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ABSTRACT 

The importance of semicarbazone and thiosemicarbazone organic compounds and their 

metal complexes as pharmaceutical, medicinal, antibacterial, antioxidant, and antifungal 

targets has recently become an area of research in both bioinorganic and medicinal 

chemistry. In this study, the semicarbazone and thiosemicarbazone derivative organic 

ligands and their metal complexes having a plethora of potentially exciting bioactivities and 

coordination chemistry were synthesized, characterized and their biological activities were 

evaluated. Specifically, the Zn(II), Cu(II), and Ni(II) complexes of bidentate ON (L1), 

Zn(II),and Cu(II)) complexes of  SN (L2), and tridentate ONN (L3 and L4) ligands have 

been prepared. The compounds were characterized with various methods such as 
1
H-NMR, 

13
C-NMR, FT-IR, UV-Vis, and mass spectroscopies, conductometer, SEM-EDX, XRD, 

TGA/DTA techniques. The synthesized ligands and their metal complexes were screened for 

their antibacterial activity against two Gram-negative (Escherichia coli and Pseudomonas 

aeruginosa and two Gram- positive (Staphylococcus aureus and Streptococcus pyogenes) 

bacteria strains using disc diffusion method. The compounds were also evaluated for their 

antioxidant activity by DPPH assay. On the bases of spectroscopic studies the structure and 

the molecular formula of the synthesized compounds were proposed. The antimicrobial 

activity result showed the best activities were achieved by [Zn(L2)2] complex 4 (15.44 ± 0.31 

mm) against Pseudomonas aeruginosa), [Cu(L2)2] complex 5 (14.00 ± 0.20 mm) against 

Streptococcus pyogenes, [Zn(L3)2].2H2O complex 6 (16.22 ± 0.27 mm) against 

Staphylococcus aureus, [Cu(L3)2].3H2O complex 7 (18.66 ± 0.34 mm) against 

Staphylococcus aureus bacteria pathogens compared to trimethoprim with a mean inhibition 

zone of 18.70 ± 0.47 mm to 21.48 ± 0.46 mm diameter.  Also, the antioxidant potential result 

showed that complexes; [Ni(L1)2Cl] (3), [Ni(L3)2].3H2O (8), [Cu(L2)2] (5),  [Cu(L3)2].3H2O 

(7) and [Zn(L2)2] (4) exhibited good antioxidant activity with percentage scavenging 

potentials of  85.76, 81.43, 78.55, 78.45 and 76.78% at 100 μg/mL respectively compared 

with standard ascorbic acid 89.74%. The in silico analysis results were also in good 

agreement with the in vitro experimental results. Thus, this study revealed that the 

coordination of metal ions with bioactive organic ligands could serve as candidate in metal 

based drug development for biological applications.  

Keywords: Dehydrozingerone, Semicarbazone, Thiosemicarbazone, Metal Complex,  

                  Molecular Docking, Bioactivity 
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1. INTRODUCTION 

1.1. Background of the study 

 The synthesis of metal complexes involving transition metals and organic ligands has 

become a focal area of current researches due to their enhanced and various biological 

activities. The introduction of metal ion and binding components into a biological system for 

the treatment of different types of diseases is one of the main subdivisions in the field of 

modern bioinorganic and medicinal chemistry. Many biologically active compounds used as 

drugs possess enhanced pharmacological and cytotoxic potentials when administered in the 

form of metal-based compounds (Mittapally, Taranum, & Parveen, 2018). Metal-based 

compounds for antibacterial activity have novel modes of action to treatment bacterial 

infections with resistance to conventional antibiotics.  The organic ligands, semicarbazone, 

and thiosemicarbazone derivative-based metal complexes are important and relevant 

compounds being studied in recent researches with impactful contributions to the scientific 

world (Bakir, Lawrence, Ferhat, & Conry, 2017; DS; Martins et al., 2014).  

 

Semicarbazones are organic compounds with the structure R1R2C=N-NH-(C=O)-NR3R4, 

which are obtained by aldol condensation through refluxing of semicarbazide hydrochloride 

with suitable aldehydes or ketones functional groups. Thiosemicarbazones are derivatives of 

semicarbazones that contain sulfur atoms in place of oxygen of the carbonyl functional group. 

Both are formed when ammonia-containing compounds (nucleophiles) such as semicarbazide 

or thiosemicarbazide are added to the carbonyl group (-C=O) of aldehyde or ketones, yields 

an imine (-C=N-) containing derivatives. This imine group is the main influential functional 

group making semicarbazone and thiosemicarbazones moieties to be biologically active 

compounds (More, Joshi, Mishra, & Khanna, 2019a). Interestingly, semicarbazone and 

thiosemicarbazone are important organic compounds that can act as special ligands in 

coordination chemistry, possessing a variety of coordination modes or variable binding sites 

with metals resulting in their stable complexes. The coordination mode is influenced by the 

number and type of substituent (R- groups) (More, Joshi, Mishra, & Khanna, 2019b). That is 

due to the active donor atoms or sites of the ligand varying depending upon the nature of 

substituent groups. Semicarbazones and thiosemicarbazones can coordinate with metals as 

neutral molecules or after undergo deprotonation as anionic ligands, which makes them as 
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versatile ligands adopting a variety of coordination modes (More et al., 2019b). They exhibit 

better selectivity, can form macrocyclic ligands, and they possess the ability to produce new 

and unique complexes with enhanced biological activities (Adhikari et al., 2019). The 

aromatic substituent on semicarbazone and thiosemicarbazone skeletons can further enhance 

the delocalization of electron charge density (Dhabale, Shah, Tiwari, & Patani, 2022; Mosa, 

Ibrahim, & Aldhlmani, 2013). They behave as chelating ligands upon coordination with a 

metal center; the delocalization of electrons is further increased through the metal chelate 

rings. This is an important part of their bioactivity. The coordination possibilities are further 

increased if the substituent has additional heteroatoms as donor atoms (Reena & 

Prathapachandra Kurup, 2011).  

 

Most of the semicarbazones,  and thiosemicarbazones derivative compounds show a wide 

range of biological activities, such as antiviral, antibacterial, fungicidal, antiparasitic (Bahojb 

Noruzi et al., 2020), and antioxidant activities (Simons, Walsh, Maillard, & Russell, 2000). 

However, the development of microbial resistance to their activity reduces their effectiveness 

greatly and affects them as a choice as potent drug candidates (Choudhary, Sharma, Nagar, 

Mohsin, & Meena, 2011).  Research reports indicate that the semicarbazone and 

thiosemicarbazone compounds synthesized and used as antimicrobial activity shows only one 

way of action mechanism (M. Singh, Gangwar, Nath, & Singh, 2016), as a result, microbial 

can easily able to develop resistant against their bioactivity (Pelosi, 2010).  

 

The synthesis and use of complex compounds of essential transition metal ions with one or 

more than one type of bioactive organic ligands derived from both natural product 

constituents and synthetic derivatives can be used as a new strategy to enhance the biological 

activities of the organic ligands to tackle and minimize the alarmingly increasing microbial 

resistance to common antibiotics. This could be attributed to the fact that metal-bearing 

compounds display a significantly enhanced bioactivities as compared to the free organic 

ligands (Choudhary et al., 2011). The biological properties of organic ligands are often 

enhanced by coordination with the metal ion. This might be explained in terms of mode of 

action of the metal complexes towards microbes. The first one could be associated with 

lipophilicity, which controls the rate of entry of active compounds into the cell, is modified 

due to coordination. The other mechanism of action involves binding to metal in vivo or the 
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metal complex may be a vehicle for activation of the ligand as the cytotoxic agent (Polo-

Ceron, 2019). This is mostly related to Tweedy's chelation theory according to which 

chelation reduces the polarity of the metal atom because of the partial sharing of its positive 

charge with the ligand, which favors permeation of the complexes through the lipid layer of 

the bacteria cell membrane. Other factors such as solubility, conductivity, and dipole moment 

which are affected by the presence of metal ions may also be possible reasons for increasing 

the biological activities of the metal complexes as compared to the corresponding free ligand. 

Moreover, coordination of ligands to metal centers may lead to a significant reduction in drug 

resistance (Randall, 2013).  

 

Several reported antibiotics require coordination to metal ions to function properly. These 

include bleomycin, streptonigrin, bacitracin, and albomycin which all depend on coordinated 

metal ions to maintain proper structure and biological function (Randall, 2013). The term 

‘metalloantibiotic’ has been coined to describe such metal ion-dependent antibiotics and they 

are known to exert their bioactivities through interactions with a variety of biomolecules 

including DNA, RNA, proteins, lipids, and receptors. These metalloantibiotics are well 

known to exhibit antibacterial capability. Metal ions are electron deficient, whereas most 

biological molecules such as proteins and DNA are electron-rich. The attraction of these 

opposing charges leads to a general tendency for metal ions to bind and interact with 

biological molecules (Hossain, Zakaria, & Kudrat-E-Zahan, 2018).  

 

Thus, bioactive organic ligand combinations with metals have proven to be an essential 

feature of antimicrobial treatment due to  significant advantages such as metals can increase 

activity through the use of compounds with synergistic or additive activity (Montelongo-

Peralta, León-Buitimea, Palma-Nicolás, Gonzalez-Christen, & Morones-Ramírez, 2019), 

impede drug resistance (Rizzotto, 2012a), decrease required doses, reducing both cost and the 

chances of toxic side effects (Farrell, 2012), and increase the spectrum of activity (Claudel, 

Schwarte, & Fromm, 2020). 

 

The ortho‐Phthalaldehyde (OPA) is an aromatic dialdehyde organic compound that has 

shown antimicrobial activity (Simons et al., 2000). However, both gram-positive and gram-

negative bacteria species develop resistance to its activity (Simons et al., 2000). It can react 
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with primary amine-containing compounds (Cabrera‐Martinez, Setlow, & Setlow, 2002; 

Simões et al., 2007). Therefore it can react with semicarbazides /thiosemicarbazides, which 

are primary amine-containing compounds to form the semicarbazone and thiosemicarbazone 

derivatives.Thus, in this aspect, the synthesis of semicarbazone and thiosemicarbazone 

derivative ligands from natural product origin (dehydrozingerone) and synthetic origin 

(ortho-phthalaldehyde) for their homoleptic and heteroleptic metal complex formation were 

purposely targeted. 

 

In addition, it is well known that natural product-based medicine plays a central role in 

medicinal aspects. Hence, it becomes important to focus on natural constituents of 

traditionally used medicinal plants as a base for developing new bioactive derivative organic 

ligands. Thus, the dehydrozingerone and zingerone, which are natural product constituents of 

traditional medicinal plants, present in the rhizomes of ginger (Zingiber officinale) 

structurally similar to the vanillin ketone group were used in traditional medicinal 

applications (Hampannavar, Karpoormath, Palkar, & Shaikh, 2016; Yogosawa et al., 2012). 

These constituents of ginger show bioactivities like antibacterial (Burmudžija et al., 2017; 

Kubra, Bettadaiah, Murthy, & Rao, 2014), antioxidant (Kuo et al., 2005), antitumor 

(Motohashi et al., 1998), and antifungal (Hampannavar et al., 2016; Yamano et al., 2023) 

activities. But these constituents alone cannot have the potential to overcome the drug-

resistant microorganisms currently developing. Thus, to increase their bioactivities, 

homoleptic and heteroleptic metal complexes of both synthetic origin and natural product 

derivatives of semicarbazone and thiosemicarbazone ligands were our new strategies to 

develop enhanced bioactive compounds to reduce drug-resistant microbial pathogens, which 

have not been reported yet.   

 

In addition, the in-silico pharmacokinetics (PK) and pharmacodynamics (PD) which play a 

crucial role in drug development (Awasthi, Lohani, Singh, Singh, & Jaggi, 2014; Daina, 

Michielin, & Zoete, 2017) were done for the synthesized compounds. The evaluation of 

pharmacological parameters such as drug-likeness, ADME, and toxicity are of paramount 

significance in the selection or identifying lead compounds (Daina et al., 2017). Recently, in-

silico methods that include molecular docking analysis and online ADMET predictions 

(Swiss ADME, Pro-Tox II, and OSIRIS property explorer) are being employed in the process 
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of identifying the potential bioactive molecules (Priyanka Banerjee, Eckert, Schrey, & 

Preissner, 2018; Garg, Tadesse, & Eswaramoorthy, 2021; Matta & Gillespie, 2002; 

Süleymanoğlu, Kubaşık, & Direkel, 2021; Oleg Trott & Olson, 2010). These had been 

performed to determine the 3D structure of the ligands and complexes to correlate both the 

experimental values with the theoretical value for the analysis of drug-likeness of the newly 

synthesized ligands and their metal complexes. 

 

Thus, herein the synthesis, antimicrobial, antioxidant, antifungal, in-silico molecular docking 

analysis, and drug-likeness studies of novel homoleptic and heteroleptic Cu(II), Zn(II), and 

Ni(II) complexes involving the new ligands were studied and reported. The aim was to 

explore their potency as novel bactericidal, antioxidant, and antifungal agents generated due 

to the presence of different natural product-based and synthetic origin derivatives of bioactive 

ligands hybrid through coordination by essential metal ions. 

1.2. Statement of the problem 

The scientific community is highly struggling to keep up with the pace at which microbial 

infections are evading antibiotics through the development of mechanisms for drug 

resistance. Research shows that more than 3 million people die annually from bacteria-related 

infections and it has been predicted that resistant infections will cause 10 million deaths per 

year by 2050, making antibiotic-resistant infections more deadly than cancer according to a 

2019 report from WHO.   

 

Despite this growing risk, few antibiotics with a novel mode of action are being produced, 

leading to a lack of antibiotics that can effectively treat bacterial infections with AMR. Thus, 

the growing concern regarding drug-resistant microbial strains and biofilm-associated 

infections, calls for the development of additional enhanced bactericidal chemicals. Penicillin 

was originally effective for Gram-positive bacteria such as S. aureus. But resistance is 

developed by penicillin-resistant S. aureus, which produces the penicillin-hydrolyzing 

enzyme penicillinase. Similarly, different microbial species now a day develop resistance 

towards many commonly used bactericidal chemicals; the WHO has called on nations to 

develop national strategies plan on how to minimize the development of antimicrobial 

resistance through the development of new novel antibiotics holding variable mechanism of 
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action. According to previous reports, there were only a few antibiotic drug candidates in 

clinical trials. Hence there is a substantial need for the development of potent antimicrobial 

agents. Some antibiotics in clinical use are Tigecycline, carbapenems, and aminoglycosides 

which are old antibiotics, and Ceftolozane, ceftazidime, meropenem, and eravacycline are 

new antibiotics that are commonly in use while microbial resistance is a big issue on their 

effectiveness and futurity. Therefore, vast research on pharmaceuticals is necessary to 

develop a new therapeutic approach to discover promising and effective antibiotic drugs 

possessing novel modes of biological activities. 

 

 The chemistry of semicarbazones and thiosemicarbazones derivatives has been receiving 

considerable attention nowadays primarily due to their potential biological activities. Even 

though there are several semicarbazone and thiosemicarbazone organic ligands reported with 

different biological activities, there were limited previous studies reported particularly on the 

natural product-based derivatives of semicarbazone and thiosemicarbazone ligands and their 

metal complexes. Hence, we were encouraged to synthesize new ligands from natural 

product-based semicarbazone and thiosemicarbazone derivatives and their homoleptic and 

heteroleptic transition metal complexes and evaluate their bioactivity potentials. The metal 

can be employed as a vehicle for the activation of the ligand as the cytotoxic agent (Hossain, 

Islam, & Nuruzzaman).  

 

This highlights a great need for a continued search for more bioactive compounds which can 

be easily synthesized and possess enhanced bioactivity for antioxidants, antifungals, and are 

more effective antimicrobials against those drug-resistant disease-causing microbial. 

1.3. Objectives of the study  

1.3.1. General objectives 

The overall objective of this study was to synthesize, characterize, and in silico 

molecular docking studies of homoleptic (Zn(II), Cu(II), and Ni(II))  and heteroleptic 

(Zn(II), Cu(II)) complexes of natural product-based derivatives of new semicarbazone 

and thiosemicarbazone ligands and evaluation of their biological applications. 
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1.3.2. Specific objectives 

The specific objectives of this study were: 

 To synthesize semicarbazone and thiosemicarbazone derivative organic ligands from 

natural product constituents of ginger (dehydrozingerone), vanillin, and ortho-

phthalaldehyde (OPA).   

 To synthesize homoleptic Zn(II), Cu(II), and Ni(II) complexes of dehydrozingerone-

semicarbazone and thiosemicarbazone organic ligands. 

 To synthesize homoleptic Zn(II), Cu(II), and Ni(II) complexes of (1E)-1,4-bis(4-

hydroxy-3-methoxy benzylidene) semicarbazone ligand using the standard protocol.  

 To synthesize heteroleptic Zn(II), and Cu(II) complexes of ortho-phthalaldehyde 

(OPA)-semicarbazone and dehydrozingerone-semicarbazone ligands using the 

standard protocol.  

 To determine the physical properties (melting point, solubility, and molar 

conductivity) of the newly synthesized compounds. 

 To characterize the ligands and their complexes with spectroscopic methods such as 

UV-Vis, FT-IR, 
1
H NMR, 

13
C-NMR, and Mass Spectroscopies, and also with SEM-

EDX, and XRD techniques.  

 To investigate the thermal stability of the complexes by using thermogravimetric 

analysis (TGA) methods. 

 To evaluate the antioxidant activities of the ligands and the synthesized metal 

complexes using DPPH assay techniques. 

 To evaluate antifungal activities against Aspergillums fumigates and Candida 

albicans fungi species by the disc diffusion method.  

 To evaluate the in vitro antibacterial activities against two Gram-positive 

(Staphylococcus aureus ATCC 25923 and Streptococcus pyogenes ATCC 19615) and 

two gram-negative (Escherichia coli ATCC 25922 and Pseudomonas aeruginosa 

ATCC 27853) bacterial strains of the prepared compounds and compare them with 

standard drugs using disc diffusion method. 

 To study the In-silico molecular docking analysis of the synthesized ligands and their 

transition metal complexes. 
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1.4. Significance of the study 

Despite the fact that a large amount of information is available on the synthesis and 

biological activities of organic semicarbazone and thiosemicarbazone derivatives, the 

challenge of increasing drug-resistant microbial strains has remained global concern. The 

treatment of bacterial infections is becoming more difficult because of a decline in the current 

arsenal of useful antibiotics, the raising of antibiotic resistance, and the slow rate of new drug 

development (Randall, 2013). In recent years, metal-based drug developments derived from 

nitrogen, oxygen, and sulfur-containing ligands are a new area of research to overcome drug-

resistant microbial pathogens (Canpolat & Kaya, 2004). Some metal-complex-based 

medicines may be safe and effective for the treatment of microbial infection. Thus, the 

synthesized semicarbazone and thiosemicarbazone derivatives of synthetic origin (OPA) and 

natural product constituent of ginger (dehydrozingerone) ligands namely:- [4-(4–hydroxy-3-

methoxyphenyl)but–3-en-2-one]semicarbazone (L1), (4-(4–hydroxy-3-methoxyphenyl)but–

3-en-2-one)thiosemicarbazone(L2),(1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene 

semicarbazone ligand (L3), and OPA-bis(semicarbazone) (L4) to improve their metal 

chelating ability and promote a synergetic biological effect of their resulting complexes. 

Hence, we synthesized novel Zn(II), Cu(II), and Ni(II) complexes as homoleptic and 

heteroleptic complexes from the ligands and evaluated their antibacterial, antifungal, and free 

radical scavenging (antioxidant) activities. Accordingly, the result obtained shows that there 

is a potential to design metal complexes as candidate for drug development for multidrug 

resistant microbial strains and improved antioxidant activities. 

 

In addition, the in silico (molecular docking) studies were done to support the experimental 

results. Thus, this study shows the green light on the effectiveness of metal complexes of 

natural product-based semicarbazone and thiosemicarbazone derivative ligands for 

applications as effective bioactive drug agents.  

1.5. Beneficiaries 

This study helps researchers to get reliable information on natural product-based derivatives 

of semicarbazone, thiosemicarbazone ligands, and their metal complexes as a baseline for 

further investigations. In addition, research institutions academia, pharmaceuticals, local 

communities that are working on natural products and their metal complexes for medications 
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could use the data to strengthen their believe in using ginger products as a source for 

medications, and researchers interested in coordination chemistry and their biological 

applications and related studies could be the primary beneficiaries of this study. 

1.6.  Expected outcomes 

Currently, researchers gave great attention to microbial-causing infectious diseases for the 

reason of the increase in drug-resistant and newly developed pathogens spreading throughout 

the world. Even if there are some commercial antibiotic drugs, it is not easy to overcome 

drug-resistant microbial till present. Thus, this study was planned to synthesize copper(II), 

zinc(II), and nickel(II) based homoleptic and heteroleptic complexes of semicarbazone and 

thiosemicarbazone, derivatives of natural product constituents as ligands and evaluated their 

performance for biological application with a focus on expected enhanced antimicrobial, 

antioxidant and antifungal activities. The outcome shows that the targeted metal complexes 

of semicarbazone and thiosemicarbazone derivatives were effective against selected gram-

negative and gram-positive bacterial strains as well as radical scavenging and antifungal 

activity phenomenon. Furthermore, this study confirmed that there is a potential   in the 

design and synthesis of homoleptic and heteroleptic metal complexes of natural product 

derivatives of semicarbazone and thiosemicarbazone-based drug development. The results of 

the study were also published on internationally reputable Scopus, and web of science 

indexed journals as a plat form to communicate the finding to scientific community. 
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2. LITERATURE REVIEW 

2.1. The chemistry of semicarbazone and thiosemicarbazone compounds 

Semicarbazones and thiosemicarbazones are a class of organic compounds obtained by 

condensation of semicarbazides/thiosemicarbazides with suitable aldehydes or ketones 

functional groups respectively. Semicarbazone is a derivative of semicarbazide which 

contains an additional ketone functional group and thiosemicarbazone is a derivative of 

semicarbazone which contain a sulfur atom in place of oxygen (Scheme 1).  

    

C
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R1 N

N

R3

O

N
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R4

C

R2

R1 N

N

R3

S

N

R5

R4

Semicarbazone Thiosemicarbazone

1
2

Scheme 1. General structures of semicarbazone (1) and thiosemicarbazone (2) derivatives 

 

Both semicarbazone and thiosemicarbazone can be synthesized by condensation reactions 

between primary amines and aldehyde or ketone functional groups (More et al., 2019b; 

Sankar, Jose, Nithya, & Meeran). The semicarbazone is formed when ammonia-containing 

compounds (nucleophiles) such as semicarbazide are added to the carbonyl group (-C=O) of 

aldehyde or ketones forming an imine (-C=N-) containing derivatives (Scheme 2)   
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Scheme 2. Synthesis route of semicarbazone derivatives 

Similarly, thiosemicarbazone is an organic compound synthesized from the reaction between 

thiosemicarbazide with aldehyde/ketone functional groups through a condensation reaction 

mechanism (Scheme 3).  Thiosemicarbazones show thione-thiol tautomeric structure due to 

the presence of the NH-C=S and N=C-SH groups with delocalized thiamine vibration.  
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They exist as thione in solid form but as an equilibrium combination of thione and thiol in 

solution (Emam, Bondock, & Aldaloa, 2023).  
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tautomerism

6
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Scheme 3. Synthesis route of thiosemicarbazone derivatives; where: R1, R2 = alkyl, aryl or H.   

Thiosemicarbazone can adopt different possible coordination modes. In most cases, 

thiosemicarbazone coordinates as bidentate ligands via azomethine nitrogen and 

thione/thiolato sulfur. It can act as an ionic ligand by deprotonating thiol sulfur and 

coordinating with metals.  

 

Numerous studies have established that semicarbazide reacts with aldehydes and ketones 

through a typical acid catalysis reaction. According to further research, the rate-determining 

step in the synthesis of semicarbazone at neutral pH is the acid-catalyzed dehydration of the 

carbinolamine addition product, while the reaction is nucleophilically attacked by 

semicarbazide on the carbonyl atom at more acidic circumstances (Cordes & Jencks, 1962a). 

The general reaction mechanism of semicarbazone and thiosemicarbazone formation is 

shown by scheme 4. 
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Scheme 4. Mechanism of Schiff base formation (Cordes & Jencks, 1962b) 

2.2. Coordination modes of semicarbazones and thiosemicarbazone with 

transition metals  

Interestingly, semicarbazone and thiosemicarbazone show a variety of coordination modes 

with transition metals. The coordination mode is influenced by the number and type of 

substituent. They hold several hetero atoms acting as electron donors while coordinating with 

metals (More et al., 2019b). They are considered as special ligands in coordination chemistry 

due to their better coordination tendency, form more stable complexes, better selectivity, can 

form macrocyclic ligands, and ability to produce some new and unique complexes with 

enhanced biological activities (Adhikari et al., 2019; Reena & Prathapachandra Kurup, 2011). 

The aromatic substituent on the semicarbazone skeleton can further enhance the 

delocalization of electron charge density. These classes of compounds usually react with 

metallic cations giving complexes in which the semicarbazone behaves as chelating ligands 

upon coordination to a metal center; the delocalization is further increased through the metal 

chelate rings (Reena & Prathapachandra Kurup, 2011). The coordination possibilities are 

further increased if the substituent has additional donor atoms. Based on the type of 

substituents on the semicarbazone skeleton, the coordination mode of the ligands can be 
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either: CNO, NO, and ONN for semicarbazone derivatives and ONS, NS, and SNN for 

thiosemicarbazone derivatives (Dhabale et al., 2022). The different coordination mode of 

substituted benzaldehyde semicarbazone is given in the Figure 1 below. 
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Four member chelate formation N, O – donor 

Figure 1.  Coordination modes of substituted benzaldehyde semicarbazone derivatives with               

Metals (Dhabale et al., 2022) 

2.3. Semicarbazone and thiosemicarbazone derivatives based metal                  

complexes 

2.3.1. Zinc(II) complexes 

Zinc is one of the essential transition metals found though out human body. It is the most 

abundant transition metal in the brain after iron. The importance of Zn
2+

 ions in 

metalloenzymes and metal-based medicines has been highlighted by numerous studies Stanić 

et al., 2010). There are two distinct mechanisms account for their antibacterial activity: (i) a 

direct interaction with microbial membranes leading to membrane destabilization and 

enhanced permeability (Stanić et al., 2010); (ii) an interaction with nucleic acids and 

deactivation of enzymes of the respiratory system (Fang, Chen, Xu, Yang, & Hildebrand, 

2006). Together, these two mechanisms cause cell death. 
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In searching the literature, there are many zinc complexes synthesized and reported, but only 

few drugs used in the treatment of diseases such as Alzheimer’s disease,(Di Vaira et al., 

2004), antimicrobial (Kasuga et al., 2003), anticonvulsant (d’Angelo et al., 2008; Morgant et 

al., 2008), anti-inflammatory, antidiabetic or antitumor activities (Sakurai, Kojima, 

Yoshikawa, Kawabe, & Yasui, 2002).  

 

Most of the Zn(II) complexes of semicarbazone and thiosemicarbazone ligands reported are 

showing tetrahedral as well as octahedral geometrical arrangements (Gobara, 2017). The 

ligands are known to be bidentate or tridentate in their coordination mode. The ethyl 

acetoacetate semicarbazone and thiosemicarbazone are found to be tridentate in their Zn(II) 

complex in which the third coordinating center is provided by the acetyl carbonyl group.  The 

discovery of Zn(II) complexes of thiosemicarbazones gave promising antimicrobial activities. 

The zinc(II) complexes of picolinaldehyde-S-methyl-and-S-benzylthiosemicarbazones which 

were active in comparison to their metal-free ligands were reported (Figure 2) (Kizilcikli et 

al., 2007). Zinc(II) complex with the ligand (1H-imidazole-2-carboxaldehyde) 

thiosemicarbazone is recently reported as a candidate for antimicrobial and antioxidant agents 

(Gobara, 2017). 
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Figure 2. The structure of Zn(II) complex, [Zn(C6H7N5S)2]  of thiosemicarbazone derivative 

 Zinc(II) complexes of carboxylates were reported with good antibacterial activity; a strong 

inhibitive effect on E. coli and S. aureus (Markesbery, 1997). In the search for zinc(II) 

complexes of known antimicrobial drugs strong antibacterial activity has been achieved. The 

various nitrogen-donor ligands have been studied and the complexes were found more potent 

than the drugs alone (M. Patel, Chhasatia, & Parmar, 2010). In addition, zinc(II) complexes 

of salicylaldimine were found to be active against S. aureus (Kaczmarek, Jastrząb, Hołderna-

Kędzia, & Radecka-Paryzek, 2009). The Zinc(II) complexes of sulfa-drugs, such as 
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sulfadiazine and sulfamerazine also reported to be effective as antifungal agents against 

Aspergillus and Candida spp (Rizzotto, 2012a). The Zinc(II) complexes with amino acids 

have been also developed with antimicrobial activity. The zinc complex of pyrithione is a 

good example of an agent of antibacterial and antifungal activity (Figure 3). In the form of 

bis(N-oxopyridine-2-thionato) zinc(II)  the drug inhibits the membrane transport processes by 

blocking the proton pump in fungi (Barnett, Kretschmar, & Hartman, 1977). 
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Figure 3. Structure of zinc pyrithione  

There are also reports of novel Zn(II) complexes of heterocyclic Schiff base ligands showing 

promising antimicrobial and antifungal agents (Figure 4 (13 and 14)) (Yamgar et al., 2014). 
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Figure 4. Zn (II) complexes ([Zn(L)2(H2O)2] with profound antibacterial activities  

2.3.2. Copper(II) complexes 

Most attention has been given to copper because it is an essential transition element for life. 

