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ABSTRACT

Trimethoprim (TMP) is currently frequently utilized in modern medicine due to its organic features. Trimethoprim inhibits
vulnerable organisms from converting dihydrofolate to tetrahydrofolate, which is the active form of folic acid. Its
heterocyclic substances are crucial to the fields of medicine and pharmacology by reacting to their Schiff base derivatives
with metals. The preparation and detailed analysis of these compounds were conducted using diverse physicochemical
techniques, including measurements of electronic conductivity, UV-visible spectral analysis,1H-NMR, 13C-NMR
spectroscopic studies, atomic absorption evaluations and CHN elemental composition determination. The antimicrobial
activity of TMP-based compounds was demonstrated by their ability to suppress the development of pathogenic
microorganisms, including Gram-positive (G+) strains such as Staphylococcus pyogenes and Bacillus subtilis, alongside
Gram-negative strains like Shigella flexneri.
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Introduction

In chemistry, a major revolution was caused by compounds containing nitrogen, sulfur, or oxygen atoms, especially TMP, due to its
effectiveness in many areas of medicine, including its effectiveness as antiparasitic, antibacterial, anticancer, antimalarial, antitumor,
and antiviral agents [1]. Roth and colleagues described TMP for the first time as a broad-spectrum antimicrobial agent with antiparasitic
activity (Figure 1) [2].
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Figure 1. Configuration and 3D -geometrical configuration of the TMP [3]
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TMP, also identified as 5 — (3,4,5 — trimethoxybenzyl) — 2,4 — diaminopyridine , is a broad-spectrum antibacterial agent
treatment that is applied to treat infections of the urinary tract, and preventative measures [4]. The following scheme illustrates how it
competitively inhibits dihydrofolate reductase as a structural equivalent of the pteridine component of dihydrofolic acid [5].
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Scheme 1. Preparing rote of TMP [5].

Because of their amide structure, TMP is categorized as a heterocyclic molecule. The production of new compounds combining TMP
amides and derivatives of maleimide uses amide as a starting material [6]. Heterocyclic compounds are the primary line of treatment
for inflammatory conditions such as arthritis [7]. Gram-positive (G") and Gram-negative (G") bacteria, as well as a variety of fungi, are
susceptible to trimethoprim's potent antibacterial and antifungal activities [8]. Metal-drug complexes have generated a great interest and
resulted in several novel and practical drugs. Research is still being conducted in several disciplines [9-20].

One notable and significant hydrocarbon derivative in organic synthesis that includes the Azomethine group (C = N) as a functional
group is a Schiff base. It can be produced by a straightforward reaction of condensation between aldehydes or ketones and main amines.
The imine compounds are employed as ligands, using the azomethine nitrogen atom to coordinate with metal ions. metal ions.
Depending on the position and number of electron-donating groups, Schiff base derivatives complexed with various metal ions
demonstrated the ability to create unimetallic, bimetallic or polymetallic species, which in turn function as ligands with one, two or
three donor atoms in coordination bonds [21].

A Schiff base prepared from TMP involves the formation of an imine (Schiff base) by reacting the primary amine group in TMP with a
carbonyl compound, such as an aldehyde or ketone. TMP, an antibacterial drug, contains amino groups that are capable of participating
in Schiff base formation [22].

The importance and applications of Schiff bases derived from TMP

Schiff bases derived from TMP have attracted considerable attention for their diverse pharmaceutical applications. Modifying TMP to
form Schiff bases have been shown to enhance its antimicrobial, antifungal, and antiparasitic activities. These structural modifications
may improve therapeutic efficacy, particularly against resistant bacterial strains, by altering the drug’s interaction with key bacterial
enzymes such as dihydrofolate reductase. In addition, TMP—Schiff base complexes with transition metals such as Cu(Il), Zn(II), and
Co(II) are being investigated for their ability to further increase antimicrobial and antifungal potency. The incorporation of metal ions
can influence metal-ligand interactions, potentially introducing new mechanisms of action that strengthen biological activity. Schiff
bases derived from TMP also hold promise in drug delivery systems, where they may be used to modify solubility, stability, or release
characteristics, resulting in formulations with enhanced pharmacokinetic properties. Beyond pharmaceutical applications, TMP-based
Schiff bases have relevance in environmental and analytical chemistry, particularly for detecting and chelating metal ions in
environmental or biological samples. Their strong metal-binding capabilities make them useful in environmental remediation, including
the removal of heavy metals from contaminated water sources. Overall, Schiff bases prepared from TMP represent versatile compounds
with significant potential for improving antibacterial performance, developing metal-based therapeutic agents, and contributing to
environmental applications.

