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ABSTRACT

Qaywords: Copper(ll) & Zinc(Il) complexes and Molecular Docking.

Ametal(Il) mononuclear complexes of Cu(ll) (1) & Zn(ll) (2) holding tetrazole core ligand have been
synthesized and described by spectral methods. The five coordinated square pyramidal geometry was
determined by means of electronic absorption and EPR spectral methods. All the complexes exhibit
significant antimicrobial activity against Gram (—ve) and Gram (+ve) bacterial as well as fungal strains,
which were analyzedbyresazurin reduction assay.The complexes interact strongly with the receptor
kinase VEGFR2 through the interaction of -1, o-1m and hydrogen bonds, and form a stable complex
through covalent interactions such as hydrophobic and van der Waals interactions and their binding
energy values -24.04 (1) and -9.41 (2) kcal/mol for the complexes, respectively.

/

1. INTRODUCTION

Molecular binding can be defined as an
optimization task used to evaluate the "optimal”
orientation of a specific protein of interest and a
ligand that binds to DNA, and to evaluate an
intermolecular complex structure formed
between two or more molecules. In modern
drug design, molecular binding is widely used to
understand drug-receptor interaction!2. Binding
is a method in which two molecules combine in
three-dimensional space. In addition, regression
or informational prediction functions may be
useful to calculate the free enthalpy of ligand
binding. There are various tools, software and
servers to combine calculations. They can be
rigid, flexible and semi-flexible. Thus, the center
of computational biology develops gracefully
from day to day. It is a promising field that
reduces the time and cost of biological research
related to drug discovery and molecular
interaction.
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Researchers draw attention to transition metal
complexes due to their wide range of application
due to their flexible coordination behaviors,
different structural and electronic features3 4.
The development of new coordination
compounds for biochemical applications is a
complex task that requires significant synthetic
efforts. Studies on the interaction of transition
metal complexes with DNA have been the
subject of exciting research and have become
one of the most important issues due to their
possible use in bio-organic chemistry. However,
these platinum-based chemotherapy drugs are
covalently linked to DNA and include
autotoxicity, nephrotoxicity, peripheral
neuropathy and  neurotoxicity,  nausea,
myelotoxicity, resistance to tumors, low
selectivity, and so on. These side effects are
badly affected.

In this context, the focus is on the development
and synthesis of new products based on metals
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which are more efficient, target-specific, less
toxic and non-covalent DNA binding®8. In this
sense, the five-membered N-heterocyclic azole
and the tetrazole and its derivatives have
attracted great interest and have been carefully
studied for their interaction with DNA, the
specific properties of site binding, and many
applications. They were suitable candidates for
cancer treatment and these coordination
compounds, DNA secondary structure probes,
photo-dividers and antitumor drugs®. These
motifs forced us to learn about the synthesis of
tetrazole Cu (II) and Zn (II) based complexes.
Therefore, our study will provide new useful
information for the development of metal-
pharmaceutical preparations for antitumor
therapy.

2. EXPERIMENTAL PART

2.1. MATERIALS

Metal(Il) perchlorate hexahydrate (M = Cu(Il) &
Zn(II)) and other commercially available
reagents (5-aminotetrazole, ethylacetoacetate,
4-(diethylamino)benzaldehyde, benzoyl
chloride, sodium thiosulphate, sodium
bicarbonate, sodium sulphate, iodine and
pyridine). It was purchased from Aldrich and
used without further purification. The solvent
for the synthesis was reactive or better and was
purified according to standard procedure?®.

