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Abstract

In this work, combining acyclovir with ciprofloxacin (CCP), a new Schiff base and
its metal complexes with iron (I11), manganese (1), copper (I1), zinc (I1), and calcium
(11) ions are synthesized and structurally characterized by XRD, SEM, *H NMR, 13C
NMR, FT-IR, and UV-Visible spectral techniques. Furthermore, molecular docking
studies were carried out, and the complexes were tested to resolve any potential hang-
ups in opposition to the Herpes virus and DFT calculation studies. In addition, the
metal complexes and ligand were screened against antibacterial strains of one gram-
positive bacteria (Staphylococcus aureus) and three gram-negative bacteria
(Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumonia), and it was
established that these complexes demonstrate dissimilar bustles of inhibition on the
enlargement of the bacteria.

Keywords: Acyclovir, Ciprofloxacin, Schiff base Complexes, Antibacterial, Herpes
Virus.
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1. Introduction

Ciprofloxacin [also known as 1-cyclopro-pyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinil)-
3-quinolone carboxylic acid] is a fluoroquinolone that was developed in 1987 [1]. It is a famous
antiseptic medication with a broad spectrum of activity that can be used to treat various
infections [2,3]. Quinolones are a class of synthetic antibacterial medicines that have been in
clinical use for more than thirty years, with ciprofloxacin being one of the most extensively
used [4,5]. Ciprofloxacin belongs to the quinolone family of antibiotics. It is thought to be
extremely effective, particularly in situations of infection by perceptive microorganisms in the
breathing apparatus and urinary tract [6]. Quinolone, resting on the additional furnish, belongs
to a class of antibiotics that has been widely used to treat a variety of bacterial illnesses [7].
Cifloxacin and norfloxacin are two quinolone antibiotics effective against both gram positive
and gram-negative bacteria [8]. The antagonist struggle has advanced because of changes to the
antigen target. One of the most significant factors contributing to the rise of DNA genes that
convert super-coiling bacteria [9] because of pump inflow is the cause of numerous antibiotic
resistances. As a result, the stream of antibiotics diminishes the attention given to antibiotics at
their target locations [10]. L-valine, 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl) methoxy]
ethyl ester, and monohydrochloride are the chemical names for acyclovir. Acyclovir is which
has verified antiviral bustle not in favor of herpes simplex germ kinds, one (HSV-1) and two
(HSV-2) and varicella zoster virus (VZV) jointly in vivo and in vitro. Because of its affinity for
the enzyme thymidine kinase, which is programmed by HSV and VZV, acyclovir has a high
level of discrimination. Acyclovir is converted to acyclovir monophosphate, a nucleotide
analogue, by this viral enzyme. Cellular guanylate kinase converts the monophosphate to
diphosphate, which is then converted to triphosphate by a number of cellular enzymes.
Acyclovir triphosphate inhibits the replication of herpes virus DNA in vitro. Medicine
compounds are lofty, lively, and frequently used these days because of their important role in
the synergistic procedure of assured medications and their beneficial biological bustle [11]. The
interaction of tinny and non-tinny ions improves the feasibility and efficacy of medications
[12], increasing their activity compared to the same ligand [13]. The researchers are attempting
to create Schiff base coordination complexes that would act as effective inhibitors of microbial
development considering these facts, as well as the importance of metal complexes in medicine.

2. Experimental
2.1. Materials and methods

Starting reagents were purchased from commercial sources, including Sigma-Aldrich
Chemical Company (USA), and included ciprofloxacin hydrochloride, DMF, DMSO FeCls,
MnCl2.4H,0, CuCl,.4H20, ZnCl,.6H.0, CaCl,.6H.0, and EtOH from BHD corporation.
Elemental microanalysis for carbon, hydrogen, and nitrogen were recorded on a Euro Vector
(replica EA3000, single) V.3.0 rudimentary scrutinize. The metal ions satisfied were
premeditated as oxides of metals. Seven HANNAC214 was used to measure the molar
conductivity of the ligand and its compound in black DMSO at 10° M. The magnetic
measurements on the Sherwood Scientific magnetic equilibrium were obtained using the Gouy
balance technique at space heat with Hg [Co (SCN)4] as the calibrant. The UV-visible was
obtained from a DMSO (102 M) solution for the ligand as well as the equipped compound using
a spectrophotometer (Shimadzu 160A) and quartz cells (1 cm) at wave lengths ranging from
200 to 1000 nm. An FT-IR spectrophotometer (Bruker alpha, FT-IR-ATR platinum reflective)
was used to measure the spectral data in the 400-4000 cm™ wavelength range. The 3C NMR
and *H NMR spectral data were recorded using a Varian Agilent 500 MHz spectrometer in the
solvent of a DMSO-d®, even as the chemical budge was considered to approximately peak in
the black. The (TG) was performed in a lively N ambiance (20 mL per minute) with rapid heat
(10 °C) per minute using a thermal analyzer (Perkin Elmer TG 4000). Antiseptic motion was
resolved using the compact disk dispersal technique, XRD patterns were scanned using
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diffractogram X from Phillips Holland, and SEM images were captured using ZEISS GmbH
microscopy.