Copper is an essential component of a biological system, in which many chemicals need it to 

function properly. The coordination chemistry of copper has provoked the interest of 

numerous researchers due to its well-informed biological characteristics. There has been an 

interest in the medical uses of copper, as a complexing ion of known biologically active 
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ligands and drugs. Some copper (II) complexes based on Schiff-bases have been successfully 

synthesized and used as models in biological systems (Aghatabay et al., 2007). Mainly as: an 

antimicrobial (Suksrichavalit, Prachayasittikul, Nantasenamat, Isarankura-Na-Ayudhya, & 

Prachayasittikul, 2009), antioxidant, catalytic (Soroceanu & Bargan, 2022), anti-

inflammatory (Kovala-Demertzi, 2000; Pederson & Aust, 1973; Rainsford, Brune, & 

Whitehouse, 1977) activities. It has been reported that copper(II) complexes of 

thiosemicarbazone-based derivatives showed antimicrobial activities (Rosu et al., 2010) 

(Kulkarni, Revankar, Kirasur, & Hugar, 2012; Shikha Parmar & Kumar, 2009; S Parmar & 

Kumar, 2010; Rodríguez-Argüelles, López-Silva, Sanmartín, Pelagatti, & Zani, 2005).The 

thiosemicarbazone derivative of copper(II) has good activity in the killing of S. aureus, 

Salmonella Typhimurium, and Klebsiella pneumonia after 6 h of incubation (Lobana et al., 

2020).  Copper(II) complexes of semicarbazones and thiosemicarbazones with a different 

coordination mode through,  O, N, and S donor atoms have been synthesized and evaluated 

for antimicrobial, antifungal, and antioxidant activities showing promising potential (Figure 

5)            
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Figure 5. Cu(II) complexes with semicarbazone (15) and thiosemicarbazone ligands (16)  

                 (Where X = Cl
–
) (Hossain, Zakaria, Kudrat-E-Zahan, & Zaman, 2017) 

 

In many pieces of research, the antimicrobial, antioxidant, anti-inflammatory, and anticancer 

activities of copper(II) complexes have been investigated and reported. The commonly used 

antibacterial drugs have been used as ligands and form stable copper complexes. It was 

reported that the antimicrobial activity against Mycobacterium smegmatis bacteria species, 

the copper complex when compared to free ciprofloxacin, a bacterial gyrase inhibitor, 

increased three times (Patole et al., 2003). This might be due to assisted diffusion of the drug 

through the cell membranes by the existence of the copper metal, probably by an increase in 

the lipophilicity of the drug (Jiménez-Garrido et al., 2005). The potential against 
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Streptococcus aureus can also happen by the slow release of the ligands inside the bacterial 

cell. This was due to the intercellular reduction of Cu(II) into Cu(I) which can activate 

oxygen which is toxic for bacteria (Bottari et al., 2000).  

 

Moreover, the copper(II) complexes of sulfacetamide, (N-[4-(aminofenil) sulfonil] 

acetamide), sulfanilamide, and sulfisoxazole have been reported to show promising 

antibacterial, antifungal, and antioxidant activity results (Blasco, Perelló, Latorre, Borrás, & 

Garciá-Granda, 1996; Kremer et al., 2006). The copper(II) complexes of benzimidazoles 

have shown strong antibacterial activity against Staphylococcus Epidermidis and also against 

fungi (Arjmand, Mohani, & Ahmad, 2005; Tavman, Boz, Seher Birteksöz, & Cinarli, 2010). 

The enhancement of antimalarial activity by copper coordination to ligands is commonly due 

to the reduction of Cu(II) to Cu(I) (Gokhale et al., 2003). Copper coordination of derivatives 

of salicylate has been one of the most often synthesized compounds in the search for 

biologically active compounds (Figure 6). 
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   Figure  6. Structure of copper(II) salicylate derivative 

 

Tetragonal distorted octahedral complexes of formula [Cu(HTSC)2X2] (X = Cl,) were 

reported in the case of 4-benzylamidothiosemicarbazone and l-(α)-furyl-4 

benzylamidosemicarbazone (Guillot et al., 1977). Cu(II) complexes with semicarbazone and 

thiosemicarbazone-based ligands: 2-formyl pyridine semicarbazone, 2-formyl pyridine 

thiosemicarbazone, 5-methyl-2-formyl pyridine semicarbazone, 5-methyl-2-formyl pyridine 

thiosemicarbazone were reported as the best candidates of bioactive synthetic metal 

complexes (Chandra, Raizada, & Verma, 2012).  Also, Cu(II) complexes (Figure 7) with 

salicylaldehyde semicarbazone and thiosemicarbazone (Scheme 5 and 6) were reported to be 

showed greatest bioactive potential than their respective organic ligands (Ba, At, & Mg, 

2018).   
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Scheme 5. Synthesis of (1E, 4E)-1,4-bis(2-hydroxybenzylidene)thiosemicarbazone 
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Figure 7. Cu(II) complexes of semicarbazone, [C15H11CuN3O3] (21) and thiosemicarbazone 

[C15H11CuN3O2S] complex (22). 

 

The synthesis of Cu(II) complexes of 3-Methoxysalicylaldehyde semicarbazone and 

thiosemicarbazone were also reported and showed remarkable antibacterial and antifungal 

activities (Jayanthi et al., 2017; More et al., 2019b) (Figure 8). The Cu(II) complexes are 

found to have higher microbial activity than the constituent ligands. 

O

O

N

H
N

O

NH2

O

O

N
N
H

O

H2N

Cu

23

                 

O

O

N

H
N

S

NH2

O

O

N
N
H

S

H2N

Cu

24

 

Figure  8. Structure of 3-Methoxysalicylaldehyde semicarbazone (23) and thiosemicarbazone 

(24) Cu(II) complexes 
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2.3.3. Nickel(II) complexes 

Nickel like copper and zinc has specific functions in the biological system (S. Kumar & 

Trivedi, 2016). Our RNA and DNA include nickel, which is used in conjunction with nucleic 

acids to carry out certain tasks such as in RNA structural stabilization, glucose-degrading or 

glucose-using enzymes activation. Nickel plays a crucial role in the synthesis of red blood 

cells [Wilfred, 2013]. According to previous studies labile four, five, and six coordinated 

nickel(II) complexes with semicarbazone and thiosemicarbazone ligands exhibit antibacterial 

activities. The six coordinated Ni(II) complexes of semicarbazone and thiosemicarbazones 

have been also reported as compounds that have both antibacterial and antifungal activities 

(Chandra & Tyagi, 2008) (Figure 9). 
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Figure 9. Ni(II) complexes of semicarbazone (25) and thiosemicarbazone (26)  ligands 

(Tyagi, 2008) 
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2.4. Biological activities of semicarbazones, thiosemicarbazones, and their    

metal complexes 

Semicarbazone and thiosemicarbazone are presents a wide range of bioactivities, and their 

chemistry and pharmacological applications have been investigated. Most of the 

semicarbazone and thiosemicarbazone synthesized and used as antimicrobial activity showed 

only one way of action mechanism (M. Singh et al., 2016), as a result, microbial can easily 

able to develop resistant against their bioactivity (Pelosi, 2010). Thus, the biological 

properties of semicarbazones/thiosemicarbazones are often related to metal ion coordination. 

Firstly, lipophilicity, which controls the rate of entry into the cell, is modified by 

coordination. Also, the metal complex can be more bioactive than the free ligand (Babamale, 

Lawal, Rajee, & Oloyede, 2016). The mechanism of action can involve binding to a metal in 

vivo or the metal complex may be a vehicle for the activation of the ligand as the cytotoxic 

agent (Babamale, Lawal, Oloyede, & Rajee, 2016). Several related semicarbazone and 

thiosemicarbazone copper complexes have been found to be active in cell destruction, as well 

as in the inhibition of DNA synthesis of microorganism (Babamale, Lawal, Oloyede, et al., 

2016). Generally, coordination may lead to a significant reduction in drug resistance. The 

biological activities of semicarbazones are mainly characterized by the existence of an imine 

group –N=CH-, which helps to clarify the mechanism of transamination and racemization 

reaction in a biological system (Mahmoud, Deghadi, & Mohamed, 2018). It exhibits 

antibacterial, antiviral, and antifungal effects in its biological properties. They can work as 

models for biologically important species. N-(Salicylidene)-2-hydroxyaniline (Figure 10) is 

active against Mycobacterium tuberculosis but drug-resistance was developed latter (Da Silva 

et al., 2011). 
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Figure 10. N-(Salicylidene)-2-hydroxyaniline as the bioactive compound 

Semicarbazone metal complexes of Cu(II) and Ni(II) derived from 4-chlorobenzylidene-2-

aminothiazole and 2-nitrobenzylidene-2-aminothiazole were synthesized  (Hossain et al.; 

some & Benzothiazole; Udoisang, Johnson, & Efiong, 2019). And screened against the 
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Gram-positive bacteria; Staphylococcus aureus and Gram-negative bacteria; Escherichia coli 

and fungi Aspergillus Niger and Candida albicans. The antimicrobial data showed that the 

metal complexes were biologically more active compared to the free ligand against all 

pathogenic species but both the ligands and their complexes needed further investigation or 

modification to have a high potential to overcome drug-resistant microbial  (Al-Amiery, 

Kadhum, & Mohamad, 2012; Mittapally et al., 2018). Other new class of copper (II) 

complexes with newly synthesized ligands 2-acetylbenzofuran semicarbazone and 

thiosemicarbazone were studied as an important antioxidant, and antibacterial agents in the 

biological system (Al-Amiery, Al-Majedy, Ibrahim, & Al-Tamimi, 2012; Piri, Moradi-

Shoeili, & Assoud, 2017). The metal complexes show higher antioxidant, antibacterial 

activities, and radical scavenging potency. Copper(II) complexes derived from 2-acetyl 

benzofuran thiosemicarbazone show remarkable antioxidant and antibacterial activities 

(Goel, Chandra, & Dwivedi, 2016). All the metal complexes have a potent antimicrobial 

activity. 

 

Krishna et al. synthesized new heterocyclic 3-acetyl-2,5-dimethylthiophene-

semicarbazone, and thiosemicarbazone, and formed their complexes by reacting with zinc, 

copper, and nickel metals in a 1:2 molar ratio (Figure 11). The complexes showed the highest 

antibacterial and antioxidant activates serving as drug candidates clinically.  
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Figure 11. Synthesis of 3-acetyl-2,5-dimethylthiophenethiosemicarbazone ligand and        

structure of its corresponding complexes (Krishna et al,2016) 

 

2.5. Biochemistry of Cu(II), Zn(II), and Ni(II) metal ions 

The use of transition metal complexes as therapeutic compounds has become more and more 

pronounced. Many biologically active compounds used as drugs possess modified 

pharmacological and cytotoxic potentials when administered in the form of metal-based 

compounds (Mittapally et al., 2018). Various metal ions potentially and commonly used are 

copper, nickel, and zinc because they can form low molecular weight complexes and as a 

result, proven to be more beneficial against many diseases (as antimicrobial, anti-

inflammatory, antioxidant, and anticancer) in their complex form (Hossain et al., 2018). 

Several commonly used antibiotics are known to require coordinated metal ions to function 

properly (Randall, 2013). Biologically applicable metal complexes have several requests in 

terms of their synthetic design. First, a biologically active metal complex should have a high 

thermodynamic stability to transport the metal or the ligand to the target or active site. 

Second, the metal-to-ligand bonding should be hydrolytically stable. The rate with which the 

metal undergoes ligation or de-ligation reactions is of great importance. Also, the molecular 

weight of the metal complex is a basic criterion. The compounds of low molecular weight 

with a neutral charge and some extent water solubility are soluble in most mediums and may 

move through biological membranes by passive diffusion (Medici, Peana, & Zoroddu, 2018).  

 

Copper complexes show antimicrobial activity both in either Cu(I) and Cu(II) oxidation 

states, but Cu(II) is the most utilized. This is because copper with an oxidation state of two 
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(Cu(II)) is mostly stable in biological systems and plays a crucial role in living organisms. 

Cu(II) is a structural component of different enzymes such as superoxide dismutase, 

ascorbate oxidase, cytochrome c oxidase, ceruloplasmin, and laccase and amine oxidases. 

Several metabolically important molecules with catalytic activity, transfer process, oxygen 

transfer, needs incorporating transition metal ions into their active sites. In this aspect, copper 

is one of the most important transition metals being more biocompatible, eliminate the risk 

for toxicity which is the main drawback for other metal ions with biomedical importance.  

Nowadays, Cu(II) complexes of mixed ligands such as phenthrolines with amino acids,  

polypyridyl ligands  and antibiotic molecules,  were synthesized in order to enhance the 

activity of the drug itself  (Medici et al., 2018). The link of 1,10-phenanthroline together with 

antibiotics increases the stability of the Cu(II)-antibiotic complex, as in the case of 

lomefloxacin. Studies on four coordinated complexes against E. coli strains revealed that the 

free antibiotic and its copper derivative have the same activity, while their cell intake route 

appeared to be completely different, which is common to other Cu(II)-antibiotic compounds. 

Thus, copper complexes of antibiotics commonly possess  higher activities with respect to the 

free drugs and could be used in antimicrobial therapies due to their difference in cellular 

intake and mechanisms of action (Medici et al., 2018). Copper (II) complexes also can act as 

an antioxidant. Free radicals occur during metabolic process or naturally in the body and can 

react with biomolecules causing damage on our cell walls, reacting with genetic material, and 

leading to the happening of varies health problems and diseases. As an antioxidant, the Cu
2+

 

ion itself at the required part of the body can scavenges or neutralize free radicals and may 

reduce some of the damage they cause (Osredkar & Sustar, 2011).  

 

Zinc ions are also effective antimicrobial agents even at low concentrations. Gastroenteritis is 

strongly reduced by the assimilation of zinc and this effect could be due to the direct 

antimicrobial action of the zinc ions in the gastrointestinal tract (Osredkar & Sustar, 2011). 

The investigation of complexes of Zinc with semicarbazone and thiosemicarbazones gave 

promising results as well. Zinc resembles other transition metals in the formation of stable 

complexes with O, N, and S-donor ligands. A noticeable selective activity was seen by zinc 

(II) complexes of picolinaldehyde-S-methyl- and -S-benzylthiosemicarbazones which were 

active in comparison to their metal-free ligands. Moreover, there zinc (II) complexes of 

salicylaldimine were found active against S. aureus (Buczkowska, 2011). Drug combinations 
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with metals like Cu, Zn, and Ni have proven to be an essential feature of antimicrobial 

treatment due to a number of important considerations such as metals can increase activity 

through the use of compounds with synergistic or additive activity (Montelongo-Peralta et al., 

2019), thwart drug resistance (Rizzotto, 2012a, 2012b), decrease required doses, reducing the 

chances of toxic side effects (Farrell, 2012), increase the spectrum of activity (Farrell, 2012). 

 

2.6. Mechanisms of action of antibiotics and microbial resistance to    

antibiotics 

 

The mechanism of action of antibiotic agents can be grouped based on the function that is 

affected by the agents, these includes inhibition of the cell wall synthesis, inhibition of 

nucleic acid function and synthesis, inhibition of ribosome function, cell membrane function 

and inhibition of folate metabolism (Figure 12) (Chohan, Sumrra, Youssoufi, & Hadda, 

2010). 

 

Figure  12. The proposed mechanistic modes of action for antimicrobial agents in microbial 

cells (Chohan et al., 2010) 

 

(A) Disruption of cell membrane integrity: (1) random insertion into the membrane, (2) 

alignment of hydrophobic sequences, and (3) removal of membrane sections and formation of 

pores. (B) Inhibition of DNA synthesis. (C) Blocking of RNA synthesis. (D) Inhibition of 

enzymes necessary for linking cell wall structural proteins. (E) Inhibition of ribosomal 

function and protein synthesis. (F) Blocking of chaperone proteins necessary for proper 
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folding of proteins. (G) Targeting of mitochondria: - (1) inhibition of cellular respiration and 

induction of ROS formation and (2) disruption of mitochondrial cell membrane integrity and 

efflux of ATP and NADH (Peters, Shirtliff, & Jabra-Rizk, 2010). 

 

The classical mechanism of action of cationic antimicrobials is the disruption of the anionic 

bacterial cell membrane (G. Wang, 2014). This way, bacterial destruction occurs through the 

interaction between the electrostatic forces of positively charged amino acid components of 

the cell membrane and the negatively charged cell surface (Guilhelmelli et al., 2013). 

Bacterial cell membranes are rich in negatively charged phospholipids, such as cardiolipin 

(CL), phosphatidylglycerol (PG), and phosphatidylserine (PS); these are stabilized by 

divalent metal cations such as Mg
2+

 and Ca
2+

 (Guilhelmelli et al., 2013). Gram-negative 

bacteria have an additional lipopolysaccharide-rich outer membrane, which stands as a barrier 

to the cytoplasmic membrane.  

 

On the other hand, human cells are rich in neutral phospholipids, such as phosphatidylcholine 

(PC), phosphatidylethanolamine (PE), and sphingomyelin (SM). This difference in 

membrane composition between humans and bacteria makes the cationic antimicrobial highly 

selective against bacteria (Guilhelmelli et al., 2013). In humans, interaction with them is even 

less likely because of the presence of cholesterol, which affects the fluidity of phospholipids 

in the membrane and increases its stability (M Amerikova, 2019; Meri Amerikova, Pencheva 

El-Tibi, Maslarska, Bozhanov, & Tachkov, 2019). Even though, antimicrobials are the most 

successful forms of therapy in medicine, the efficiency of antimicrobials is conceded by an 

increasing number of antibiotic resistance pathogens. Antimicrobial resistance can be 

explained in either of two ways. (i) intrinsic resistance in which microorganisms naturally do 

not possess target sites for the antimicrobials and the antimicrobial does not affect them and 

(ii) acquired resistance in which a naturally susceptible microorganism acquires a mechanism 

to not be affected by the antimicrobial (Acar & Rostel, 2001; Holmes et al., 2016). 

Mechanisms of acquired resistance include the formation of an enzyme that deactivates the 

antimicrobial agent, post- transcriptional or post-translation modification of the antimicrobial 

agent’s target, reduced uptake to the antimicrobial agent, and active efflux of the 

antimicrobial agent (Figure 13). 
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Figure 13. Representation of different mechanisms of antibiotic resistance 

2.7. Development of antimicrobial agents to overcome drug-resistance 

Improvements in the mode of action of antimicrobial agents have continued to achieve higher 

antimicrobial spectrum and activity. Penicillin was originally effective for Gram-positive 

microorganisms such as S. aureus. Later, penicillin-resistant S. aureus developed which 

produces the penicillin-hydrolyzing enzyme penicillinase. To address the resistance 

methicillin was developed (Brown & Wright, 2016; Viganor et al., 2017). On the other hand, 

attempts to expand the antimicrobial spectrum yielded ampicillin, which is also effective for 

Gram-negative Enterobacteriaceae, and piperacillin, which is effective even for 

Pseudomonasaeruginosa but latter resistance, was developed. In most cases, antimicrobial 

agents formerly effective are no longer useful. S. aureus is the resistant bacterium most 

familiar in the clinical setting (Bolhuis & Aldrich-Wright, 2014). This bacterium rapidly 

acquired resistance to sulfonamides when they were in use. Penicillin was initially effective 

for this microorganism, but resistant strains that produce penicillinase increased latter on. 

Therefore, penicillinase-stable methicillin was developed. However, as early as the following 

year methicillin-resistant S. aureus (MRSA) was isolated again (Saga & Yamaguchi, 2009). 

In general, the capacity of microorganisms to acquire resistance to antimicrobial agents has 

exceeded our imagination. 
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2.8. The action of metal complex compounds to overcome drug-resistant 

microorganisms 

 

Recently, metal complexes become an extremely versatile and reliable tool for the 

development of improved medicinal compounds. Certainly, it is possible to adjust the 

chemical properties of metal complexes by controlling the coordinated metal center oxidation 

number and choosing the most appropriate bioactive organic ligands for biological 

applications. But the challenge in the discovery of innovative and improved metal-based 

drugs largely depends on the development of innovative and enriched ligands for the 

functional metal atom (Болатчиев, Батурин, & Базиков, 2018). Metal complexes have 

provided unique modes of action: ligand exchange or release at the target site, ROS 

generation, redox activation, and catalytic generation of toxic species or depletion of essential 

substrates of the microorganisms (Simons et al., 2000). Such mechanisms are not possible to 

achieve with purely organic compounds (Frei et al., 2020a). Metal ions play a major role in 

the actions of synthetic and natural metallo-antibiotics and are involved in specific 

interactions of these antibiotics with proteins, nucleic acids, membranes, and other 

biomolecules including DNA, RNA, proteins, receptors, and lipids. DNA offers an 

interesting, target for potential antimicrobials, and this is an approach currently attracting 

significant attention. Many Cu(II), and Zn(II) complexes containing phenyl ligands have been 

reported to interact and cleave DNA, with the phenyl ligands increasing the intercalative 

properties of the complexes (Bolhuis & Aldrich-Wright, 2014). Several research have been 

reported on the antibacterial activity of ternary metal (II)-phenyl complexes (metal = Cu
2+

, 

Ni
2+

, Zn
2+

, Co
2+

, Mn
2+

) containing known antibiotics. However, still there is a development 

of antimicrobial resistance by microbial (Cabrera‐Martinez et al., 2002). 

 

2.9. Structure and biochemistry of Ortho-Phthalaldehyde (OPA) and     

natural constituents of Ginger (dehydrozingerone)    

2.9.1. O-Phthalaldehyde or ortho-phthalaldehyde (OPA)  

Ortho‐Phthalaldehyde (OPA) is the latest aromatic dialdehyde organic compound (Figure 

14) active towards microbial pathogens (Simons et al., 2000). But immediately both gram-
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positive and gram-negative bacteria pathogens develop resistance to its activity (Simons et 

al., 2000). The two aldehyde functional groups that exist on OPA have been proposed to have 

an effective bactericidal character. However, microorganisms that have acquired resistance to 

OPA have yet to happen (Cabrera‐Martinez et al., 2002). The physical parameters of OPA 

were determined to be odorless, stable, effective over a wide 3 - 9 pH range, and non-irritant 

to the eyes and nasal passages (Simões et al., 2007). 
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 Figure  14. Structure of ortho-phthalaldehyde (OPA)   

OPA is also an important compound used in a very sensitive fluorescent reagent for 

analyzing amines or sulfhydryls in solution, notably contained in proteins, amino acids, and 

peptides by capillary electrophoresis and chromatography. OPA is so reactive towards 

primary amine-containing compounds. It reacts with thiols in presence of an amine such as n-

propylamine or 2-aminoethanol (Cabrera‐Martinez et al., 2002). OPA reacts with histidine 

through the formation of Van der Waals interaction which arises from π‐π stacking of the two 

aromatic components, in OPA and imidazole in histidine. To date, very few papers have been 

published about its antimicrobial activity (Cabrera‐Martinez et al., 2002; Simões et al., 2007). 

Little is known about the bactericidal action of OPA, only a postulated mechanism is 

explained about its toxic effects on microbial. It can react strongly with amino groups in 

proteins and amino acids, and is believed to pass through the outer cell membranes in bacteria 

(Russell, 2003; Weckesser & Jügrens, 1988). Some reports demonstrated that OPA shows 

bactericidal activity even at low concentrations against Escherichia coli, Pseudomonas 

aeruginosa, and Staphylococcus aureus bacteria species (Gopal et al., 2015). However, OPA‐

resistant Mycobacterium chelonae strains have been identified as causing high levels of 

resistance which are believed to be associated with the arabinogalactan/ arabinomannan 

portion of the cell wall. From the reported data on bactericidal activity of OPA, why 

microbial develop resistance on it can be explained by two proposed factors that could 

account for it. First, aromatic aldehydes such as OPA, are less reactive than aliphatic 
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aldehydes in nucleophilic addition reactions (the nucleophile is the amine group); do to this, 

the reaction of OPA with amine‐containing moiety would be expected to be less efficient. 

The second, more influential factor is due to the steric restrictions of OPA. Thus, further 

synthetic or structural development is needed to overcome this microbial resistance issues 

(Philippe, Verdu, Morère-Le Paven, Limami, & Planchet, 2019). 

2.9.2. Components of Ginger (dehydrozingerone and zingerone) 

Ginger (Zingiber officinale) is a medicinal plant that has been widely used all over the world, 

since ancient times, for a wide array of unrelated illnesses including pain, cramps, 

rheumatism, injures, painful throats, muscular aches, vomiting, hypertension, indigestion, 

fever, antimicrobial, antifungal and infectious diseases (Rehman & Gohar, 2022). Ginger has 

direct anti-microbial activity and thus can be used in the treatment of bacterial infections. 

Different research reports have shown that it shows a variety of biological activities such as 

antifungal, anti-inflammatory, antiviral, antimicrobial, antioxidant, and antitumor. 

Dehydrozingerone is one of the main chemical constituents of the medicinal plants ginger 

which are characterized by different antimicrobial activities (Teles et al., 2019). The aromatic 

constituent of Ginger includes; Dehydrozingerone, zingerone, and bisabolene, while the 

pungent constituents are known as gingerols and shogaols as shown in figure 15 and 16 

bellows. Dehdrozingerone is present as a major stable component in ginger. It is a member of 

Methoxyphenol family and its related derivatives. They have a basic phenolic ring with a 

methoxy group attached to a benzene ring. Dehydrozingerone is known to have potent 

pharmacological activities (Teles et al., 2019). Dehydrozingerone is primarily present in dry 

ginger, but cooking or drying also converts gingerol (another component in ginger) into 

dehydrozingerone (Baliga et al., 2012; Jesudoss, Santiago, Venkatachalam, & Subramanian, 

2017). It is also recognized as being an efficient free radical scavenger (Ahmad et al., 2015). 

Experimental data showed that the content of dehydrozingerone is low in fresh ginger while 

on drying and roasting the amount increase significantly (Prasad & Tyagi, 2015). 
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Figure 15.  Chemical structure of dehydrozingerone 
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Figure  16. Ginger, ginger rhizome with its major active components (Prasad & Tyagi, 2015) 

2.10. Biological Application of Transition Metal Complexes 

2.10.1. Antimicrobial Activity of Transition Metal Complexes 

Treatment of infection diseases caused by microbial remains an issue and challenging 

problem due to the combined effects of factors such as emerging infectious diseases and the 

growing number of multi-drug resistant microbial pathogens (Kalaichelvan & Maleckid; 

Vijayan et al., 2015). Microbial infections are one of the leading diseases which are caused 

millions of deaths reported every year because of the lack of effective antimicrobial therapy 

due to microbial resistance towards conventional antibiotics (Frieri, Kumar, & Boutin, 2017; 

C. Ghosh, Sarkar, Issa, & Haldar, 2019). As mentioned above semicarbazones, 

thiosemicarbazones, and their derivatives are an important class of organic ligands which can 

be synthesized from different sources of aldehyde and ketone groups possessing a wide range 

of biological activities. So that, the issue of antimicrobial resistance against commonly used 

antibiotics are becoming critical and a worldwide problem. The bacteria, methicillin-resistant 

Staphylococcus aureus (MRSA) and vancomycin resistant Enterococcus faecium (VREF), 

are resistant to the clinically used antibiotics such as methicillin and vancomycin (S.-X. 

Zhang et al.,2016). Considering the high rising of drug-resistant microbial, developing 

another strategy to fight against bacterial infections is therefore urgently needed. Therefore, 
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searching for a novel and an effective antimicrobial agent is important to overcome this 

problem. Accordingly, metal complexes of semicarbazone and thiosemicarbazone-derived 

organic ligands and metal complexes showed good antibacterial activity against Escherichia 

coli, Pseudomonas aeruginosa, and Staphylococcus pyogenes (Shakir, Hanif, Alam, & 

Younus, 2016). 

 

Therefore, it has been found interesting to study the structural property and biological activity 

of metal complexes containing the semicarbazone and thiosemicarbazone moieties. 

According to the results of studies on copper(II), nickel(II), and zinc(II) complexes 

containing ONNO(S) donor atoms of semicarbazone and thiosemicarbazone organic ligands 

the complexes have shown the highest zone of inhibition against all the tested strains (Kargar, 

Adabi Ardakani, Munawar, Ashfaq, & Tahir, 2021; Kargar, Ardakani, Tahir, Ashfaq, & 

Munawar, 2021). The results of previously reported studies indicated that all metal 

complexes have higher antimicrobial activities than the parent ligand. This higher activity of 

the metal complexes may be due to the mechanism of action of metal ions on the bacteria cell 

membrane (Surati & Sathe, 2016). Metal coordinated organic ligands bear polar and nonpolar 

properties together; making them suitable for permeation to the cells and tissues (Nair, Arish, 

& Joseyphus, 2012). Furthermore, chelation may enhance or raise the biochemical potential 

of bioactive organic molecules (Surati & Sathe, 2016). The character of the metal ion 

coordinated to the organic ligand may have its role in increasing the lipophilic character of 

the central metal ion, because of the partial sharing of its positive charge with the donor 

groups and possible π-electron delocalization over the chelate ring. This makes the 

permeation of metal complexes compounds through the lipid layer of the cell membrane 

easier. The increase in lipophilicity of the ligand up on metal coordination may contribute to 

its simplistic transport into the bacterial cell which blocks the metal binding sites in the 

enzyme of microorganisms (Mandewale, Kokate, Thorat, Sawant, & Yamgar, 2019; 

Mandewale et al., 2018)  

2.10.2. Antioxidant activities of transition metal (Zn, Cu, and Ni) complexes 

Free radicals are atoms or molecules that have unpaired electrons and are unstable molecules 

unavoidably produced in biological systems during regular metabolism. These unstable 

molecules have a great capability of interacting with biomolecules such as proteins, lipids, 
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and DNA in health human cells through electron sharing with them and are known to cause 

various degenerative disorders, like mutagenesis, carcinogenesis, cardiovascular 

disturbances, and so on (Phaniendra, Jestadi, & Periyasamy, 2015; Valko, Rhodes, Moncol, 

Izakovic, & Mazur, 2006). Therefore, the intake of antioxidants is mandatory to protect 

biomolecules from damage caused by free radicals. Antioxidants are substances that can 

prevent and stabilizing the damage caused by free radicals by providing electrons. 

Antioxidants turn free radicals into waste as by-products, which can be removed from the 

body. Thus, the intake of antioxidants as synthetic drugs is known to lower the risk of several 

diseases caused due to free radicals (Lobo, Patil, Phatak, & Chandra, 2010; Nimse & Pal, 

2015; Sen & Chakraborty, 2011).  In biological systems, antioxidants prevent oxidative 

damage by acting as scavengers to reactive oxygen species (ROS) (Sen & Chakraborty, 

2011). Vitamin C and vitamin E are well-known non-enzymatic antioxidants within normal 

cells that interact directly with radicals such as hydroxyl and peroxyl intermediates and help 

to minimize the consequences of lipid peroxidation in membranes. But natural antioxidants 

have their own merits and drawbacks such as a lack of water solubility and regular 

antioxidant activity. Most natural antioxidants are lipid-soluble with a lower absorption 

capacity, such as vitamin E. Many synthetic antioxidants that have been developed recently 

exhibit good antioxidant properties (J. Kumar, Kumar, Sati, & Hota, 2020). Hence synthetic 

antioxidants are widely used because they are effective and cheaper than natural antioxidants. 