2.2. Physical measurement

Melting points were determined using an
electro-thermal capillary apparatus and
reported as uncorrected values. Elemental
analyzes were performed using Carlo-Erba
element analyzer model 1106. FT IR spectra
were recorded on a Thermo-Nicolet 6700 FT-IR
spectrophotometer using a KBr pellet in the
range 4000-400 cml. 'TH NMR and 13C NMR
spectra were recorded in 400 MHz Advance
Bruker spectrometer using CDC13 as solvent.
Mass data of the ligand were obtained in the
JEOL DX-303 mass spectrometer and the mass
data of the complexes were obtained from the
Thermo-Finnigan LCQ Advantage MAX 6000 ESI
spectrometer. UV-Vis spectra were recorded on
a Shimadzu UV-2450 UV-Vis spectrophotometer
using acetonitrile as solvent. The molar
conductivity of the complexes was measured
using the Elico CM-88 digital conductivity bridge
model using a freshly prepared solution of
complexes in dimethylformamide. X-band EPR
spectra were recorded at room temperature on
a Varian EPR-E-112 spectrometer using DPPH
(2,2'-diphenyl-1-picrylhydrazyl) as a chamber
marker.
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2.3. Molecular docking studies

Molecular binding studies were performed
using the tools of Auto Dock Tools (ADT)
version 1.5.6 and Auto Dock version 4.2.5.18.
The structures of the synthesized tetrazole-
based complexes were converted from the mol
format of OPENBABEL to PDB format. The
crystal structure of the PDB ID: VEGFR2 (4AGC)
was downloaded from the protein database
(http://www.rcsb.org./pdb).

2.4. Synthesis of precursor (PC)

2.4.1. Ethyl 7-(4-(diethylamino)phenyl)-4,7-
dihydro-5-methyltetrazolo[1,5-a]
pyrimidine-6-carboxylate (PC)

A mixture of 5-aminotetrazole (5 mmol), 4-
(Diethylamino) benzaldehyde (5 mmol) and
ethylacetoacetate (0.64 g, 5 mmol) in isopropyl
alcohol (5 ml) were added to a round bottom
flask and iodine (0.5 mmol) was added to the
stirred mixture. at reflux temperature (82-85 °
C)7. After heating to reflux for 4 hours, the whole
mixture was cooled to room temperature and a
sodium thiosulfate solution (10 M, 2 ml) was
added, the precipitated solid was filtered and
washed with cold methanol (2 ml), then the
crude product was dried and recrystallized from
hot ethanol and dried in vacuo.

Yield: 1.4 g (80.12%). M.p. 214 c°C.Anal
C18H24N602 (FW: 356.42 g/mol): Calculated (%):
C, 60.66; H, 6.79; N, 23.58. Obtained (%): C,
60.62; H, 6.72; N, 23.55.IR
(v/cm1): 3240 (-NH), 1701 (C=0), 1442 (N=N,
tetrazole). NMR: 1H (400 MHz: CDClz: MesSi) &
(ppm): 1.17-1.20 (t, 3H), 1.24-1.60 (t, 6H), 2.43
(s, 3H), 3.41-3.50 (m, 2H), 4.16-4.22 (m, 4H),
6.73 (s, 1H), 7.20-7.36 (m, 5H), 11.04 (s, 1H). 13C
(CDCls: MesSi) 6 (ppm): 164.89, 148.65, 146.09,
139.71, 128.97, 128.86 and 127.33 (aromatic
carbons), 99.30, 60.53, 59.64, 44.2, 19.43, 14.01,
13.20.E1:357.5 (M'++H, 85.0%).

2.5. Synthesis of ligand(L)
2.5.1.Ethyl4-benzoyl-5-methyl-7-(4-(diethyl
amino)phenyl)-4,7-dihydrotetrazolo[1,5-
a]pyrimidine-6-carboxylate (L)

