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Abstract

Synthesis and identification of some new zinc(Il), cadmium(ll), and Mercury(l1) complexes with ligand 3 were done. The resulting
compounds were identified using various physicochemical techniques such as electrical conductivity, magnetic susceptibility,
infrared spectroscopy, electronic (ultraviolet) spectra, 1H-NMR spectroscopy, atomic absorption, and CHN elemental analysis.
Through magnetic measurements and ultraviolet and infrared electronic spectra, we found that the shape of the resulting complexes
is tetrahedral around zinc(Il), cadmium(ll), and Mercury(ll), while the molar electrical conductivity results of the complexes
prepared in neutral medium confirmed that they are electrolytes in a solvent. DMF and DMSO in a ratio (1:1). The prepared
complexes in the basic medium were non-electrolyte. Zn(Il), Cd(ll), and Hg(Il), complexes showed tetrahedral geometry with the
general formula [M(L3)](NOs)2 and [M(L3)] in neutral and basic medium respectively. Then the antibacterial activity of the
prepared ligand and complexes against bacteria (Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and
Klebsiella spp). Neither the complexes nor ligand compounds showed antibacterial activity.

Keywords: Trimethoprim, Zn(ll), Cd(I1), Hg(ll), Complexes, Antibacterial.

1. Introduction

Compounds containing nitrogen, sulfur, or
oxygen particularly trimethoprim have piqued interest
in chemistry due to their many pharmacological
activities, including antiparasitic [1], antibacterial [2,
3], anticancer [4], antimalarial [5], antineoplastic [6],
and antiviral [7, 8]. Schiff base is a technique that is
applied on compounds that are used as a ligand in
formation of metal complexes and they were
synthesized via reaction of carbonyl compounds with
amine compounds. Schiff bases have a wide variety of
biological activities such as antimicrobial, [9]
antitumor [10]anti-inflammatory with
pharmacological activity[11]. Metal complex is a
mixture between metal and organic compounds named
ligand which in general is a Schiff base of carbonyl
compounds that condensed with primary amines.
Metal ions are used in many drugs such as cisplatin
which is one of the leading metal ions [12]. Metal
Complexes have been reported to be particularly
successful in inhibiting the growth of several bacterial
species, and are utilized to reduce germ proliferation
on contact surfaces in health care settings and
hospitals [13, 14]. The growth inhibition effect, known
as "contact killing,” led to the United States
Environmental Protection Agency (US EPA)

approving metallic copper as the first solid
antimicrobial substance [15].
The aforesaid facts prompted us to develop and
characterise a variety of Some second-chain metal
complexes such as Zn(lI1), Cd(ll), and Hg(ll) via reaction
of  terephthalaldehyde  reacted  with  5-(3,4,5-
trimethoxybenzyl)pyrimidine-2,4-diamine  to  afford
Schiff base as ligands to form octahedral complexes as
multidentate and the obtained new complexes were
screened as potential candidates against antibacterial
agents.

2. Experimental

2.1. Materials
The primary compounds have been supplied from Merck,
Aldrich, BDH, and Fluka. All the compounds and
solvents have been used as supplied.

Elemental analysis of carbon, nitrogen,
hydrogen were done at Irag-Baghdad-1bn Al Haytham
University. Zinc, Cadmium, and Mercury contents
have been determined by the Atomic absorption
method after the decomposition of the complexes with
concentrated nitric acid. Conductivity measurements
have been carried out with an electrolytic conductivity
measuring set LF-42 and Multiline f/SET-2WTW
Wiscenschaf ~ Technische  Werketattem 82362
Weiheim using 102 M DMF & DMSO at 25 °c.
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Magnetic susceptibility of the complexes has been
measured by SHERWOOD SCIENTIFIC Magnetic
Susceptibility (MSB) at 25 °c. Electronic spectra have
been recorded on Shimadzu UV-1650 PC UV-Visible
Spectrophotometer for 10 solutions of the ligands
and their complexes in DMF & DMSO at 25°c, using
a 1 cm cell. The infrared spectra of the ligands and
their complexes have been recorded on Model Alpha—
Bruker in the range 400-4000 cm?, finally
antibacterial activity evaluation.