The search for metal-based derived antioxidants has received much attention and effort to 

develop compounds having a high capacity in scavenging free radicals to overcome various 

disorders and diseases associated with oxidative damage, caused by ROS. Recently, several 

semicarbazone and thiosemicarbazones Schiff base have been investigated as effective 

scavengers of ROS, acting as antioxidants.  Although semicarbazone and thiosemicarbazone 

derivative compounds were synthesized and have shown antioxidant activities, scientific 

information on their metal complexes as antioxidant properties of natural product-based 

derivatives is scarce. Therefore, the assessment of such properties remains an interesting and 

useful task to find promising sources of natural product-based derivatives of semicarbazone 

and thiosemicarbazone-metal complexes as antioxidants. 

 

The method known as the DPPH (1, 1-Diphenyl-2-Picrylhydrazyl) assay was developed by 

Blois (1958) with the viewpoint to determine the antioxidant activity using a stable free 
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radical α, α-diphenyl-β-picrylhydrazyl (DPP). The method is aimed at determining the level 

at which antioxidants can scavenge DPPH. The unpaired electron of a nitrogen atom in 

DPPH is reduced by receiving a hydrogen atom from antioxidants to the corresponding 

hydrazine. DPPH is characterized as a stable free radical under the delocalization of the spare 

electron over the molecule (Scheme 7), so that the molecules do not dimerize, like most other 

free radicals. The delocalization also gives rise to the deep violet color, with absorption in 

methanol solution at around 517 nm. On mixing DPPH solution with a substance that can 

donate a hydrogen atom, it gives rise to the reduced form with the loss of violet color or 

DPPH produces violet/purple color in solution. This fades to shades of yellow color in the 

presence of antioxidants (Rahman, Islam, Biswas, & Khurshid Alam, 2015; Sinha & Dixit, 

2022). DPPH shows a strong absorption band at 517 nm due to its odd electron and the 

solution appears a deep violet color, the absorption vanishes as the electron pairs off and the 

resulting decolonization is stoichiometric with respect to the number of electrons taken up. 

DPPH method is a rapid, easy, inexpensive, and widely used method to determine the activity 

of compounds to act as free radical scavengers or hydrogen donors, and to evaluate 

antioxidant activity. It is a valid accurate, easy, and economic method to evaluate the radical 

scavenging activity of newly synthesized compounds (O. A. El-Gammal, Mohamed, Rezk, & 

El-Bindary, 2021; El Jemli et al., 2016). When a solution of DPPH in its radical form is 

mixed with a proton-donating substance such as antioxidants, the radicals are scavenged, and 

DPPH=H is formed with a concomitant decrease in absorbance (Contreras-Guzmán & Strong 

III, 1982; Sánchez-Moreno, 2002). Antioxidants react with free radicals by different reaction 

mechanisms such as single electron transfer, hydrogen atom transfer, or the combination of 

both mechanisms (Choudhary et al., 2011;Kobayashi, Otsuka, & Shimada, 2021). 
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Scheme 7. Reaction mechanism of DPPH with antioxidants (Bondet, Brand-Williams, &   

Berset, 1997; Santos-Sánchez, Salas-Coronado, Villanueva-Cañongo, & Hernández-Carlos, 

2019). 
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When the antioxidant substance scavenges the DPPH radical, the absorbance becomes 

decrease, which is proportional to the concentration of radicals that are being scavenged 

(Liang & Kitts, 2014). The measurements are done using a UV-Visible spectrophotometer at 

room temperature and the free radical scavenging potential is expressed as the percentage of 

DPPH radical scavenge (equation 1). 

      DPPH scavenged (%) = 
𝐀𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐜𝐨𝐧𝐭𝐫𝐨𝐥− 𝐀𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐬𝐚𝐦𝐩𝐥𝐞

𝐀𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐜𝐨𝐧𝐭𝐫𝐨𝐥
  x 100   ……...……… (1)    

2.11. Molecular docking and In-silico drug-likeness predictions 

Pharmacokinetics (PK) and pharmacodynamics (PD) play a crucial role in drug development 

(Awasthi et al., 2014; DeLano, 2002). The evaluation of pharmacological parameters such as 

drug-likeness, ADME, and Toxicity is paramount in identifying lead compounds (DeLano, 

2002).  Recently, in-silico methods that include molecular docking analysis and online 

ADMET predictions (SwissADME, Pro-Tox II, and OSIRIS property explorer) facilitate the 

process of identifying the potential bioactive molecule (P Banerjee & Eckert, 2018; Garg et 

al., 2021; O Trott & Olson, 2009). 

2.11.1. Molecular docking 

Molecular docking has now become a novel approach for the screening of synthetic bioactive 

compounds in drug discovery in recent years. Computer-assisted drug design is an area that is 

rapidly growing and has resulted in many successes. Many big pharmaceutical industries, 

academic resources, and research personnel are using the tools for new drug development. 

 It is one of the most frequently used methods in structure-based drug design, due to its 

ability to predict the binding-conformation of compounds to the appropriate target binding 

site protein (Khan, Ahemad, Chuah, Naidu, & Htar, 2020). It validates the molecular 

mechanisms for ligands at the active site of a protein. The molecular docking approach can be 

used to model the interaction between a molecule and a protein which allows us to 

characterize the behavior of small molecules in the binding site of target proteins as well as to 

elucidate fundamental biochemical processes (Meng, 2011). Molecular docking assists in the 

process of computer-aided drug designing by considering every possible conformation of the 

protein and targeted molecules (Meng, 2011). Molecular docking techniques aim to predict 

the best matching binding mode of a ligand to a macromolecular partner. Ligand binding to 
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macromolecules plays a key role in medicine as a guiding mechanism in biological processes. 

The binding of drugs to proteins and DNA has led to vast structural studies using both 

experimental and theoretical methods. 

Because DNA plays a major role in the replication and transcription of the cell, it has been 

considered to be a major target for antibiotics, antiviral and anticancer drugs (Francis, Gas, 

Daugeron, Bravo, & Seraphin, 2012). DNA-binding drugs are common for different diseases 

such as bacterial, viral, and fungal infections (Baeuerle & Baichwal, 1997). The different 

modes of drug binding to DNA include intercalation between adjacent base pairs, and 

intrusion into the minor groove and the major groove (Chaires, 2006). Intercalation and 

minor-groove binding are the predominant DNA-binding modes of small molecules 

(Mišković, Bujak, Baus Lončar, & Glavaš-Obrovac, 2013). This computer-simulated ligand 

binding method of screening bioactive compounds is a powerful technique for investigating 

intermolecular interactions for rational drug design. The information gained from the docking 

result can be used to suggest the binding energy, free energy, and stability of complexes. The 

crucial advantage of molecular docking tools is that it requires less investment in resources 

and time in comparison to in vivo lab studies and important to support the in vitro biological 

studies.  
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3. MATERIALS AND METHODS 

3.1.  Chemicals and Reagents 

The chemicals and reagents used during this study were Semicarbazide hydrochloride 

(CH5N3O.HCl) 99%, thiosemicarbazide (CH5N3S) 99%, glacial acetic acid (CH3COOH) 

99.5%, ortho - phthalaldehyde (OPA) (C8H6O2) 99%, sodium acetate (CH3COONa) 99.99%, 

dehydrozingerone (C11H12O3) 99.9%, Vanillin (C8H8O3) 99.9%, acetone (C3H6O) 99.5%, 

sodium hydroxide (NaOH) 97%, metal salts (ZnCl2 99.9%, CuCl2.2H2O 99% and 

NiCl2.6H2O 98%), dimethyl sulfoxide (DMSO) 99.99%, sodium hydroxide (NaOH) and 

concentrated H2SO4 were obtained from Alchem Pvt. Ltd., Addis Ababa. Calcium carbide 

(CaC2), and the organic solvents ethanol (CH3CH2OH), methanol (CH3OH), diethyl ether 

(C4H10O), ethyl acetate, chloroform, and hydrochloric acid (HCl), were used. L-Ascorbic acid 

and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were used for the biological activity test. All 

chemicals and reagents, including salts and solvents, were of analytical grade and used 

without further purification. De-ionized water was used for solution preparations. 

 

3.2. Instruments and apparatus 

The basic instruments used for this study and their function and application were: an electro-

thermal Stuart SMP
3
 (UK) to determine the melting point determination of the newly 

prepared compounds, thin layer chromatography (TLC) (Co.KG, Germany) was used to 

check the progress of reaction and the purity of the prepared compounds. The spots were 

detected using a UV lamp. The absorbance of the compounds was scanned in the UV- Vis 

range of 200.0 – 800.0 nm under the Abs Test Model using Chem LAB UV Spectrometer 

(SM-1600 Spectrophotometer, Germany) at the Department of Biology, Adama Science and 

Technology University, Ethiopia. Elemental analysis was done using CHN analyzer 

(PerkinElmer@2400series II) at Department of Biomaterials, Saveetha Dental College and 

Hospitals, Saveetha Institute of Medical and Technical Sciences, Saveetha University, India. 

Elemental composition analysis oxygen, chlorine, and metals in the complexes and surface 

morphology were done by using energy dispersive x-ray spectroscopy (EDX) together with 

scanning electron microscopy (SEM) (CARL ZE 155, OXFORD instrument's EDX) at 

Multimedia University, Malaysia. A Perkin Elmer FTIR spectrophotometer in the wavelength 

range of 400–4000 cm
−1

), Model No BX, was used to record FTIR spectral data using KBr 
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discs at the Department of Chemistry Addis Ababa University. A Bruker Avance 400 MHz 

NMR spectrometer was used to acquire the NMR spectral data in DMSO-d6 as a solvent and 

chemical shifts (δ) were reported in ppm and the coupling constants (J) are reported in Hertz 

which were done at the Department of Chemistry Addis Ababa University Ethiopia, LC-MS 

(model LCMS-8030, mass range m/z 10 to 2000, sensitivity ESI positive: 1 pg reserpine, S/N 

> 3,000:1 (RMS), resolution R < 0.7 FWHM) at the University of the Witwatersrand, PO 

Wits, Johannesburg 2050, South Africa, XRD data were obtained using Philips X-pert pro 

diffractometer, PW 1830 (X-ray tube target: Cu-Kα(λ=1.5406 nm) at the Institute of 

Chemical Engineering, Jimma University, Ethiopia. Thermogravimetric analysis (TGA) was 

performed under N2-atmosphere with the SHIMADZU’s DTG-60H thermal analyzer which 

is a TG-DTA-DSC instrument used to measure mass loss vs temperature and the scanning 

were carried out up to 1500 K through a heating rate of 10.0 deg/min at Department of 

Chemical Engineering, Bahir Dar University. 

3.3.  Synthesis of semicarbazone and thiosemicarbazone derivative ligand 

The ligands were synthesized according to the reported procedures (Mishra, Pandeya, 

Pannecouque, Witvrouw, & De Clercq, 2002; Mukhametzhanova, Shtrykova, Kuksenok, & 

Filimonov, 2014) by condensation through the reflux method. 

  

3.3.1. Synthesis of [4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one]semicarbazone (L1 ) 

Semicarbazide hydrochloride (0.01 mol, 1.12 g) and CH3COONa (0.01 mol, 0.82 g) were 

dissolved in 25 mL of distilled water in a round bottom flask. The contents were warmed in 

an oil bath until a clear homogeneous solution was formed to release semicarbazide from its 

salt form. To the homogeneous solution, dehydrozingerone or (4-(4-hydroxy-3-

methoxyphenyl)but-3-en-2-one)  (0.01 mol,1.92 g) in ethanol (25 mL) was slowly added and 

heated to reflux in the temperature range of 65 - 70 °C. A dropwise catalytic quantity of HCl 

(five drops) was slowly added while heating in an oil bath under reflux for four hours 

(Witvrouw, & De Clercq, 2002). The progress of the reaction and formation of the product 

were monitored using thin-layer chromatography (TLC). Finally, the product was cooled on 

ice, filtered, re-dissolved, and crystallized from ethanol to eliminate unreacted species and 

dried under vacuum desiccator, where brown colored solid was obtained. 
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3.3.2. Synthesis of [4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one]thiosemicarbazone 

ligand (L2)  

The dehydrozingerone thiosemicarbazone ligand was prepared using a  reported procedure 

with minor modifications (Belicchi Ferrari, Capacchi, & Biscegile, 2001; Oladimeji & Valan, 

2020). A warm ethanol solution (25 mL) of thiosemicarbazide (0.91 g,  0.01 mol) was mixed 

with an ethanol solution (25 mL) of dehydrozingerone (1.92 g, 0.01 mol) with a 0.5 mL of 

acetic acid while stirring continuously. The contents were refluxed in the 65-70 °C 

temperature range for four hours. The progress of the reaction completion and product 

formation were monitored using TLC. The resulting product was cooled to form a precipitate, 

which was filtered with Wattman No 1 filter paper, washed with cold methanol to remove 

unreacted amine and ketone, and then dried using CaCl2 as a drying agent in a vacuum 

desiccator where a yellowish crystal were obtained. 

3.3.3. Synthesis of (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene)semicarbazone ligand 

(L3) 

The ligand (L3), (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene)semicarbazone was 

synthesized by adopting previously reported procedures (Hossain et al., 2017) with minor 

modifications to provide good yield.  Accordingly, Vanillin (0.02 mol, 3.04 g) was dissolved 

in absolute ethanol (25 mL) was added slowly to a constant stirring solution of semicarbazide 

hydrochloride (0.01 mol, 1.12 g) and sodium acetate (0.01 mol, 0.82 g) in 50 mL hot ethanol 

in a two necked round bottom flask with 5 mL of concentrated H2SO4 (Hossain et al., 2017). 

The mixture was refluxed in the temperature range of 70 - 75 
o
C for six hours. The reaction 

progress was checked by TLC in a ethyl acetate and methanol mixture in the ratio of 7:3 by 

volume. An orange product was obtained after cooling, and it was filtered, washed with 

ethanol and diethyl ether, and dried using CaCl2 as a drying agent in a vacuum desiccator. 

The product obtained was gray colored powder. 

3.3.4. Synthesis of o-phthalaldehyde disemicarbazone ligand (L4)  

The semicarbazone was prepared using a reported procedure (Goel et al., 2016). 

Semicarbazide hydrochloride (0.01 mol, 1.11 g) was dissolved in 30 mL ethanol and was 

mixed with 30 mL ethanolic solution of ortho-phthalaldehyde (0.005 mol, 0.670 g) together 

with CH3COONa (0.01 mol, 0.82 g). The semicarbazide was generated from semicarbazide 
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hydrochlorides by CH3COONa. The CH3COOH produced during the reaction progress 

protonates the C = O functional group of ortho – phthalaldehyde (OPA), which eases the 

nucleophilic reaction of carbon. The clear solution formed was continuously stirred under 

reflux in the temperature range of 65 - 70 °C for two hours. The completion and product 

formation were monitored and confirmed by TLC in a ethyl acetate and methanol mixture in 

the ratio of 9:1 by volume. The product obtained was filtered using small micro-sized filter 

paper, washed repeatedly with warm water, and finally dried in a vacuum desiccator over 

CaCl2. 

3.4. Synthesis of homoleptic transition metal complexes  

The homoleptic zinc(II),  copper(II), and nickel(II) complexes (1-8) were synthesized by 

reacting the ligand L1, L2, and L3 with the metals chloride salts as per the modified reported 

methods (Siji, Kumar, Suma, & Kurup, 2010). The homoleptic complexes 1-3 where 

synthesized from L1, complexes 4 and 5 from L2, and complexes 6-8 where from L3 

ligands. 

3.4.1. Synthesis of Zinc(II) complex of L1 (1)  

A warm ethanol solution (25 mL) of ZnCl2 (1 mmol, 0.136 g) was mixed with an ethanol 

solution (25 mL) of (L1) (2 mmol, 0.50 g) by 1:2 molar ratio. The mixture was stirred while 

refluxing the mixture for five hours in the temperature range of 70 - 75 °C till color change. 

The pH was adjusted at around 7 by 5% NaOH drop wise addition while stirring the mixture 

for another 30 minute. The completion of the reaction and product formation were checked 

by TLC in a ethyl acetate and methanol mixture in the ratio of 5:5 by volume. After TLC 

result confirmed the completion of the reaction, the mixture was allowed to cool at room 

temperature. Then, the product was separated, filtered, and thoroughly cleaned first with 

warm water and methanol and dried under vacuum desiccators over anhydrous CaCl2 (Naz et 

al., 2020). The product obtained was then stored in a vial for characterization and biological 

applications. 

3.4.2. Synthesis of Copper (II) complex of L1 (2)  

CuCl2·2H2O salt (0.17 g, 1 mmol) was dissolved in 25 mL warm absolute ethanol and was 

added to a solution of L1 (0.50 g, 2 mmol) which was dissolved in 25 mL of absolute ethanol 

in 1:2 mole ratio. A few drops of sodium hydroxide (5 % NaOH) were added to adjust the pH 

to be around 7. The mixture was heated under reflux in an oil bath for four hours between 70 
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- 75 
o
C till color change occurred (Naz et al., 2020). The reaction completion and product 

formation were checked by TLC in a ethyl acetate and methanol mixture in the ratio of 7:3 by 

volume. After the TLC indicated the formation and completion of the reaction, the reaction 

mixture containing red precipitate was allowed to cool to room temperature. The solution was 

filtered, washed with ethanol, and left to dry under vacuum desiccators over anhydrous 

CaCl2. 

3.4.3. Synthesis of Nickel(II) complex of L1 (3)  

NiCl2.6H2O (0.24 g, 1 mmol) was dissolved in 20 mL warm absolute ethanol was added 

dropwise to the solution of 0.50 g (2 mmol) of L1 dissolved in 25 mL of absolute ethanol 

under constant stirring. A few drops of 5 % NaOH were added to adjust the pH
 
to be around 

7. The mixture was heated under reflux in an oil bath for three hours in the temperature range 

of 70 - 75 
o
C till color change occurred (Jirjees et al.; Ramachandran, Raja, Bhuvanesh, & 

Natarajan, 2013). After TLC results showed a single spot indicating the completion of the 

reaction, it was allowed to cool to room temperature and filtered off, washed with ice-cold 

methanol, and dried at room temperature. The brown powder product was obtained and left to 

dry overnight in a vacuum desiccator over CaCl2. 

3.4.4. Synthesis of Zinc(II) complex of L2 (4)  

An ethanolic solution (25 mL) of ZnCl2 (1 mmol, 0.136 g) was mixed with a warm ethanolic 

solution (25 ml) of (4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one) thiosemicarbazone (L2) 

(2 mmol, 0.53 g). A few drops of sodium hydroxide (5 % NaOH) were added to adjust the pH 

to be around 7. The contents were refluxed for five hours between 70 - 75 °C. After TLC 

results indicated the completion of the reaction, the mixture was allowed to cool to room 

temperature (Ejidike, Bamigboye, & Clayton, 2021). Then after, the white precipitate formed 

was filtered and washed with ethanol to remove unreacted species. Finally, the solution was 

left to dry in a vacuum desiccator over CaCl2.  

3.4.5. Synthesis of Copper(II) complex of L2 (5) 

CuCl2.2H2O salt (0.170 g, 1mmol) was dissolved in 25 mL of warm absolute ethanol with 

stirring was added to a solution containing (4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one) 

thiosemicarbazone (0.53 g, 2 mmol) (L2) in 25 mL of absolute ethanol. The pH of the 

mixture was adjusted around 7 by drop wise addition of 5% NaOH. The mixture was refluxed 

for three hours in the temperature range of 70 - 75 
o
C (Dwivedi, 2013). After TLC results 
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indicated the completion of the reaction, the brown solid precipitate obtained was filtered, 

washed with ethanol, left to dry in a desiccator.  

3.4.6. Synthesis of Zinc(II) complex of L3 (6)   

Hot ethanolic solution (20 mL) of ZnCl2 (1 mmol, 0.136 g) was mixed with a hot ethanolic 

solution (20 mL) of (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene)semicarbazone ligand 

(L3) (2 mmol, 0.687 g) in 1:2 mole ratio. The mixture was treated with 5% NaOH solution to 

adjust the pH around 7 range (Goel, Chandra, & Dwivedi, 2013; Jirjees et al.). The mixture 

was refluxed for four and half an hour in the temperature range of 70 - 75 
0
C under a water 

bath. On cooling a precipitates was formed and was filtered, washed with ethanol, and diethyl 

ether, and dried in vacuum desiccators over anhydrous CaCl2. The purity of the product was 

checked by thin-layer chromatography (TLC).   

3.4.7.  Synthesis of Copper(II) complex of L3 (7) 

The ligand (L3) (2 mmol, 0.687 g) (20 mL) was dissolved in methanol (20 mL) in a 250 mL 

two-neck round bottom flask. After a half an hour of stirring, a methanol solution (20 mL) of 

CuCl2.2H2O (1 mmol, 0.17 g) was added drop wise to the flask by 1:2 mole ratio 

(Ramachandran et al., 2013). Under constant stirring, a drop of 5% sodium hydroxide 

solution was added to the mixture. The reaction mixture was refluxed for five hours in the 

temperature range of 70 - 75 
o
C. Progress of the reaction was monitored by TLC and after the 

completion, the reaction was cooled to room temperature and then washed using ice-cold 

methanol to remove unreacted metal ions and ligand and then dried in a vacuum over 

anhydrous calcium chloride in a desiccator. Then the brown powder product obtained after 

drying was kept in a vial for further analysis and applications. 

3.4.8. Synthesis of Nickel (II) complex of L3 (8) 

To a 20 mL of methanolic solution of (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene) 

semicarbazone ligand (L3) (2 mmol, 0.687 g), 20 mL of warm methanol solution of nickel 

chloride, NiCl2.6H2O (1 mmol, 0.24 g) was added dropwise under constant stirring by 1:2 

mole ratio. Then after, a drop of sodium hydroxide (5% NaOH) was added under the constant 

string at room temperature to adjust the pH to be around 7 and refluxed for three hours 

between 70 - 75 
o
C under a water bath. The reaction progress was monitored by using TLC 

and after TLC showed a single spot confirming the completion of the reaction, the mixture 

was allowed to cool to room temperature overnight (Uddin et al., 2020). The resulting 
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reaction mixture was filtered, and washed with ice-cold methanol to remove unreacted 

species, where a gray powder was obtained. 

3.5.  Synthesis of heteroleptic Zn(II) and Cu(II) complexes from L1 and  

L4 ligands  

The heteroleptic complexes of metal ions were synthesized according to the reported 

procedure with modification (Ejidike, Bamigboye, & Clayton, 2021; Ejidike, Bamigboye, 

Fadare, Adetunji, & Obaleye, 2022; Uddin et al., 2020). 

3.5.1. Synthesis of heteroleptic Zn(II) complex (9), of L1 and L4 

ZnCl2 (1 mmol, 0.136 g) was dissolved in ethanol (20 mL). Then, by stirring magnetically 

with heating in an oil bath, 30 mL ethanol solution containing dehydrozingerone 

semicarbazone (L1) (1 mmol, 0.250 g) and ortho-phthalaldehyde disemicarbazone (L4) (1 

mmol, 0.190 g) prepared separately were added together to the metal solution by 1:1:1 mole 

ratio. Then, the mixture of the metal salt solution and ligand solution was refluxed in the 

temperature range of 70 -75 °C for five hours under water bath until the color change 

observed. Then pH was adjusted around 7 by dropwise addition of 5% of NaOH solution 

with further stirring for 30 minutes. The progress of the reaction was monitored with TLC 

and after completion of the reaction; the mixture was cooled to room temperature. The 

reaction mixture was filtered then washed repeatedly using cold absolute methanol to remove 

unreacted metal ion and ligand. Finally the solid product obtained was recrystallized from 

ethanol and dried in vacuum desiccators over anhydrous CaCl2 (Bamigboye, Ejidike, 

Awolope, Obaleye, & Ejimofor, 2021; Sarker, Hossen, Haque, Zamir, & Asraf, 2020). The 

dried, milky colored powder product was preserved in a clean vial for further analysis and 

use.   

3.5.2. Synthesis of heteroleptic copper(II) complex (10), ML1L4 type 

To a 20 mL ethanol solution of CuCl2.2H2O (1 mmol, 0.17g), a mixture of 20 mL ethanol 

solution of [4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one]semicarbazone (L1) (1 mmol, 

0.25 g) and 20 Ml solution of  O-phthalaldehyde disemicarbazone (L4) (1 mmol, 0.19 g) 

ligands were added in 1:1:1 mole ratio while continuous stirring. Then, the reaction mixture 

was refluxed for five hours between 70 - 75 °C till the color of the reaction mixture was 

changed. Then pH of the reaction mixture was raised to around 7 by adding 5% NaOH 
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solution drop wise with constant stirring. Stirring was continued for another half an hour. The 

contents were cooled and the solid product of the mixed ligand complex was filtered, washed 

thoroughly first with ethanol, and finally dried under vacuum desiccators over anhydrous 

CaCl2 (Pr Shirode, Agrawal, Jain, & Yeole, 2015). The reddish powdered product was 

obtained and kept in an airtight vial for further analysis. 

3.6.  Methods of Characterization of the ligands and their homoleptic and 

heteroleptic metal complexes 

Several methods, conventional and modern, are available for the characterization of ligands 

and their complex compounds. The synthesized ligands and their corresponding metal 

complexes were distinctly colored and characterized by using physical and spectroscopic 

techniques. 

3.6.1. Electronic spectral analysis of metal complexes 

Electronic spectroscopy is the measurement of the wavelength and intensity of absorption of 

near ultraviolet and visible light by a sample. UV-Vis spectroscopy is usually applied to 

organic molecules and inorganic ions or complexes. The absorption of UV or visible 

radiation corresponds to the excitation of outer electrons. Coordination compounds can 

undergo one of three different forms of electronic transition. Many inorganic species show 

ligand-to-metal charge transfer (LMCT) transition and metal-to-ligand charge transfer 

(MLCT) transition (not as common as (LMCT). Electron transition probability in ligand field 

transition (d-d transition) is determined by the spin selection rule and the orbital (Laporte) 

selection rule (Jirjees et al.; Perkampus, 2013). The UV visible electronic spectra (200 – 800 

nm) were recorded by UV-Vis-1800 series (Shimadzu) double beam spectrophotometer using 

DMSO solvent.  

3.6.2. Molar conductivity   

The molar conductivity values of the synthesized complexes in dimethyl sulfoxide solution 

(10
-3

 M) at room temperature were measured by direct reading using an electrical 

conductometer (AD8000). To know the oxidation number and stereochemistry of the central 

metal ion in coordination complexes, molar conductivity values are used in conjunction with 

electronic spectra (Greenfield, Julve, & Doyle, 2019).  
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3.6.3. Melting point determination 

Thomas Hoover melting point device was used to determine the melting points of the 

synthesized compounds using the capillary tube method. The melting point of the synthesized 

organic ligands and their complexes were determined by introducing required amount of 

sample into a capillary tube, attached to the stem of a thermometer centered in a heating bath. 

The bath was heated slowly, and the temperatures at which melting begins and complete was 

recorded where the average melting point was calculated and recorded. 

3.6.4. Infrared spectra analysis 

FT-IR studies were conducted to determine the functional group present in the ligands and 

the metal complexes (Jirjees et al.; Mantsch & Chapman, 1996). In this study, the Infrared 

spectra were recorded on the Perkin Elmer model FTIR type 1650 spectrophotometer in the 

wave-number region of 4000 - 400 cm
-1

. The spectra of the 10 mg solid samples were 

recorded as KBr pellets. The position of bands provides significant indications regarding the 

bonding sites of the ligand molecules when forming complexes with metal. 

3.6.5. NMR spectra analysis  

NMR spectroscopy enables us to record differences in magnetic properties of the various 

magnetic nuclei present and to deduce in large measure the position of these nuclei within the 

molecule. We can deduce how many different kinds of the chemical environment are there in 

the molecules and also which atom is present in neighboring groups (Dreyer, 1965). 

13
C NMR spectra (A Bruker Avance 400 MHz NMR spectrometer): 

13
C NMR spectra of the 

ligands were recorded in dry DMSO-d6. All the ligands are non-hygroscopic, stable at room 

temperature, partially soluble in water, ethanol, and methanol but completely soluble in 

DMSO-d6. 

1
H NMR Spectra: The proton NMR spectra enable us to know different chemical and 

magnetic environments corresponding to a proton in molecules. The 
1
H NMR spectra of the 

ligand were recorded in DMSO-d6 solution. To obtain the 
1
H NMR spectra for the complexes 

formed, 5 mg of samples were used. The NMR spectra obtained were able to provide detailed 

information about the chemical environment and structure of the ligands synthesized. The 

chemical shifts were recorded using tetramethylsilane (TMS) as an internal standard for 
1
H 

NMR spectra analysis. 
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3.6.6. X-ray diffraction analysis 

The particle nature of the complexes was studied using powder X-ray diffractometer (XRD), 

(Philips X-pert pro diffractometer, PW 1830 with Cu Kα radiation). The powder X-ray 

diffraction (PXRD) patterns of the synthesized metal complexes (1 – 10) were recorded using 

80 mg of dried powdered samples. The data was recorded at 2θ ranging from 10 to 80.00° at 

lambda (λ) value at 1.54 A°. 

3.6.7. Mass spectra analysis 

The mass spectroscopic (MS) studies were performed in search of the molecular weights of 

the newly synthesized complexes. It enables us to know relative molecular masses with very 

high accuracy, from which exact molecular formulas can be deduced.(Duckworth, Barber, & 

Venkatasubramanian, 1986).  

3.6.8. Thermogravimetric analyses 

Thermogravimetric analysis (TGA) provides useful information about the thermal stability, 

thermal decomposition stages and fragmented parts of complexes. In addition, TGA analysis 

can verify the presence or absence of coordinated or lattice water molecules in complexes and 

comparison of the thermal stability of the ligands and their respective complexes. Thermal 

analyses of the synthesized metal complexes were recorded under N2-atmosphere (20 

mL/min) using a 10 mg dried sample using the SHIMADZU’s DTG-60H thermal analyzer. 

The weight losses were recorded between 25 – 1200 °C with a heating rate of 10 
o
C/min. 

 

3.7. The In-silico studies of the ligands and their transition metal 

complexes 

3.7.1. In-silico molecular docking methodology 

Recently, in-silico methods that include molecular docking analysis and online ADMET 

predictions (SwissADME, Pro-Tox II, and OSIRIS property explorer) facilitate the process of 

identifying the potential molecule (P Banerjee & Eckert, 2018; Garg et al., 2021; O Trott & 

Olson, 2009). 
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3.7.1.1. Preparation of ligands 

The 2D structures of all synthesized compounds were drawn and each structure was analyzed 

using ChemDraw 16.0. The selected molecules were treated quantum mechanically by 

applying the DFT method using the Gaussian 09 program suite at the Becke-3-Lee-YangPar 

(B3LYP) level combined with the standard 6-31G (d,p) basis set. During the optimization 

procedure, all the parameters were set to obtain a stable structure with minimum energy. The 

global minimum energy of the title compound was determined from the structure 

optimization procedure. The 3D coordinates (.PDB) of each molecule were obtained through 

an optimized structure. 