The benzoyl chloride (0.86 g, 6.2 mmol) was
added dropwise to a solution of the precursor
(PC) (1.76 g, 6.2 mmol) and pyridine (1.48 g,
18.8 mmol) in dry toluene (30 ml) at 0 °C. The
reaction mixture was stirred for 1 hour and
heated to reflux for 2.5 hours. The mixture was
then cooled to room temperature and the
organic phase was washed with a saturated
solution of NaHCOs; (2.5 ml) and dried over
anhydrous Na;SOs. The solid product was
recrystallized from ethanol and dried in vacuo.
Yield: 3.1 g (92.13%). Colour: Colorless. M.p.:
220 OC. Anal.C25H28N603 (FW: 46022 g/mol)
Calculated (%): C, 65.20; H, 6.13; N, 18.25.
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Obtained (%): C, 65.17; H, 6.09; N, 18.23.IR
(v/cm1): 1698 (C=0, benzoyl), 1444 (N=N,
tetrazole). NMR: 'H (CDCls: MesSi) 6 (ppm):
1.18-1.20 (t, 3H), 1.26-1.61 (t, 6H), 2.45 (s, 3H),
3.43-3.52 (m, 2H), 4.17-4.23 (m, 4H), 6.74 (s,
1H), 7.21-7.37 (m, 5H), 8.02-8.15 (m, 5H). 13C
(CDCl3: MesSi) 6 (ppm): 168.21 (Arbenzoyi-C=0),
164.87, 148.68, 147.07 (Arbenzoy), 146.02,
139.73, 128.92 (Arbenzoy), 128.95, 128.82 and
127.31 (aromatic carbons), 99.30, 60.53, 59.67,
442, 19.43, 14.01, 13.20. EI: 461.5 (M'*+H,
12.0%).

2.6. Synthesis of mononuclear metal(Il)
complexes

To A methanolic solution (25 ml) of ligand (L,
1.0 mmol) was added to a methanolic solution
(25 ml) of metal perchlorate hexahydrate (II)
(1.0 mmol) and sodium ciprofloxacin with
continuous stirring and refluxed for 2 hours.
The resulting solution was filtered and kept
separate for slow evaporation. The product
obtained was washed with cold methanol and
dried under vacuum. Efforts to obtain crystals in
different conditions and solvents were not
successful.

[Cu(L)(drug)ClOs] (1)

Yield: 047 g (90.03 %). Colour: Green.
Anal.C42H45N9O1oCIFCu (FW: 953.86 g/mol):
Calculated (%): C, 52.89; H, 4.76; N, 13.23.
Obtained (%): C, 52.84; H, 4.73; N, 13.20.
IR (v/cm-1): 1685 v(C=0, benzoyl), 1555
u(CO0)asy, 1363 v(COO)sym. 1430 v(N=N,
tetrazole ring), 531 v(Cu-0), 463 v(Cu-N). UV-
Vis, Amax, nm: 284 (3,748), 371 (561), 620 (410).
EPR: 8| = 2.18, gL= 2.03 and A|| =163. Ueff = 1.75
BM.ESI: 953.85[Cu(L)(drug)Cl04(m/z)]; 854.48

[Cu(L)(drug)(m/z)].
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[Zn(L)(drug)ClO4] (2)

Yield: 041 g (7839 %). Colour: Yellow.
Al’lal.C42H45N9010C1FZI’1(FW: 955.71 g/mol):
Calculated (%): C, 52.78; H, 4.75; N, 13.19.
Obtained (%): C, 52.75; H, 4.71; N, 13.17.
IR (v/cm-1): 1683 v(C=0, benzoyl), 1554
u(CO0)asy, 1365 v(COO)sym. 1432 v(N=N,
tetrazole ring), 530 v(Cu-0), 464 v(Cu-N). UV-
Vis, Amax, nm:271 (4,326), 370 (1,428), 455
(890), 490 (430). ESI: 955.75 [Zn(L)(drug)ClO4
(m/z)]; 856.38 [Zn(L)(drug) (m/z)].

3. RESULT AND DISCUSSION

3.1. Synthesis of ligands and complexes
Complexes of metals (Cu (II) 1 and Zn (II) 2)
were synthesized for the development of novel
potent chemotherapeutic anticancer drugs. The
synthesis of the ligand (L) was followed by the
procedure described in the literature!! and the
metal complexes of type
[M(L)(drug)CIO4] were obtained from the
ligand in the presence of MCIO4. 6H,0 (M = Cu
(I and Zn (II)). The proposed molecular
structure of the complexes is based on
spectroscopic data, elemental analysis and
magnetic susceptibility values. The above
synthesized complexes 1 and 2 were stable in
air and dissolved in DMSO and DMF. Analytical
data suggest a ratio of 1:1:1 (M:L:D) for Cu(II)
and Zn(II) complexes. The presence of lattice
water or uncoordination MeOH was confirmed
by TGA analysis. The molar conductivity
corresponding to the Cu(ll) and Co(Il)
complexes presents low values and in this way a
structural formula of non-electrolyte for these
complexes can be assigned. The magnetic
susceptibilities of the complexes at room
temperature were consistent with
trigonalbipyramid geometry around the central
metal ion. The overall complexes preparation
performed in three phases is shown under
Scheme 1.
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Scheme. 1: Synthetic route for the synthesis of mononuclear metal(II) complexes of
N-benzoylatedtetrazolo[1,5-a]pyrimidine ligands and sodium ciprofloxacin (Nacip) drug
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3.2. Spectral characterization

