the energy barriers of copper corrosions in the solutions with chlorine ions,
while corrosions show and that the inhibitors postpone it. Also, temperature increase raises the
corrosion and then decreased the inhibition efficiency in which rises in inhibitor concentration increases
the densities of electrons in the adsorption centers of the molecules of the inhibitor improving the
inhibition efficiency [22].

Eurasian Chemical Communications (ECC) (Volume- 07, Issue - 02, May- August 2025) Page No. 31



ISSN 2676 - 6280

2 =
- °\v\.\‘
1.6 -
# blank 14 -
m200ppm & 12
w1
A 250 ppm S 08 |
* 300 ppm 0.6
* 350 ppm 0.4
® 400 ppm 0255
0 T T T T
3 3.05 31 3.15 3.2 3.25 3.3 3.35 3.4
1000/T

FIGURE 1 Log CR: Arrhenius plots vs. 1/T for the corrosions of copper in 0.5 M HNO3z with and
without concentrations of garlic extract
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FIGURE 2 Arrhenius of log (CR/T) plots 1/T for the copper corrosions in 0.5 M HNO; with
various concentrations of garlic extracts

TABLE 3 Activating energy’s (Ea), activating enthalpies (AHa), and the entropies of activations
(ASa) for the copper corrosions in 0.5 M with and with no inhibitor

Conc. (ppm) Ea(KJ.mol1) AHa (KJ. mol-1) -ASa (J.K-L.mol-1)
Blank 13 16 158,9
200 26 22.6 144
250 30.6 28 128
300 34.5 30 125
350 36.4 34 113
400 44 39 99.6
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The adsorption isotherm The surface coverage data is important in evaluating the inhibitor features and
it is valuable in the discussion of the adsorption features with the isotherm adsorption help as adding
inhibitor molecules on the surfaces in the metal interaction with them.

The examination of the outer coverage (@), of the operating electrode (copper) surfaces through the
inhibitors (garlic extract) and the concentrations of inhibitos’ solutions (c,,, are conducted fitting
different adsorption isotherms. The best was gotten with Langmuir isotherm given by the next equation
[23,24]

Cinp __ 1 )
a K gdc + Emh [6]

Where, k. is the equilibriu m constant of the adsorption/desorptionreflecting that theinhibitor
molecules are approaching the surface adsorption sites. The measured k,,. the Gibbs free energies of
adsorption were measured by [25].

ﬂGDadgz_RTgn [55.5Hud§] [?]

In which, R is gas constants, T is the absolute temperatures and the values (55.5) are the molar water
concentrations in mol/L, while the standard enthalpies of adsorption are measured by the van t Hoff
formula;

AH gds
In Kﬂdi‘ -

+ constant (8)

Plots of in Kads values vs. 1/T values showed the straight lines slope equal =%« The negative AH®
values revealed adsorption of garlic extract molecules as exothermic. Thes®  negative values with the
inhibitor are followed by exothermic adsorption processes. ase.. of inhibitions are measured from [26]
as in Equation 4:

— AH® 125 —AG g4

AS uads - T [9]

08
0.7 - X’Ti_)g,_x
0.6 /

298K o

308K 0.4 If/‘/‘

-]
318K o 0.3
H 328K 0.2
0.1
0 . . .
0 01 0.2C(g/L)0.3 0.4 0.5

FIGURE 3 Langmuirisotherm plots to the (garlic extract) adsorptions on coppers in 0.5 HNO;
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TABLE 4 Thermodynamic parameters for the adsorptions of garlic extract on copper in 0.5 M

HNO;
o . _ - -
; Kags(g1.L) -AG%qs(k].mol1)  -AH%jqs(k].mol1) AS%qs Ul-)K 1.mol
298 5.5 14.174
308 4.0 13.834
318 25 13.041 30 53
328 18 12.555

ac> values reached -20kJ/mol were considered as the electrostatic of the charged molecules interacting
with the metal outer layers (physisorption). Yet, the AGads values are more negative than -40kJ/mol as
charges in common or transferring from the molecules of the inhibitors to the metal surfaces to form
coordinating covalent bonds(chemisorption). The 4¢°  values ranged (12-14) kJ.mole-1, meaning the
inhibitor adsorption on copper alloy surfaces happen by physical adsorptions [27].