2.2. Antibacterial activity

The antibacterial activity of the ligand and metal complexes was tested in vitro against the
bacteria Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Klebsiella
pneumonia by means of the document disc plate process [12-15]. The complexes were tested at
concentrations of 0.50 and 1.0 mg mL? in DMSO and proportionate to antibiotics.
Ciprofloxacin and antiviral acyclovir were tested in DMSO at 250 and 500 ppm concentrations
and compared with the control.

2.3. Synthesis
2.3.1. Synthesis of CCP

The new Schiff base 1-cyclopropyl-6-fluoro-4-(6-hydroxy-9-(2-hydroxyethoxy) methyl)-
9H-purin-2-yl)imino)-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid (CCP) was
prepared according to the literature method [13-15]. To a mixture of acyclovir (3.3 g, 15 mmol)
and ciprofloxacin (4.9 g, 15 mmol) in dry ethanol (25 mL), glacial acetic acid (2-3 drops) was
added (the pH solution became 4) (Schemel). The solution was then heated to reflux for 6
hours. Following the completion of the reaction, the orange solid that precipitated was filtered
with pure water, and bathed in EtOH, and dehydrated in air for an extended period of time. The
yellow solid was acquired from the ethanol-acetic acid combination (Scheme 1).

2.3.2. Synthesis of metal complexes

To a hot solution of Schiff base ligand (16 mmol) in ethanol (30 mL), a hot solution of
corresponding metal chlorides (FeCls, MnCl2.4H20, CuCl2.4H,0, ZnCl,.6H.0, and
CaCl2.6H20 (8 mmol) in water (2 mL) in a molar relative amount of 1:2 (M: L), add a few
drops of NaOH, was added (Scheme 1). The reaction mixture was then refluxed for 4 hours.
The colored solution was condensed and cooled. Upon cooling, the precipitate was filtered and
dried [13-15]. The physical properties of the obtained compounds are shown in Table 1.
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Scheme 1: Synthetic pathway of acyclovir, ciprofloxacin, (CCP) Schiff base ligand and its
metal complexes
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3. Result and discussion
3.1. General

In fundamental psychiatry, the stoichiometry and modus operandi of the gratis CCP ligand
and its metal compounds were corroborated by their elemental analysis (Table 1). The metal:
ligand relative amount was established to be [1:2] in every compound, which has been inferred
inwards via approximation for the C, H, N, and CI as well as the metal satisfies of the
compounds. The fundamental psychiatry of the ligand and its complexes revealed respectable
accord with the wished-for construction. The ligands and compounds have a melting point far
above ground, and they were established to be atmosphere-steady. The ligand was soluble in
regular, unrefined oil, and each compound was soluble in DMF and DMSO but not in CH3OH,
C2HsOH, or H20. Because of the rudimentary psychoanalytic statistics of the ligand (Table 1),
it was established that the hypothetical principles were in accord with the established principles.
As well as the results of elemental analyses, the formulas [M(CCP)2] (M = Mn (1), Cu (I1), Zn
(1), Ca (1), and [M(CCP).] CI (M = Fe (l11)).