 3.7.1.2. Preparation of macromolecules 

The crystal structure of receptor molecules S. aureus Gyrase (PDB ID 2XCT) was 

downloaded from the protein data bank. The protein preparation was done using the reported 

standard protocol by removing the co-crystallized ligand, selected water molecules, and 

cofactors, the target protein file was prepared by leaving the associated residue with protein 

by using Auto Preparation of target protein file Auto Dock 4.2.6 (MGL tools 1.5.6).  

 3.7.1.3. AutoDock Vina analysis 

Graphical user interface program Auto Dock 4.2.6 was used to set the grid box for docking 

simulations. The grid was set so that it surrounds the region of interest in the macromolecule. 

The docking algorithm provided with AutoDock Vina was used to search for the best-docked 

conformation between ligand and protein. During the docking process, a maximum of nine 

conformers were considered for each ligand. The conformations with the most favorable 

(least) free binding energy were selected for analyzing the interactions between the target 

receptor and ligands by Discovery studio visualizer and PyMOL. AutoDock Vina with the 

standard protocol used to dock the protein S. aureus Gyrase (PDB ID 2XCT) and synthesized 

ligands into the active site of proteins (O Trott & Olson, 2009),  

 3.7.1.4. In-silico pharmacokinetics and toxicity  

Drug-likeness is a prediction that determines whether a particular pharmacological agent has 

properties consistent with being an orally active drug. The chemical structure of the 

compounds was converted to their canonical simplified molecular input line entry system 

(SMILE) and submitted to the SwissADME tool to estimate in-silico pharmacokinetic 
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parameters. SwissADME predictor provides information on the number of hydrogen donors, 

hydrogen acceptors and rotatable bonds, and the total polar surface area of a compound (P 

Banerjee & Eckert, 2018; Garg et al., 2021). The analyses of the compounds were compared 

with that of Trimethoprim drugs. 

3.8.  Methods of studying biological activities 

The ligands and their metal complexes were tested for their antimicrobial activities, at the 

Department of Biology, School of Natural Science, Adama Science and Technology 

University. 

3.8.1. Antibacterial activity analysis of the ligands and their complexes 

The newly synthesized compounds was screened for their in vitro antibacterial activity 

against microbial strains of two Gram-positive bacteria (Staphylococcus aureus ATCC 25923 

and Streptococcus pyogenes ATCC 19615) and two Gram-negative Bacteria (Escherichia 

coli, ATCC 25922 and Pseudomonas aeruginosa ATCC 27853) at 100 and 200 μg/Ml 

concentratiosns by the zone of inhibition (disc diffusion method) using Trimethoprim as 

standard drugs (Manandhar, Luitel, & Dahal, 2019). The medium was prepared from molten 

nutrient agar (NA). The test compounds were dissolved in DMSO. Twenty-five milliliters of 

nutrient agar (NA) were placed in a petri dish. After solidification, the test bacteria were 

spread over the medium using a sprinter. The disc of Watman no 1 filter paper (blank paper 

disk with a diameter of 6 mm) saturated with the test compounds (at 100 and 200 μg/mL 

concentrations) were placed at  equidistant placed from the center in the incubated petri dish 

(Balouiri, Sadiki, & Ibnsouda, 2016). Filter paper discs treated with DMSO severed as 

control and Trimethoprim was used as the standard drug. The Petri dishes were kept in the 

refrigerator for 24 hours for pre-diffusion and then incubated for 72 hours at 37 
o
C and the 

inhibition zone around each disk was measured with slipping calipers of the Clinical 

Laboratory Standers (Aliyu & Mohammed, 2009; Manandhar et al., 2019). The zone of 

inhibition was calculated in millimeters and compared with standard drugs. The % inhibition 

will be calculated by using the formula of equation 2 (O. A. El-Gammal et al., 2021).  

     Inhibition zone (%) = 
(C−T)

C
 𝑥 100   ……………………………………………... (2)         

where C = colony diameter (mm) of the control, T = colony diameter (mm) of the test plat. 
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3.8.2. Antioxidant activity test of the ligands and their metal complexes by the DPPH 

free radical scavenging activity assay  

 

DPPH (2, 2-diphenyl-1-picrylhydrazyl) is the most common method that is widely used 

method of the antioxidant potential evaluation due to its ease, speed, and sensitivity. DPPH is 

a stable free radical that can abstract hydrogen from any molecule having the capacity to 

donate such an atom, leading to bleaching of the strong absorption at 517 nm. The reaction 

can, therefore, be conveniently used to examine the radical scavenging ability of the 

prospective molecule (S. Dutta, Padhye, Priyadarsini, & Newton, 2005). The scavenging 

reaction between (DPPH) and an antioxidant (H-A) can be written as:      

                     (DPPH)   +   (H-A)      DPPH-H   +   (A) 

                     (Purple)                                                     (Yellow) 

When antioxidants react with DPPH it is reduced to the DPPH-H and consequently, the 

absorbance changed from the DPPH radical to the DPPH-H form. The degree of change in 

color indicates the scavenging potential of the antioxidant compounds in terms of hydrogen-

donating ability (El-Ghorab, Nauman, Anjum, Hussain, & Nadeem, 2010). The antioxidant 

activities of the synthesized semicarbazone and thiosemicarbazone derivative ligands and 

their homoleptic and heteroleptic metal complexes were evaluated using the DPPH free 

radical scavenging assay (S. Dutta et al., 2005). 200 μl of test sample solution (100 μg/mL) 

was added to 4 mL of 100 μM methanolic DPPH. After vortexing, the mixture was incubated 

for 20 minutes at room temperature and the absorbance at 517 nm was measured by using a 

spectrophotometer. Ascorbic acid (100 μg/mL) was used as standard. A blank was prepared 

without adding a standard or test compound. The lower absorbance of the reaction mixture 

indicates the higher free radical scavenging activity. The capability to scavenge the DPPH 

radical was calculated using the following equation (equation 3) (Singhal et al., 2011). 

 

      DPPH scavenging activity (%) =  
A control−A test

A control
 𝑥 100…………………………… (3) 

 

Where: A control is the absorbance of the control (without compound) 

             A test is an absorbance in the presence of the test compounds. 

 

The antioxidant activity of the newly synthesized ligands and their homoleptic and 

heteroleptic ligand complexes were determined by comparing them with standard ascorbic 

acid. The IC50 parameter, which represents the concentration of the material in question 
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necessary to inhibit 50% of free radicals, was determined. Thus, a lower IC50 value indicates 

a greater ability to neutralize free radicals (Hazra, Biswas, & Mandal, 2008). 

3.8.3. Antifungal activity screening  

The antifungal activity of the synthesized ligands and their complexes were evaluated against 

Aspergillums fumigates and Candida albicans fungi species by the disc diffusion method 

(Sridhar, Duggirala, & Puchchakayala, 2014). Petri dishes were sterilized in a hot air oven at 

180 ºC for 30 minutes and the Sterilized Potato-dextrose agar (PDA) medium was cooled to 

room temperature. 20 mL of the Potato-dextrose agar (PDA) was poured into Petri dishes and 

then allowed to solidify at room temperature. Then with a sterile cork borer 8 mm well was 

formed. 60 μL inoculums were poured into a petri dish and spreading was done with a 

sterilized L- shaped rod. 30 μl of 25, 50, and 100 mg/mL samples were transferred into the 

wells and the fungal culture Petri dishes were put into a refrigerator for diffusion and then 

transferred into an incubator for incubation at 27 °C for 72 hours. Fluconazole was used as 

the positive control 5 mg/mL and DMSO as a negative control to compare the antifungal 

effect. Then zone of inhibition was measured, in mm, after three days and the inhibition zone 

was calculated for each compound. All the procedures were done in triplicate and the mean 

values were taken. The growth inhibition percentage diameter was calculated using equation 

4 (Abbas, Ahmad, Barkat, & Aslam, 2017).                   

      Percentage inhibition =
(C−T)

(C)
 𝑥 100   ……………………………….…………… (4) 

Where; C = diameter of the fungus colony in the control plates after three days and  

            T = diameter of the fungus colony in the tested plates at the same period 

3.9.  Statistical analyses 

All the antibacterial, antifungal, and antioxidant data analyses generated by triplicate 

measurements were reported as mean plus standard deviation. The data were grouped and 

statistically evaluated with SPSS 16.0 software. The hypothesis testing method ANOVA 

followed by the ‘least significant difference’ test was used. A value of P < 0.05 was 

considered to indicate statistical significance. All results were expressed as mean ± Standard 

error m`ean (S.E.M) (Hesamian, 2016; D. K. Lee, In, & Lee, 2015). 
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4. RESULTS AND DISCUSSION 

4.1. Synthesis of ligands and their homoleptic and heteroleptic metal 

complexes 

The synthesis of semicarbazone and thiosemicarbazone derivative ligands and their 

homoleptic and heteroleptic complexes were successfully done following the established 

procedure presented in sections 3.3 and 3.4 respectively with the necessary reaction 

conditions. The semicarbazide used as the starting materials for the synthesis of the ligands 

exists as stable form in semicarbazide hydrochloride, which can be released from its salt form 

when the reagent CH3COONa was added in the synthesis process. The acetic acid 

(CH3COOH) produced during the reaction, protonates the carbonyl oxygen of 

dehydrozingerone and ortho-phthalaldehyde and activates the C = O carbon favorable to 

nucleophilic reaction. Then, the semicarbazone and thiosemicarbazone derivative ligands 

were synthesized by reaction of the amine group of semicarbazide/thiosemicarbazide with 

ketone and aldehyde functional group forming imine (-C = N-) containing derivatives as 

indicated in the general reaction mechanisms described by Schemes 8 - 11. The 

semicarbazone derivative ligands, [4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one] 

semicarbazone  (L1) and (4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one)thiosemicarbazone 

(L2) were derived from Ginger (traditional medicinal plant) composed of a compound 

dehydrozingerone and the third ligand, (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene) 

semicarbazone (L3) was prepared from vanillin (major fragmented part of dehydrozingerone) 

in good yields as shown in Table 1. The homoleptic metal complexes (1-8) were synthesized 

in a 1:2 metal ion to ligand (M: 2L) mole ratio from their corresponding ligands. The other 

ligand ortho-phthalaldehyde-disemicarbazone (L4) was synthesized from the starting raw 

material ortho-phthaldehyde which is the latest synthetic bioactive compound (Simons et al., 

2000). Then, the heteroleptic metal complexes (complex 9 and 10) were synthesized from L1 

and L4 in 1:1:1 ligands to metal ion (L1: M: L4) mole ratio.  

The overall physicochemical properties and stoichiometry proposed for the compounds were 

presented in Table 1. The analytical data of the structure of the ligands and their complexes 

are in good agreement with the proposed empirical formula. 
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Table 1. Physicochemical properties of ligands and their metal compounds 

Compound  Empirical Formula Mwt. Color Yield 

(%) 

Melting 

point (°C) 

Conductivi

ty (Ʌm)(η
-

1
cm

2
 mol

-1
) 

L1 C12 H15N3O3  249.28 Brown 78 171.5 - 

L2 C12H15N3O2S  265.35 Yellow 71 119 - 

L3 C17H17N3O5 343.34 Orange 85 179 - 

L4 C10H12N6O2 248.24 Cloudy 75 241 - 

[Zn(L1)2 (Cl)2]      (1) C24H30N6O6 ZnCl2 634.95 Green 69 285-290 16 

[Cu(L1)2(Cl)2]      (2) C24H30N6O6 CuCl2 633.06 Red 62 250-260 18 

[Ni(L1)2Cl]           (3) C24H30N6O6NiCl 592.68 Brown 58 255-265 6,8 

[Zn(L2)2]              (4) C24H30N6O4S2 Zn 596.09 Milky 62 >300 12.4 

[Cu(L2)2                (5) C24H30N6O4S2Cu 593.89 Brown 57 >300 14 

[Zn(L3)2].2H2O    (6) C34H36ZnN6O12 784.17 Milky  56 >298 4.5 

[Cu(L3)2].3H2O    (7) C34H38CuN6O13 801.18 Brown 62 270-278 14.8 

[Ni(L3)2].4H2O    (8) C34H40NiN6O14 814.17 Gray 68 >300 9.6 

[Zn(L1)(L4)]        (9) C22H25ZnN9O5 560.86 Milky 58.5 >300 5.4 

[Cu(L1)(L4)]       (10) C22H25CuN9O5 558.13 Red 54 >300 16.4 

Note: L1 = ligand 1, L2 = ligand 2, L3 = ligand 3 and L4 = ligand 4 

Solubility tests of all the synthesized ligands and complexes were done to determine the 

suitable solvents that could be utilized for recrystallization, spectroscopic measurements, and 

bioactivity evaluations. As shown in Table 2, the synthesized ligands and their complexes 

exhibited from low to high solubility in common organic solvents. The L1 and L4 were 

soluble in organic polar solvents, such as methanol, ethanol, and chloroform but partially 

soluble in water, while L2 and L3 had lesser solubility in these solvents at room temperature. 

L3 was partially soluble in chloroform and highly soluble in dimethyl sulfoxide (DMSO). 

 

The homoleptic zinc (II), copper (II), and nickel (II) complexes synthesized from L1, L2, and 

L3 were not soluble in common polar solvents such as water, ethanol, and methanol while the 

heteroleptic copper (II) and zinc (II) complexes synthesized from L1 and L4 were partially 

soluble in the aforementioned solvents. But all the synthesized ligands and complexes were 

completely soluble in DMSO. The solubility test showed that the solid compounds are all 

insoluble in water confirming that they are non-polar compounds which is the favorable 

properties for penetration into nonpolar bacterial cell membrane as one mechanism of action. 

The compounds were stored for months without any significant changes in their appearance.  
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Table 2. The solubility test of the ligands (L1 - L4) and their metal complexes (1-10) 

 

Compounds 

Solubility 

H2O EtOH MeOH CHCl3 DMSO 

L1 + ++ ++ ++ +++ 

L2 - + + + +++ 

L3 + + + - +++ 

L4 + ++ ++ ++ +++ 

Complex 1 - - - + +++ 

Complex 2 - + + ++ +++ 

Complex 3 - - + - +++ 

Complex 4 - - + ++ +++ 

Complex 5 - - + + +++ 

Complex 6 - - + + +++ 

Complex 7 - - + ++ +++ 

Complex 8 - + + + + 

Complex 9 - ++ + + ++ 

Complex 10 - ++ + + ++ 

             Note:- insoluble, + partially soluble, ++ soluble, +++ highly soluble  

 

The overall synthesis of the ligands and their respective metal complexes were described by 

the reaction mechanisms which were represented by the schemes 8 - 18.      

4.1.1. Ligand 1 (L1) 

The [4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one]semicarbazone (L1) ligand was 

synthesized by reacting the amine group of semicarbazide with ketone (C=O) functional 

group of dehydrozingerone in methanol solution forming imine (-C=N-) containing derivative 

as indicated by the mechanism in scheme 8.  The semicarbazide base released from 

semicarbazide hydrochloride when the reagent sodium acetate (CH3COONa) in the presence 

of HCl was introduced during the time of synthesis process. The formed acetic acid is able to 

protonate the oxygen of carbonyl carbon of dehydrozingerone to activate the C=O carbon for 

nucleophilic attack (Holm, Everett Jr, & Chakravorty, 1966).  

The proposed synthesis route and reaction mechanism steps of the L1 ligand are presented in 

scheme 8.   
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Scheme 8. Synthesis route and reaction mechanism of [4-(4-hydroxy-3- methoxyphenyl)but-

3-en-2-one]semicarbazone (L1) (Proulx et al., 2011). 

 

The ligand (L1): C12H15N3O3; Yield 78%; brown powder; melting point = 170 - 172 °C; Rf = 

0.68 (EtOAc: methanol = 9:1); UV–Vis λmax (MeOH): 209, 333 nm; Elemental analysis: 

Calculated (%); C, 57.81; H, 6.07; N, 16.92. Found %; C, 57.70; H, 5.82; N, 16.73. FT-IR (ʋ 

cm
−1

, KBr (pellet)): 3578 ν(O-H str.), 3485 - 3204 ν(N-H str.), 2929 ν(aromatic C-H str.), 
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2852 ν(aliphatic C-H str.), 1696 ν(C= O str.), 1592 ν(imine C = N str.), 1521 ν(aromatic C=C 

str.), 1437 ν(phenolic O-H bend), 1256 ν(asymmetric C-O-C str.), 1027 ν(symmetric N-N 

str.) (Figure 17); 
1
H NMR (400 MHz, DMSO-d6), δ/ppm: 9.35 (s, 1H, N–NH), 9.28 (s

, 
1H, 

O–H), 6.93 (d, J = 16.6 Hz, 1H, Ph–HC = CH-), 6.71 (d, J = 16.6 Hz, 1H, Ph–HC = CH-), 

7.11 (s, 1H, ArH), 6.75–6.83 (d, 2H, ArH), 6.44 (s, 2H, NH2), 3.80 (s, 3H, OCH3), 2.01 (s, 

3H, CH3 ) (Appendix 1); 
13

C NMR (101 MHz, DMSO–d6 ) δC = 157.7 (C-12), 148.29 (C-

11), 147.46 (C-10), 146.67 (C-9) 132.23 (C-8), 128.59 (C-7), 127.01 (C-6), 120.85 (C-5), 

116.07 (C-4), 110.22 (C-3), 55.97 (C-2), 11.97 (C-1) (Appendix 2); 
13

C-Dept (101 MHz, 

DMSO–d6 ) δC = 132.24 (C-8), 127.01 (C-7), 120.26 (C-5), 116.10 (C-4), 110.24 (C-3), 

55.99 (C-2), 11.98 (C-1) (Appendix 3). 

4.1.2. Ligand 2 (L2) 

The (4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one)thiosemicarbazone ligand  (L2) was 

prepared by reacting one mole of dihydrozingerone with equivalent mole amounts of 

thiosemicarbazide. Thiosemicarbazones are a class of organic compounds obtained 

experimentally by condensation of thiosemicarbazide with aldehydes or ketones functional 

group (Fathy et al., 2022). Accordingly, the ligand (L2) was synthesized in high yield via the 

addition of amine group of thiosemicarbazide with ketone (C=O) functional group of 

dehydrozingerone forming imine (-C=N-) containing derivative as indicated by the reaction 

mechanism in scheme 9.   
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Scheme  9. Synthesis and reaction mechanism of (4-(4-hydroxy-3-methoxyphenyl) but-3-en-

2-one)thiosemicarbazone (L2) 

   

Ligand (L2): C12H15N3O2S; yellowish-orange powder; Yield: 71 %; melting point: 118 - 120 

o
C, Rf = 0.34 (EtOAc: methanol = 9:1), Elemental analysis:  Calculated (%); C, 54.27; H, 

5.65; N, 15.82. Found %; C, 53.91; H, 5.54; N, 16.10. UV-Vis λmax (MeOH): 350 nm (n→π
⁎
) 

(Appendix 16); FT-IR (ʋ cm
−1

, KBr (pellet)): 3451 ν(O-H str.), 3309.8 ν(N-H str.), 2929 

ν(aromatic C-H str.), 2852 ν(aliphatic C-H str.), 1745 ν(aromaticity), 1611 ν(C=N str.), 1513 

ν(aromatic C=C str.), 1273 ν(C=S str.), 1016 ν(symmetric N-N str.) (Figure 9); 
1
H NMR (400 

MHz, DMSO-d6) δ/ppm, 10.20 (s, 1H,NH), 9.35 (s, 1H, OH), 8.21 (s, 1H, ArH), 7.77 (d, J = 

16.6 Hz, 1H,  Ph-HC=CH-), 7.13 (d, J = 16.6 Hz, 1H, Ph-HC=CH-), 6.99 (d, J = 8.1 Hz, 1H, 

ArH), 6.78 (d, J = 8.1 Hz, 1H, ArH), 6.72 (s, 2H, NH2), 3.82 (s, 3H, OCH3), 2.11 (s, 3H, 

CH3); 
13

C NMR (101 MHz, DMSO-d6) δc = 178.89 (C-12), 149.94 (C-11), 148.31 (C-10), 
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148.25 (C-9), 134.65 (C-8), 128.31 (C-7), 126.35 (C-6), 121.26 (C-5), 116.10 (C-4), 110.38 

(C-3), 55.99 (C-2), 12.61 (C-1); 
13

C-Dept (101 MHz, DMSO-d6) δC = 134.65 (C-8), 126.35 

(C-7), 121.26 (C-5), 116.10 (C-4), 110.39 (C-3), 56.00 (C-2), 12.61 (C-1) (Appendix 4-6). 

4.1.3. Ligand 3 (L3) 

The synthesis of vanillin based semicarbazone ligand (L3) was achieved with good yield and 

relatively with high purity. The synthesis scheme and proposed mechanisms of the (L3) are 

presented in scheme 10. 
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Scheme 10. Synthesis pathway of (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene)  

semicarbazide ligand (L3) 

 

Ligand (L3), C17H17N3O5: Yield: 85%, orange powder, melting point = 178 - 180 °C, Rf = 

0.6 (EtOAc: methanol = 9:1). Elemental analysis of C17H17N3O5 (Mwt. = 343.34 g/mol): 

Calc. %; C = 59.47; N = 12.24, O = 23.30, H = 4.99. UV-Vis λmax (DMSO): 294 nm    

(π →π
⁎
) & 318 nm (n→π

⁎
) (Appendix 19). FTIR (ʋ cm

−1
, KBr (pellet)): 3447 ʋ(O-H str.), 

3293 ʋ(N-H str.), 3069 ʋ(arom C-H str.), 2929 ʋ(aliph C-H str.), 1643 ν(C=O str.), 1593 

ν(C=N str.), 1506 ν(arom C=C str.), 1033 ν(C-N str.) (Figure 24). 
1
H NMR (DMSO-d6, ppm, 

400 MHz); δ = 10.08 (H7), 8.59 (H6), 7.74 (H5), 7.38 (H4), 6.97 (H3), 6.78 (H2) and 3.83 (H1) 
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(Appendix 5). 
13

C NMR (ppm, 101 MHz, DMSO-d6) δc = 157.48 (C-8), 150.42 (C-7), 140.46 

(C-6), 126.75 (C-5), 121.54 (C-4), 115.65 (C-3), 109.39 (C-2) and 56.13 (C-1)  and 
13

C-Dept-

135 (ppm, DMSO-d6, 101 MHz) δc = 140.47 (C-6), 121.54 (C-4), 115.65 (C-3), 109.40 (C-2) 

and 56.14 (C-10 (Appendix 6 and 7). 

4.1.4. Ligand (L4) 

The ortho-phthaladehyde-disemicarbazone ligand (L4) was synthesized by reacting one mole 

of ortho-phthaladehyde (OPA) with two moles of semicarbazide. The two moles of 

semicarbazide react with the two aldehyde functional groups through the condensation 

process by the fact that semicarbazones are organic compounds obtained experimentally by 

condensation of semicarbazide with aldehydes or ketones functional group. The two 

aldehydes (dialdehyde) functional groups that exist on OPA are so sensitive to react with 

primary amine containing groups (Cabrera‐Martinez et al., 2002). The schematic 

representation for the synthesis of the (L4) is presented in scheme 11. 
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Scheme 11. Synthesis pathway of ortho-phtatahaldehydedisemicarbazide ligand (L4) 
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The ligand (L4); C10H12N6O2: Yield: 75 %, cloudy powder, melting point = 240 - 242 °C, Rf 

= 0.41 (EtOAc: methanol = 7:3). Elemental analysis for C10H12N6O2 (Mwt. = 248.24 g/mol); 

Calc. %; C = 48.38; H = 4.87, N = 33.83, found; C = 47.86, H = 4.64, N = 34.02. UV–Vis 

λmax (DMSO):282 & 314.5 (Appendix 22). FT-IR (ʋ cm
−1

, KBr (pellet)): 3372 ʋ(1
o
 N-H str.), 

3203.4 ʋ(N-H str.), 3055.4 ʋ(arom C-H str.), 2921 ʋ(aliph C-H str.), 1688.5 ν(C=O str.), 1583 

ν(C=N str.), 1505.4 ν(arom C=C str.), 1088.6 ν(C-N str.) (Figure 28). 
1
H NMR (DMSO-d6, 

ppm, 400 MHz); δ = 10.42 (s, 2H, H5), 8.33 (d, J = 8.6 Hz, 2H, H4), 7.87 (dd, 8.6, 9.4 Hz, 

2H, H3), 7.37 (s, 2H, H2), 6.50 (s, 4H, H1) (Appendix 10). 
13

C NMR (ppm, 101 MHz, 

DMSO-d6) δc = 157.2 (C-5), 138.8 (C-4), 132.4(C-3), 129.3 (C-2), 128.3(C-1). 
13

C-Dept-135 

(ppm, DMSO-d6, 101 MHz) δc = 138.9 (C-4), 129.3 (C-2), 128.3 (C-1) (Appendix 11). 

4.1.5. Complex 1 

The Zn(II) complex of [4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one]semicarbazone 

ligand (L1) was prepared according to the procedure indicated in chapter three. The scheme 

of the synthesis of complex 1 is shown in scheme 12.  
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Scheme 12. Proposed synthesis pathway and structure of complex 1 

Zinc (II) complex; [Zn(L1)2(Cl)2]. Yield: 68%; greenish-white powder, mp. 285 - 290 
o
C, 

Elemental composition:  Calc. %; C, 45.36; H, 4.72; N, 13.23. Found %; C, 45.18; H, 4.33; 

N, 13.15; FT-IR (ʋ cm
−1

, KBr (pellet)): 3378 ʋ(O-H str.), 3267-3155 ʋ(N-H str.), 2929 

ʋ(aromatic C-H str.), 2852 ʋ(aliphatic C-H str.), 1653 ʋ(C=O str.), 1583 ʋ(C=N str.), 1506 

ʋ(Ar-C=C str.), 1425 ʋ(phenolic O-H bend.), 1278 ʋ(asymmetry C-O-C str.), 1028 

ʋ(symmetry N-N str.), 538 ʋ(M-N str.), 443 ʋ(M-O str.) (Figure 18). M/z = 634.11 
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[C24H30N6O6ZnCl2]
+
 (Appendix 26). UV-Vis λmax (DMSO): 234, 266, and 332 nm (Appendix 

13). TGA mass loss 11 % (225 - 280 °C, 1
st
 step, calc.2 × Cl = 71 g) and 36.6% (280 - 449 

°C, 2
nd

 step, calc. one dehydrozingerone = 191.12 g and 36.7% (450 - 730 °C), 3
rd

 step, loss 

of another L1 moiety) (Figure 41 and 42). Molar conductance (λ) = 16 ռ
-1

cm
2
mol

-1
.  

4.1.6. Complex 2 

The Cu(II) complex of L1 was obtained by a reaction between CuCl2.2H2O  and L1 in a 1:2 

mole ratio respectively. The schematic representation for the synthesis of complex 2 is 

presented in scheme 13. 
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Scheme 13. Proposed synthesis pathway and structures of complex 2 

Copper complex (2); [Cu(L1)2(Cl)2]. Yield: 62 %; reddish powder, mp. = 250-260 
o
C; 

Elemental analysis, Calc. %; C, 45.50; H, 4.74; N, 13.26. Found %; C, 45.23; H, 4.71; N, 

13.19; FT-IR (ʋ cm
−1

, KBr (pellet)): 3335 ʋ(O-H str.), 2929 ʋ(aromatic C–H str.), 2852 

ʋ(aliphatic C–H str.), 1668 ʋ(C=O str.), 1583 ʋ(C=N str.), 1505 ʋ(aromatic C=C str.), 1460 

ʋ(phenolic O-H bend.), 1251 ʋ(asy C-O-C str.), 1043 ʋ(sym N-N  str.), 546 ʋ(M-N), 409 

ʋ(M-O) (Figure 19). M/z = 631.96 [C24H30Cl2CuN6O6] (Appendix 27).  UV-Vis λmax 

(DMSO): 211nm, 264 nm and 333 nm (Appendix 14); TGA mass loss 11 % (160 - 252 °C, 

1
st
 step, calc. 2 × Cl = 71 g) and 36.7 % (253 - 87 °C, 2 step, loss of C12H15N3O2) moiety, 

mass loss of 39% (495-714 °C, 3
rd

  step , loss of one L1) (Figure 43); molar conductance (λm) 

=18 ռ
-1

cm
2
mol

-1
. 
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4.1.7. Complex 3 

The reaction of semicarbazone ligand L1 with NiCl2.6H2O results in the formation of 

[Ni(L1)2Cl] complex. The schematic representation for the synthesis of this complex is 

presented in scheme 14.       
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Scheme 14. Proposed synthesis pathway and structure of complex 3  

Complex 3 has a proposed chemical formula [Ni(L1)2Cl], which is brown colored powder-

crystal type solid. Yield: 58 %, mp. 255 - 265 
o
C; Elemental analysis, Calc. %; C, 48.64; H, 

5.10; N, 14.18. Found %; C, 48.38; H, 4.91; N, 14.16; FT-IR (ʋ cm
−1

, KBr (pellet)): 3578 

ʋ(O-H str.), 3127-3155 ʋ(N-H str.), 2929 ʋ(aromatic C-H str.), 2852 ʋ(aliphatic C-H str.), 

1660 ʋ(C=O str.), 1582 ʋ(C=N str.), 1505 ʋ(Ar-C=C str.), 1405 ʋ(phenolic O-H bend.), 1250 

ʋ(asymmetry C-O-C str.), 1050 ʋ(symmetry N-N str.), 503 ʋ(M-N), 390 ʋ(M-O) (Figure 20). 

M/z = 591.14 [C24H30ClN6]
+
 (Mwt = 592.68 g/mol) (appendix 28). UV-Vis: λmax (DMSO) = 

275 nm, and 370 nm. TGA mass loss 5.9 % (130 - 256 °C), 1
st
 step, calc.1 × Cl = 35.37g) and 

52 % (260 - 760 °C), 2
nd

 step, calc. one dehydrozingerone part = 191.12 g). Molar 

conductance (λ) = 6.8 ռ
-1

cm
2
mol

-1
. 