2.2. Preparing the Ligand
1 mmol terephthalate and 2 mmol trimethoprim were
dissolved in 40 ml ethanol, with heating until having
homogenous mixture then 3-5 drops glacial acetic acid
were added with refluxing for 2h. After completion
(TLC), reaction mixture was evaporated under vacuum, to
get precipitate that was filtered and left to dry. (M.p.:
200°C, ark yellow, yield 85%) (Scheme 1).[16]

2.3. Preparation of the complexes
Synthesis of metal complexes at base, acid and neutral
media were done to conclude that acidic reaction
condition is not suitable because of presence of acidic
hydrogen proton that reacted with lone pair of amine
group to afford NHs; which decrease activity of
coordination with (NH>).

A. Inneutral medium :
An equal mole ratio of metal salt such as
Zn(NO3)2.6H,0 and Ligand 3 dissolved in 20 ml
absolute ethanol were refluxed for 3h (TLC). The
reaction residue was cooled and evaporated to about
half its volume to afford a complex that was filtered
off, washed with diethyl ether, and dried (Scheme 2,
Table 1).[17]

B. Inbasic medium
The foregoing steps was applied except addition of 2M
NaOH drop-wise instead of glacial acetic acid until pH
=9-10 (Scheme 3, Table 1).

2.4. Calculation of Relative Molecular Weight
Relative molecular weight of the prepared complexes
was calculated, an amount of the complex was

o) 0 NZ OMe  condensation
()2 I o Ao
+ N
H2N N NH2 OMe EtOH, AcOH | OMe
N

1 9 OMe
Terephthalaldehyde Trimethoprim

reflux, 2h

weighed and dissolved in DMF to obtain a
concentration of 0.001 molar.[18]

The solution was transferred to a test tube
containing a Beckmann thermometer and placed in an
ice bath. The solution was stirred slowly and we
noticed a decrease in the temperature of the solution
and at the freezing point of the solution the
temperature was stabilized, and by knowing the
freezing point of DMF we calculate the difference
caused by the dissolved complex in the heat From the
standard curve that was drawn for previously known
compounds and given a straight line and using the
Excel program(Compounds of known molecular
weight are used, and a standard curve is drawn for
these compounds. By projecting onto the straight line,
the unknown compounds are calculated), a graph of
the curve is made with a linear relationship between
the difference in temperature and molecular weight.
By projecting onto the obtained curve, we can
determine the molecular weight of the prepared
complex (Table 3).

2.5. Antimicrobial Assay
The antibacterial activity of new complexes has been
investigated and expressed according to the agar plate
diffusion method as the diameter of the inhibition
zones [19] against  Staphylococcus  aureus,
Escherichia coli, Pseudomonas aeruginosa, and
Klebsiella spp. All the bacterial strains were carried
out and identified in this study is achieved at The
Biology Department, College of Education for Pure
Sciences, University of Mosul.
3. Results and Discussion
Terephthalaldehyde reacted with 5-(3,4,5-
trimethoxybenzyl)pyrimidine-2,4-diamine via
condensation reaction conditions to afford Schiff base
3 in excellent yield (Scheme 1). The structure of new
Schiff base 3 was elucidated via elemental and
spectroscopic analyses.

N7 OMe
PNy
N N NH, OMe
! OMe
+ H,O

N NH OMe

OMe

Scheme 1: Schiff base synthesis

New complexes were synthesized via
reaction of ligand 3 with metal salt of Zn, Cd and Hg
in basic, acid and neutral media. Acidic reaction
condition is not suitable because of presence of acidic
hydrogen proton that reacted with lone pair of amine
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group to afford NHs which decrease activity of
coordination with (NH). So, reaction was done at
neutral and basic medium (Scheme 2 and 3). Physical
properties of new ligand and complexes were depicted
in Table 1, while table 2 has amounts and medium of
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new complexes preparation. Also, Relative molecular
weight is cited in Table 3.