Table 1: Analytical and physical data of Schiff base ligand and its complexes

C H N

CCP Yellow bluish 210 80 55.76 5.05 20.81
(55.48) (4.98) (20.44)

Mn (CCP), Yellow 228 66 53.15 4.64 19.83
(53.36) (4.29) (19.45)

[Fe (CCP),] CI Brown bluish 262 69 51.49 4.49 19.21
(51.70) (4.29) (19.50)

Cu (CCP)2 Green bluish 246 68 52.74 4.60 19.68
(52.40) (4.37) (19.28)

Zn (CCP), Yellowish 228 74 52.66 4.60 19.65
Green (52.70) (4.75) (19.70)

Ca (CCP); Yellowish 222 70 53.85 4.70 20.10
Green (53.48) (4.80) (20.16)

3.2. The spectrum of *H NMR of the CCP ligand

The *H NMR spectrum of the Schiff base ligand (CCP) is shown in Figure 1. A multiple
signal for the CH>-CH> protons of the cyclopropane ring was observed at 1.08-1.18 ppm [16],
as was a multiple signal for the NH proton between 1.93 and 198 ppm. A multiple signal from
2.93 t0 2.96 ppm for CH2-NH of the piperazine protons. The signals from 3.23 to 3.25 ppm are
for CH2-N-CH: protons. The range of 3.58-3.59 ppm is due to CH2-CH-O protons, the signal
at 3.59 ppm is for CH>-N protons of cyclopropane, and the triplet signal at 3.6 ppm is attributed
to the OH proton [17]. The signal at 3.56 ppm for the COOH proton and 5.58 ppm for N-CH.-
O protons, 7.16-7.65 ppm for aromatic protons (Ar-H), and 8.10-8.12 ppm for the HC=N amine
cluster in the structure of the azomethine bond is a corroboration of the formation of the Schiff
base [18,19].

3.3. The spectrum of 13C NMR of the CCP ligand

The 3C NMR spectrum of the ligand discloses the presence of a predictable number of
signals in proportion to the dissimilar sorts of carbon atoms in the symmetric construction of
the Schiff base (CCP). The *C- NMR spectrum of the Schiff base ligand (Figure 2) shows a
strong NMR signal appearing at 9 ppm for the cyclopropane ring [4]. The peak is at 38 ppm for
C-N [20]. Signals between 35 and 51 ppm belong to the piperazine ring. The signal is at 60 ppm
for the CH>-O aliphatic group of the ligand. Other signals are in 69-70 ppm for the ether group
CH2-O-CH>, 106-163 ppm for aromatic rings, and 169 ppm for the azomethine bond, hence a
verification of the formation of the Schiff base [19,20].
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3.4. Infrared Spectra

Electronic approaches to psychoanalysis also include ligand and compound research in the
4000-400 cm™ range, followed by tremor spectra [21]. In this study, infrared machinery was
employed to make diagnostic compounds by comparing their spectrum to those of ligands and
manufactured complexes. The Schiff base ligand and complex FT-IR band allocations are
presented in Table 2. Figures 3-5 show the spectra of the ligand and various complexes. The
FT-IR spectra of complexes show ligand-distinctive bands with suitable shifts due to complex
formation, and the FT-IR spectra of all complexes are comparable. The presence of an
azomethine group causes the free Schiff base ligand to have an absorption band of 1581 cm™.

Predicted 13C NMR Spectrum

(((((

Predicted 1H NMRSpectrum I R EEE L I e L R R R R R R L LR LR

0.15

0.00

il

0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

Figure 2: 13C NMR scrum of CCP ligand

After complexation, these ions are moved to a lower wavenumber [22], demonstrating a
physically strong double bond personality of the imine band as well as a harmonization of the
azomethine nitrogen particle to the ions [6, 23]. The complexes show a strong band at 1567 cm”
1 (C=N) stretching vibration [24]. In the spectra of metal compounds, the asymmetric stretching
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vibration of COO" posse of gratis ligand experiential at 1349-1378 cm™ was moved to a lower
gesticulate digit, such as 1494-1498 cm™. The asymmetric stretching vibrations of COO - posse
of free ligand observed at1379-1443 cm™* was budged to inferior gesture digit in the spectrum
of metal compounds 1349-1378 cm™. Symbolize carboxylic acid cluster harmonization with
metal ions from end to end. The oxygen atom task of determining the desired coordination
locations was further bolstered by the materialization of medium bands at 449-451 cm™ and
507-508 cm™, which may exist and are attributed to the M-O and M-N stretching vibration
sensations in that order [24].