4.1.8. Complex 4 

The zinc (II) complex of L2 was synthesized in 1:2 ratio of zinc chloride salt (ZnCl2) to 

ligand L2 as presented in Scheme 15. The synthesis was done by mixing both reagents in 

ethanol and allowed to undergo a reaction through the refluxing process.  
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 Scheme 15. Proposed synthesis and structure of [Zn(L2)2] complex 4 

Complex 4 has a formula of [Zn(L2)2] which is a white powdered solid. Yield: 62%, mp. > 

300 
o
C, Elemental compositions of Calc. %; C, 48.32; H, 5.03; N, 14.09, found %; C, 47.98; 

H, 4.87; N, 13.86, FT-IR (ʋ cm
−1

, KBr (pellet)): 3354 ʋ(O-H str.), 3273, 3185 ʋ(N-H str.), 

2929 ʋ(aromatic C-H str.), 2838 ʋ(aliphatic C-H str.), 1627 ʋ(C=N str.), 1529 ʋ(aromatic 

C=C str.), 1413 ʋ(phenolic O-H bend.), 1364 ʋ(asy C-O-C str.), 1245 ʋ(C-S str.), 1023 ʋ(sym 

N-N str.), 566 ʋ(M-N), 434 ʋ(M-S) (Figure 22). M/z = 598.09 [C24H28N6O4S2Zn]
+
 (Appendix 

29). UV-Vis λmax (DMSO): 415 nm. TGA mass loss 32.05% (261.7 - 380 
o
C, 1 step, calc.1 × 

DZ = 191.34 g) and 56.8% (634 -764.7 
o
C, 1 x DZ + thiol = 339.76 g); molar conductance 

(λm) = 12.4 ռ
-1

cm
2
mol

-1
. 

4.1.9. Complex 5 

Complex 5 was synthesized in absolute ethanol in the ratio of CuCl2.2H2O to ligand (L2) by 

1:2 mole ratios after three hours of stirring through refluxing technique between 70 
o
C - 75 

o
C 

temperatures. The schematic representation for the synthesis of the complex is presented in 

scheme 16. 
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Scheme 16. Proposed synthesis pathway and structure of complex 5    

The synthesized copper(II) complex (5) has a molecular formula of  [Cu(L2)2], brown powder 

with a yield of 57 %, and starts to decompose above 300 
o
C temperature. Elemental 

composition: Calc. %; C, 45.70; H, 5.39; N, 13.33 and found %; C, 45.68; H, 5.27; N, 13.08. 

FT-IR (ʋ cm
−1

, KBr (pellet)): 3413 ʋ(O-H str.), 3240, 3155 ʋ(N-H str.), 3037, 2928 

ʋ(aromatic C–H str.), 1589 ʋ(C=N str.), 1521 ʋ(aromatic C=C str.), 1413 ʋ(phenolic O-H 

bend.), 1265 ʋ(C-S str.), 1029 ʋ(sym N-N str.), 533 ʋ(M-N str.), 420 ʋ(M-S str.) (Figure 23). 

M/z = 593.11 [C24H28CuN6O4S2]
+
 (Appendix 30). UV-Vis: λmax (DMSO) = 408 nm, 452 nm 

and 511 nm (Appendix 18); TGA mass loss 39.5 % (230 - 343 
o
C, 1

st
 step, corresponds to a 

loss of L1) and 39.5 % (470 - 736 
o
C, 2

nd
 step, calc. 1 x DZ= 192.21 g or loss of the other 

coordinated L2 molecule) (Figure 48); molar conductance (λm) = 14.5 ռ
-1

cm
2
mol

-1
. 

4.1.10. Complexes 6, 7 and 8  

The overall synthesis of the complexes of zinc (II), copper (II), and nickel (II) metals with the 

ligand L3 followed the same procedure. The metal salts were reacted with L3 in a 1:2 mole 

ratio and the products obtained were very pure in good yield. The schematic representations 

of the synthesis of complexes 6, 7, and 8 were shown in scheme 17. 
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Scheme 17. Synthesis route and structures of complexes 6, 7 and 8 

The synthesized complex 6 was proposed to have molecular formula [Zn(L3)2].2H2O, a white 

powdered with a Yield: 56 % which is decomposed at a temperature above 298 
o
C. The 

elemental analysis of the complex showed the formula C34H36N6O12Zn (Mwt. = 784.17 

g/mol) has the composition of Calc. %: C = 52.03, H = 4.59, O = 24.48, N = 10.71, Zn = 

8.03, found %: C = 51.88, H= 4.26, O = 24.34, N = 10.28, Zn = 8.02. UV-Vis λmax (DMSO): 

335 nm (L→M) (Appendix 20). FT-IR (ʋ cm
−1

, KBr (pellet)): 3447 ʋ(O-H), 3067 ʋ(arom C-

H), 2929 ʋ(alph C-H), 1582 ʋ(C=N), 612 ʋ(M-N), 551 ʋ(M-O) (Figure 26). M/z = 784.17 
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([C34H36ZnN6O12]
+
) (Appendix 29). TGA mass loss 6.7 % (60 - 120 °C, 1

st
 step, loss of H2O 

molecule), 3.81 % (190 - 274 °C, 2
nd

, loss of (C17H16N3O4), and 36.8 % (calc. 1 x 

C16H14N3O3) (Figures 50 and 51), Molar conductance (λm) = 4.5 ռ
-1

cm
2
mol

-1
.  

  

Complex 7 has a molecular formula of [Cu(L3)2].3H2O; brown powder form and yield: 59 % 

with a melting point of more than 300 
o
C. The complex is soluble in common solvents such 

as methanol, chloroform, and DMSO. Elemental composition for C34H38CuN6O13 (Mwt. = 

801.18 g/mol) calc. %: C = 50.92, H = 4.64, N = 10.48, O = 25.86, Cu = 8.01; found %: C = 

50.76, H = 4.36, O = 25.48, N = 10.34, Cu = 7.96. UV-Vis λmax (DMSO): 265 nm, and 330 

nm (L→M). FT-IR (ʋ cm
−1

, KBr (pellet)): 3447 ʋ(O-H str.), 3069 ʋ(arom C-H str.), 2929 

ʋ(alph C-H str.), 1582 ʋ(C=N str.), 560 ʋ(M-N str.), 470 ʋ(M-O str.) (Figure 26). M/z = 

801.18 ([C34H38CuN6O13])
+
 (Appendix 31). TGA mass losses: 6.8% (62 - 165 °C, 1

st
 step, 

calc. 3× H2O = 54.04 g), and 3.9% (166-172, 2
nd

 step loss of CH3O
+
 and 30.8 % (273 - 533 

°C, 3
rd

, loss of 2(C7H7O2). Molar conductance (λm) = 14.8 ռ
-1

cm
2
mol

-1
.  

 

Complex 8 with proposed molecular formula of [NiL3].4H2O; a Gray-colored powder with a 

good yield: 68% and melting point temperature of more than 300 
o
C. Elemental composition 

for C34H40NiN6O14 (Mwt. = 814.2 g/mol), calc. %: C = 50.18, H = 4.72, O = 27.77, N = 

10.11, Ni = 7.02, and found %: C = 50.17, H = 4.61, O = 27.66, N = 10.04, Ni = 7.01. UV-

Vis λmax (DMSO) = 275 nm and 306 nm (Appendix 22). FT-IR (ʋ cm
−1

, KBr (pellet)): 3447 

ʋ(O-H str.), 3011 ʋ(arom C-H str.), 2852 ʋ(alph C-H str.), 1582 ʋ(C=N str.), 548 ʋ(M-N str.), 

493 ʋ(M-O str.) (Figure 3). m/e- = 814.20 g/mol ([C34H40NiN6O14]
+
) (Appendix 33). TGA 

mass loss 6.8 % (60 – 160 °C, 1
st
 step, loss of H2O molecules), 20.95 % (250 - 347 °C, 2

nd
 

step, loss of C8H8O2 and CH3O = 136.052 g & CH3O = 31.0814 g and 30.8 % (347 – 590 °C, 

3
rd

 step, loss of 2C7H7O2) (Figure 58). Molar conductance (λm) = 9.6 ռ
-1

cm
2
mol

-1
.  

 

4.1.11. Complexes 9 and 10 

The heteroleptic complex compounds of copper (II) complex 9 and zinc (II) complex 10 with 

the two semicarbazone derivative ligands: [4-(4-hydroxy-3- methoxyphenyl)but-3-en-2-

one]semicarbazone (L1) and ortho-phtaladehyde disemicarbazone (L4) have been 

synthesized in 1:1:1 (L1:M: L4) mole ratio in absolute ethanol solution. The general 

schematic representation for the synthesis of complex 9 and 10 are shown in scheme 18. 
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Scheme 18. Proposed synthesis pathway and structures of complex 9 and 10  

The obtained heteroleptic zinc complex 9 has a molecular formula of [Zn(L1)(L4)]; white 

powdered, yield: 58.5%; melting point > 300 
o
C.  It is soluble in solvents such as ethanol, 

methanol, chloroform, and DMSO. Elemental compositions for C22H25N9O5Zn (Mwt. = 

560.88 g/mol) calc. %: C = 47.11, H = 4.49, O = 14.26, N = 22.48, Zn = 11.23, found %: C = 

46.78, H = 4.26, O = 14.20, N = 22.18, Zn = 11.21. UV-Vis: λmax (DMSO) = 340 nm (L→M) 

(Appendix 24). FT-IR (ʋ cm
−1

, KBr (pellet)): 3376 ʋ(O-H str.), 3267, 3155 ʋ(N-H str.), 2920 

ʋ(arom C-H str.), 2844 ʋ(alph C-H str.), 1652 ʋ(C=O str.), 1530 ʋ(C=N str.), 1505 ʋ(arom 

C=C str.), 538 ʋ(M-N str.), 443 ʋ(M-O str.) (Figure 29). M/z = 559.1034 ([C22H25N9O5Zn]
+
). 

TGA mass loss of 34.2 % (207.1 – 394.1 °C, 1
st
 step, calc.1 × C14H10O3 = 191.8 g), 38.3 % 

(397.4 - 738.9 °C, 2
nd

, 214.8 g fragmented part of L1. Molar conductance (λm) = 5.4 ռ
-

1
cm

2
mol

-1
. 
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Complex 10 has a molecular formula of [Cu(L1)(L4)]; brownish colored powder, yield: 54.6 

%; has melting point above 300 
o
C and is soluble in solvents: ethanol, methanol, chloroform, 

and DMSO. Elemental composition for C22H25N9O5Cu (Mwt. = 558.13 g/mol) calculated %: 

C = 47.03, H = 4.50, O = 14.33, N = 22.55, Cu = 11.06, found %: C = 46.86, H = 4.23, O = 

14. 21, N = 21.98. Cu = 11.04. UV-Vis λmax (DMSO) = 262 nm, 362 nm, and 354 nm 

(Appendix 25).  FT-IR (ʋ cm
−1

, KBr (pellet)): 3404 ʋ(O-H str.), 3267, 3146 ʋ(N-H str.), 2926 

ʋ(arom C-H str.), 2851 ʋ(alph C-H str.), 1602 ʋ(C=O str.), 1524 ʋ(C=N str.), 1504 ʋ(arom 

C=C str.), 1361 ʋ(asy C-O-C str.), 1023 ʋ(sym N-N str.), 538 ʋ(M-N str.), 448 ʋ(M-O str.) 

(Figure 3). M/z = 558.06 ([C22H25N9CuO5]
+
). (TGA mass loss 44.5% (225.2- 313°C, 1

st
 step, 

calc.1 × C10H12N6O2 = 248.8 g), 5.6 % (387.3 - 413.9 °C, 2
nd

, CH3 + NH2 = 31.3 g) and 21.8 

% (497.4 - 586.8 °C, 3
rd

 step, 1 x C7H7O2 = 122.9 g). Molar conductance (λm) = 16.4 ռ
-

1
cm

2
mol

-1
. 

4.2. Characterization of the synthesized ligands and the metal complexes  

4.2.1. NMR spectral analysis of the synthesized ligands 

The 
1
H NMR, 

13
C-NMR, and 

13
C-DEPT-135 spectrum data, which provides precise 

information regarding the positional elucidation and number of proton and carbon atoms were 

used to unambiguously confirm the structures of the synthesized compounds. The chemical 

shifts were recorded using tetramethylsilane (TMS) as an internal standard for the NMR 

spectra analysis. 

4.2.1.1.  1
H-NMR and 

13
C-NMR spectra analysis of L1 and L2 

The 
1
H NMR spectrum of L1 shows signal protons at 2.01 and 3.89 ppm which were 

attributed to protons of the -CH3 (H1) attached to imine carbon and -OCH3 (H2) of the 

methoxy group protons respectively (Appendix 1). The NH2 group protons (H3) due to 

carbothioamide exhibited a signal found at 6.44 ppm. Also, signal protons observed at 6.93 

and 6.71 ppm was assigned to protons (H4 and H7) of the ethylene group. However, signals 

for protons in the aromatic ring (H8, H6, and H5) appeared at 7.11, 6.83, and 6.75 ppm 

respectively. The hydroxyl proton (OH) (H9) of the phenyl ring appeared at 9.28 ppm and the 

signal at 9.35 ppm assignable to the proton bonded to nitrogen (NH) (H10) (Festus, Okafor, & 

Ekennia, 2019) as indicated in Appendix 1. Thus, the data matches with the structure 

proposed for the ligand.  
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Additional evidence for the real structure of the prepared ligand L1 was confirmed by the 
13

C 

NMR and 
13

C - DEPT-135 spectrum data which provides exact information regarding carbon 

atoms' position in the proposed structures (Appendixes 2 and 3).  The 
13

C-NMR spectral 

(Appendix 2) of L1 showed signals at 157.7 ppm assigned to a carbon of C-12 (C=O) group 

and the signal of C-11 (C=N) was located at 148.29 ppm. The signals of aromatic carbons (C-

9 and C-10) attached with methoxy and hydroxyl (-OH) groups were indicated at 147.46 and 

146.67 ppm respectively. The carbon signals of ethylene (C-7 and C-8) were located at 

128.59 and 132.23 ppm respectively (Andres et al., 2020; Bisceglie et al., 2020; Bisceglie et 

al., 2018). Also, signals at 127.01, 120.85, 116.07, and 110.22 ppm were for aromatic 

carbons C-6, C-5, C-4, and C-3, and the signals for methoxy and methyl carbons C-2 and C-1 

were indicated at 55.97 and 11.97 ppm, which were fitted with the expected structure 

(Appendix 2).  

 

The 
13

C-dept-135 spectra also showed that there is no CH2 group shown because no spectra 

were shown down. But the -CH and CH3 groups were indicated on the 
13

C- NMR spectra 

were also exactly shown on the 
13

C-dept spectra (-CH3 indicated at 11.98 (C-1) and 55.98 (C-

2) and -CH indicated at 110.24 (C-3), 116.08 (C-4), 120.86 (C-5), 127.01 (C-7) & 132.24 (C-

8)). The other spectrum shown on 
13

C-NMR spectra but not appeared on 
13

C- dept-135 

spectra are the quaternary carbons indicated at signals 127.01 (C-6), 147.46 (C-10), 148.29 

(C-11), 146.67 (C-9) and 157.70 (C-12) (Appendix 3). 

 

Similarly, the proton NMR spectra of L2 showed a signal at 10.20 ppm assignable to the 

proton bonded to nitrogen (N-H) (H9).  The proton bonded in the hydroxyl (O-H) (H10) of the 

phenyl appeared as a singlet at 9.35 ppm. The three protons (H3, H4, H5 ) in the benzene ring 

was resonate between the chemical shift values 6.72–7.13 ppm. The other signal protons 

located at 2.11 and 3.83 ppm were ascribed to the -CH3 (H1) and -OCH3 (H2) bonded protons 

respectively (Appendix 4). 

 

The carbon skeleton of dehydrozingerone thiosemicarbazone (L2) ligand was analyzed using 

the 
13

C-NMR spectrum as shown in Appendix 5. The Carbon of the C=S (C-12) group was 

shown by the signal at 178.89 ppm and the signals of aromatic carbons C- 10 and C-11 

attached to hydroxyl (-OH) and methoxy group were observed at 148.28 and 149.94 ppm 

respectively. While the signals of ethylene C-7 and C-8 carbons were located at 134.65 and 
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128.31 ppm respectively. The other carbon signal of the C=N (C-9) was found at 147.87 ppm 

(L. V. Kumar & Nath, 2019). The carbon of the methyl C-1 (CH3) group bonded with the 

imine carbon was indicated at 12.61 ppm and that of carbon in the methoxy C-2 (-OCH3) 

group was founded at 55.99 ppm. The carbon atoms in the aromatic ring, C-3, C-4, C-5, and 

C-6 resonated at 110.38, 116.10, 121.26, and 126.35 ppm respectively. 

 

The 
13

C-dept-135 spectra of L2 also showed, that there is no CH2 group shown because no 

spectra were shown down. But the -CH and CH3 groups were indicated on the 
13

C- NMR 

spectra were also exactly shown on the 
13

C-dept spectra (-CH3 indicated at 12.61(C-1) and 

55.99 (C-2) and -CH indicated at 110.39 (C-3), 116.10 (C-4), 121.26 (C-5), 126.35(C-7) & 

134.65 (C-8)). The other spectrum shown on 
13

C-NMR spectra but not appeared on 
13

C- dept-

135 spectra are the quaternary carbons indicated at signals 126.35 (C-6), 148.28 (C-10), 

149.94 (C-11), 147.87 (C-9) and 178.89 (C-12) (Appendix 6).  

4.2.1.2. 1
H NMR and 

13
C-NMR spectral analysis of L3  

The 
1
H NMR spectra of L3 showed a single signal located at 3.83 ppm, which is allocated to 

protons found on the methoxy group (OCH3) represented by H1. The other signals protons 

located at 6.78, 6.97 and, 7.38 ppm are assigned to the aromatic protons indicated by H2, and 

H3 which are shown by doublet peaks and H4 by singlet peaks respectively. Also, the proton 

signal found at 7.74 ppm is for the proton of the hydroxyl (OH) group bound to the aromatic 

ring (H5) while the proton signals observed at 8.59 and 10.08 ppm are due to the protons 

appeared on (NH) (H6) and imine carbon (-CH=N-) (H7) respectively as shown in appendix 7. 

Thus, the overall protons signal locations matched exactly with the proposed structure for the 

synthesized ligand (L3). 

 

Further, the conformation for the formation of L3 was checked by analyzing the 
13

C-NMR 

and Dept-135 spectrum, which gave information about the nature of carbon atoms that exist 

in the proposed structure (Appendix 8 and 9). The 
13

C NMR spectra of the ligand (L3) 

indicate carbon signals at 157.48 ppm assigned to a carbon (C-8) of carbonyl (C=O) group 

and the carbon signal of C=N (C-6) existed at 140.46 ppm, which is additional information 

for the real formation of semicarbazone ligand, L3. The carbon signals of the benzene ring C-

2, C-3, C-4, C-5, and C-7 were observed at 109.39, 115.65, 121.54, 126.75, and 150.42 ppm 

respectively. Furthermore, carbon signals at 56.13 ppm were for the methoxy (-OCH3) group 

represented by C-1 (Appendix 8). 
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The 
13

C -Dept-135 spectra data also indicated that there is no secondary carbon (-CH2) group 

found in the proposed structure. This is because no peak in Appendix 9 showed a down peak. 

But the CH3 and CH groups which were shown in 
13

C-NMR also showed on Dept-135 

spectra which were found at 56.14 (C-1), 109.40 (C-2), 115.65 (C-3), 121.54 (C-4) and 

140.47 (C-6) ppm. The rest spectra which were shown on 
13

C-NMR but not observed on 

Dept-135 spectra are the quaternary carbons located at signals 126.75 (C-5), 150.42 (C-7), 

and 157.48 (C-8) ppm as shown by Appendix 9, which were best correlate with the proposed 

structure for the ligand. 

4.2.1.3. NMR spectra analysis of L4 

Proton signals around 6.5 and 7.37 ppm in the proton NMR spectra of L4 were assigned to 

NH2 (H1) and NH (H2) protons, respectively. The CH (H3) and (H4) protons were also 

detected at 7.87 and 8.33 ppm, respectively. The signal around 10.43 ppm validates the 

N=CH (H5) proton, indicating that the ligand (L4) was perfectly synthesized (Appendix 10). 

 

In 
13

C NMR graph of L4 showed a signal at 157 ppm allotted to a carbonyl of the amide (-

NC=O) (C-5) group and the signal for carbon in (C=N) (C-4) was located at 138.86 ppm. The 

remaining signals are seen at 128.3, 129.3, and 132.4 ppm (C-1, C-2, and C-3) were assigned 

to aromatic carbon signals, which perfectly match the expected structure (Appendix 11).  

4.2.2. FTIR spectra analysis 

The FTIR spectral information is another tool used to allocate the vibrational frequencies that 

confirm the important functional groups that exist in the newly prepared compounds. The 

important FTIR bands and assignments of the main functional groups of the synthesized 

ligands: [4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one]semicarbazone(L1), [4-(4-hydroxy-

3-methoxyphenyl)but-3-en-2-one]thiosemicarbazone(L2),(1E)-1,4-bis(4-hydroxy-3-

methoxybenzylidene)semicarbazide ligand (L3) and their homoleptic and heteroleptic 

copper(II), zinc(II) and nickel (II) complexes data were displayed in table 3 and 4 below and 

the spectra graphs were presented in Figures 17 - 30. The spectra of the ligands were 

compared to the spectra of their complexes to analyze changes that occurred during 

complexation to confirm complex formation. 
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4.2.2.1. FTIR Spectra of L1 and its metal complexes 

In the FTIR spectra of L1, the characteristic and diagnostic peaks were observed in 3578 - 

448 cm 
–1

 (Figure 17). The O-H bond stretching band was found at 3578 cm
–1

 (Noblı́a et al., 

2005). The bands at 3485–3204 cm
−1

 were assigned to (N-H) stretching (Sajjad Hussain 

Sumrra et al., 2014). The characteristic aromatic C-H stretching bands appeared around 2929 

cm
−1

. Also, the aliphatic C-H stretching band was found at 2852 cm
−1

. The carbonyl 

stretching bond was indicated by a band at 1696 cm
−1

 (C=O) and the imine (C=N) bond, 

υ(C=N) was found at 1592 cm
−1

, hence giving a clue of condensation product, with best 

confirmation for the exact formation of the [4-(4-hydroxy-3- methoxyphenyl)but-3-en-2-

one]semicarbazone ligand (L1). The stretching of the aromatic C=C bond was seen at 1521 

cm
-1

. Furthermore, the band located at 1437 cm
–1

 was allotted to phenolic O–H bending while 

the aromatic alkyl ether had shown two characteristic peaks; asymmetric C-O-C stretch at 

1256 cm
−1

 and symmetric stretch at 1027 cm
-1

 (Lu et al., 2018). 

 The formation of complexes and binding sites of ligands were confirmed by comparing the 

FTIR spectra bands of the ligand with the metals. The carbonyl (C=O) and imine (C=N) 

stretching frequencies were found at 1696 cm
−1

 and 1592 cm
−1

, respectively for the L1 ligand 

(Jirjees et al.; Sajjad Hussain Sumrra et al., 2014). But for the Zn(II), Cu(II), and Ni(II), the 

v(C = O) stretching was observed at 1653 cm
−1

, 1668 cm
−1,

 and 1660 cm
−1

 respectively, 

showing a shift to lower by 43 cm
-1

, 28 cm
-1

, and 36 cm
-1

  respectively. This is the 

confirmation of the coordination of L1 with the metal through the oxygen binding site which 

is in agreement with the literature reports of how coordination of the metals with donor atom 

lowers the bond strength with the other atoms (Alias, Kassum, & Shakir, 2014; Tyagi, 

Chandra, Saraswat, & Yadav, 2015).  The FTIR bands of imine group (C = N) stretching 

bands were located at 1583 cm
-1

 for both Zn(II) complex (1) and Cu(II) complex (2) and 

1582 cm
-1

 for Ni(II) complex (3), showing a decrease of the vibration frequencies by 9 cm 
-1

 

and 10 cm
-1 

respectively, confirming coordination of  L1 ligands through the nitrogen atom 

with the metals (El-Sonbati, Diab, Morgan, Abou-Dobara, & El-Ghettany, 2020; Jirjees et al.; 

Sajjad H Sumrra & Chohan, 2012). Additionally, the new weak bands appeared between 538 

- 546 cm
-1

 and 398 – 443 cm
-1

 corresponding to υ(M-N) and υ(M-O), respectively (Ferraro, 

2012). This means that, the appearance of the new bands in their metal complexes at 538–546 

and 398 – 443 cm
−1

 which were assigned to v(M-N) and v(M-O) vibrations (Hanif & Chohan, 

2013), respectively, and these bands were absent in their free ligands (Figures 18, 19 and 20). 
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 Figure 17. FTIR spectrum of ligand (L1) 

 

 

Figure 18. FTIR spectrum of the [Zn(L1)2(Cl)2] complex (1) 
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Figure 19. FTIR spectrum of the [Cu(L1)2(Cl)2] complex (2) 

 

Figure 20. FTIR spectrum of the [Ni(L1)2Cl] complex (3) 

4.2.2.2. FTIR Spectra of L2 and its complexes 

The assignments of significant FTIR spectra bands of the [4-(4-hydroxy-3- 

methoxyphenyl)but-3-en-2-one]thiosemicarbazone (L2) were shown in Figure 21. The IR 

spectral data in Table 3 indicated the bands at 3451 cm
-1

 and 3310 cm
-1

 stretching were 

assigned for v(O-H) and v(N-H) vibrations respectively (Jirjees et al.; Sajjad H Sumrra & 
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Chohan, 2012). Aromatic C-H and aliphatic C-H stretching frequencies were observed at 

2929 and 2852 cm
-1

 (Ferraro, 2012; Jirjees et al.). The weak peak observed at 1745 cm
-1

 

confirms an aromatic ring existence while a strong band at 1611 cm
-1

 was attributed to the 

v(C=N), which  depicts the formation of the ligand through condensation  (Andres et al., 

2020). The strong bands detected at 1273 cm
-1

 and 801 cm
-1

 were for the v(C=S) & ∂(C=S) 

respectively and aromatic C=C stretching found at 1512 cm
-1

. The other band at 1435 cm
-1

 

was assignable to phenolic O–H bending and the aromatic alkyl ether of characteristic peak 

of C-O-C stretch was observed at 1016 cm
-1

.  

 

The FTIR spectra of the complexes (4 and 5) were shown on Figures 22 and 23 and the data 

were summarized in table 3. The spectra of L2 showed the stretching frequency bond υ(C=N) 

at 1611 cm
-1

 but this shifts to the lower side by 21 cm
-1

 and 14 cm
-1

 in Cu(II) and Zn(II) 

complexes, respectively, confirming coordination to metals through the nitrogen atom. The 

band assigned to ν (C=S) is shifted from 1273 cm
-1

 to 1243 cm
-1

 and 1265 cm
-1

 which was 

lowered by 8 and 28 cm
-1 

indicating the involvement of sulfur in complexation. These 

confirmations were more supported by the new bands that appeared around 533 - 566 and 

420 - 434 cm
-1

, which were assignable to v(M-N) and v(M-S) vibrations, respectively, 

indicative of bond formation between M-N and M-S (Tada, Chavda, & Shah, 2011). 

                   

 

Figure 21. FTIR spectrum of (4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one) 

thiosemicarbazone  (L2). 
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Figure 22.  FTIR spectrum of the [Zn(L2)2] complex (4) 

 

                   

Figure 23. FTIR spectrum of the [Cu(L2)2] complex 5 
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4.2.2.3. FTIR of Spectra of (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene) 

semicarbazone ligand (L3) and their homoleptic metal complexes 

 

In the FTIR spectra of the ligand, the diagnostic peaks were found between 3447 - 1270 cm
-1

 

(Figure 24). The frequency of the (O-H) band was located at 3447 cm
-1

 (sharp) (Saucedo-

Balderas et al., 2015). The frequency band at 3293 and 3069 cm
-1

 were due to (N-H) bond 

vibration which is attached to the semicarbazone moiety. The other characteristic peaks of the 

aromatic C-H vibrational band were observed at 2929 cm
-1 

and the aliphatic C-H vibrational 

band was located at 2852 cm
-1

. The larger intensity with stronger bands found at 1643 cm
-1

 

and 1593 cm
-1

 was for carbonyl (C=O) and imine (C=N) bonds respectively which best 

confirms the real formation of L3 ligand. The other stretching frequency observed at 1506 

cm
-1

 corresponds to the C=C bond found in the aromatic ring. The phenolic (O-H) bending 

was indicated at 1431 cm
-1

. 

 

 Figure 24. FTIR spectrum of (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene)  

semicarbazone ligand (L3) 

 

By comparing the spectra bands of L3 and the metal complexes, the actual synthesis of the 

complexes from the ligand was examined. The frequencies of (C=O) and (N-H) bonds were 

found at 1643 cm
-1

 and 3293 cm
-1

 respectively for the free ligand, but there are complete 

disappearances (absence) of both bands in the spectra of the Cu(II), Zn(II) and Ni(II) 

complexes, indicates deprotonation of the amide (N-H) group favoring the neighboring 
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carbonyl oxygen (C=O) to coordinate to the metals through the donor oxygen atom. 

Furthermore, the absence of v(C=O) in the Cu(II), Zn(II), and Ni(II) complexes indicates the 

change from C=O to C-O bond which is observed by an intense peak around 1033, 1036, and 

1070 cm
-1

 were due to coordination of L3 to the metals through an oxygen atom, in which the 

oxygen atom bind to the metal by a covalent bond to act as an ionic ligand (Jirjees et al.; 

Ramzan et al., 2017). On the other hand, the frequency of imine (C=N) bond for L3 found at 

1593 cm
-1

 was a shift to 1582 cm
-1

, which was lowered by 11 cm
-1

 for Cu(II), Zn(II), and 

Ni(II) complexes. This indicates the coordination of L3 to the metals through the nitrogen 

atom as the binding site (Tada et al., 2011). Additionally, the new  weak bands appeared 

between the ranges 526 - 630 cm
-1

 and 456 - 551 cm
-1

 corresponding to v(M-N) and v(M-O) 

respectively (Figures 25, 26, and 27) (Tada et al., 2011). The FT-IR spectra of copper 

complexes also showed strong bands between 3155 and 3413 cm
-1

 region for the complexes, 

suggesting the existence of coordinated water molecules. Also, the new band that appeared 

between 621.5 and 624.6 cm
-1

 was assignable to a rocking mode of water (F. Ommenya, 

Nyawade, Andala, & Kinyua, 2020).  