Coordination complexes of Schiff bases origination from TMP
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The proposed structure of the metal complexes, TMP with p-Chlorobenzalehyde (pb) and TMP with Vanillin (V), coordinated
withNi(II) ,Zn(I) ,Mn(ll) ,and Co(Il) atpH between 7-8, has been confirmed by Joshi and Pawar's analysis. The Schiff base
ligands have been demonstrated to have proved biologically active, and their metal complexes exhibit enhanced antimicrobial activity
against one or more strains. The chelation process tends to make the ligands act as more effective and influential bactericidal agents
(Figure 2)[25]. For each complex, an octahedral form was suggested.

Figure 2. (a): Metal complex PbTM, (b): Metal complex VTM.

Lia and his associates used equal amounts of TMP and o-vanillin to create Valen Shiff base (C22H24N4Os). It has been studied how the
Schiff base interacts with bovine serum albumin (BSA) . It was confirmed a big development of a Schiff base-BSA complex is what
causes the inhibition of fluorescence of BSA caused using Schiff base. At various thermal state, the system's thermodynamic values G,
H, and S were computed. Additionally, the distance r from the acceptor (Schiff base) and donor (Trp. 213) was measured. According to

simultaneous fluorescence spectroscopy findings, BSA's molecular conformation was altered by the connection with Shiff base (Figure
3) [26].

w [

(a) (b)
Figure 3. Molecular framework (a) and 3D conformation (b) of the synthetic Valen Schiff base.

Numan and his team utilized microwave irradiation to synthesize a new Schiff base ligand [HL] by reacting TMP with 2-benzoyl benzoic
acid. The ligand [HL] was combined with 8-hydroxyquinoline [HQ] and various metal salts, including: M = Mn(II), Co(I1I), Ni(II),
Cu(Il),Zn(II) ,and Cd(II) in ethanolusinga 1:1:1 molecular ratio, this process yielded six-coordinated metal ligand complexes

with an octahedral shape which demonstrated significant antibacterial activity opposed to various bacterial strains, as depicted in
(Figure4) [27].
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Figure 4. The proposed structure for mixed ligand complexes.

Ndahi and his team created and studied the complexes of Mn(II) and Fe(III) using HL' in addition HL?> TMP Schiff base as ligands,
which are made from 2-hydroxybenzaldehyde and phenylmethanal, respectively. The spectroscopic results show that strong
coordination bonds are being formed between the ligands and metal centers. Antibacterial evaluations showed that Fe(III) complexes
were more effective at killing bacteria than Mn(II) complexes; they were even better than the usual drug TMP (Figure 5) [28].
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Figure 5. The suggested structures for Mn(I1) and Fe(III) complexes incoporating TMP- Schiff base ligands, HL' and HL?, which
are generated from 2-hydroxybenzaldehyde and phenylmethanal.

By reacting M=Mn(II),Co(II),Ni(II),Cu(Il),Zn(II),Cd(II) and [Pd(I) wusing Schiff base [(E)-1-((2-amino-5-(3.,4,5-
trimethoxybenzyl)pyrimidin-4-ylimino)methyl)naphthalen-2-ol (HL). Abdalsahib and his colleagues have synthesized novel ligand
complexes. Except for complex Pd, whose geometry is square and planar, elemental and the spectral studies demonstrate a six-coordinate
of complexes and validate the association of metal ions and Schiff base. Good antibacterial and antifungal properties were demonstrated

by the synthesized compounds (Figure6) [29].
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M= Mn(II), Co(II),Ni(II), Zn(II), and Cd(II).