The negative values of  AH® indicate adsorption of the inhibitor molecules as exothermic. The
adsorption could be either chemical or physical, yet the positive value shows an endothermic aspect
attributed to chemisorption. Thus, the adsorption of the garlic extracts molecules on the surfaces refer
for physisorption in this article

[28].

Scanning electron microscope (SEM) measurements

Surface of copper were analyzed by SEM to verify the absorption of the extracted molecules as
adsorbed on the surfaces of the copper alloys or just peeled off the surfaces. The SEM micrograph for
copper alloy surfaces following their immersing in 0.5 M of nitric acid adding or not adding the ideal
concentrations of garlic extract as in Figure 4 in which in Figure a is polished alloys of copper, (b)
copper alloys immersed in nitric acids (HNO3), and (c) copper alloys in (0.5) of M(HNO3) solutions
with a 400 ppm of garlic extracts comparing the SEM micrographs with and without the extract shows

the great inhibitive effects of those compounds.
A
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FIGURE 4 Scan of the micrographs of the electron(a) polished copper alloys, (b) copper alloys
immersed in nitric acids (HNO3), and (c¢) n copper alloys in (0.5)ofM(HNO3) solutions with a 400 ppm
of garlic extracts

Conclusion

The results of this study indicated that garlic extract an efficient inhibitor for copper in 1M ( HNO3)
solutions by using weight loss techniques. The negative values of AG reveal that the adsorption of the
inhibitors on the metal surface is spontaneous. Furthermore, Ea and AH values of the corrosion support
this observation. All values of AS*ads are negative for the blank and inhibited solution which implies
that the activation complex in the rate determining step represents association dissociation step. The
rather than adsorption characteristics of garlic extract on the metal surface were approximated by
Langmuir adsorption isotherm, and it obeyed and fitted this model. The protection efficiency was
enhanced with the increase of inhibitor concentration. The highest value reached 87.9% at 400 ppm of
garlic extract.
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ABSTRACT

( )

Topological indices are extremely useful for analyzing various physical and chemical properties
associated with a chemical compound. A topological index describes molecular structures by
converting them into certain real numbers. Topological indices are used in the development of
quantitative structure-activity relationships (QSARS) in which the biological activity of molecule
correlated with their chemical structure. The chemical shape of benzene molecule is very common in
nano-science, chemistry, and physics. The circumcoronene collection of benzenoid (HS) generates
from the benzene molecules. Jahangir graph is a generalized wheel graph that consists of (m,t) circular
vertices and a center vertex connected to every mt vertex on the circle. In this article, we will compute
the topological indices of the middle graph of the circumcoronene series of benzenoids (hs) and
Jahangir graph. In addition, comparison of the middle graph of the circumcoronene series of benzenoid
(HS) and Jahangir graph are presented numerically and graphically

KEYWORDS Topological Indices; circumcoronene series of benzenoid; middle graph; Jahangir
graph.

\. J/

INTRODUCTION

Consider amolecular graph¢ = (v,E),sucha graph with vertex set V(G) indicates the atoms and edge set
E(G) indicates chemical bonds. A degree isrepresented by dy {9 € v(6)} which is defined as the number
of'edges incident with (8), (For unspecified terminologies and more details [1]). Graph theory is branch
of mathematics that has been applied in virtually every field of study. The usage of topological indices in
QSPR/ QSAR studies has taken important concentration in recent years. Graph theory is used to assess
the linkage among several topological indices of certain graphs that generated by some graph operations
that are middle graph, total graph, semi-total graph, and the strong double graph etc. Topological indices
are numerical parameters of a graph studies has taken important concentration in recent years. Graph
theory is used to assess the linkage among several topological indices of certain graphs that generated by
some graph operations that are middle graph, total graph, semi-total graph, and the strong double graph
etc. Topological indices are numerical parameters of a graph.