 
 

Figure 25. FTIR spectrum of the [Zn(L3)2].2H2O complex  6 
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Figure 26. FTIR spectrum of the [Cu(L3)2].3H2O complex  7 

 
 

Figure  27. FTIR spectrum of the [Ni(L3)2].4H2O complex  8 
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Table 3. FTIR spectral data (υ(cm
–1

)) for the ligand L1, L2, and L3 and their homoleptic 

complexes 

 Compound Main functional groups Coordination site 

O-H N-H C- H ar C-H)al C = O C = S C = N  C = C M–N M–O M–S 

L1 3578 3485/ 
3204 

2929 2852 1696 --- 1592 1521 -- -- -- 

[Zn(L1)2Cl2]    (1) 3378 3218/ 

3155 

2929 2852 

 

1653 --- 1583 1506 538 443 - 

[Cu(L1)2(Cl)2] (2) 3335 3218/ 

3205 

2928 2852 1668 ---- 1583 1505 546 409  

[Ni(L1)2Cl]   (3) 3578 3127 2929 2852 1660 ---- 1582 1505 503 398 -- 

L2 3451 3310/ 
3034 

2929 2852 -- 1273 1611 1513 -- -- -- 

[Zn(L2)2]         (4) 3354 3273/ 

3185 

2929 2839 --- 1245 1625 1529 566 -- 434 

[Cu(L2)2(H2 O)2]  (5)  3413 3251/ 

3155 

2928 2852 -- 1265 1590 1513 533 ---- 420 

L3 3447 3293 3069 2929 1643 --- 1593 1506 ----- --- -- 

[Zn(L3)2].2H2O    (6)          3447 - 2929 2853 -- -- 1582 1506 612 551 -- 

[Cu(L3)2].3H2O    (7) 3447 - 3069 2929 -- -- 1582 1506 560 470 -- 

[Ni(L3)2] .4H2O    (8) 3447 -- 2929 2852 -- --- 1582 1506 548 493 -- 

 

4.2.2.4. FTIR spectral of ligand L1, L4, and their heteroleptic complexes 

The FT-IR spectral information of ligands L1 and L4 and their heteroleptic Z(II) and Cu(II) 

complexes were analyzed to allocate the stretching frequencies of bonding groups that exist 

in the compounds. The data obtained were summarized in Table 4. 

Table 4. FTIR spectral data (υ(cm
–1

)) of ligands L1, L4, and their heteroleptic  complexes. 

 Compound Main functional groups Coordination 

site 

O-H N-H C- HAr C-HAl C = O C = Nim C = C M–N M–O 

L1 3578 3485/ 

3204 

2929 2852 1695 1592 1509 -- -- 

L4 ---  3372 3055 2921 1689 1583 1505 -- -- 

[Zn(L1)(L4)]     (9) 3376 3267/ 

3155 

2920 2844 1652 1530 1505 538 443 

[Cu(L1)(L4)]   (10) 3404 3267/ 

3146 

2926 2851 1602 1524 1504 538 448 

    Note: - Ar = aromatic, Al = aliphatic and im = imine  

The formation of complexes from the respective ligands can be confirmed by considering 

their FTIR spectral data indicated in Figures 28 - 30. The appearance of the imine (C=N) 
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bond could be a good signal for the formation of ligands. The v(C=N) for the ligands were 

found at 1592 and 1583 cm
-1

, while the v(C=N) for the [Cu(L1)(L4)] and [Zn(L1)(L4)] 

complexes appeared at 1524 cm
-1 

and 1530 cm
-1

, respectively. This implies a 68 cm
-1

 and 53 

cm
-1

 shift in frequency, indicating that both ligands were coordinated through the imine's 

nitrogen (Alias et al., 2014). Also, L1 and L4 had v(C=O) of 1696 and 1689 cm
-1

, 

respectively, but [Cu(L1)(L4)] and [Zn(L1)(L4)] had v(C=O) of 1602 and 1652 cm
-1

, 

respectively, decreased by 94 and 87 cm
-1

 in [Cu(L1)(L4)] and 37 and 44 cm
-1

 in 

[Zn(L1)(L4)] complex. This could be attributed to the coordination of ligands to copper and 

zinc through their oxygen atoms. The L4 ligand consists of two C=O coordinating sites which 

are near the amine nitrogen atoms and those near the imine and benzene ring, so relatively 

there is more electrons density due to π → π electron delocalization from the benzene ring. 

Hence, they are preferably ligated to the metal centers by undergoing deprotonation 

(McAuliffe & Perry, 1974). This has been confirmed by the spectra data of the FTIR and 

elemental analysis data. Additionally, the appearance of new weak bands between 538 - 443 

cm
-1

 in both complexes is assigned to vibrational frequencies of metals to nitrogen and 

oxygen coordination (F. Ommenya et al., 2020) (Figures 28, 29 and 30). 

 

Figure 28. FTIR spectrum of ortho-phthalaldehyde disemicarbazone ligand (L4) 
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Figure 29.  FTIR spectrum of [Zn(L1)(L4)] complex 9 

 

 

Figure 30. FTIR spectrum of [Cu(L1)(L4)] complex 10 
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4.2.3. Electronic spectra analysis 

UV-Vis spectra are associated with electronic transitions of the molecules that absorb energy 

in the form of ultraviolet or visible light going from the ground electronic state into excited 

states. The UV-Vis spectra of the ligands and their metal complexes were recorded at a 

wavelength between 200 - 800 nm using 1×10
-5

 M DMSO solution as a solvent of the sample 

at room temperature and the spectra graphs were shown in Appendix 12-25. The UV-Vis 

absorption spectra were produced due to the electronic transitions from the highest occupied 

molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO) (Dejpasand, 

Saievar-Iranizad, Bayat, Montaghemi, & Ardekani, 2020). The obtained spectra for the 

prepared compounds showed bands due to (π→π*), (n→π*) transitions and in addition L→M 

or M → L charge transition in the metal complexes. But due to dominances of LMCT or 

MLCT, the d-d transitions were very small band or not visible or observed due to it is a 

forbidden transition. The n - π* transitions are weaker (less light absorbed) than those due 

to π - π* transitions (L. L. Li et al., 2012). When the UV-Vis spectra of the ligand were 

compared with the metal complexes, it undergoes bathochromic (red) and hypsochromic 

(blue) shifts under metal complexation. The shift of absorption to a longer wavelength (lower 

frequency) due to some effect is called Bathochromic shift and to shorter wavelength (higher 

frequency) is called hypsochromic shift.  These shifts are indications of the formation of the 

targeted metal complexes when compared with free ligands. 

4.2.3.1. UV-visible spectra of L1, L2, and their homoleptic metal complexes 

The UV-Vis spectra of the newly prepared ligands L1 and L2 displayed absorption bands in 

their ultraviolet spectra between 200 – 800 nm. The spectral band of L1 represented in 

Appendix 12 shows peaks at 309 nm and 332.6 nm. The peak recorded at 309 nm was for the 

π→ π* transition in the benzene ring and the peak at 332.6 nm was assignable to n – π∗ 

transitions of non-bonding electrons on the nitrogen of (-HC=N-) group (F. Ommenya et al., 

2020). 

The zinc(II) complex (1) displayed an absorption band at 234, 266, and 332 nm, which 

undergo hypsochromic (blue) shift from 308 nm and 332.6 nm of L1 corresponds to π→ π* 

and n - π∗ transitions (Appendix 13). In addition to these transition bands, the broad band 

observed at 332 nm, for the complex may be assigned to Metal to Ligand charge transfer 

(MLCT). This might be due to the dominance of inter-ligand electron transition. These can 

confirm the ligand might be participated in metal complex formation which is in agreement 
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with the previously reported studies (F. Ommenya et al., 2020). Similarly, a copper complex 

of L1 shows observed absorption peaks at 211 nm and 264 nm which experience 

hypsochromic (blue) shift corresponding to π→ π* and n – π∗ transitions (Appendix 14). The 

other absorption band observed at 332 nm was attributable to the transfer of charge from 

metal to ligand (MLCT) (Mahdi & Karem, 2018). 

 

The nickel(II) complex of L1 also shows absorption bands at 275 nm and 315 nm 

corresponding to π→ π* and n – π∗ transitions respectively that occur in the coordinated 

ligands but undergo bathochromic (red) shifts under metal complexation at 370 nm, which 

corresponds to the ligand to metal charge transfer (LMCT) (Vogler & Kunkely, 2007) 

(Appendix 15). 

 

The UV-Vis spectra band of the L2 ligand also shows absorption bands 350 nm (Appendix 

16) corresponding to n – π∗ transitions in the benzene ring and (-HC=N-), of the imine bond.  

 

 The UV-Vis spectra revealed that broad bands at 415 nm for the zinc complex (4) and for the 

copper complex (5) at 408, 452, and 511 nm, which occurred due to the metal ions have 

many d –electrons, and they are good in forming MLCT (through back donation) metal to 

ligand charge transfer (Appendix 17 and 18). Zinc (II) complexes possess a 3d filled orbital 

with no d-d absorption spectra bands and display metal to ligand charge transfer (MLCT) 

possibly due to back donation ability of carbonyl carbon. Zinc(II) complexes are usually 

diamagnetic and commonly tetrahedral geometry (Ekennia, Onwudiwe, Olasunkanmi, 

Osowole, & Ebenso, 2015). But copper (II) complexes undergo Jahn-Teller distortions 

possessing complicated spectra bands in the visible region. Copper (II) complexes of regular 

octahedral geometry usually have single broadband above 10,000 cm
-1

 endorsed to 
2
E→

2
T2 

transition, a tetrahedral geometry usually has single broadband below 10,000 cm
−1

 is 

endorsed to 
2
T2 → 

2
E transition (Ekennia et al., 2015). Within this study,  the homoleptic 

copper (II) complexes of L1 showed absorption bands between  211 nm and 511 nm, which 

are described to the 
2
E → 

2
T2 transitions corresponding to the possible octahedral geometry 

(O. El-Gammal, 2015; M. Ghosh, Layek, Fleck, Saha, & Bandyopadhyay, 2015).  
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4.2.3.2. UV-Vis spectra of L3 and its complexes 

The electronic emission spectra of the ligand (L3) and complexes 6, 7, and 8 have been also 

done in the range of 200 – 800 nm and recorded in DMSO. The UV-Vis spectra band of the 

ligand (L3) showed a peak near 294 nm which was for the (π →π
⁎
) transitions in the aromatic 

ring and the peak near 318 nm was indicated (n→π
⁎
) transitions of non-bonding (lone pair) 

electrons on the nitrogen of imine (-C=N-) group (F. K. Ommenya, 2021; Tada et al., 2011) 

(Appendix 19). 

 

The complexes 7 and 8 displayed absorption spectra bands at  330, and 322 nm respectively, 

which undergo red shift and could be assigned to charge transfer from ligand to metal (M 

→L)  (MLCT) (Alhadi, Shaker, Yehye, Ali, & Abdullah, 2012) (Appendix 20 - 23). The UV-

Vis spectra result of Zn(II) complex (6) (Appendix  20) showed the n→π
⁎
 transition in the 

C=N bond of the ligand shifts from 294 nm to 335 nm after coordinating to Zn(II), metals. 

This shift is because of the back bonding from the metals to the C=O bond in L3 and 

subsequently weaken the bond C=O energy (Mahmoud, Deghadi, & Mohamed, 2016). The 

observed maximum absorbance value of a single spectrum band at 335 nm is related to the 

transition state corresponding to octahedral geometry around Zn(II) metal(Abd El-Razek, El-

Gamasy, Hassan, Abdel-Aziz, & Nasr, 2020). 

 

The brown-colored [Cu(L3)2].3H2O complex (7) exhibit a broad band at 330 nm (Appendix 

21). A distorted octahedral geometry around the Cu(II) ion is confirmed by the occurrence of 

the broadness of the band that appears, which is explained using the Jahn-Teller distortion 

theory. Copper complexes usually undergo John-Teller distortions causing unusual spectra 

bands to occur in the visible region (Rao, Reddy, & Lingaiah, 1988). Furthermore, copper (II) 

complexes have shown a single broad band above 10,000 cm
-1

 allotted to the 
2
E → 

2
T2 

transition which is for a regular octahedral in geometry (Rao et al., 1988). Thus, the copper 

complex showed absorption at 330 nm allotted to the 
2
E → 2T2 transition correspondence to 

octahedral in geometry which best fitted the proposed structure of the complex. 

 

The [Ni(L3)2].4H2O complex (8), displayed two absorbance bands observed at 275 and 306 

nm undergo a shift that is assigned to transitions of an octahedral environment (Nagesh, 

Mahadev, & Mruthyunjayaswamy, 2015). The bands at 275 nm and 306 nm are attributable 

to the π→π* and n→π
⁎
  transitions, respectively, (Gobara, 2017) (Appendix 22). 
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4.2.3.3. UV-Vis spectra of the heteroleptic complexes (9 and 10) 

The L1 spectra band shows two λ max peaks; one observed at 309 nm for π→π* transition of 

an electron in the aromatic ring (F. Ommenya et al., 2020) and also spectra seen at 332.6 nm 

for n→π* transition of lone-pair electrons found on nitrogen (-HC=N) atom (Al-Noor, Al-

barki, Maihub, & El-ajaily, 2017; Shaker, Nassr, Adam, & Mohamed, 2013). The observed 

spectra band of L4 represented by Appendix 23 showed λmax peaks at 282 and 314.5 nm. The 

observed peak at 282.2 nm confirms the π→π∗ transition in the aromatic ring (benzene) and 

the one observed at 314.5 nm was assignable to n→π∗ transitions of nonbonding electrons on 

nitrogen (-HC=N-) atom. The Zinc(II) complex (9) showed only one spectra band that 

underwent a shift in comparison to the ligands (Appendix 24). Copper (II) complex of 

octahedral structural geometry usually has single broad band above 10,000 cm
-1 

(Li, Shi, 

Evans, & Findley, 2012). In addition, the broadband has shown around 354 nm for Cu(II) 

complex allocated to the ligand to metal (L→M) charge transfer (LMCT). These can be a 

confirmation of the involvement of ligands in the formation of complexes (Mandal, Das, 

Singh, Shukla, & Bharadwaj, 1997).  

 

4.2.4. EDX-SEM analysis of the metal complexes (1-10) 

The compositions of all the synthesized metal complexes were obtained from Energy 

Dispersive X-ray (EDX) analysis results. The EDX spectra of complexes (1-10) revealed 

distinct qualitative and quantitative indications of carbon, nitrogen, and oxygen compositions 

with their respective zinc, copper, and nickel metals.  

 

4.2.4.1. EDX analysis of the homoleptic complexes (1-8) 

The EDX spectrum of complexes (1- 3) showed five characteristic signals peaks which 

qualitatively correspond to C (carbon), O (oxygen), N (nitrogen), Cl (Chlorine), and metal 

atoms which indicated the composition of the complexes as CHZnNOCl, CHCuNOCl and 

CHNiNOCl (Figure 31 - 33). Similarly, the EDX spectrum of complexes (4 and 5) showed 

five characteristic signals which correspond to C (carbon), O (oxygen), N (nitrogen), and S 

(sulfur) together with Zn (zinc) and Cu (copper) atoms also support formation of CHZnNOS 

and CHCuNOS complexes (Figures 34 & 35).  
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Figure 31. EDX spectrum (A) and SEM image (B) of [Zn(L1)2(Cl)2] complex  (1) 

 

 

Figure 32. EDX spectrum (A) and SEM image (B) of [Cu(L1)2(Cl)2] complex (2)          
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Figure 33. EDX spectrum (A) and SEM image (B) of [Ni[(L1)2(Cl)] complex  (3) 

   

 

Figure 34. EDX spectrum (A) and SEM image (B) of [Zn(L2)2] complex (4) 
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Figure  35. EDX spectrum (A) and SEM image (B) of [Cu(L2)2] complex (5) 

The EDX spectrum of complex 6 displayed four characteristic major signals, which indicated 

the presence of carbon, nitrogen, oxygen, and zinc elements in the compound. This showed 

the Zn(II) complex with CHZnNO compositions (Figure  36). The EDX spectra of complex 7 

similarly showed the characteristic signal confirming the presence of carbon, nitrogen, 

oxygen, and copper as the constituents of the complex. Therefore, it may be concluded that 

the complex was pure and contains only CHCuNO as a fundamental component (Figure 37). 

In the EDX graph of complex 8, the characteristic signals matched the carbon, nitrogen, 

oxygen, and nickel elements indicating the constituents of the complex as CHNiNO (Figure 

38). The elemental analysis data as percentage composition in both experimental and 

theoretical values were observed to be very close to each other. 
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Figure 36. EDX spectrum (A) and SEM image (B) of complex 6 

 

 

 

Figure 37. EDX spectrum (A) and SEM image (B) of complex 7 
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Figure 38. EDX spectrum (A) and SEM image (B) of complex 8 

 

The EDX spectra of the heteroleptic complexes, [Zn(L1)(L4)] (9) and [Cu(L1)(L4)] (10) 

showed distinct qualitative  indications of carbon, nitrogen, and oxygen in both complexes as 

well as zinc and copper metals respectively. Thus, indicating that the complexes are 

composed of CHZnNO and CHCuNO elemental composition (Figure 39 and 40). 

 So, the EDX data of complexes showed that the ligands were complex with both copper and 

zinc metals in the samples (J. H. Lee, Ali, Kim, & Chung, 2017). Calculated and 

experimental values were found to be in good agreement. 
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Figure 39. EDX spectra (A) and SEM image (B) of complex   9 

 

 

Figure 40. EDX spectra (A) and SEM image (B) of complex 10 

The SEM analyses were carried out to observe the surface morphology of the prepared metal 

complexes (1-10) and the micrographs obtained are given along with their EDX spectra. The 

micrograph of the complexes (1-3) is given in Figure 31(B) – 33(B). The images gave a rock-

like appearance with numerous territorial patches. These facts revealed the amorphous nature 

with small crystal growth. On the other hand, the micrographs of complex 4 (Figures 34B) 

indicated amorphous like pattern of particles and complex 5 (figure 35B) indicated the 

presence of well-defined growth of crystals with a shadow of the metal ion on their external 

surface had a twisted fiber and grass-like morphology. The other complexes from 6 - 10 

showed smaller crystals with more amorphous surfaces (Figure 36B – 40B). It is evident 

from the SEM study that in all the synthesized metal complexes, crystals were found to grow 

up from just a single molecule to several molecules in an aggregate distribution with particle 

sizes starting from a few nanometers to several hundred. In addition, different characteristic 

shapes of semicarbazone and thiosemicarbazone metal complexes were identified by the 

XRD spectra data, and these SEM images were quite supportive of the XRD data. The overall 
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SEM images obtained for the complexes exhibited the agglomerated nature of particles of the 

complex compounds and the powdered XRD graphs agreed with each other to confirm the 

amorphous nature of the structure for each complex. 

4.2.5. Mass spectral analysis 

Mass spectrometry (LC-MS) was used to investigate molecular species in solution (Prakash, 

Singh, Rajour, & Bhojak, 2010). The pattern of the mass spectrum gives an an information 

about the successive degradation of the target compound with a series of peaks corresponding 

to the various fragments. The recorded mass spectra of the complexes (1-10) and molecular 

ion peaks have been used to confirm the proposed formulae. The obtained mass spectrums at 

m/z values are similar to the formula weight of the studied complexes. They also showed 

important molecular fragmentations. 

  

4.2.5.1. Mass spectral analysis of homoleptic metal complexes (1-8) 

The mass spectrum of complex 1 shows a parent molecular ion peak at m/z = 634.11 which 

corresponds to the formula of [C24H30N6O6ZnCl2] (Mwt = 634.95 g/mol) (Appendix 26). The 

mass spectra of this complex displayed another peak at m/z = 455.10 which corresponds to 

the formula [C13H18Cl2N6O4Zn]
2+

 ion (Mwt = 456.01 g/mol) and other peaks at m/z = 266.09, 

and 189.02 assigned to the formula [C2H6Cl2N5O2Zn]
3+

 (Mwt = 265.92 g/mol) and 

[C11H12NO2]
2+

 (Mwt = 190.09 g/mol) fragmentations respectively.  

 

The complex 2 spectra showed parent molecular ion peaks at m/z = 631.96 which 

corresponds to the formula of [C24H30Cl2N6O6Cu] (Mwt = 632.98 g/mol) (Appendix 27). It 

also shows other peaks at m/z = 595.05, 579.53, and 529.41, which corresponds to 

[C24H3OClCuN6O6]
+
 (Mwt = 596.12 g/mol), [C24H28ClCuN5O6]

2+
 (580.10 g/mol) and 

[C24H26CuN4O6]
3+

 (Mwt = 529.52 g/mol) molecular ion fragmentations respectively.  

 

The mass spectra of complex 3 exhibit a parent molecular ion peak at m/z = 591.14 which 

corresponds to the formula of the complex [C24H30ClN6] (Mwt = 592.68 g/mol) (appendix 

28). The other peaks were observed at m/z = 561.10 and 542.68 which are assigned to the 

fragmentation part of the molecule [C23H27ClN6NiO5]
+
 (Mwt = 561.11 g/mol) and 

[C23H27ClN6NiO4]
3+

 (Mwt = 543.18 g/mol), respectively.  
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Complex 4 exhibit a parent molecular peak at m/z = 598.09 which corresponds to the 

molecular formula of [C24H28N6O4S2Zn] (Mwt = 596.09 g/mol). The other fragmentation 

peaks were observed at m/z = 521.21 and 250.12 which are assigned to [C23H26N4O4SZn]
2+

 

(Mwt. = 521.70 g/mol and [C11H11N3O2S]
2+

 (Mwt = 251.05 g/mol) respectively (Appendix 

29).  

Complex 5 showed a parent molecular ion peak at m/z = 593.11 which corresponds to the 

exact molecular formula of the complex [C24H28CuN6O4S2] (Mwt = 593.89 g/mol) (Appendix 

30). These analyses are in good agreement with the literature-reported studies on how to 

match with the proposed structure (Indira, Vinoth, Bharathi, & Bharathi, 2019; Tyagi et al., 

2015). 

Similarly, the mass spectra peaks of the homoleptic metal complexes of L3 were analyzed, 

and the mass spectra of complexes [Zn(L3)2].2H2O (6), [Cu(L3)2].3H2O (7) and 

[Ni(L)2].4H2O (8) exhibit molecular ion peaks observed at m/e- = 783.18, 798.14 and 814.18 

g/mol respectively which are similar to their molecular masses (784.17 g/mol, 801.18 g/mol, 

& 815.41 g/mol). This gives evidence for the exact formation of the complexes by 

coordination of Zn, Cu, and Ni metals with two moles of the ligand (L3) (Appendix 31-33). 

The mass spectrum obtained for the [Zn(L3)2].2H2O complex (6) (Appendix 31) exhibits a 

parent molecular ion peak at m/e- = 783.141, which is the same as the formula 

[C34H36ZnN6O12] (Mwt = 784.17 g/mol). Removal of two (2) moles of lattice water (Mwt = 

784.17 g/mole – 36.0012 g/mol = 748.18 g/mol. There are also important peaks showing the 

other fragmented parts. Fragmentation of 2CH3O
+ 

(Mwt. = 62.0368 g/mol) and the rest part 

of the compound is [C32H27N6O8Zn]
+
, (Mwt. = 689.12 g/mole), this corresponds to the major 

ion peak observed at m/e- = 690.16.  

 

 The mass fragmentation peak for complex 7 (Appendix 32) exhibits a molecular ion peak at 

m/e- = 799.13 which is allotted to its molecular weight and is the same as the formula 

[C34H38CuN6O13] (Mwt = 801.18 g/mol). The peak shown at m/e- = 764.44 correlates to the 

formula of the fragmentation ([C34H34CuN6O11] (Mwt = 765.16 g/mol)], which happens due 

to loss of lattice water while the peak observed at m/e- = 750.03 was corresponds to the 

fragmented part of the complex with the molecular formula, [C34H34CuN6O10] (Mwt = 749.15 

g/mol) and the peak observed at m/e- = 739.60 correlates to the fragmented portion with the 

formula [C33H32CuN6O10]
2+

 (Mwt = 740.04 g/mol), while the peak at m/e- = 683.54, which 

agrees to [C30H20CuN6O10]
2+

 (Mwt = 686.05 g/mol).  
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The mass spectrum for the [Ni(L3)2].4H2O complex 8 (Appendix 33) exhibits a parent 

molecular ion peak at m/e- = 814.18 g/mol, which is the same as the formula 

[C35H38NiN6O13] (Mwt = 815.41 g/mol). The other molecular ion peak observed at m/e- = 

590.37, corresponds to [C30H23NiN6O4]
+
 (Mwt = 590.51 g/mol). There is also an important 

peak at m/e- = 542.68, which corresponds to [C26H24NiN4O6]
4+

 (Mwt = 546.10 g/mol). The 

peak at m/e- = 441.15 corresponds to [C19H18NiN4O5]
4+

 (Mwt = 440.063 g/mol). All these 

existences of fragmented parts of the complex confirm its real formation from the ligand with 

the proposed structures.  

4.2.5.2. Mass spectral analysis of the heteroleptic complexes 9 and 10 

The mass spectra of the [Zn(L1)(L4)]  complex 9 showed a parent molecular ion peak at m/z 

= 559.10 corresponds to the formula of the complex [C22H25N9O5Zn] (Mwt = 559.13 g/mol). 

The other molecular ion peak observed at m/z = 417.15 could be assigned to the fragmented 

mass of the formula [C13H23ZnN9O3]
+
 (Mwt = 417.07 g/mol). The ion peak at m/z = 394.231 

corresponds to the formula [C13H15N8O3Zn]
2+

 (Mwt = 395.06 g/mol) and the peak at m/z = 

353.27 is the same to the molecular formula of [C12H15N7O2Zn]
2+ 

(Mwt = 353.05 g/mol) 

(Appendix 34). 

The mass spectrum of the [Cu(L1)(L4)]  (10) complex exhibited a parent molecular ion peak 

at m/z = 557.0555, which is almost the same as the formula mass of the complex 

[C22H25CuN9O5] (Mwt = 558.1275 g/mol) (Appendix 35). The other molecular ion peak 

observed at m/z = 529.4103, corresponds to the fragmented part with the formula 

[C21H24CuN9O4]
+
 (Mwt = 529.11 g/mol). There are also important peaks at m/z = 498.21, 

which corresponds to [C21H19CuN7O4]
+
 (Mwt = 498.479 g/mol), peak at m/z = 470.21, which 

relates to [C21H18CuN7O3]
+
 (Mwt = 479.24 g/mol) and peak at m/z = 437.19 corresponds to 

[C20H17CuN6O2]
+
 (Mwt = 436.071 g/mol). 

4.2.6. Thermogravimetric Analysis  

The thermal breakdown and stability of complexes were studied by a thermogravimetric 

analyzer (TGA) and differential thermogravimetric analysis (DTA), which were carried out 

for the homoleptic and heteroleptic Zn(II), Cu(II), and Ni(II) complexes in ambient condition. 

The TGA and DTA graph gives useful geometrical information for complex compounds 

encompassing the coordination sphere. 
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4.2.6.1. Thermogravimetric analysis of homoleptic metal complexes 

The TGA/DTA data for the homoleptic complexes were summarized in Table 5 and the 

thermogram graphs were shown in Figures 41-50.  

Table 5. Thermogravimetric analysis data of homoleptic metal complexes.  

Complexes Temperature 

of TGA (oC) 

Temp of 

DTA 

Weight loss (%) Assignments 

Calc. Found 

 

[Zn(L1)2(Cl)2]    (1) 

225 – 280 254 11.2 11 loss of coordinated chlorine  

280 – 449 290 36.6 36.72 loss of  [C12H15N3O2] moiety  

450 – 730 646 36.7 36.72 release of another L1 species  

 

[Cu(L1)2(Cl)2]     (2) 

160 – 252 221 11.2 11 loss of  chlorine molecule 

253 – 387 290 36.7 36.71 loss of (C12H15N3O2 ) moiety  

495.5 – 714 604 39.2 39 release of one L1  

[Ni(L1)Cl]          (3) 130 – 256 190 6 5.99 loss of one chlorine  

260 – 760 290 52 51.6 Complete release of ligand (L1)  

[Zn(L2)2]            (4) 262- 380 314 32.05 32 loss of part of ligand (DZ) 

634-765  674 56.8 57 loss of DZ with thiol groups 

 

[Cu(L2)2]           (5) 

230 – 343  242 39.5 39.8 loss of part of L2 ligand 

470 – 736 494.8 39.4 38.6 loss of  coordinated L2 moiety 

 

 

[Zn(L3)2].2H2O    (6) 

60 – 120 100 6.72 

 

6.70 

 

Loss of  H2O molecule 

190 – 274 298 3.86 3.81 loss of C17H16N3O4 

274- 533 467 36.82 36.8 Loss of C16H14N3O3 

[Cu(L3)2].3H2O   (7) 62 – 165 100 6.8 6.7 Loss of 3 x H2O 

166 – 272 270 3.9 3.87 Loss of CH3O
+
 

273 – 533 491 30.8 30.7 loss of 2(C7H7O2) moiety 

[Ni(L3)2].4H2O     (8) 56 – 160 262 6.77 6.8 loss of 3xH2O 

250 – 347 353 20.95 21 loss of  C8H8O2 & CH3O 

347 – 590 482 30.86 30.8 Loss of 2C7H7O2 

 

The TGA graphs of the complexes showed decomposition stages involving a two or three-

step process.  

The TGA-DTA graph of complex 1, [Zn(L1)2(Cl)2], showed that it starts to undergo 

decomposition from 225 
o
C, which indicated the absence of both lattice and coordinated 

water in the complex, which is in agreement with some reported literature reviews  (B. Singh 

et al., 2006) (Figure 41). The TGA curve involves three major decomposition steps. At the 

initial step decomposition, it showed a mass loss of 11 % (cal. 11.2 %) indicated between the 
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ranges 225 - 280 ºC is due to the release of coordinated chlorine ion. The second 

decomposition stage between 280 - 449 ºC showed a higher mass loss of 36.6 % (calc. 36.7 

%) was related to the loss of dehydrozingerone-semicarbazone moiety (C12H15N3O2). The 

third step decomposition showed another weight loss of 36.67 % (calc. = 36.7 %) attributed 

to the loss of the (C12H15N3O2) dehydrozingerone semicarbazone moiety between 

temperatures, 450 - 730 
o
C. 

 

The DTA graph showed small peaks at 254 ºC and 290 ºC related to the release of 

coordinated chlorine molecules with the other parts of the coordinated ligands. Another broad 

peak decomposition was observed at 646 ºC and metal residues (zinc oxide residue) was left 

above 730 
o
C (Arshad, Khan, Masud, Arshad, & Ghani, 2000; Mahmoud, Mohamed, & El-

Dessouky, 2014) (Figure 41). 