Table 2: The important infrared frequencies (cm™) of the ligand and their complexes

1158 1510 1443
1154 1495 1368
1135 1498 1378
1157 1504 1373
1140 1494 1349
Ca (CCP): 1564 1156 1496 1347 448 506
® BRUKER
[ N e N S N T [N
SSEO 30;0; ) ZSI:O NF_‘OI:); (15:);( (ff 10IOU£) mmmmmm 5 u;;q

Wavenumber cm-1

Figure 3: FT-IR spectrum of CCP ligand

6077



Ahmed and Zedan Iragi Journal of Science, 2023, Vol. 64, No. 12, pp: 6072- 6092

g1 U<
»
o]
5]
£ 2
@
o
c
[
= w |
I=
@
-
@
&
(=T
=
w |
«w
(=
w
P— = ® o T mo Moo wno W m o woe o
5 8 3 &3 53 88 ENE88 M 8 88F% 8z owzm zucoo
o o @ = o E M mo Tow mm m o momig @O iES m—nod
B8 <L S 3 58 SFE2EIH 285 B 2888 &~ oo —oo—o
52 3 2a @ E ST SoE 88 82 & B8 S 8585 &g
L) & & & S8 S RZ LI ¢ T 28 BEHER BEERS
T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
g | (o>
| BRUKER
wo ]
@
SR
@
o
&
= 2
=
£
w
C
[l
2
wo |
«w
o
w
o om wo = o o =~ w0 e D o= @
g 8 88 =1 =1 = B 538 SRR ) " OmBo —m o=
o — [=2Ts] = ~ o w [ P~ =t [=>] (==} P OO g M
f=] o @ @ o o P~ - DL o o = == 00 P-0900 — N b DD
Z & ©3 & ict 5 = 33 g2 3 ad D BNES NEoSTg
B 8 B3 & & & & 22 ez 2 T & BEEE BBEE3IT
T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Figure 5: FT-IR spectrum of Zn (I1) complex

3.5. Electronic spectra and magnetic studies

The UV-visible spectrum was measured in DMSO in the dark using a cell diameter of 1 cm
and a deliberation of 10 molar at room temperature. The structure of the metal compounds
was also well established by UV-visible spectra (Table 3), which demonstrates the electronic
solid consideration spectra of the free Schiff base (CCP) and its metal compounds in the
wavelength interval of 200 to 900 nm. The first two bands at 23202 and 30485 cm™ are perhaps
attributed to the n-n* and n-7* transitions [25]. The budge of the deliberation bands to higher
values (bath chromic budge) and the absence of the gang at 31250 cm™ in the casing of Mn (11),
Fe (1), Cu (I1), Zn (11), and Ca (Il) composites, and the presence of original gangs in the
deliberation spectra of compounds specified to their metal complex formation. The five
compounds have novel bands ranging from 10490 to 27624 cm™*, which could be attributed to
ligand-to-metal accuse-transfer and d-d transition [26, 27]. Moreover, the Zn (1) and Ca (II)
complexes have bands ranging from 24613 to 26088 cm™. Finally, the results presented here
show that the magnetic moment of the Mn (1) complex is 1.79 BM and that of the Fe (I1I)
complex is 1.83 BM, which corresponds to the stated value for the octahedral structure. The
charismatic jiffy of the Cu (1I) compound is 1.93 B.M., which is higher than the turn-only worth
of 1.73 B.M. pro one-unpaired electron, monomeric, and well-matched, with a distorted
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octahedral geometry. The Zn (1) and Ca (II) compounds were diamagnetic and had an
octahedral geometry.

3.6. Molar conductivity swotes

The compounds' molar conductance (Am) was measured in DMF bankrupt at 10 M attention
by the side of room hotness. The soaring principles of molar conductivity of the Fe (11)
compound provide 73.80 in that order, which denotes the compounds being 1:1 electrolytes
with the ionic natural world as of the presence of the (CI) which is situated outside of the
harmonization, other than illustrated by the standards of (Am) in the Mn (I1), Cu (1), Zn (1),
and Ca (I1) complexes variety flanked by 10.6-16.00 Q'. cm?2. mol™. This specifies that no
electrolyte and no conductive genus live owing to the oxygen ions of carboxyl, which are
situated inside the harmonization globe. The principles of molar conductivity of these
complexes are listed in Table 3.