3.2.1. Infrared spectroscopy

IR spectra of metal (II) complexes (1 and 2) of
ligand (L) gave information about their
coordination regimes and analyzed by
comparing with free ligand and drug. In the

experimental section, an important wave
number of precursors, ligands, drugs and
mononuclear complexes is given. The IR

spectrum of the precursor (PC) shows a sharp
band at 1701 cm! depending on the presence of
the acetyloxy group; The band appearing at
about 3240 cm! comes from the second amino
group (NH)12 13, The precursor and ligand show
an average sharp band in the 1430 and 1432 cm-
1 regions, respectively for (N=N) tetrazole ring.
The removal of the precursor sec-amino band
(PC) by the emergence of a new band of about
1698 cm! after isolation indicates the formation
of aligand (L).

The IR spectra of the complexes showed a
significant difference in terms of ligand and drug
ciprofloxacin. The formation of the complexes is
confirmed by significant changes in the
frequencies of the benzoyl group of (C = O) and
the tetrazole ring (N = N) of the ligand (L). After
the complexation, these bands moved at lower
frequencies indicating the coordination of
oxygen and nitrogen atoms of benzoyl and
tetrazole groups with metal ions, respectively.
Free ciprofloxacin shows stretching vibration
induced by v(O - H), v(C=0) and v(C-0), at 3364,
1729 and 1265 cml, respectively. After the
complexation of -OH, the stretching disappears
and significant changes in the vibration of the
ciprofloxacin group (C=0) stretch show the
coordination of ciprofloxacin and metal ion
between metal ion(II) through v(0-H) and (C=0)
groups (Fig. 1). Due to the emergence of two
new non-ligand peaks in the 531 and 463 cm-
Iregion v(M-0) and v(M-N) modes, respectively.
These spectral observations also confirm the
coordination of the metal ion with the ligand
(the nitrogen atom of the benzoyl group and the
nitrogen atom of the tetrazole) and the
ciprofloxacin (the oxygen atom of the hydroxyl
and carbonyl groups).

3.2.2. Nuclear magnetic resonance & Mass
spectroscopy

The 'H and 3C NMR spectra of the precursor
(PC) and ligand (L) at ambient temperature
confirm their formation (CDCl3-d; solvents).The
1H NMR spectrum of the precursor and ligand
shows a triplet signal for the acetyloxy methyl
group at § 1.17-1.20 ppm (Fig. 2). A triplet
(1.24-1.60 ppm) and a multiple (4.16-4.22 ppm)
are assigned for methyl and methylene protons
respectively of the N(CzHs): substituent
attached to the aromatic ring. The precursor
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showed a singlet for the proton 5-CHz and the
quartet -CH,CH3z signals at 6 2.43 and 6 3.41-
3.50 ppm, while the ligand signaled at 2.45 and §
3.43-3.52 ppm respectively. The precursor and
ligand show a singlet signal at 6 6.73 and 6.74
ppm, respectively, assigned to the 7-CH-group.
Aromatic protons of precursor and ligand
appeared in the range of 8.02 to 8.15 ppm. The
precursor shows a peak at 11.04 ppm, which can
be attributed to the N-H proton of the secondary
amine, and this peak disappeared in the NMR
spectrum of the ligand after benzoylation. The
13C NMR spectrum of the precursors and ligand
exhibit methylene and carbon resonance at
59.64-59.67 ppm, respectively. The entire ligand
confirmed the presence of the benzoyl ring by
signal in the 168.21 ppm region.