 

The TGA - DTA graph of complex 2, [Cu(L1)2(Cl)2],  involves three degradation steps which 

indicated a mass loss of 11.2 % (cal.11.22%) between 160 - 252 ºC with a DTA peak of 221 

ºC observed at the first step decomposition related to the release of a coordinated chlorine 

molecule, which is in agreement with previous studies of decomposition temperature range of 

chlorine (Nagesh, Raj, & Mruthyunjayaswamy, 2015; Sharma, Mehta, & Shah, 2013) (Figure 

42). The second stage degradation showed mass loss of 36.7 % (36.71 %) between the ranges 

253 - 387 ºC corresponding to a release of fragmented part of the ligand (C12H15N3O2) 

moiety. The DTA graph exhibited peaks at 290 ºC which could be related to the release of a 

fragmented part of the ligand. The third step of degradation occurs in the temperature range 

of 495.5 - 714 
o
C (DTA = 604 °C) and is accompanied by a weight loss of 39 % (calc. = 39.2 

%) corresponding to the complete loss of one L1 (C12H15N3O3) species of the coordinated 

semicarbazone ligand,  while at  604 ºC the sharp intense peak was assigned for complete 

decomposition (Ambala & Lincoln, 2020; Jirjees et al., 2021) (Figure 42). Then above 725 
o
C 

the complex is left as copper oxide residue (Elsayed, Noufal, & El-Hendawy, 2017).  

 

The TGA-DTA graph of complex 3, [Ni(L1)2Cl], indicates two decomposition steps (Figure 

43). The first step of degradation was observed due to a mass loss of 6 % (calc. = 5.99 %) 

related to the elimination of one chlorine atom (Cl) in the temperature ranges of 130 - 256 
o
C  

(Azimi et al., 2021). The second stage degradation of 52 % (calc. = 51.6 %) in the  
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temperature range of 260 - 760 
o
C (DTAmax = 290 °C), which corresponds to the elimination 

of 2C9H9O2
- 
moiety and others left as metal residue (Badwaik, Deshmukh, & Aswar, 2009).               

 

Figure 41. TGA - DTA curves of [Zn(L1)2(Cl)2] complex (1). 

 

Figure 42. TGA - DTA curves of [Cu(L1)2(Cl)2] complex (2).   
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Figure 43. TGA - DTA curves of [Ni(L1)2Cl] complex (3).   

 

The thermal decomposition of complex 4, [Zn(L2)2], indicated a total mass loss of 32.05 % 

(cal. 32 %) which was observed at the initial stage decomposition between 261.7 - 380 ºC, 

corresponds to the release of the coordinated part of the ligand (dehydrozingerone). The 

second stage decomposition indicates mass loss of 57 % (cal. 56.8) between 634 - 764.7 ºC 

indicating the release of dehydrozingerone with thiol (-NHCSNH2) groups lifting the metal 

residues (Paul & Hossen, 2020; Zemede, Nithyakalyani, & Kumar, 2015) (Figure 44). The 

DTA graph showed a large peak at 314 ºC representing a loss of the complex which is 

dehydrozingerone and a large intense peak located at 676 ºC may be its final decomposition 

stage (Figure 44). The metal oxide residue left above 750 
o
C (Badwaik et al., 2009; Sathis, 

Gandhi, Mageswari, Karthikeyan, & Sheriff, 2015). 

 

Similarly, the thermal decomposition of complex 5, [Cu(L2)2] exhibits two degradation steps 

(Figure 45). The first step of decomposition occurs in temperature ranges of 230 – 343 
o
C, 

(DTA = 242 °C) which is accompanied by mass loss of 38.6 % (calc. = 39.3 %) 

corresponding to the loss of coordinated L2 molecule (C12H14N3O2) (Refat, El-Deen, Anwer, 

& El-Ghol, 2009). The second decomposition stage between 470 – 736 ºC related to a release 

of another part of the ligand, which is dehydrozingerone moiety.  The DTA graph of the 

complex showed a peak at 242 ºC followed by 495 ºC for complete decomposition of the 

complex.  The DTA graph, also showed peak at 648 ºC related to the final decomposition 
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stage and remaining as the metal residues (Figure 45) (Meena, Meena, Kumari, Sharma, & 

Fahmi, 2023)..  

 

 

Figure  44. TGA - DTA curves of [Zn(L2)2] complex (4) 

 

 

Figure  45. TGA - DTA curves of [Cu(L2)2]   (5) 
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The thermal decomposition and stability of the other homoleptic L3 metal complexes, 

[Zn(L3)2].2H2O (6), [Cu(L3)2].3H2O (7) and [NiL3)2].4H2O (8) were also studied and the 

TGA/DTA graph of the complexes show a starting stage of endothermic decomposition 

which indicate the release of coordinated or lattice water molecules as presented in Table 5. 

By TGA the stability ranges, percentage of weight loss, and percentage of the residue 

obtained after the decomposition process have been studied. The complexes were start to 

decompose  thermally at  60 
o
C, 62

 o
C, and 52 

o
C respectively, confirming that there are 

lattice water molecules within the complexes, due to the fact that when complexes undergo 

decomposition below 100 
o
C, it is an indication of the existence of lattice water molecule 

(Badwaik et al., 2009). 

 

Accordingly, the thermogravimetric analysis (TGA) diagram of complex 6, [Zn(L3)2].2H2O,  

showed mass loss of about 6.7 % (calc. 6.72 %) at the initial stage of decomposition between 

temperature range 60 - 120 
o
C, confirming the release of lattice water molecules from the 

complex (Ali, Elasala, Mohamed, & Kolkaila, 2019; K. D. Patel & Patel, 2017). At the 

second decomposition stage, another mass loss of 3.8 % (calc. 3.82 %) between the 

temperature range 190 
o
C - 274 

o
C with an endothermic peak of 298.8 

o
C occurred, which 

corresponds to the loss of the CH3O group from the complex. In the third step of 

decomposition, the major mass loss of 36.8 % occurred between temperature ranges of 274 

o
C -533

 o
C. This corresponds to a loss of part of the ligand (C16H14N3O3

-
) moiety.  The final 

stage of decomposition above 533 
o
C remains with the metal residues (Figures 46) (Sangeeta 

et al., 2018; Sharma et al., 2013).  

 

The TGA thermal decomposition of complex 7, [Cu(L3)2].3H2O, exhibits three degradation 

steps (Figure 47). The first step of decomposition occurs in temperature ranges of 62 – 165 

o
C, (DTAmax = 100 °C) which is accompanied by mass loss of 6.8% (calc. = 6.75 %) 

corresponding to the loss of three lattice water molecules (Nguyen, Pham Thi, Bui, & 

Nguyen, 2023). The second step of decomposition occurs in between temperature ranges of 

165 - 272 
o
C (DTAmax = 270 °C), which is accompanied by a mass loss of 3.9 % (calc. = 3.86 

%) corresponding to the loss of CH3O
+
 moiety. The third and final step decomposition occurs 

between temperature ranges of 273 – 533 
o
C (DTAmax = 491 °C), which is due to the loss of 

dehydrozingerone (2C7H7O2) ring moiety, which is 30.8% (calc. = 30.7 %). The other 
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remained as metal residues above 533
o
C (Chioma & Don-lawson, 2021; Elsayed et al., 2017) 

(Figure 47). 

 

Similarly, the TGA graph of [Ni(L3)2].4H2O complex 8 showed a mass loss of 6.8 % (calc. 

6.77 %) at the first stage of decomposition between 56 - 160 
o
C with an endothermic peak of 

152 
o
C. This mass loss corresponds to the loss of lattice water molecules from the complex. 

At the second step of decomposition, 21 % (20.95 %) mass loss occurred between the 

temperatures 250 - 347 
o
C, corresponding to the release of two species together (C8H8O2 & 

CH3O) group. At the third stage, 30.8 % (calc. 30.86 %) mass losses occurred between 347 - 

590
 o

C. Finally, the complex remained as metal residue above 590 
o
C (Elsayed et al., 2017; 

Omar, Mohamed, & Ibrahim, 2009; Zayed, Mohamed, & Hindy, 2015) (Figures 48). Overall, 

the fragmented parts obtained for the homoleptic complexes best fit with the formula 

(structure) proposed by the other characterization techniques. 

 

Figure  46. TGA - DTA curves of [Zn(L3)2].2H2O complex (6) 
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Figure  47. TGA curve of [Cu(L3)2].3H2O complex (7)  

 
 

Figure 48. TGA - DTA curves of [Ni(L3)2].4H2O complex  (8) 
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4.2.6.2. Thermogravimetric analysis of the heteroleptic metal complexes 

For the heteroleptic metal complexes, the thermogram curves of Zn(II) complex (9) and 

Cu(II) complex (10) shows no mass loss until 207
 o

C and 225 
o
C respectively, in which they 

are stable up to those temperatures. This could confirm that there is no possibility of either 

coordinated or lattice water molecules in the structure of the metal complexes. This is due to 

the fact that if there are lattice water molecules in the complex, decompositions may occur in 

temperature ranges of 40 
o
C - 120 

o
C and for coordinated water molecules until 180 

o
C 

(Deshmukh, Yaul, Bhojane, & Aswar, 2010; Yaul, Dhande, Pethe, & Aswar, 2014). The 

collected TGA/DTA data were summarized in Table 6, and thermogram curves were shown 

in Figures 49 - 50. 

Table  6. Thermogravimetric analysis data of heteroleptic complexes 

Complex Temp range 

of TGA (
o
C) 

Temp 

DTA 

(Endo) 

Weight loss   (%) Assignments 

Calc Found 

 

[Zn(L1)(L4)] (9) 

207.1 – 394.1 312.3

  

34.3 

 

34.2 

 

Loss of C14H10O3  moiety 

397.4 – 738.9 559.1 38.8 38.3 loss of fragmented L1 

 

[Cu(L1)(L4)](10) 

225.2 – 313.9 291.2 44.4 44.5 loss of ligand L1  

328.9 – 417.2 396.7 5.5 5.6 loss of NH2 & CH3 

497.4 – 586.8 516.2 21.0 21.8 loss of fragmented L4 

 

The thermal decomposition of complex 9, [Zn(L1)(L4)], exhibits two degradation steps 

(Figures 49). The graph shows the complex is stable until 207 
o
C and starts to decompose in a 

two-step process. The first stage decomposition showed a mass loss of 34.2 % (cal. 34.3 %) 

between temperature ranges of 207 - 394 
o
C (DTAmax = 312 

o
C), which corresponds to the 

loss of the C14H10O3, dehydrozingerone moiety. The second step of decomposition shows 

mass loss of 38.3 % (cal. 38.8 %) occurred between temperature ranges of 375 - 739 
o
C 

(DTAmax = 580 
o
C), indicating the release of fragmentation part of the L1 ligand. The rest is 

considered as metal residue above 740.5 
o
C (Horowitz, Tryon, Christensen, & Perros, 1965; 

Sharaby, 2007). 

Similarly, the TGA curve of complex 10, [Cu(L1)(L4)],  indicates the complex is stable until 

225 
o
C, after which it starts to decompose through a three-step process (Figure 50).  At the 

initial stage, the graph showed a mass loss of 44.5 % (calc. 44.4 %) between temperature 

225.2 - 313.9 ºC with a DTA peak found at 239 
o
C and 292 ºC (Figure 50) This 
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decomposition stage confirms the release of the coordinated L1 ligand. The remaining 

succeeding steps at second and third weight losses were 5.6 % and 21.8 %, respectively, 

totaling up to 27.4 % (cal. 26.5 %) between 329 – 586.4 ºC (DTAmax = 396 
o
C), confirming 

the release of NH2 and CH3 species and some fragmented part of dehydrozingerone. The rest 

was metal residue above 586.4 
o
C (Figures 50). Therefore, the proposed formulas for this 

complex agree with the TGA data.   

 

Overall, the thermogravimetric analysis results of the complexes were aligned with the 

postulated structure of formulae based on the various spectroscopic and analytical data. When 

comparing the melting points and stability of ligands that have been determined, it is feasible 

to deduce that metal complexes have a higher level of stability than their constituent ligands. 

As a result, the versatility of complexes is greater than that of the constituent ligands in terms 

of biological applications (Soroceanu & Bargan, 2022). 

 

Figure  49.TGA – DTA curves of [Zn[(L1)(L4)] complex  (9) 
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Figure  50. TGA - DTA curves of [Cu(L1)(L4)] complex (10) 

4.2.7. Molar Conductance 

The molar conductivity values of the complexes were measured in 10
−3 

M DMSO in 

triplicates at room temperature. The molar conductivity values for the prepared complexes (1 

- 10) were between 4.5 - 18 Ω
-1 

cm
2 

mol
–1

, indicating the complexes are non-electrolyte. 

Complexes with molar conductance values below 60 ռ
-1

cm
2
mol

-1
 are non-electrolyte complex 

(Geary, 1971; Ismael, Abdel-Mawgoud, Rabia, & Abdou, 2020; Mahyavanshi; Natvarlal). 

From this one can conclude that there were no anions present outside of the coordination 

sphere of the complexes. The values obtained might be caused by DMSO, which is a 

coordinating solvent causing the solvolysis process (Šimunková & Malček, 2020). The 

complexes may be formulated as [M(Lm)nXn(H2O)n], Where M = Zn, Cu and Ni, Lm = L1, 

L2, L3, and L4, n = number of mole of species exist,  while X = Cl
-
, since chloride form of 

metal salts were used. 

 

The conductivities of the prepared complexes were relatively low which is very low to 

account for their electrolytic behavior. This is mainly due to the fact that the metal cations 

shared negative charge density electrons from the ligand to make the net charge balance of 

the complexes to be zero in line with the previously reported studies (Mahmoud, Mohamed, 

Elsawy, & Radwan, 2018; Vivekanand, Raj, & Mruthyunjayaswamy, 2015; J. Wang et al., 

2015). The molar conductance values are also important for the prediction or investigation of 

the geometrical structures of the complexes (El-Sonbati et al., 2020). According to the non-
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electrolytic nature of the metal complexes specifically metal complexes possessing 

coordinated chlorine ions, the chloride ion is coordinated with the metal ion to satisfy the 

valence of the coordination sphere. Furthermore, the presence of chloride ions outside the 

coordination sphere of the specified complexes was confirmed by reaction with silver nitrate 

(AgNO3) solution. During that time, there was no precipitate formation while conducting the 

experiment. Therefore, the formed Zn(II), Cu(II), and Ni(II) complexes would be formulated 

as [Zn(Lm)n(H2O)n(Cl)n], [Cu(Lm)n(H2O)(Cl)n] and [Ni(Lm)n(H2O)n(Cl)n] similar with 

previous literature reports (Ismael et al., 2020).  

4.2.8. X-ray Diffraction Analysis of complexes  

X-ray Diffraction is a technique employed to determine the underlying crystal structure of a 

compound; it enables verification of the crystallinity and structure of a sample. The 

crystalline nature of the complexes was studied by powder X-ray diffractometer (PXRD) with 

Cu Kα radiation. The data was recorded at 2θ ranging from 10 - 80
o
 at lambda (λ) value of 

1.54 Å. The XRD analysis of complexes (1 - 5) was performed and shown in Appendix 36-40 

and complexes (6 - 10) were shown in Figure 51-55 below. The patterns of complexes 3 and 

4 have shown amorphous-like peaks particle nature but complexes (1, 2, 5-10) have shown 

polycrystalline nature of peaks due to the appearances of many diffraction peaks (A. El‐

Sonbati et al., 2019; Jirjees et al.). But complexes 1, 2, and 5 showed a little number of peaks 

of crystallinity nature. A polycrystalline sample should contain several crystallites. Therefore, 

all possible diffraction peaks should be observed. The average crystal size (Cs) was 

calculated using the formula developed by Debye Scherer  (Nagesh, Raj, et al., 2015) 

(equation 5). 

 𝐂𝐬 =
𝐊𝛌

𝛃 𝐂𝐎𝐒 𝛉
 ………………………………………………………………..          (5)  

where k = 0.94 is constant, λ = 0.154 nm (wavelength of XRD machine), β = width at half 

maxima of all peaks of XRD arrays while θ is Bragg angle (Jirjees et al.; Morgan, El-Sonbati, 

& Eissa, 2017). Accordingly, the average crystallite sizes of complexes 1, 2, 5, 6, 7, 8, 9, and 

10 are 26.72, 28.94, 24.00, 40.56, 18.40, 46.72, 54.64, and, 62.38 nm, respectively. On the 

other hand, the XRD pattern for synthesized metal complexes 3 and 4 shows broad peaks in 

the range of 2θ = 10 – 80
o 

(Appendix 38 and 39) and is due to the amorphous nature of the 

complexes which is in agreement with the previous studies (El‐Sonbati, Diab, Eldesoky, 

Morgan, & Salem, 2019; Saikumari, 2021). The XRD patterns of [Zn(L3)2].2H2O complex 

(6) shows diffraction peaks which are characteristic peaks for the monoclinic crystal system 
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with space group p121/c1 and lattice parameters 9.3510 Å, 8.6310 Å, 9.7630 Å, 90°, 98.580°, 

90° for a, b, c, α, β and γ, respectively (Engelhardt, Kniep, R"udiger, Kristallographie, (1999)  

 

Figure  51. XRD patterns of [Zn(L3)2].2H2O complex (6) 

Similarly, [Cu(L3)2].3H2O complex  (7) was found to be a monoclinic crystal system with 

p12/cl space group and lattice parameters , 12.680 Å, 14.916 Å, 18.327 Å, 90°, 97.580°, 90° 

for a, b, c, α, β and γ respectively (Mueller-Bunz, Schleid, Allgemeine Chemie, (2000). 

 

                  

Figure  52. XRD patterns of [Cu(L3)2].3H2O complex (7) 



 
 

108 
 

Complex 8, [Ni(L3)2].4H2O was found to be a triclinic crystal system and p-1 space group 

together with lattice parameters, 8.987 Å, 9.065 Å, 10.723 Å , 84.44°, 70.23°, 71.89° 

respectively for a, b, c, α, β and γ (Zeitschrift f"ur Kristallographie, 2014) . 

 

 

Figure  53. XRD patterns of [Ni(L3)2].4H2O complex (8)  

The [Zn(L1)(L4)] complex (9) was found to be monoclinic crystal system with p121/n1 space 

group and lattice parameters 7.3406 Å, 11.1655 Å, 10.4062 Å, 90°, 97.280° , 90° respectively 

for a, b, c, α, β and γ (Mueller-Bunz, H. Schleid, T., Zeitschrift fuer Anorganische und 

Allgemeine Chemie, 2000). 

 

Figure  54. XRD patterns of [Zn(L1)(L4)] complex (9) 
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The XRD patterns of [Cu(L1)(L4)] (10) shows diffraction peaks which are characteristics 

peaks for the orthorhombic crystal system with space group pnma and lattice parameters 

18.005 Å, 7.4970 Å, 11.7960 Å, 90°, 90°, 90°  for a, b, c, α, β and γ respectively (Haddad, 

Amor Boughzala, Habib Jouini, Tahar, Acta Crystallographica Section C, 54 (1998).  

 

Figure  55. XRD patterns of [Cu(L1)(L4)] complex (10) 

 

4.3. Biological applications of Ligands and their homoleptic and 

heteroleptic metal complexes 

4.3.1. Antibacterial Activity studies  

Intensive research reports indicate that both Gram-positive and Gram-negative bacteria 

species endure adaption and resistance towards known multi-drugs. This emergence of 

multidrug-resistant bacterial strains towards the existing antibiotics is one of the challenges 

and threats to public health recently. The concept of creating metal complexes with various 

bioactive organic ligands can be a crucial tactic to boost the effectiveness against developed 

resistance and, more importantly, to overcome the rising rate of microbial resistance to 

recognized antibiotics. Thus, in this study, we have synthesized homoleptic and heteroleptic 

zinc(II), copper(II), and nickel(II) complexes with semicarbazone and thiosemicarbazone 

derivative ligands of natural product constituent and synthetic products to evaluate their 

antibacterial activities against four different bacterial pathogens. Semicarbazones and 

thiosemicarbazones moieties are organic ligands characterized mainly by their bioactive 

constituent of an imine (–N=CH-) group. The imine group results in different mechanistic 
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reactions in biological systems. It makes the derivatives of these compounds to be active in a 

biological system. Thus, to develop more bioactive drug candidates against resistant bacteria 

pathogens, the newly prepared compounds were evaluated for their antibacterial activities on 

two Gram-positive (Staphylococcus aureus and Streptococcus pyogenes) and two-Gram-

negative (Escherichia coli and Pseudomonas aeruginosa) bacteria pathogens. The zone of 

inhibition values of the studied ligands L1, L2, and their homoleptic complexes 1-5 have 

shown potential antimicrobial activity when compared to the standard drug Trimethoprim, 

and the obtained results were summarized in Table 7 and shown in Figures 56 and 57. 

 Table 7. Antibacterial activity data of compounds (by mm (mean ± SD of triplicates) 

       Gram-negative         Gram-positive 

Compound Conc. 

( µg/ml) 

E. 

Coli 

P. 

Aeruginosa 

S. 

Aureus 

S. 

Pyogenes 

 L1 100 4.50 ± 0.24 3.50 ± 0.00 6.34 ± 0.42 6.64 ± 0.74 

200 5.44 ± 0.64 7.33 ± 0.64 8.68 ± 0.32 8.84 ± 0.92 

L2 100 5.54 ± 0.34 6.34 ± 0.44 7.68 ± 0.22 8.64 ± 0.42 

200 8.54 ± 0.66 9.63 ± 0.54 8.68 ± 0.42 10.86 ± 0.82 

[Zn(L1)2Cl2]     (1)  100 7.52 ± 0.68 10.46 ± 0.44 9.67 ± 0.86 10.24 ± 0.74 

200 8.12 ± 0.64 10.89 ± 0.73 11.72 ± 0.64 11.67 ± 0.54 

[Cu(L1)2Cl2]    (2) 100 7.44 ± 0.55 8.4 ± 0.63 9.24 ± 0.89 10.12 ± 0.00 

200 8.50 ± 0.67 10.24 ± 0.84 10.66 ± 0.46 11.8 ± 0.63 

[Ni(L1)2Cl]     (3) 100 6.40 ± 0.52 5.50 ± 0.23 8.50 ± 0.47 8.40 ± 0.28 

200 7.50 ± 0.44 5.80 ± 0.13 10.50 ± 0.57 8.50 ± 0.36 

[Zn(L2)2]         (4) 100 10.74 ± 0.46 11.48 ± 0.33 9.84 ± 0.29 11.21 ± 0.26 

200 13.94 ± 0.33 15.44 ± 0.31 12.64 ± 0.46 14.80 ± 0.23 

[Cu(L2)2]         (5) 100 9.34 ± 0.73 8.45 ± 0.22 11.28 ± 0.79 12.12 ± 0.43 

200 11.78 ± 0.24 10.43 ± 0.68 13.67 ± 0.88 14.00 ± 0.20 

Trimethoprim 

 (standard drug) 

100 14.69 ± 0.77 16.64 ± 0.84 13.05 ± 0.64 16.71 ± 0.62 

200 16.48 ± 0.46 18.26 ± 0.16 17.06 ± 0.57 18.34 ± 0.68 

                  L1 = (4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one)semicarbazone  

                     L2 = (4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one)thiosemicarbazone 

 

The data in Table 7 revealed that all the prepared compounds had medium to good activity on 

the four bacterial species. The data also shows the complexes exhibited higher antimicrobial 

activities than the free ligands for all bacteria species at similar concentrations which is 

similar to literature reports (Sadeek, El-Attar, & Abd El-Hamid, 2013). Both L1 and L2 

ligands showed lower activity on E. coli and P. aeruginosa species (3.50 ± 0.00 - 5.54 ± 0.34 

at 100 μg/mL). The L2 shows higher inhibition zones on S. pyogenes (8.54 ± 0.66 at 100 

μg/mL to 10.86 ± 0.82 mm at 200 μg/mL). Complexes 1, 2, and 3 have low to medium zone 

of inhibition ranging from 7 ± 0.44 mm to 11.67 ± 0.54 mm diameters at both 100 and 200 

μg/mL on the four bacteria species. 
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Complex 4 and 5 showed an enhanced activity against S. pyogenes with a mean inhibition 

zone of 14.80 ± 0.23 and 14.00 ± 0.2 mm at 200 μg/mL respectively relative to Trimethoprim 

(18.34 ± 0.68 mm at 200 μg/mL). Similarly, complex 4 exhibited good antibacterial activity 

against P. aeruginosa (15.44 ± 0.31 mm at 200 μg/mL). Complexes 4 and 5 are more active 

on gram-negative bacteria, which make them to be very important compound than the other. 

The results concluded that metals coordinated with ligands enhance their activities and induce 

the potential for inhibition of bacteria growth. The activities of all compounds were directly 

proportional to their concentration (Figure 56).     

                

Figure  56. Bacteria growth inhibition potentials of ligands (L1 and L2) and complexes 1-5 

in mm (mean ± SD) at 100 μg/mL and 200 μg/mL. 

                                

Figure  57. Photos of selected bacteria growth inhibition zone of compounds in mm (mean ± 

SD) on S. aureus and P. aeruginosa bacteria species. Where: L   &   L
⁎ 

= ligand conc. at 100 

and 200 µg/ml; C & C
⁎
 = complex conc. at 100 and 200 µg/ml respectively 
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Also, the antibacterial activity of ligand (L3) and its complexes (6 - 8) were also evaluated, 

and the obtained results were summarized in Table 8 and Figure 58 and the zone of inhibition 

was shown in Appendix 41. 

Table  8. Antibacterial activity data of ligand L3 and complexes (6-8)  

       Gram-negative         Gram-positive 

Compound Conc. 

(µg/mL) 

 E. 

Coli 

P. 

Aeruginosa 

S. 

Aureus 

 

 
S. 

Pyogenes 

L3 100  6.42 ± 0.24 7.50 ± 0.32 10.34 ± 0.40  9.34 ± 0.44 

200  7.38 ± 0.43 8.33 ± 0.22 13.26 ± 0.27  10.17 ± 0.12 

[Zn(L3)2].2H2O   (6) 100  9.42 ± 0.28 11.54 ± 0.48 12.64 ± 0.40  11.85 ± 0.33 

 200  10.16 ± 0.14 14.41 ± 0.38 16.22 ± 0.27  15.66 ± 0.16 

[Cu(L3)2].3H2O    (7) 100  10.18 ± 0.28 12.67 ± 0.18 14.84 ± 0.20  13.44 ± 0.18 

200  14.36 ± 0.46 16.84 ± 0.26 18.66 ± 0.34  17.31 ± 0.24 

[Ni(L3)2].4H2O    (8) 100  8.46 ± 0.26 10.47 ± 0.24 11.76 ± 0.14  10.28 ± 0.48 

 200  9.68 ± 0.48 12.64 ± 0.36 13.28 ± 0.46  12.72 ± 0.38 

Trimethoprim 100  16.70 ± 0.35 17.46 ± 0.31 19.06 ± 0.44  18.24 ± 0.26 

(Standard drug) 200  18.70 ± 0.47 19.64 ± 0.36 21.48 ± 0.46  19.32 ± 0.48 

               By mm (mean ± SD of triplicates) 

 

The result in Table 8 showed that the synthesized complexes (6-8) possess a higher inhibition 

zone than the free ligand against the four bacteria species. The ligand (L3) showed lower 

activities on the Gram-negative bacteria species (6.42 ± 0.24 mm at 100 µg/mL on P. 

Aeruginosa to 8.33 ± 0.22 mm at 200 µg/mL on E. coli) but showed medium activities on 

Gram-positive bacterial species (9.34 ± 0.44 mm at 100 µg/mL on S. Pyogenes to 13.26 ± 

0.27 mm at 200 µg/mL on S. aureus). 

 

Complex 6 exhibited higher activity on Gram-negative bacteria species P. aeruginosa (14.41 

± 0.38 mm) and among Gram-positive species on S. aureus (16.22 ± 0.22 mm at 200 µg/mL) 

than the free ligand (L3). The relative activities were concentration dependent on all the 

bacteria species. A study by Dutta et al. (R. K. Dutta, Nenavathu, Gangishetty, & Reddy, 

2012), suggested that Zn(II)-complexes, which can release ROS produced in solutions, may 

be necessary for zinc complexes to have inhibitory potential. By adhering to bacterial cell 

walls, damaging those walls, and then attaching to the proteins and nucleic acids of those 

cells. Zinc complex may be made to adhere by electrostatic forces. This results in cellular 

deformation and loss of viability (Y. Zhang et al., 2021).  
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Complex 7, ([Cu(L3)2.3H2O]), exhibited more activities than the other synthesized 

compounds on all bacterial species: S. aureus (18.66 ± 0.34 mm), S. pyogenes (17.31 ± 0.24 

mm) P. aurigonisa (16.84 ± 0.26 mm) (Table 8). Copper is an essential bio-metal for the 

preparation of metal-based drug development due to its better potential for medicinal 

applications (Čongrádyová et al., 2021; Duncan & White, 2012). The mechanism of action to 

become cytotoxic on bacteria cell is due to the redox reactions occurring between Cu(II) and 

Cu(I) oxidation states which results in the formation of reactive radical species (Jomova, 

Baros, & Valko, 2012). These reactive species under aerobic conditions create high reactive 

radicals (hydroxyl) which can react with biomolecules including proteins, membrane lipids, 

and nucleic acids to create dangerous species in the cell of bacteria. These dangerous species 

can damage the bacteria's DNA (Čongrádyová et al., 2021). The obtained result is also in 

match with work reported by Duncan and White 2012(R. K. Dutta et al., 2012), which 

showed that the copper complex of semicarbazones and thiosemicarbazones exhibited higher 

antibacterial potential against E. coli  relative to the free ligand. Thus, with a similar fact, 

here the high inhibition potential of the [Cu(L3)2].3H2O (7) complex on S. aureus and P. 

aeruginosa showed it can be a potent antibiotic candidate against the two bacteria species.  

 

The Complex 8, [Ni(L3]2].4H2O, showed a good inhibitory effect against three bacteria 

species: P. aeruginosa (12.64 ± 0.36 mm), S. pyogenes (12.72 ± 0.38 mm), and S. aureus 

(13.28 ± 0.46 mm) at 200 µg/mL concentration. Nickel metal is a very important element in 

medicinal chemistry, due to its antimicrobial activities (R. K. Dutta et al., 2012).  This metal 

has the potential to cross microbial cells and damage the microorganisms by inactivating their 

enzymes. 

The overall antimicrobial potential data confirmed that the complexes show higher activities 

than the free ligands on the microbial pathogens, which is in agreement with previous studies. 