The symmetric division degree index (SD) of connected graph (G) ) [4] is defined as Follows:

d:+d*
SD(G) — [ @
&o.;c) d{?dm

(1)
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where, deand d,, are the degrees of vertex (6) and w in G.

The sum-Connectivity index [5] is defined as follows:

1

SC(G)= ——
O Z i &

Randic connectivity index is widely used in mathematical chemistry, due to its wide applications in both
mathematics and chemistry. It is defined [6] in the following equation:

RC(G) = w— 3
G} f.hx;f.'l ;f ﬂrﬂdrrl [ ]

The First-Zagreb index [ 7] is defined as:

M(G)= > (d,+d,)

e ] €3 )

The second-Zagreb index [7] is defined as:

Mztc}z Z (dﬂdm}- (5]

e E ()

Zhong introduced the harmonic index in 2012 which is defined [8] as follows:

HEG) = Y —2— (6)

[ | {d."_.' + dr.-.l}

For more wide-ranging and comprehensive details, we offer the readers to follow the following articles
[9-13, 17-40].

Definition 1.1. A graph that contains acycle C,,, having an extra vertex which is adjacent tot vertices of
cmtat the distance m to each other on the Cy,,. In Jahngir graph [14] (/,,,;), wheret =2 and m > 3.
The numberof vertices and edges is mt +1 and mt + m respectively. Jahangir graphsJ,,

Jssand ] ;, are displayedin Figure 1

b

\

FIGURE 1 Jahangir graph
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Definition 1.2. Circumcoronene series of benzenoid (Hs) where, (s = 1) is one family that is generated
from benzene ¢ 6 on circumference [15]. The number of vertices are 6s2 and edges are9s? — 3s, inthis
of benzenoid. The Circumcoronene series of benzenoids are designated in Figure 2.

o &8

Hy

FIGURE 2 Circumcoronene series of
benzenoid

Definition 1.3. The middle graph [16] of any graph G is attained by adding a new vertex to each of its
edge and connecting by edges any pairs of those new vertices which lie on the adjacent edges of the
graph. The middle graph of graph G is represented by M (G) . For example, the middle graph of the
Jahangir graph (j ;) is depicted in Figure 3.

A

FIGURE 3 Jahangir Graph (J;3)) and its
middle graph [M(J33))]
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Result for the Middle Graph of Jahangir
graph (Jesp)

In this section, we calculate degree-based
indices of the middle graph of Jahangir graph
(Jzt), where t > 3.

Theorem 2.1. Let [M(Jzy)| be the
middle graph of Jahangir graph. Then,

1.SD[ (f{s ” 3(14!2+ 23}
2.5(:[ Jisn) ] 6t+-—— —zJ_
3 6 J§

J‘
6 3

NN RN TN
[4J§+12 5 +301 - 4D]J§
3.RC[ M (/)| -

[Bﬁ+12}£+15:—23

20

+

TABLE 1 Edge division
Eld, d,]

Number of edges

E34
6t —12 6 &6

By using Table 1 and the Equation (1), we

get the desired results, i.e,

d} +dZ,
soMUso)l = ). God.

ENEE(M U[].l’]:])

di +d
oMUso)l =Eao D, g

Bl M(fi3.0))

dj + dz,
Z dgd,,

BeweE(M{isn))

df +d
Z dﬁ'dal

BweE(M{ian))

Z d; + d?,
dﬁ'd{d

BuweE(M(Jsn))

Z di +d?
dﬁ'daj

BuweE(M{ian))

Z di + d
dﬁ'd{d
BueE(M(Jisn))

+ Epz5)

+ Epag)

+Ezg

+ Epy 4

+ Epy s
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4.H[M(J )J _1li 84l7
(34) 4 4620

5.M, [M(J’{SI,} )} = 60¢ +186.
6.M, M(Jy, )| =96¢+501.