— N~ oMe. NO
NZ OMe o s | (NO3),
P N” N7 >NH OMe
K©/\N N™ "NH, OMe 7n(NO,),.6H,0 (©/\ | / OMe
OMe R N
N| 5 EtOH, H,0 i N_N /
N)zN NU /—NH  ome
\  NHz ome
OMe
OMe
L OMe ]
OMe 5
[Zn(L3)I(NO3)
Scheme 2: Complex synthesis in neutral medium
on - N7 | OMe_
e e +
X )N\\m K©/§N)\\N NH OMe
N~ N7 “NH, OMe 7, (NO,),.6H,0 // OMe
K©/\ OMe A N|/Zn
N| 3 EtOH, NaOH N / + NaNO,
N):N N\ ~—NH  oMe
\  NHz ome
OMe
OMe
L OMe _
OMe 5
[Zn(L3)]
Scheme 3: Complex synthesis in basic medium
Table 1: Physical properties new compounds
No. % yield Mp °C Color
Ligand 3 85 200 Dark yellow
4a = [Zn(L3)](NOs3)2 38 233 yellow
4b =[Zn(L3)] 85 245 yellow
4c = [Cd(L3)](NO3): 88 268 yellow
4d = [Cd(L3)] 83 290 yellow
4e = [Hg(L3)](NO3)2 89 212 yellow
4f = [Hg(L3)] 89 250 yellow
Table 2- Amounts and medium for the preparation of the complexes
Complex Medium Wt. of Wt of Wt. of Wt. of Wt. of
NaOH Hg(NO3)2.H20 Cd(NO3)24Hzo Zn(N03)2.6H20 TerTMPH,
4a =[Zn(L3)](NO3)2 Neutral 1 2.28
4b = [Zn(L3)] Basic 1ml. 1 2.28
4¢ = [Cd(L3)](NOs3)2 Neutral 1 2.20
4d = [Cd(L3)] Basic 1ml . 1 2.20
4e = [Hg(L3)](NO3)2 Neutral 1 1.98
4f = [Hg(L3)] Basic 1ml 1. 1.98

Weight in gram

Table 3: Relative molecular weight
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Compound

M.Wt calc. (Exp.)  g. mol*

Ligand 3

678 (675)

4a = [Zn(L3)](NOa).

867.41 (864)

4b = [Zn(L3)]

741.41 (738)

4c = [Cd(L3)](NOs)2

914.41 (910)

4d = [Cd(L3)]

788.41 (783)

4e = [Hg(L3)](NOa).

1002.59 (999)

4f = [Ho(L3)]

876.59 (870)

A. Electrical conductivity

Molar electrical conductivity [20] of new
complexes was measured at a concentration of 10°M
by using DMF & DMSO as a solvent at 25°. The
results showed that new complexes in neutral medium
are good conductive electrolyte at a ratio of 1:2. While
that prepared in basic medium (pH = 10) are non-
conductive and their solution is non-electrolyte. (Table
4). Complexes 4a,c,e are charged (electrically
conductive), while neutral complexes 4b,d,f are
electrically non-conductive complexes (Table 4).

B. Magnetic Sensitivity Measurement
Magnetic measurements[21] of new metal complexes
were measured to afford that new complexes showed
diamagnetic properties[22]

C. CHN Elemental Analysis
Elemental analysis of carbon, nitrogen, hydrogen were
done and Zinc, Cadmium, and Mercury contents have
been determined by the Atomic absorption method
after the decomposition of the complexes with
concentrated nitric acid (Table 5).