Figure 6. The proposed structure formula for complexes.

Shalini and his associates used bis(benzyl)ethylenediamine as a precursor in the template process to create irregular macrocyclic
complexes of Mn(II), Co(II), Ni(II), Cu(Il) ,and Zn(II) .Every complex belongs to the [M(L)X,] type.v(C = N) (azomethine)
stretches' shifts have been tracked. The activity information indicates that the metal complexes are more effective than the basic ligand,
which helps identify the ligands' donor locations. Effective broad spectrum antibacterial action was demonstrated by the
[M(L)X,] complexes. antibacterial action in vitro against isolates of bacterium that are harmful to humans that the spectrum of
antibacterial activity for G+ and G- is only improved when metal chlorides and TMP complex are combined. The synthesized
macrocyclic [M(L)X,] (Figure 7) [30] must be based on the results.
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Figure 7. Suggested structure of the complexes.

(2E,4E,8E,10E)-3,4,9,10-tetraphenyl-13-(3,4,5-trimethoxybenzyl)-2,5,8,11-tetraaza-1(2,6)-pyridinacycloundecaphane-2,4,8,10-tetraecne
M:(Mn((IT),Co(IT),Ni(II),Cu(1l) andZn(II).

Zaidan with his colleagues synthesized and studied the Schiff base complexes Co ((IA), Mn (AA), Fe (AA), Cu (AA), Ni (AA),
and Zn (AA) generated from TMP and 2'-amino-4-chlorobenzophenone. Elemental testing revealed the compounds' octahedral and
square planer geometries, while the solution electronic spectrum study indicates the synthesized complexes' stoichiometry. In contrast
to the uncoordinated ligand [TMAB], the produced metal complexes demonstrated increased efficacy against the screened bacterial
(Escherichia coli and S aureus) and fungal (4Aspergillus niger, Aspergillus flavus, Trichophyton, Pencillium spp.and Candida albicans)
strains (Figure8)[31].
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Figure 8. The proposed structure for complexes. (a): M= Mn, Co, Cu, the (b): M= Ni, Zn, Cd.

Garba and his colleagues used a variety of physic-chemical approaches to build and analyze chelate compounds of Mn (II), Fe (III), Co
(I), and Ni (II) using Schiff base ligands generated out of TMP along with Cyclohexanone. For each belonging to the complexes, a six
coordinated octahedral symmetry have been suggested. The antibacterial activity of the Schiff base ligand and its complexes was
evaluated against a few pathogenic microbial isolates and contrasted with that of the parent medication. The following pattern was
evident in the antibacterial activity results: Parent medicines > Schiff base ligands > metal complexes. This points to the possibility of
broad-spectrum antibacterial drugs. The trend in antibacterial capabilities among the complexes are due to the M-Cl link, according to
computational investigations (Figure 9) [32].
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Figure 9. Structure of the metal complexes, (a): M = Mn(II), Co(II), Ni(II), (b): M = Fe(lII) .

Using equal amounts of ortho hydroxybenzaldehyde and TMP as a ligand, Abed and her colleagues created a novel Schiff base (o-
hydroxy benzylidene TMP) by condensation reaction. The reaction with zinc and manganese salts was then utilized to create novel
complexes. In the natural media, the produced compounds were[M(OHTMP),]X,, and within the basis medium, they
were[M(OHTMP),-H],M = Zn,Mn, OHTMP = o — hydroxy benzylidene TMP,X = CH;C00,NO5, Cl,). For these
compounds, an octahedral geometry has been proposed. The produced ligand in addition complexes were practiced tested for their
biological activities in against G+ (S aureus) and G- (Escherichia coli, Pseudomonas aeruginosa, and Klebsiella spp.) bacteria. The
ligand and complexes' antibacterial qualities outperformed the TMP's (Figure 10)[33].
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Figure 10. Complexes formula in, a: Neutral medium, b: basic medium.
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Ahmed and his colleagues synthesized and identified some novel compounds of zinc (II), cadmium (II), and mercury (II) using ligands
(terephthalate and TMP). Several physicochemical methods were used to identify the resultant compounds. In addition to the molar
electrical conductivity results of the complexes formed in a neutral enviroment confirming that they are electrolytes in a solvent, the
resultant complexes are discovered to have tetrahedral geometry around Zinc (II), Cadmium (II), and Mercury (II). DMSO with DMF
in a 1:1 ratio. Non-electrolyte complexes were produced in alkaline medium. The complexes of Zn(II), Cd(Il), and Hg(I) displayed
tetrahedral geometry in neutral and basic media, respectively, with the general formula [M(L3)](NOs), and [M(L3)]. The produced ligand
and complexes' antibacterial activity against microorganisms (including Klebsiella spp., Pseudomonas aeruginosa, Escherichia coli,
and S aureus) was next examined. Antibacterial activity was not demonstrated by either the complexes or the ligand molecules