Mass spectral studies confirmed the formulae
proposed for the precursor and ligand, which
show the corresponding molecular ion peak [PC
+ H]* and [L + H]*. The electrospray ionization
mass of the mononuclear complexes was
recorded in positive mode, indicating some
significant peaks corresponding to the various
parts of the complexes. The information
collected from mass spectral data is in
agreement with the data obtained from the
elemental analysis.

3.2.3. Electronic absorption & molar
conductivity measurements

Electronic spectra of ligand (L) and their
mononuclear metal (II) complexes (1 and 2)
were recorded at room temperature in
acetonitrile.

The electronic spectrum of the ligand shows a
dense band in the region of 266-276 nm
corresponding to the various ligand charge
transfer transitions (m-m* and n-n*). Compared
to the ligand, the charge transfer transitions
band appeared with a red shift for the entire
mononuclear copper (II) complex and suggested
the coordination of the ligand with the metal ion
(IN. In the UV region, the mononuclear
copper(Il) complex (1) shows three bands at
284, 371 and 620 nm; this may be due to the
permissible transitions like intra-ligand CT (m-
%), ligand-metal CT (n-n*) and d-d transitions,
respectively. These electronic spectral data
reveal square pyramidal geometry for copper
(II) complexes!4 15,

The zinc (II) complex isolated in this study is
colorless. Electronic spectra show bands in the
271, 370, 455 and 490 nm regions due to
charge-transfer and intra-ligand transitions.
Metal ligand charge transfer bands can be
assigned at 450 nm. The electronic spectrum
recommends conjugation between the ligand
and drug units. In the absence of this
conjugation, the spectra will be similar to those
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reported for the zinc(Il) complexes of the Schiff
bases of acetone and the benzaldehyde of S-
methyldithiocarbazate!® 17. In the latter, two
separate bidentate N-S ligands are coordinated
to metal ions tetrahedrally with d10 manner.
Zinc (II) ions generally form tetrahedral
complexes, but in this case four plane chelate
rings are expected to produce a square
pyramidal geometry along with perchlorate ion.
The zinc(II) complex being discussed has less
solubility in non-polar organic solvents than the
copper(Il) complex in which spectroscopic
evidence points to square pyramidal structures.
The aforesaid analytical and spectral data are
completely consistent with the proposed square
pyramidal geometry for the mononuclear
copper(Il) (1; a) and zinc(II) (2; b) complexes.
The molar conductivity measurements for the
mononuclear metal (II) complex were carried
out at room temperature in DMF (10-3 M). The
low molar conductivity values (23 and 17; Q-1
cm2 mol-1) obtained for mononuclear
copper(Il) and zinc(II) complexes (1 and 2)
indicate that not all complexes are electrolytic in
nature.

3.2.4. Electron paramagnetic
(EPR) spectroscopy

EPR spectra of the paramagnetic copper(II)
complex (1) were recorded at RT (25 °C) in the
X-band region. The trend g (2.18) >g.(2.03) >g.
(2.0023) observed for the Cu(ll) complex
indicating that the unpaired electron is present
in the dx2_y2orbital of the copper ion [18, 19]. A
Cu(Il) complex of five coordinates retain the
square pyramidal geometry and provides a well-
resolved axial ESR spectrum; Therefore, the EPR
study of the copper(ll) complex provided
supportive evidence for the absorption
spectroscopic results.