Table 4: Molar electrical conductivity

Compound M.Wt calc. (Exp.)  g¢. mol?
4a = [Zn(L3)](NOz3)2 M in DMSO (*M in DMF)
4b =[Zn(L3)] 78 (132)
4¢ = [Cd(L3)](NOs3)2 9(14)
4d = [Cd(L3)] 76 (134)
4e = [Hg(L3)](NOs3)2 5(10)
4f = [Hg(L3)] 73(135)

Table 5: CHN Elemental Analysis

compound %C Calc. %H Calc. %N Calc. %2Zn Calc. | %Cd Calc. %Hg Calc.
(Exp.) (Exp.) (Exp.) (Exp.) (Exp.) (Exp.)
L3 63.71 (60.82) 5.60 (5.21) 16.51(15.00)

4a = [Zn(L3)](NOs3)2 49.80 (48.99) 4.38 (4.33) 16.14 (16.00) 7.54 (7.33)

4b =[Zn(L3)] 58.26 (57.98) 4.85 (4.67) 15.10 (14.88) 8.82 (8.65)
4c = [Cd(L3)](NOs3)2 47.24 (46.97) 4.15 (3.98) 15.31 (15.00) 12.29 (12.01)

4d = [Cd(L3)] 54.79 (54.53) 4.56 (4.31) 14.20 (14.05) 14.25 (14.02)
4e = [Hg(L3)](NOs3)2 43.08 (42.89) 3.79 (3.62) 12.56 (12.06) 20.01 (19.56)

4f = [Hg(L3)] 49.28 (48.96) 4.10 (3.79) 12.77 (12.03) 22.89 (22.66)
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D. Electronic spectra

Coloured complexes have transitions bands at
spectrum visible region, accompanied by other bands
in the near-infrared and ultraviolet region adjacent to
the visibility of the spectrum. [23]The importance of
electronic spectra showed in explaining the properties
that were related to metals containing (d) orbitals that
are partially filled with electrons. In our study, the
electronic spectra of the prepared complexes were
measured using DMF and DMSO as solvents, and the
prepared compounds did not give (d-d) spectra, which
are associated with the metal originally, while it gave
the charge transfer spectra. It included transitions
between the metal and the ligand and this indicates that
the metal does not possess individual electrons,
meaning that it does not possess (d-d) transitions, and
this leads us to confirm that the complex was in the
stereotyped tetrahedral form (Table 6).

Table 6: Electronic spectral data of complexes

IR spectrum of Ligand 3 revealed bands at 1701
cm? (C=N), at 3363 cm* (NHy), this proves that the
interaction between the amine group and the
terphthalidehyde occurred, on the compound
trimethoprim. Another amine group did not react
because of molar ratio of reaction (2:1) and presence
of steric hindrance by an ortho-compensator
(trimethoxybenzyl). ). We note that there are changes
in the values of C = N and clear increases for the
complexes, due to the electronic density transferred
between the metal and the ligand when coordinating In
addition to the changes that occur to the tertiary
amines, which are converted to ammonium salt. Also,
IR revealed bands of aliphatic and aromatic C-H and
bands of symmetric and asymmetric C-O-C (Table
7)[24-26].