(Figurel1)[34].
= OMe
B ] ™oy, NS MY
SNTSNT ONH OMe SEL —
}/ OMe
)=N /
N\ »/ ~NH  ome
OMe
= OMe - -]
[Zn(L3)I(NO3) [Zn(L3)]
(a) (b)

Figure 11. The proposed structure for Zn (II) complexes. (a): in neutral medium, (b): in basic medium.

Abdalrazaq and his colleagues create metal complexes containing different ligands using ethanedionc acid and a Schiff base, which they
derived from TMP and 2,4-pentadione. The synthesized complexes were of the form [M(L,)(L,)], in which a metallic species, is
Ni(ID), Cu(Il), Cr(III) and Zn(II) . The first ligand, L,, is the TMP((Z)—4— ((4 —amino—5—- (3,45 —
trimetoxybenzyl pyrimidine — 2 — yl)imino)pentane — 2 — one) , and the second is the ethanedioate ion (CO). Schiff base
coordination is a tridentate compound with Co,Cr, ,and Zn complexes along with a bidentate ligand with Cu and Ni complexes,
according to the complexes' measured and computed infrared spectra. DFT simulations were used to examine the complexes' electronic
structures, revealing a range of the energy separation between the HOMO and LUMO orbitals. The complexes' ability to interact with
DNA was investigated. The antibacterial qualities of the synthesized ligand along with its formed metal complexes were assessed in
opposition to G+( B subtilis ),G- ( S aureus ) and G- Enterobacter (E) cloacae bacterial strains. Good antibacterial activity was
demonstrated by these complexes (F.g.12)[35].
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Figure 12. The proposed structure of complexes [M (L;)(L,)].

Mishra produced and studied complexation of Mn(II) and Fe(III) using TMP Schiff base ligands, HL' and HL?, generated by 2-
hydroxy benzaldehyde and phenylmethanal. The low conductivity values indicated that the complexes are not electrolytes, but the
results demonstrated that the produced substances are in their pure form due to they show distinct melting points. The acquired
spectroscopic data validate the metal-ligand coordination. Fe(IlI) complexes exhibit greater activity than Mn(II) complexes when
contrasted to the normal TMP medication, according to the results of the antimicrobial susceptibility test, MIC, and MBC (Figure
13)[36].
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Figure 13. The proposed structure of complexes: a= [Mn(HL"),Cl,], b= [Fe(HL"),ClL,]Cl, c= [Mn(HL?),CL]Cl, d= [Fe(HL?),ClL,]Cl

Complexes from TMP as a ligand

Al-Noor and Shinan conducted a study on a series of freshly synthesized mixed-metal ligand complexes, utilizing oxalic acid (H> C>04)
as the principal ligand and (TMP) as the auxiliary ligand. The structural investigation revealed that the complexes display a six-
coordinate  configuration as K,[M(Oxalate),(TMP)H,0)]. M denotes Mn(II),Co(Il), Ni(II),Cu(ll),Zn(II) , and
K[Cr(Oxalate),(TMP)(H,0)]. The antimicrobial activity was evaluated in vitro using TMP and oxalic acid as ligands in a mixed

metal ligand framework against S. aureus (G+), B. subtilis (G+), and E. cloacae (G-), with inhibition zones measured in millimeters
(14) [37].
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Figure 14. The proposed structure of complexes.