resonance

3.2.5. In vitro antimicrobial activity

In vitro antimicrobial activities of N-
benzoylatedtetrazolo[1,5-a]pyrimidine -based
metal(Il) complexes (1 & 2)were tested against
two Gram (-ve)(Shigelladysenteriaeand Vibrio
cholerae), two Gram (+ve) (Bacillus cereus and
Streptococcus faecalis) human bacterial,and one
human fungal (Candida krusei)strain by
resazurin dye reduction assay. Resazurin is a
non-toxic redox indicator dye used in various
cytotoxicity assays to assess cell growth. It is a
blue non-fluorescent dye that turns pink under
the influence of oxidoreductase enzymes in
living cells. A color change from blue to pink
shows living cells. When the color of the dye
remains blue, this indicates that there is no
activity of living cells?0.In the present assay, the
antimicrobial activity is dose dependent and the
compounds are added at various concentrations.
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The minimum inhibitory concentration (MIC) is
the lowest concentration of antimicrobial agent
that inhibits the apparent growth of the
microorganism after the necessary incubation
period. Test compounds Kkill bacteria and fungal
cells during the incubation period. This is
derived from a discoloration in the
corresponding cavities. The antibacterial and
antifungal activity evaluated using test
organisms is shown in Figure 5&6. The results
obtained in Figures 5 and 6 are shown in the
Table. 1.

Copper (II) complex 1 shows moderate activity
against test organisms, but 1, Gram (+) bacteria
shows higher activity against Bacillus cereus
and Candida krusei fungus. Although complex 2
zinc (II) is not effective against all bacterial and
fungal strains tested, complex 2 shows poor
activity against Gram (-and) Shigelladisenteriae.
As a rule, the test compounds were less active
than  the  reference  positive  control
erythromycin (antibacterial) and amphotericin
B (antifungal). A possible explanation of the
antimicrobial activity of the complexes may be
related to the lipophilicity of the central metal,
which then promotes the formation of a
hydrogen bond between the donor group and
the active center of the cell components, as well
as penetration through the lipid layer of the cell
group. This may result in destruction of the cell
permeability barrier to interfere with normal
cell operations. Increased inhibitory activity of
metal complexes may also be related to the
nature of metal ions and ligands, the presence of
co-ligands, the geometry of complexes, steric
and pharmacokinetic factors21-23,

3.2.6. Vascular Endothelial Growth Factor
Inhibitor (VEGFR2) studies

Vascular endothelial growth factor (VEGF) plays
an important role in tumor angiogenesis, and it
is believed that inhibition of the signaling
pathway is an effective therapeutic option for
cancer treatment® 24. An increase in VEGF kinase
receptor in various human tumors. And
expression levels correlate with poor prognosis
and clinical stage in patients with a solid
tumor?s. 26, Therefore, the VEGFR2 signal is an
attractive therapeutic target in the treatment of
cancer. Monoclonal anti-humanized anti-VEGF
antibody (bevacizumab)?’ and many small
molecules of the VEGFR2 kinase inhibitor were
considered  anti-angiogenic  drugs and
demonstrated clinical benefit in the treatment of
some tumors with controlled side effects28-30,
For these reasons, we grew up by examining the
results of the interaction between the VEGFR2
kinase receptor and the synthesized metal
complexes.
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To examine the selection of the binding site, the
synthesized complexes (1 and 2) were dOcked
to the 3D structure of BSA ID (PDB): 3V03 using
Auto Dock, and the binding results were
sequenced in Table 2. The predicted active sites
consisted of amino acids for complex 1 such as
ASN 923, LYS 920, LEU 840, CYS 919, PHE 916,
GLU 917, LEU 1035, VAL 899, ALA 866, ICE 915,
VAL 916, VAL 914, VAL 867, LYS 868, LEU 889,
GLU 885, CYS 1045, ASP 1046, VAL 848, LYS
868, ASP 1046, LEU 889, GLY 841, CYS 1045,
PHE 1047, ALA 1050, GLY 841, LEU 840, GLY
922, VAL 848, LYS 920, CYS 919, PHE 921, GLU
850, GLU 917, PHE 918, ALA 866, LEU 1035,
ALA 866, VAL 916, VAL 899, GLY 922 and GLU
8858. Fig. 7 provides information on
energetically encouraging images, binding sites
and complex binding positions. It can be seen
that the complexes are possibly associated with
the hydrophobic pocket and that all complexes
have five hydrogen-binding interactions, one of
which is the ASN 923 formed between the
hydrogen atom of the ligand and the CO atom of
the ligand. CYS 919 hydrogen atom and N atom
of tetrazole ring. The other three, HIS 1088, GLY
1224 and PHE 1223, are formed between
hydrogen atoms and O and N atoms of the drug.