F. HNMR
1H NMR spectrum of ligand 3 revealed presence of a
signal at 2.55 ppm to the two groups -CH2- group

Compounds. C.T. between the phenyl ring and the pyrimidine, a single
4a = [Zn(L3)](NOs). | 34013 signal at 3.89 ppm due to the 18 protons of the
4b = [Zn(L3)] 33783 methoxy group substituted on the two benzene rings,
4c = [Cd(L3)](NOs). | 34013 and it gave a single signal at 6.99 ppm due to the 2H
4d = [Cd(L3)] 34013 for two imine groups -CH=N-, and a group of signals
4e = [Hg(L3)](NO3), | 34013 (five different bands) in the region 7.06 until 7.99 ppm
4f = [Hg(L3)] 33783 belongs to the group of protons attached to the phenyl
and pyramidine to 8 protons, and finally a single signal
E IR at 8.94 ppm belongs to the stretching of the first amine
spectra group (Figure 1)[27-28].
Table 7: IR of new compounds
Comp. No. M-N N-H Ce;rH C-Halph | C=N C:i'r\]lgm C-N | c-0-C
L3 - 3363,3242 | 2995 | 2939,2833 | 1680 1664 1328 | 1236,1004
4a =
[Zn(L3)](NO3): 520,611 | 3433,3340 | 3004 | 2966,2835 | 1685 1660 1353 | 1238,1000
4b = [Zn(L3)] 518,600 | 3433,3344 | 3002 | 2966,2837 | 1693 1644 1386 | 1236,997
4c =
[CA(L3)](NOs)2 526,592 | 3346,3334 | 2991 | 2937,2835 | 1697 1640 1382 | 1236,1004
4d = [Cd(L3)] 510,590 | 3367,3247 | 2993 | 2939,2833 | 1682 1670 1380 | 1236,1004
de =
[Hg(L3)[(NO3)2 528,582 | 3397,3218 | 3030 | 2939,2833 | 1697 1602 1326 | 1234,1002
4f = [Hg(L3)] 516,592 | 3353,3278 | 3040 | 2937,2833 | 1697 1606 1325 | 1236,1002

J ,-‘Mlt_

Figure 1:“ 'gbectra HNMR for ligand
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4. Antibacterial activity

The antibacterial activity of new complexes has been
investigated and expressed according to the agar plate
diffusion method as the diameter of the inhibition
zones [29,30] against Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and
Klebsiella spp. All new complexes have no activity ,
Cefotaxime and penicillin were used as references to
compare with the complexes when measuring
efficacy.

5. Conclusion

Based on the previous considerations from analytical
and spectroscopic studies and physical and chemical
properties, the following can be concluded:

e In the complexes resulting from the neutral
medium, the ligand 3 coordinates with the
zinc, cadmium and mercury binary ions
through two nitrogen atoms azomethine and
two nitrogen atoms of the two amine groups,
as it acts in the form of a neutrally charged
ketelete tetrahedron ligand. In the basic
medium, the ligand 3 acts as a negatively
charged ligand, as it loses two protons.

e The resulting complexes in the neutral
medium are positively ionic with a general
formula [M(L3)](NOs)2

e The resulting complexes in the basic medium
are neutral with a general formula [M(L3)].

e The metal ion in all the complexes produced
in the neutral and basic mediums is
tetrahedral, taking the form of a tetrahedron,
and producing mononuclear complexes.

6. Acknowledgment

The researchers extend their sincere thanks to the
College of Education, Department of Chemistry and
Life Sciences at the University of Mosul, for
supporting the work in their laboratories and
equipment.

7. References

1. T.C. Gomes, H.F.d. Andrade Junior, S.A.Z.
Lescano, V. Amato-Neto, In vitro action of
antiparasitic drugs, especially artesunate,
against Toxoplasma gondii, Revista da
Sociedade Brasileira de Medicina Tropical
45 (2012) 485-490.

2. R.Brogden, A. Carminge, R. Heel, T. Speight,
G. Avery, Trimethoprim: a review of its
antibacterial activity, pharmacokinetics and

Egypt. J. Chem. 65, No. 10 (2022)

10.

11.

therapeutic use in urinary tract infections,
Drugs 23(6) (1982) 405-430.

A.A. Aryee, R. Han, A novel biocomposite
based on peanut husk with antibacterial
properties for the efficient sequestration of
trimethoprim in solution: Batch and column
adsorption studies, Colloids and Surfaces A:
Physicochemical and Engineering Aspects
635 (2022) 128051.

N.M. Aljamali, I.K.A. Alsabri, Development
of Trimethoprim Drug and Innovation of
Sulfazane-Trimethoprim  Derivatives  as
Anticancer  Agents, Biomedical and
Pharmacology Journal 13(2) (2020) 613-625.
Saied, S., Saleh, M., Hamdoon, A. (2022).
Multicomponent Synthesis of
Tetrahydrobenzo[a]xanthene and
Tetrahydrobenzo[a]acridine Derivatives
using Sulfonated Multi-Walled Carbon
Nanotubes as Heterogeneous
Nanocatalysts. Iranian Journal of Catalysis,
12(2), 189-205. doi:
10.30495/ijc.2022.1955651.1924

E. Castagnola, A. Mesini, C. Saffioti, A.
Moscatelli, F. Pierri, S. Giardino, M. Faraci,
Failures of once-a-week trimethoprim-
sulfamethoxazole prophylaxis in children
undergoing allogeneic hematopoietic stem
cell transplant, Transplant Infectious Disease
22(1) (2020) e13231.