TMP and 2,2"-bipyridyl (bipy) mixed-ligand complexes that feature the formula [M(TMP)(bipy)X]nH,0 , where X = Cl/SO,,
M = Mn(II),Co(11), Ni(II), Cu(ll), Fe(II) and Zn(II) were synthesized and described by Eugene-Osoikhia and his colleagues. As
a bidentate ligand, TMP binds to the metals through the nitrogen atom of the azomethine moiety and the N atom of the pyrimidine
amino group. In contrast, the diimine's nitrogen atoms allow the bipy to coordinate.. According to the results from the electronic spectra,
every metal (/) complex was octahedral and monomeric. No antifungal activity was observed in the complexes and ligands, according
to the antimicrobial studies; however, the mixed metal complexes' antibacterial activities showed a trend of Mn > Zn > Cu > Fe >
Co~Ni , making[Mn (TMP)(bipy)Cl,].2H,0, the most biologically active of them. Since the maximum processes were seen at utmost

concentration of 40 mg/mL (Figurel5). It was likewise noted a direct relationship between antibacterial activity and concentration was
observed [38].
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Figure 15. The complexes' proposed structures are; (a): [M (TMP)(bipy)Cl:].(b): [M (TMP)(bipy)SO4] nH,O.H,O.

Emad and his colleagues had synthesized three TMP tin complexes, which were TMP combined with three distinct organo-tin
compounds. At two doses (1x1072, 1x10*M), the produced compounds have demonstrated greater efficacy in suppressing bacteria like
a) B Pumilus and b) Candida albicans (Figurel6) [39].
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Figure 16. Suggested structures for the complexes a and b.

Ruthenium(/11) , gold(I1l) ,andiridium(/I/]) TMP drug (TMP) complexes were synthesized and described by El-Habeeb and Refat.
The TMP medication was linked as a bidentate ligand associated with the appropriate three metal cations via a duo of nitrogen atoms
of -NH, amino groups. Two TMP molecules, two coordinated chlorine atoms, and one uncoordinated chlorine atom make up the
octahedral geometrical structure of the compound’s ruthenium (/1) , gold(III) ,and iridium(/II) .Numerous bacterial species, such
as Pseudomonas aeruginosa, B subtilis, (S) aureus, and Escherichia coli, have been used to study the antibacterial qualities of TMP
complexes. The inhibition zone of ruthenium and iridium complexes was in the low efficiency range in comparison to that of clinically

used antibiotics, and the antibacterial activity of gold(//I) complexes was moderate. (Figure 17) [40].
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/_ N <

Figure 17. Ru(Ill), Au(Ill), and Ir(IIT1)-TMP complexes and their proposed structures.

Al-Assafe and Al-Quaba have created new compounds in the [M(TMP)(en)]X.H,0 and
[M(TMP)(PD)]X.nH,0 series, where M = Ni?*, Cu?*, , Zr**,Ag*, Cd?*, en = ethylenediamine, PD = o-phenylene, and X =
Cl~or No3~. The arrangement of diamine ligands by nitrogen of diamine molecules was demonstrated by infrared spectra. In the
meantime, TMP functioned as a bidentate ligand, attaching itself to the azomethine and pyrimidine groups via their nitrogen atoms. All
compounds adopted monomeric octahedral and tetrahedral geometries, according to electronic spectra data. Broad-spectrum
antibacterial activity against a variety of bacterial strains was demonstrated by the compounds and their corresponding ligands (Figure
18) [41].
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Figure 18. Suggested structure of the complexes

Conclusion

The numerous pharmacological actions of TMP, such as its antiparasitic, antibacterial, anticancer, antimalarial, antineoplastic, and
antiviral properties, have stimulated interest in chemistry. Schiff base metal complexes have been extensively researched due to their
biological, antifungal, and industrial uses. They have been linked to urinary tract infections and have been significant in the development
of coordination chemistry.
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