Table 3: The values of the electronic spectra of the ligand and its compounds, magnetic
susceptibility, and molar conductance of complexes

T — ¥

23202 n — ¥

18587 2A1g—>4T1 g (p)

27624 2A1g — *T1g (G) 10.6 Octahedral 1.79
30233 Center ligand '
10490 2p0g — *T1g (G)

19841 2Ag — “Eq (G) 73.80 Octahedral 1.83
31210 2Azg — 4Tlg (p)

15650 2Eg —?Tog 12.8 Octahedral 1.93
24613 d m(Zn) *?>— n*(L) 14.1 Octahedral Dimg
28088 d n(Ca) *>— n*(L) 16.0 Octahedral Dimg

3.7. Molecular docking study

Thymidine kinase catalyzes the phosphorylation of thymidine, preparing it for further
phosphorylation and incorporation into DNA [28]. As a result, studies on the binding capacities
of CCP can help create more effective HSV treatments that function as inhibitors rather than
substrates of this enzyme. Docking experiments were used to analyze the ligand-receptor
interactions with the herpes simplex virus type-1 thymidine kinase in this study. Auto Dock 4.2
was the program used to predict the binding affinity of chemicals [29]. Calculations for
molecular docking of the enzyme crystal structures were obtained from the RCSB protein data
bank (http://www.rcsb.org/pdb/) of the royal collaborator for structural bioinformatics [30].
Preparation of the chemicals and proteins [30] in order to perform molecular docking for the
CCP ligand that stored them as pdbqt. The program utilized to do molecular docking was Auto
Dock Vina 1.1.2 [31]. It is based on algorithms that can predict complex poses within the
protein target and score them using scoring functions by configuring the grid box [32]. Figure
5 shows the docked acyclovir-ciprofloxacin (CCP) ligand inside the active site of thymidine
kinase, which demonstrated 1.7841 root-mean-squared deviations. The chemicals were docked
in the majority steady configuration in the active location of HSV-1 TK using energy
minimization. Table 4 summarizes the docking results, and Figure 7 depicts the docking contact
of complex CCP, including the active location of thymidine kinase. The oxygen of the hydroxyl
group was shown to generate H-bond acceptor interactions with Ser: A100. (2.8 A), Ala:
A98132 (3.2 A), Thr: A97, and the site was unfavorable of Alan's oxygen carbonyl group:
B378, and formed C-bond acceptor interactions with Ile: B371 and Leu B440 groups of cycle
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propane alkyl and double C-bond acceptor interactions with lle: B103 group of the hexane cycle
of the amino acids in the energetic position of the enzyme docking score -137.719 (kcal/mol).

Table 4: Important amino acids between thymidine kinase and CCP ligand and their
contributions to binding strength

Thr 97
Ala 98
Ala 99
Ser 100
Ala 101
Ala 102
lle 103
Asp 291
His 292
His 293
His 294
Arg 295
Cys 369
Ala 370
lle 371
His 428
Thr 429
Ser 432
Asn 436
Asn 437
Met 439
Leu 440
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Figure 6: 2D representation of the interaction of thymidine kinase (HSV-1) with the active site
of CCP Schiff base ligand

(®)

Figure 7: (a) Configuration of the protonated herpes protein for molecular and (b) Zwitter ionic
CCP ligand (right) prior to docking color code: gray: C, red: O, white: H, blue: N, and yellow:
F
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Figure 8: Initial simulation herpes protein pro molecular dynamics restfulness of ciprofloxacin-
acyclovir (CCP) docked

Jé.a0

- \ Active Cavity

» o — ‘
Figure 9: 3D diagrams depicting molecular docking interactions between the ligand (CCP) and
protein of the herpes binding siteActive Cavity
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Figure 10 : Molecular binding mode of CCP ligand at the binding site of thymidine kinase
(HSV-1) (green dots: active site; dashed thick green line, hydrogen bonds; unbound amino
acids, steric interaction)

Figure 11: Molecular binding mode of CCP at the binding site of thymidine kinase (HSV-1)
(hydrogen bonds and unbound amino acids)

Figure 12: Hydrophilic (light blue, top) and hydrophobic (brown, bottom) districts of the ligand
(CCP), and protein of herpes's binding site by molecular docking color code: gray: C, red: O,
white: H, and blue: N. yellow: F.
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3.8. Powder X-ray diffraction and SEM analysis.