M. de Araujo, A.C. Seguro, Trimethoprim-
sulfamethoxazole (TMP/SMX) potentiates
indinavir nephrotoxicity, Antiviral therapy
7(3) (2002) 181-184.

D.D. Orhan, B. Ozgelik, S. Ozgen, F. Ergun,
Antibacterial, antifungal, and antiviral
activities of some flavonoids,
Microbiological research 165(6) (2010) 496-
504.

Raoof, S., Ahmed, F., Al-barwari, A., Saleh,
M. (2022). Synthesis, Characterization, and
Biological Activity of Chromium Complexes
as Efficient and Novel Catalysts for Direct
Synthesis of Carbonyl Compounds from
Benzyl/Cycloalkyl Bromides in Water under
Aerobic Oxidation. Iranian Journal of
Catalysis, 12(1), 55-68. doi:
10.30495/ijc.2022.689761

K. Venkateswarlu, N. Ganji, S. Daravath, K.
Kanneboina, K. Rangan, Crystal structure,
DNA interactions, antioxidant and antitumor
activity of thermally stable Cu (11), Ni (II)
and Co (IlI) complexes of an N, O donor
Schiff base ligand, Polyhedron 171 (2019)
86-97.

J. Kumar, A. Rai, V. Raj, A comprehensive
review on the pharmacological activity of



PREPARATION AND DIAGNOSIS OF ZN(II), CD(Il) AND HG(I1) COMPLEXES..

365

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

schiff base containing derivatives, Organic &
Medicinal Chemistry International Journal
1(3) (2017) 88-102.

C.X. Zhang, S.J. Lippard, New metal
complexes as potential therapeutics, Current
opinion in chemical biology 7(4) (2003) 481-
4809.

N. Raman, J.D. Raja, A. Sakthivel, Synthesis,
spectral characterization of Schiff base
transition metal complexes: DNA cleavage
and antimicrobial activity studies, Journal of
Chemical sciences 119(4) (2007) 303-310.
Saeed, Z., Saleh, M., sadeek, G. (2022).
Synthesis and Biological Evolution of Novel
Substituted 1,2,4-triazine from Sulfanilic
Acid. Egyptian Journal of Chemistry, (), -.
doi: 10.21608/ejchem.2022.132916.5870

G. Grass, C. Rensing, M. Solioz, Metallic
copper as an antimicrobial surface, Applied
and environmental microbiology 77(5)
(2011) 1541-1547.

A.M. Abbas, A.S. Mohammed Taib, N.H.
Saeed, Synthesis and Characterization of
Linear Thermally Stable polyester contain
Schiff Bases, Egyptian Journal of Chemistry
63(8) (2020) 2999-3013.

R.R. Abed, A.S. Mohammed, F.J. Ahmed,
Synthesis and Diagnoses of New Metal lons
Complexes derived from Trimethoprim
Schiff Bases, Research Journal of Pharmacy
and Technology 14(9) (2021) 4963-4968.
P.M. May, P.W. Linder, D.R. Williams,
Computer simulation of metal-ion equilibria
in biofluids: models for the low-molecular-
weight complex distribution of calcium (l1),
magnesium (I1), manganese (I1), iron (1),
copper (1), zinc (I1), and lead (II) ions in
human blood plasma, Journal of the
Chemical Society, Dalton Transactions (6)
(1977) 588-595.

P. Vijayaraghavan, S.G.P. Vincent, A simple
method for the detection of protease activity
on agar plates using bromocresolgreen dye,
Journal of Biochemical Technology 4(3)
(2013) 628-630.