Proof: The middle graph of Jahangir graph
M(j(g’t)) has 4 vertices of degree3 and 6
vertices of degree 5, 3(t— 2) vertices of
degree 4, 3t — 3 vertices of degree2 and 3
vertices of degree 6.

In M(Jzp), we get edges of type Eg, 4,

Ez sy Eisy EGeyEaa Eas)yEss) Ese), and
E(6,6)- The number of edges of these types are
given in Table 1.

Eus) Ess) Ese) Eee
6 3t-9 6 3 6 3

Z di + d?,
dﬂ‘dm

Bk M(jzn))

Z d? +d2
dad,

BweE (M)

Z di +d2
dv&ldm )

BeacE(M(Jia0))

SD[M(Jis)] = (6t - 12)
(2)? 4+ (5)*
10
(3)* + (5)*
15
(3)% + (6)*

1{8 2z )2
4 + (4
+ (St — 9}716

(4)* + (5)*
20
(5)% + (5)*
25
(5)* + (6)*
30
(6)% + (6)*
36

+E(5.5:|

+ E(S,{:j

+E{'ﬁ.'ﬁ:l

(2 + ()
8

+ (6)
+(6)
+ (6)

+(6)
+(3)
+(6)

+ (3)

Page No. 40



ISSN 2676 - 6280

216
[M(}z0)] = (3t = B)5 +%+ (3t —9)2

123
+ 27 +ﬁ

SD[M{Jzp)] = 21t + 295
1

ﬂm;ﬁ] «f I:!ﬂ + d

SC(G) =

SC[M{Jian)]

= E,
4 ; :eg Jla v d,,
BuEE -‘I'-:U'
+ s {z Jda + dy,
B EE |:| ”] N
+ EI:E 5]_ ;
' d +d,,
B EE| M [, II] "

d9+{f

B EE HI::_I'|:| ||]
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FIGURE 4 Graphical representation of middle graph of Jahangir graph |z
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Result for the
Circumcoronene Series
Graph (H,)

Middle Graph of
of Benzenoid

In this section, we calculate the degree-based
of the middle graph of (H;).

where 5 = 2.

indices

FIGURE 5 Circumcoronene series of

benzenoid (H;) and its middle graph M(H2)
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FIGURE 6 Graphical representation of middle graph of (HS)
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Comparison

In this section, we provide the comparison of the above-computed topological indices numerically and
the graphically. The numerical comparison of M(H.) where, s =2,3,...,10, aspresented in Table 4,
and the graphical comparison is displayed in the Figure 6.

TABLE 4 Numerical results of middle graph of (H,)
SD[M(H,)] SC[M(H,)] RC[M(H,)] H[M(H,)] M,[M(H,)] M,[M(Hj)]

W

2 129.6 32.192 24.475 24.810 984 2226
3 324.6 71.383 57.510 58.154 2604 6210
4 627.6 124.57 105.03 105.50 4980 12138
5 1038.6 191.76 167.03 166.84 8112 20010
6 1557.6 272.96 243.52 242.19 12000 29825
7 2184.6 368.15 334.50 331.53 16644 41586
8 2919.6 477.35 439.96 434.87 22044 55290
9 3762.6 600.52 55991 552.22 28200 70938
10 4713.6 737.72 694.34 683.56 35112 88530

Conclusion

Topological indices help to understand the information about biological activity, chemical reactivity,
and physical characteristics of chemical compounds. We derived the general formulas of some of the
topological indices based on the degree of vertex i.e. sum connectivity index (SC) , Randic connectivity
index (RC), Symmetric division degree index (SD), Harmonic index (H), and the second Zagreb index
(M, ) of the middle graph of Jahangir graph. These outcomes can be employed to further understand the
topological characteristics of graphs. The comparison of attained analytical expressions is expressed
graphically and numerically.
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