To provide relevant crystal data, an X-ray powder diffraction approach was used to calculate
precise cell parameters, crystal scheme, and cell size. The crystallographic data and powder
diffraction patterns of the ligand and metal complexes are presented in Table 5. The complex's
crystalline character is shown by the diffraction pattern, and the statistics verified the
monoclinic crystal structure for Mn (11), Fe (I11), Cu (11), Zn (11), and Ca (I1) complexes. Figure
14 shows similar hexagonal crystal systems, and the ligand was tetragonal. The standards of
dissimilar diffraction culmination were considered, and the atom bulk (crystallite magnitude)
of compounds was designed. The small part volume can be calculated by extending the X-ray
lines with the help of the following Debye Scherer method, D = KA/Bcos© [33]. Anywhere, D
is the particle size, K is a coefficient with a value shut towards accord; its archetypal value is
equivalent to 0.89, A is the wavelength of the X-ray, O is the diffraction angle acquired as of
20 standards in proportion to the utmost dilution climax in the XRD precedent, and 3 is packed
breadth at semi-utmost. The standard atom bulk of the compounds, the SEM micrographs of
the CCP ligand, and its Zn (Il) complex are prearranged in Figure 13. There is a significant
difference in the morphological construction, and the magnitude of granules is in the nanometer
variety; the particle size of the ligand was 24-32 nm, even as the Zn (1) complex was 24-35
nm.

100 nm EHT = 15,00 kV Slgnal A= SE2 Date:13 Mar 2021 ZEISY 100 am EHT = 15.00 kV Signal A = SE2 Date:13 Mar 2021 ZEISS
—

WD = 6.1 mm Mag= 6000KX  UserText WD= 6.1 mm Mag: 60.00KX User Text

Figure 13: The SEM micrographs of ligands: (a) CCP ligand (b) Zn (I1) complex
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CsoHs2F2MnN16

O1o

(1130.00)

1.54056

Monoclinic

P2/m

1.8527
11.429
8.7017
90.00
97.198
90.00
1465.68

11 -48

-6<h<4

0<k<7
0<i<4

80.84
5.9-100
0.000061

1.7437
2

CsoHs2CIF;
FeN16010
(1165.31)

1.54056

Monoclinic

P6/mmm

1.8643
11.785
9.2018
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1085.78
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-10sh <4

0<k<o6
0<i<4

95.96
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8
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Table 5: Crystal lattice parameters of ligands and their compounds

CsoHs2F2N16010
Zn
(1140.44)
1.54056

Monoclinic

P6/mmm

1.8288
11.234
8.6554
90.00
9.2.288
90.00
1261.77

7-38

6<h<4
0<k<5
0<I<4

27.62
3.8-100
0.000052

1.034
1

CsoHs2CaF2N;
6010
(1115.14)
1.54056

Hexagonal

P121/m1

24.665
24.665
9.1244
90.00
90.00
120.33
2655.82

7-32

-1<h<6
-4< k<5
0<I<7

40.98
3.4-100
0.000036

1.01
1
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Figure 14: X-Ray diffraction patterns of the Schiff base CCP ligand and its complexes
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3.9. DFT calculation studies

The boundary molecular orbitals, the uppermost engaged molecular orbital (HOMO), and
the lowly untenanted molecular orbital (LUMO) are the most significant orbitals in a molecule.
The boundary orbital energy gap (EHOMO — ELUMO) is a major parameter to provide details
on the chemical reactivity and steadiness of the molecule and to resolve the molecular electrical
properties [34,35]. A minor component, including a small force gap (DE), is associated with
increased chemical reactivity (as well as near-ground chemical steadiness) and is too long
tenured as a yielding molecule [35]. Figure 15 depicts the vigor gap (DE) flanked by the
conspired orbitals' ability to be established via the DFT technique for the 3D conspires of
HOMO and LUMO. The precise (HOMO — LUMO) gap energies (AE) of the ligand and its
compounds beneath the inquisition were appraised and scheduled in Table 6. The obtained get
up and go gap (DE) principles suggest the intention of regulating the chemical reactivity of the
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CCP ligand, similar to its compounds: complex Fe (11) > complex Zn (I1) > complex Mn (1) >
complex Ca (Il) > complex Cu (Il) > CCP > Complex Fe (I11) and complex Zn (I1) are more
stable than the free ligand, CCP, while other complexes (Mn, Cu, and Ca) are less stable. The
chemical reactivity values: electro negativity (), chemical hardness (1), chemical potential (),
electrophilicity (o), and softness (S) of the ligand and its compounds were also designed using
HOMO and LUMO energy values [y = - (ELUMO + EHOMO) / 2, p = — x = (ELUMO +
EHOMO) /2,1 = (ELUMO — EHOMO) /2,S=1/2n, ® = p2/ 2n, 0 =1 /] [36-38], and are
included in Table 7. The softness (S) and electrophilicity (®) values of the Fe (I11) complex (1)
are inferior to those of the ligand, and at the bottom of that, the stability of this compound is
superior to that of the free ligand, in dissimilarity to the additional complexes (see Figure 16).