The binding energy of the complexes is reduced
in the order 1 > 2. According to the results that
complex 1 exhibits a binding energy value
greater than complex 2, the relative binding
energy is the binding affinity between the
stronger VEGFR2 and the target molecules. The
negative relative binding mode of complex 1
means stronger binding affinity to VEGFR2 by
playing a key role in the metabolism of VEGFR2
and in the transport chamber. Results from
molecular docking studies were the interaction
of VEGFR2 with the complexes, electrostatic
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interactions, van der Waals, for example
hydrogen bonds interaction (n-m & o-m).

4.CONCLUSION

Thus, two metal(II) mononuclear complexes of
type [M(L)(drug)Cls] containing a ligand with a
tetrazole core were synthesized and identified
by analytical and spectral methods. Based on
spectral studies, square pyramidal geometry
was given for both complexes. All the
synthesized metal complexes show profound
antimicrobial activities against the tested
microorganisms. Cu(Il) complex show higher
antibacterial and antifungal activities compared
to the Zn(II) complex. These results also indicate
that a combination of metal and ligand
environment with drug plays a vital role in
increasing the degree of inhibition. Analysis of
the molecular binding of complex 1 and 2 with
the VEGFR2 kinase receptor indicates the
interaction of m-m, o-m and hydrogen bonds. The
strong activity of the complex 1 can be related to
the potent effect of non-conjugated electrons
around the copper (II) metal ion. All
encouraging chemical and molecular
comparison results show that complex 1 is a
suitable candidate for use as an anticancer drug.
Further research is needed to evaluate the
pharmacological properties of biological activity
in-vitro and in-vivo to explain the true
mechanism.
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Fig. 1: FT IR spectra of the precursor(PC) (a) and N-benzoylatedtetrazolo
[1,5-a]pyrimidine-based copper(Il) (1)
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Fig. 3: Electronic spectra of the N-benzoylated tetrazolo[1,5-a]
pyrimidine mononuclear copper(Il) (a) and zinc(II) (b) complexes

Fig. 4: Optimized geometries of complexes 1 (a) & 2 (b)
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Fig. 5.Antibacterial activity of the N-benzoylatedtetrazolo[1,5-a]pyrimidine-based

copper(II) complex (1) against bacterial strain Bacillus cereus by resazurin reduction assay
C - Control - Dye + Bacillus cereus + without complex
C1 (1) + Dye + Bacillus cereus

B / . S N

Fig. 6: Antifungal activity of the N-benzoylatedtetrazolo[1,5-a]pyrimidine-based copper(II)

complex (1) against fungal strain Candida krusei by resazurin reduction assay
C - Control - Dye + Candida krusei + without complex
C1 (1) + Dye + Candida krusei

Fig. 7: Molecular fused models ofthe rug and copper (II) complex based
on N-benzolated tetrazolo[1,5-a]pyrimidine were present in 8 A

Table 1: Antimicrobial activity of the N-benzoylatedtetrazolo[1,5-a]pyrimidine-
based copper(II) complexes by resazurin reduction assay as MIC values (ug/mL)

Gram [-ve) Gram [+ve) Funeal Strains
Compownds =" TV | Be | &1 Lk
1 1050 | 2L | 520 | 3.5 85
7 735 | 35 | 1412 | 1250 -
Ervfhromycn | 256 | 525 | 410 | 068 -
Amphotericin-B | - | - | - - 0.38

S. d =Shigelladysenteriae; V. c = Vibrio cholerae; B. c = Bacillus cereus;
S. f = Streptococcus faecalis;C. k = Candida krusei.
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Table 2: Docking results of the N-benzoylated tetrazolo[1,5-a]pyrimidine
-based metal(II) complexes 1&2 with VEGFR2.

Binding Energy
Complexes Final total Torsional Estimated
internal energy free energy Binding energy
1 -25.73 1.69 -24.04
2 -10.83 1.42 -9.41
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