I. Ali, W.A. Wani, K. Saleem, Empirical
formulae to molecular structures of metal
complexes by molar conductance, Synthesis
and Reactivity in Inorganic, Metal-Organic,
and Nano-Metal Chemistry 43(9) (2013)
1162-1170.

J. Krzystek, J. Telser, Measuring giant
anisotropy in paramagnetic transition metal
complexes with relevance to single-ion
magnetism, Dalton Transactions 45(42)
(2016) 16751-16763.

Egypt. J.

Chem. 65, No. 10 (2022)

365

22.

23.

24.

25.

26.

27.

28.

29.

30.

mohammed, E., Saied, S., Saleh, M. (2022).
Synthesis, Characterization and Biological
Evaluation Study of Cephalexin (Ceph) and
Isatin Schiff base and Its Complexation with
Some Divalent Metal lons. Egyptian Journal
of Chemistry, 65(7), 595-603. doi:
10.21608/ejchem.2021.106994.4914

R.C. Rosenberg, C.A. Root, H.B. Gray,
Electronic spectral and magnetic
susceptibility studies of nickel (1) and cobalt
(I1) carboxypeptidase A complexes, Journal
of the American Chemical Society 97(1)
(1975) 21-26.

Sdeek, G. T., Mauf, R. M., & Saleh, M. Y.
(2021). Synthesis and Identification of some
new Derivatives Oxazole, Thiazole and
Imidazol from Acetyl Cysteine. Egyptian
Journal of Chemistry, 64(12), 7565-7571.
Azez, A. A, Natheer, R. T., Mohammed, E.
R., & Saleh, M. Y. (2021). Preparation of
New Complexes of Fe (1), Co (1), Ni (1) and
Cu (I1) with Mixed Ligands of Ciprofloxacin
or Levofloxacin with Eugenol and Study of
Their Chemical and Physical
Properties. Egyptian Journal of
Chemistry, 64(8), 1-2.

Aldahham, B. J., Al-Khafaji, K., Saleh, M.
Y., Abdelhakem, A. M., Alanazi, A. M., &
Islam, M. A. (2020). Identification of
naphthyridine and quinoline derivatives as
potential  Nsp16-Nspl0 inhibitors: a
pharmacoinformatics study. Journal of
Biomolecular Structure and Dynamics, 1-8.
Al-Thakafy, N., Al-Enizzi, M., Saleh, M.
(2021). Synthesis of new Organic reagent by
Vilsmeier — Haack reaction and estimation of
pharmaceutical compounds (Mesalazine)
containing aromatic amine groups. Egyptian
Journal of Chemistry, (), -. doi:
10.21608/ejchem.2021.101851.4729

Saied, S., Mohammed, S., Khaleel, B.,
Saleh, M. (2021). Comparative Studies
between Conventional Techniques and Green

Chemistry to  Synthesis of  Novel
Piperidinium Salts lonic Liquids
(PBSILs). Journal of Chemical Health Risks,
11(4), 451-456. doi:

10.22034/jchr.2021.686640

Ayoob, A., Sadeek, G., Saleh, M. (2022).
Synthesis and Biologically Activity of Novel
2- Chloro -3-Formyl -1,5-Naphthyridine
Chalcone Derivatives. Journal of Chemical
Health  Risks, 12(1), 73-79. doi:
10.22034/jchr.2022.688560

Rugaya M. Hamid Al-Sultan, Ammar
Abdulsalaam  Al-Sultan, Mohammed A.
Hayawi, Bilal J M Aldahham, Mohanad Y.



366 Fadia J. Ahmed & et.al.

Saleh, Hazim A. Mohammed. The effect of
subclinical thyroid dysfunction on B- type
natriuretic peptide level. Revis Bionatura
2022;7(2) 21. http://
dx.doi.org/10.21931/RB/2022.07.02.21

Egypt. J. Chem. 65, No. 10 (2022)