1.01leV 0.174eV

HOMO HOMO
Figure 16: Complexes CCP frontier molecular orbitals; (a) Zn (I) complex (b) DFT
calculations using B3LYP/LanL2DZ, level of theory color codes: Zn, red; N, blue; O, oxygen;
and C, silver.
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Table 6: Evaluated quantum chemical parameters of the CCP ligand and its compounds

L =CCP -3.516 -3.342 0.174 -3.429 3429 0.088 11.492 5.747
Mn (CCP)2 -4.093 -3.558 0535 -3.825 3.8255 0.267 3.738 1.869
[Fe (CCP).]CI -3.572 -2.903 0.769 -3.187 0.318 0.384 2.600 1.300
Cu (CCP)2 -4.831 -4.424 0407 -4.627 4.6275 0.203 4.914 2.457
Zn (CCP)2 -3.573 4.583 1.01 -4078 4.078 0.505 1.980 0.990
Ca (CCP); -4.633 -3.914 0.719 -4.273 42735 0359 2.781 1.390

4. The biological activity

There have been a few breakthroughs for treating infectious diseases. Until 1915, they were
all derived from natural sources. Ehrlich Paul found several helpful medications that were
additional to the discipline of drugging known as chemotherapy, which involves the use of
chemicals to treat bacterial illnesses. The substance that kills bacteria without harming the
receptor tissue [39,40]. This investigation used two-bacterial genera; the influence of the ligand
and equipped compounds in opposition to two species of bacteria was premeditated,;
nevertheless, in this experiment, the solvent was DMSO, the ligand was effective, direct
bacteria were the medium of choice, and most complexes were in the medium-to-high range.
Only fat-soluble chemicals are allowed in the surrounding cell, making fat solubility a crucial
element in controlling the antibacterial action. As a result, the compound travels more quickly
across the cell membrane and the lipid layers of the microbe barrier before entering and Killing
the bacterial cell [41,42]. Transitional elements, on the other hand, have antimicrobial
properties [43].

Table 7 : Zone of inhibition of the ligand CCP and all compounds (mm
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Figure 18: Biological activity of the CCP ligand and its complexes
5. Conclusion

A new Schiff base ligand, cyclopropyl-6-fluoro-4-(6-hydroxy-9-(2-hydroxyethoxy)
methyl)-9H-purin-2-yl)  imino)-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid),
was synthesized and indulged by many brackish metals to provide the corresponding
compounds. The original CCP ligand responded with the metal ions since 1M:2L the analytical
statistics demonstrated that feedbacks of the gratis CCP ligand with Mn (11), Fe (111), Cu (11),
Zn (1), and Ca (I1) shaped complexes with chemical modus operandi ([M(CCP)2], M=Mn (1),
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Cu (1), Zn (1), and Ca (II) and [M(CCP).] CI, (M = Fe (111)). The probable constructions of
the ligand and complexes were wished-for pedestals resting on fundamental psychoanalysis, *H
NMR, BC NMR, FT-IR, and UV-Vis electronic incorporation. Following the coordination to
the metal ions, the CCP ligand behaved as a tridentate ligand with two atoms of N
harmonization location and protonated carboxylate oxygen, resulting in the structure of
octahedral geometries for each complex. In addition, molecular docking studies of the free
ligand and the Zn (11) complex with the herpes simplex microbe kind-1 thymidine kinase and
DFT calculation studies. In vitro, the ligands and complexes were divided in opposition to
microbes (bacteria). The outcomes of natal bustle illustrated that the Fe (111) complex had
stronger antiseptic effects against the (gram-positive) bacteria, even as Cu (Il) had superior
antibacterial motion not in favor of the (gram-negative) microorganisms compared to the free
ligand and complexes. The biological effectiveness of the complexes was greater than that of
the ligand.
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