Tweedy's chelation theory justifies why the complexes have greater biological activities than 

the free ligand (Awolope, Ejidike, & Clayton, 2023; R. K. Dutta et al., 2012; Ejidike & 

Ajibade, 2015; Tweedy, 1964). The metal ion's polarity is lowered to a higher level during 

chelation because the ligand orbital overlaps and the metal ion's charge is partially shared 

with the donor atom (Ramesh & Natarajan, 1994; Thangadurai & Natarajan, 2001). 

Additionally, the chelate sphere promotes the delocalization of π-electrons, increasing the 

complex's lipophilicity. This enables ability of the complexes, allowing for easier 

permeability through the cell membrane's lipid layer of the bacteria cell membrane (Alias et 
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al., 2014). Notably, the nitrogen in azomethine (C=N) may form H- bond with the centers of 

the active parts of cells, impairing regular cell function and preventing the formation of the 

cell wall in bacteria cells (Shelke et al., 2012).  

 

On the other hand, the enhancement in the antimicrobial potential of the complex compounds 

was due to the positive charges that exist on the metals which are crucial in improving the 

non-polarity property of the ligand causing the solubility mechanism to be improved. This 

makes the compounds to pass through the bacterial cell membrane, which is impermeable by 

a number of antibiotic drugs, particularly in the case of gram-negative bacteria pathogens 

(Bamigboye et al., 2021). The ability of complexes to penetrate the bacterial membrane 

increases with decreasing polarity, which is attributed to lipophilicity (Al-Amiery, Kadhum, 

et al., 2012; Beyene, Mihirteu, Ayana, & Yibeltal, 2020).  

                     

Figure  58. Bacteria growth inhibition vs concentration of L3 and complexes (6-8) 

compounds measured by mm (mean ± SD) 

As a result, the metal binds to other molecules of the cell membrane, such as amino acids, 

amino phospholipids, and cysteine ligands, which are favored. Therefore, these newly 

synthesized complex compounds may have a significant impact on typical bacteria cell 

activities and ultimately result in the inhibition of bacterial growth. Furthermore, the results 
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in Appendix- 43 also revealed the heteroleptic metal complexes (9 and 10) showed medium 

to higher inhibitory activities against all bacteria strains. 

 

The heteroleptic complex 9, [Zn(L1)(L4)],  have shown best activity on P. Aeruginosa (14.22 

± 0.33 mm) and Cu(II) complex  10, [Cu(L1)(L4)], exhibited higher antimicrobial activity on 

S. Pyogenes (13.67 ± 0.52 mm at 200 μg/mL) which were comparable to the standard drug 

Trimethoprim (16.71 ± 0.77 mm) at 200 μg/mL. It was also observed that at similar 

concentrations, the complexes exhibit higher activity than the constituent ligands for all 

bacteria strains tested. The obtained data provides evidence that metal complexed with 

bioactive ligands enhances their activities and induces potential for bacteria growth 

inhibition. Furthermore, the activities of all compounds were proportional to their 

concentration, i.e., activities were found to increase with increasing sample concentration 

(doses) (Figure 59 and 70) which is also a similar fact to previous studies (Sadeek et al., 

2013). 

 

Figure 59. Bacteria growth inhibition against the concentration of L3 and complexes (6-8) 
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Figure  60. Photo of bacteria growth inhibition zone of the L1, L4, and complex 9 and 10, 

Where: L   &   L
⁎ 

= ligand conc.  at 100 and 200 µg/ml; C & C
⁎
 = complex (at 100 and 200 

µg/ml). 

Metal (II) complex compounds exhibiting higher antibacterial activity were selected for 

minimum inhibitory concentration (MIC) studies (Table 9). The MIC is defined as the lowest 

or minimum antimicrobial concentration that inhibits visible microbial growth in artificial 

media after fixed incubation of time. Thus, the minimum inhibitory concentration was 

determined using the disc diffusion technique following the method described under section 

3.7.1 by preparing discs containing, 12.5, 25, and 50 μg/mL of the compounds and applying 

the protocol. The inhibition zones were shown by Figure 61.  

Table 9. Results of minimum inhibitory concentration (μg/mL) of the top five antimicrobial 

active compounds; complex (4), (5), (7), (8), and (10) against four bacteria species  

Bacteria 

species 

 

μg/Ml 

Selected complex compounds (mm) 

4 5 7 8 10 

 

E. coli 

12.5 NA NA NA NA NA 

25 0.4 NA NA 0.6 NA 

50 0.8 0.6 0.5 1.6 NA 

 

P. aeruginosa 

12.5 NA NA NA NA NA 

25 0.5 NA 1.2 0.4 NA 

50 1.5 NA 2.5 1.8 0.5 

 

S. aureus 

12.5 NA NA NA NA NA 

25 NA 1.5 NA 1.5 1.5 

50 0.4 4 2.0 4.0 3.0 

 

S. pyogenes 

12.5 NA NA NA NA NA 

25 NA 0.5 1.0 NA 0.8 

50 0.5 2.5 2.5 NA 3.5 

         Note: By mm (millimeter), NA = not active or no visible inhibition zone.   
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Figure  61. Photos of MIC of selected complexes at 25 and 50 µg/ml concentration 

The results of the selected complexes and fractions are displayed in Table 9. The compounds 

with the best antibacterial activity were chosen and fractions were done by lowering the 

concentrations. The metal complexes 5, 8, and 10 could be identified as the most active 

compounds with MICs values ranging from 25 - 50 μg/mL with an inhibition zone of 1.5 – 

4.0 mm diameter on S. aureus bacteria strain. Complex 4 and complex 7 also demonstrated 

visible inhibition zones against P. aeruginosa at 25 μg/mL with an inhibition zone of 0.5 mm 

and 1.2 mm respectively. All the tested compounds did not show an inhibition zone on any of 

the four bacteria pathogens at ≤ 12.5 μg/mL concentration, which could be taken as a 

benchmark of concentration for the antimicrobial activities of the selected complexes.  

4.3.2. Antioxidant Activity of the ligands and their metal complexes 

Free radicals, which are created during biological processes, may be produced during 

metabolic activities in our bodies. If the body cannot process and remove free radicals 

efficiently, oxidative stress can result. This can harm cells and body function. Free radicals 

are also known as reactive oxygen species (ROS). These include OH
-
, O2

-
, and H2O2. These 

ROS are reactive species that could potentially interact with biomolecules like proteins, 

lipids, and nucleic acids to cause different chronic diseases like cancer, heart disease, aging, 

and others (Akila, Usharani, & Rajavel, 2013; El Jemli et al., 2016; J. Kumar et al., 2020). 

Thus, these free radicals can be removed by using potential antioxidant molecules. 

Antioxidants are substances that can prevent or slow damage to body cells caused by free 

radicals, reactive (unstable) molecules that the body produces as a reaction during the 

metabolic process.  

Thus, the antioxidant activities of the newly synthesized ligands and their homoleptic and 

heteroleptic complexes were evaluated based on their capability to donate protons with the 

help of UV-visible absorbance using the method of DPPH assay. DPPH (2, 2-diphenyl-1-

https://www.medicalnewstoday.com/articles/145855.php
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picrylhydrazyl) is the most common method that is widely used due to its ease, speed, and 

sensitivity. DPPH is a stable free radical that can abstract hydrogen or electron from a 

corresponding donor, which causes it to lose the characteristic deep purple color, leading to 

bleaching of the strong absorption at 517 nm (S. Dutta et al., 2005). Compounds that have 

antioxidant activity may reduce the absorbance of DPPH at 517 nm, which is resulted in 

changes in the color of DPPH in the reaction process (S. Dutta et al., 2005). The degree of 

discoloration indicates the scavenging potential of the antioxidant compounds in terms of 

hydrogen-donating ability (Benabadji, Wen, Zheng, Dong, & Yuan, 2004; El-Ghorab et al., 

2010). The reaction can, therefore, be conveniently used to examine the radical scavenging 

ability of the prospective molecule. 

 

In this study, the radical scavenging activities of the newly synthesized ligands and their 

metal complexes (1-10) were evaluated and analyzed. The antioxidant potentials of the 

compounds were evaluated using different concentrations of the semicarbazone and 

thiosemicarbazone derivative ligands (L1-L4) and complexes (1-10) with DPPH radical 

while ascorbic acid (vitamin C) was used as a standard and DMSO as a positive control. The 

results obtained were expressed in percentage (%) scavenging activities and the data obtained 

are summarized in Appendix 43 and 44 and the % free radical scavenging potential against a 

concentration of the samples are shown in Figures 62 and 63.  

  

The data obtained showed that the synthesized compounds, L1, L2, and L3 and their 

homoleptic complexes (1 - 8) have shown moderate to high antioxidant potential. The 

complexes exhibited higher antioxidant potential than the free ligands. This is expected to be 

due to synergetic effects, hence the complexes have a strong potential to be useful as radical 

scavengers (O. A. El-Gammal et al., 2021). Among the compounds complex 3, [Ni(L1)2Cl], 

shows the highest percent of free radical scavenging potential (85.76 ± 0.24) comparable to 

the standard ascorbic acid (89.48 ± 0.74), while the least activity (36.00 % - 41.46 %) was 

displayed by L1 (Figure 62). The other complexes 4 - 8, exhibited good antioxidant potential 

near ascorbic acid with maximum percentage scavenging activities of 76.78 ± 0.68, 78.55 ± 

0.48, 78.55 ± 0.48, 78.45 ± 0.38, and 81.43 ± 0.56 % at 100 μg/mL concentration 

respectively. Complexes 3, 6, 7, 8, and L3 are highly dependent on the change in 

concentration, but complexex1 and 2 are almost independent of the change in concentration 
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(Figure 62). All the complexes showed higher antioxidant activities than their respective free 

ligand. 

                

Figure  62. Percentage free radical scavenging (%) of DPPH by the ligands and homoleptic 

metal complexes (1 - 8) compared with ascorbic acid. 

Also, the data displayed in Appendix 43 showed that L3 possesses a relatively higher 

percentage of free radical scavenging activity value than the other two ligands (L1 and L2). 

Then, it can be clearly concluded that the metal (II) complexes scavenge DPPH more 

effectively than the semicarbazone and thiosemicarbazone derivative ligands. The order of 

antioxidant potential of the compounds at a maximum concentration of 100 μg/mL can be as 

Ascorbic acid > [Ni(L1)2Cl] (3) > [Ni(L3)2].3H2O (8) > [Cu(L2)2] (5) > [Cu(L3)2].3H2O (7) > 

[Zn(L2)2] (4) > [Zn(L3)2].2H2O (6) > L3 > [Cu(L1)2Cl2] (2) > [Zn(L1)2Cl2] (1) > L2 > L1. 

This potential of samples to scavenge free radicals may be associated with the existence and 

donation ability of hydrogen to stabilize radicals (Hernandez, Jiménez, Mullineaux, & 

Sevilia, 2000). Hence, the results obtained provide insight toward the use of mostly metal 

complexes in the treatment of diseases caused due to oxidative strain.   

 

Similarly, the antioxidant activities of the heteroleptic metal complexes (9 and 10) were also 

conducted and findings were summarized in Appendix 44 and the free radical scavenging 

potential versus concentration of the complexes was shown in Figure 63.  All the complexes 
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showed higher antioxidant activity than the parent ligands. Also as shown appendix 44 shows 

that the [Cu(L1)(L4)] complex (10) has shown the best potential, with maximum scavenging 

activities (60.4 - 63.7 %) at and the [Zn(L1)(L4)] complex (9) also has good activities (56.4 - 

59.7 %), while the ligands L1 (32.60 - 40.34 %) and L4 (36.0 - 41.5 %) have the least 

activities. The scavenging potentials were roughly concentration dependent, meaning that as 

concentrations increased, so were the activities. Moreover, the data revealed that complexes 

have better antiradical potential than individual ligands. This could be explained by metals' 

electron deficient characteristics in comparison to ligands. Thus, the mixed ligand complex 9, 

[Zn(L1)(L4)] and complex 10, [Cu(L1)(L4)] can be the best candidates for free radical 

scavengers.  

 

Figure  63. Percentage free radical scavenging potential of ligands and heteroleptic 

complexes (9 and 10) 

4.3.3. Antifungal activity of the ligands (L1 - L4)) and their complexes (1-10) 

The newly synthesized ligands and their homoleptic and heteroleptic complexes were tested 

for in vitro antifungal activity against two fungi species; - Aspergillus fumigates and Candida 

albicans fungi. Amphotericin B was used as a standard fungicide agent. The results of the 

antifungal potential of free ligands and their complexes were summarized in Table 10 and the 

inhibition zone is presented in Appendix 45. 
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Table 10. The antifungal activity of ligands and their complexes 

 

      Samples 

Fungal inhibition zone (mm) conc. in mg/ml 

Aspergillus fumigatus  Candida albicans  

25 50 100 25 50 100 

DMSO (Control) 0.0 0.0 0.0 0.0 0.0 0.0 

Amphotericin B 18.5 22 22.5 24.5 24 24.5 

L1 8.5 10.5 12.5 12 14. 14 

L2 12 13.5 18 18 18.4 24 

L3 NA NA NA NA NA NA 

L4 NA 5.4 8.5 6.4 6.5 8 

[Zn(L1)2 (Cl)2]    (1) 10.5 13.3 16.4 16 14 18 

[Cu(L1)2(Cl)2]     (2) 8.4 8.6 10.4 5.4 5.6 6.5 

[Ni(L1)2Cl]          (3) 6.3 7.5 15.3 10.6 11.7 14.6 

[Zn(L2)2]             (4) 20.2 19.3 20.5 24.3 24.5 26..5 

[Cu(L2)2]             (5) 16 18 22 20.5 22.3 24 

[Zn(L3)2].2H2O   (6) NA 3.4 6.5 NA 4.5 8 

[Cu(L3)2].3H2O   (7) NA 2.5 4.5 1.5 3.0 3.5 

[Ni(L3)2].4H2O   (8) NA NA 2.0 NA 2.0 3.5 

[Cu(L1)(L4)]       (9) 4.3 4.4 9.5 5.4 6.0 7,5 

[Zn(L1)(L4)]       (10) 4 6 8.4 6 6.8 10.5 

                 Note: NA= not active  

The results summarized in Table 10 showed, the free ligands (L1 and L2) were active against 

both fungi species, and even L2 shows comparable antifungal activity to the standard drug, 

Amphotericin B. These results are in line with the previous studies (Jirjees et al.; Kubra et al., 

2014), which reported that dehydrozingerone and its derivatives have shown antifungal 

activity against Rhizochonial solani species. The antifungal activity of the dehydrozingerone 

and its derivatives showed that the carbonyl moiety plays a major role in the antifungal 

activity (Kubra et al., 2014; V. Kumar, Bala, Dhawan, Singh, & Karpoormath, 2022). The 

existence of polarized carbon-oxygen double bond of the ketone group probably contributes 

to their ability to form covalent bonds with DNA and proteins and then interfere with normal 

metabolism. The L1 complexes showed the least antifungal activity, especially those of 

Zn(II), and Cu(II). But Ni(II) shows similar activity to the ligand. The complexes of L2 

ligand, which is Complex 4, [Zn(L2)2], showed antifungal activities (26.5 mm) more than the 

standard against Candida albicans fungi. Also, complex 5, [Cu(L2)2] showed good activity 

(24.0 mm) against Candida albicans. 
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The free ligand (L3) was not active against both fungi species, and its Zn(II), Cu(II) and 

Ni(II) complexes showed the least activity compared with the other complexes. The 

antifungal activity of the heteroleptic Cu(II) and Zn(II) complexes of L1 together with L4 

showed moderate activity. The higher fungi toxic effect of the complex compared with the 

free ligand can be understood in terms of the chelation theory which stated that upon 

complexation the polarity of the metal ion gets decreased which increases the lipophilicity of 

the metal complex, facilitating them to cross the cell membrane (Kurtoglu, 2009). 

 

This finding or display for the antifungal activity of the free ligand and their metal complexes 

against the tested species needs further investigation against other fungal species. Although 

the efficiency of the prepared compounds is high to the best of my knowledge, it may be a 

solid base for further research on dehydrozingerone derivative ligands and their metal 

complexes. 

4.4. In Silico docking analysis of ligands and their metal complexes 

4.4.1. Molecular docking analysis of synthesized ligands (L1 and L2) and complexes (1 

5) docked against S. aureus Gyrase (PDB ID 2XCT) 

 

Recently, in-silico methods that include molecular docking analysis and online ADMET 

predictions (SwissADME, Pro-Tox II, and OSIRIS property explorer) are being used to 

facilitate the process of identifying the potential bioactive molecule (Priyanka Banerjee et al., 

2018; Garg et al., 2021; O Trott & Olson, 2009). The evaluation of pharmacological 

parameters such as drug-likeness, ADME (absorption, distribution, metabolism, and 

excretion), and toxicity are paramount in identifying lead compounds (DeLano, 2002) for 

drug development. In general, molecular docking studies are used to examine the binding 

energy and to confirm further the molecular mechanisms for ligands at the active site of 

proteins. To understand the binding mode of the ligands, all the synthesized compounds were 

subjected to molecular docking study against selected proteins viz. S. aureus Gyrase (PDB 

ID 2XCT) using Auto-dock Vina (O Trott & Olson, 2009). The S. aureus Gyrase, a bacterial 

topoisomerase enzyme, regulates the topology of DNA during transcription, replication, and 

recombination by temporarily rupturing both DNA strands. Hence, the bacterial gyrase is 

paramount for bacterial survival and therefore necessary to disrupt as an antibacterial drug 

target (El-Etrawy & Sherbiny, 2021). Therefore, the molecular docking of the ligands (L1 

and L2) and complexes (1 - 5) were docked against DNA gyrase of S. aureus Gyrase (PDB 
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ID 2XCT) to investigate their mode of action and the results were compared with the in vitro 

antibacterial activity profile data. The molecular interaction between the synthesized ligands 

and their complexes against the S. aureus Gyrase were studied to understand the mechanism 

of action and the results were compared with standard anti-bacterial agent Trimethoprim.  

Table 11.  Molecular docking scores and the corresponding prominent residual amino acid 

interactions of the ligands and their complexes against S. aureus (PDB ID: 2XCT), were 

reported experimentally as a complex with trimethoprim 

Compounds Binding 

energy 

(kcal/mol 

H-bonding with Residual interactions 

π-Sigma/π-Alkyl van der Waals 

L1 

 

−8.0 ,Ser-1084, Arg-458, 

Arg-1122, Glu-477 

Arg-458 

 

Gly-1082, DG-12 

L2 −7.6 Asp-437, DC-12,  

DT-10, DA-11 

Arg-458, DA-11, DG-9 

DA-13 

Gly-459, Lys-460, 

DT-8, DA-11 

Complex 1 
−8.4 

Lys-460, Arg-458, 

Arg-458, DG-9, DT-  

DA-13, Arg-458 

 

Gly-459, Asn-475, 

Glu-477, Ile-461,  

Complex 2 

 −8.2 
Ser-438, Asp-1083 

DG-9, DG-9:  

Ala-1120, Met-1121,  

Arg-1122 

 

Tyr-1087, Glu-1088, 

Ser-1084, Ala-1118, 

Gly-1117, Ala-1119,  

Complex 3 

 −8.5 

Arg-458, Arg-458, 

Arg-1122, Glu-477, 

Asp-494, Tyr-496,  

Arg-1122, Arg-458 

DG-9, DA-13, Metal-

Acceptor (Ni: O, N) 

Ser-1084, Asp-437, 

Phe-1123, DG-12 

Complex 4 

−9.1 
Arg-458, Asp-437, 

DC-12, DG-9, DT-10 

Arg-458, DG-9, DA-13, 

4 Metal-Acceptor (Zn: 

O, S, N) 

Gly-459, Asn-476, 

Gln-480 

Complex 5 −7.4 
Arg-458, Asp-437, 

DT-10:, DA-11  -13 

Electrostatic-Attractive 

Charge-Asp-437 

Electrostatic-Pi-Cation-

DA-13(Dist. 4.27588) 

Hydrophobic-Pi-Alkyl- 

Gly-459, Glu-477, 

DT-8, DG-9, DC-12 

Trimethopri

m 

 

−7.9 

 

Arg-458, Arg-458, 

DT-8, DG-9, DC-12 

Arg-458, DT-8, DG-9 

DA-13 

 

Phe-1123, Gly-459, 

Asp-437, DT-10 

 

  DA = deoxyadenosine; DG = deoxyguanosine; DT = deoxythymidine; DC = Deoxycytidine. 
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The results in Table 11 showed that the synthesized compounds were found to have minimum 

binding energy ranging from -7.4 to -9.1 kcal/mol, with the best result achieved by the metal 

complexes 1, 2, 3, and 4 having binding affinity of -8.4, -8.2, -8.5 and -9.1 kcal/mol 

respectively. Compared to Trimethoprim (-7.9 kcal/mol), the other synthesized compounds, 

L1, L2 and complex 5 have shown comparable binding affinity (-8.0, -7.6, -7.4 kcal/mol 

respectively). Among the metal complexes, complex 4 displayed the best binding energy (-

9.1 kcal/mol) compared to the standard drug Trimethoprim (-7.9 kcal/mol) (Table 11). The 

complexes have shown better docking scores compared to the free ligands. In general, the 

complexes (1, 2, 3, and 4) have higher docking scores than the standard drug Trimethoprim. 

The in-vitro antimicrobial analysis results are matching with the molecular docking analysis 

docking score. 

 

The ligands (L1 and L2) and the complexes (1 - 5) showed the best binding affinities with 

different amino acid residues through a hydrogen bond, π-Sigma/π-Alkyl, and van der Waals 

forces. As observed from the 2D binding interaction model, L1 forms a hydrogen bond with 

Ser-1084 through its amine (-NH2) and (-C=O), Arg-1122 through carbonyl (-C=O), and DA-

13 through its -O-H functional groups (Appendix 46). Also forms hydrophobic (pi-cation) 

interactions with Arg-458 and van der Waals interactions with Gly-1082 and DG-12 amino 

acid residues. The L2 ligand also forms hydrogen bond interaction with Asp-437, DC-12, 

DT-10, and DA-11 amino acid residues (Appendix 47). 

The complexes achieve good interaction affinities with different amino acid scums 

(Appendix 48-52). According to the binding model of the best active compound (complex 4), 

three hydrogen bonds were observed between residues Arg-458, Asp-437, DC-12, DG-9, DT-

10 with amide (NH), amine (NH2), and oxygen of hydroxyl and methoxy (OCH3) groups of 

the complex respectively (Appendix 51). Also, hydrophobic (π-Sigma/π-Alkyl) interactions 

between the complex and residues Arg-458, DG-9, DA-13, 4 Metal-Acceptor (Zn: O, S, N) 

were observed. The other potential compound [complex 3) was able to form H- bonds with 

Arg-458, Arg-458, Arg-1122, Glu-477, Asp-494, Tyr-496, Phe-432 through NH2 and 

hydroxyl groups (Appendix 50). The complex was also able to interact with Arg-1122, Arg-

458, DG-9, DA-13, and Metal-Acceptor (Ni: O, N) residues through hydrophobic. 
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4.4.2. Molecular docking analysis of synthesized ligands and complexes (6 - 10) docked 

against S. aureus (PDB: 2w9h) 

The molecular docking of the ligands and complexes (6 - 10) were docked against DNA 

gyrase of S. aureus Gyrase (PDB: 2w9h) to investigate their mode of action and the results 

were compared with the in-vitro antibacterial activity data. The results obtained were 

summarized in Table 12. 

Table 12. Molecular docking scores and the corresponding prominent residual amino acid 

interactions of the ligands and their complexes against S. aureus (PDB: 2w9h, were reported 

experimentally as a complex with trimethoprim 

Compounds Binding 

energy 

(kcal/mol) 

H-bonding 

with 

Residual interactions 

π-Sigma/π-Alkyl van der Waals 

L1 

 

-8.14 Leu5, Ala7, 

Asn18,Thr46, 

Ser49,Phe92 

Leu20,Ile50 Val6,Gly93, 

Gly94,Lys45, 

 

L3 
-8.26 Arg61 

Asp73,Val76, Cys79, 

Ala127 

Leu36,Thr75, Thr115, 

Gly126 

L4 -7.39 Leu5, Asn18, 

Asp27 

Val6, Leu20, Phe98 Ala7, Gln19, Thr46, 

Phe92 

Complex 6 -7.03 Lys16, Ser20, 

Tyr56 

Leu36, Arg61, 

Asp65 

Ile35, Ile52, 

Val53, Gly54 

Complex  7 -7.21 Ser20, Asn49, 

Tyr56 

Leu36, Phe51, 

Arg61, Asp65 

Glu48, Ile52, 

Val53, Gly54 

Complex  8 -6.70 Ser20, Gln24, 

Ala50, Ile52 

Val53 Ala21, Gly54, 

Asn55, Ala58 

Complex  9 -11.01 Ser49, Thr46, 

Gln95 

Leu20, Lys45 Leu5, Val6, 

Gln19, Leu28 

Complex  10 -9.92 Ala7, Ile14, 

Ser49 

Leu20, Leu28, Phe92 Val6, Ile50, Gly93, 

Thr46 

Trimethoprim 

C14H18N4O3 

 

-8.30 

 

 

Leu5, Ala7, 

Asp27, Ser49 

Ile14, Val31, Thr46, 

Ile50 

Val6, Asn18, 

Gln19, Leu20 

Experimental 
Leu5, Asp27, 

Phe92, Thr111 

Ala7, Leu20, Leu28, 

Val31, 

Ile50 

Val6, Gln19, Ser49, 

Thr46 

DA = deoxyadenosine; DG = deoxyguanosine; DT = deoxythymidine; DC = Deoxycytidine. 
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The information presented in Table 12 for complexes compounds synthesized is pictorially 

described by the two-dimensional and three-dimensional binding model on S. aureus gyrase 

bacteria enzyme as represented by (Figure 64 - 72).  

 

The synthesized compounds were found to have minimum binding energy ranging from – 

6.70 to - 11.01 kcal/mol (Table 12), with the best docking score achieved by the heteroleptic 

metal complexes 9 and 10 having binding affinity of -11.01 and -9.92 kcal/mol, respectively, 

compared to Trimethoprim (-8.30 kcal/mol). The ligands L1 and L3 were shown similar 

binding affinity (-8.14 and -8.26 kcal/mol) to the standard Trimethoprim. The other 

homoleptic metal complex (6 - 8) have shown comparable binding affinity (-7.03, -7.21, -6.7 

kcal/mol respectively). The in-vitro antimicrobial activity results are best agreed with the 

molecular docking analysis docking scores. 

 

All the ligands and the complexes showed the best interaction affinities with different amino 

acid residues. As observed from the 2D binding interaction model the ligands and complexes 

possess high binding affinity and form hydrogen bonds with various amino acid residues 

through their different parts of the functional group. Among these, the L1 ligand also forms 

hydrogen bond interaction with Leu5 through the amine (-HN-N-) group, Asn18, Ala7, and 

Thr46 through hydroxyl (O-H) group, Ser49 and Phe92 amino acid residues (Figure 64). Also 

forms π-Sigma bonds with Leu20 and Ile50 amino acid residues. The ligand L3 forms a 

hydrogen bond with Arg61 through its carbonyl (C=O) group. The -sigma/-alkyl 

interactions occurred between L3 and amino acid residues (Asp73, Val76, Crys79, and 

Ala127) (Figure 65). The L4 ligand forms hydrogen bond with Asp27 through its amine (-

NH2) group, Leu5 through amide (-N-H) and both Asn18 through hydroxyl (-O-H) group 

Also forms π-Sigma/π-Alkyl interactions with Val6, Leu20, Phe98 amino acid residues 

(Figure 66). 

 

Complex 6 has shown three H-bonding interactions with Lys16, Ser20, and Tyr56 by its 

hydroxyl, and methoxy (-OH and –OCH3) groups. Also forms several hydrophobic and van 

der Waals interactions with amino acid residues (Figure 67). 

 

The other compound, complex 7, forms an H-bonding with Ser20, Asn49, and Tyr56 amino 

acid scums through its hydroxyl and methoxy (-OH and OCH3) active sites. Also, it forms 
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hydrophobic interactions with Leu36, Phe51, Arg61, and Asp65 residues (Figure 68).  

Among the metal complexes, the heteroleptic Zn(II) and Cu(II) complexes (9 and 10) 

displayed the best binding energy (-9.92 and -11.01 kcal/mol) compared to the standard drug 

Trimethoprim (-8.30 kcal/mol) (Figure 72)  and they achieve good interaction affinities with 

amino acid scums. According to the binding model of the best active compound (complex 9), 

three hydrogen bonds were observed between residues Ser49, Thr46, and Gln95 with amide 

(NH), amine (NH2), and oxygen of hydroxyl and methoxy (OCH3) groups of the complex 

respectively (Figure 70). Also, hydrophobic (π-Sigma/π-Alkyl) interactions between the 

complex and residues Leu20 and Lys45 were observed. The second potential complex 

compound (complex 10) was able to form three H- bonds with Ala7, Ile14, and Ser49 

through NH2 and hydroxyl groups (Figure 71). The complex was also able to interact with 

Leu20, Leu28, and Phe92 residues hydrophobic interactions.   

 

 

Figure 64. The binding interactions of L1 against S. aureus (PDB: 2w9h, reported  

                  experimentally as a complex with trimethoprim); a) 3D and b) 2D representations.       
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                          a)                             L3@2wgh                                b) 

 Figure  65. The binding interactions of L3 against S. aureus (PDB: 2w9h, reported 

experimentally as a complex with trimethoprim); a) 3D and b) 2D representations  

 

Figure  66. The binding interactions of L4 against S. aureus (PDB: 2w9h, reported     

experimentally as a complex with trimethoprim); a) 3D and b) 2D representations  
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                      a)                                            Zn(L3)2@2wgh                               b) 

 

Figure  67. The binding interactions of complex 6, [Zn(L3)2].2H2O, against S. aureus (PDB: 

2w9h, reported experimentally as a complex with trimethoprim); a) 3D and b) 2D 

representations 

     

a)                                        Cu(L2)2@2wgh                           b)                                 

 

Figure  68. The binding interactions of complex 7, [Cu(L2)2].3H2O, against S. aureus (PDB: 

2w9h, reported experimentally as a complex with trimethoprim); a) 3D and b) 2D   

representations. 
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                          a)                                    Ni(L3)2@2wgh                              b) 

Figure  69. The binding interactions of complex 8, [Ni(L3)2].4H2O, against S. aureus (PDB: 

2w9h, reported experimentally as a complex with trimethoprim); a) 3D and b) 2D  

representations  

 

 

Figure  70. The binding interactions of complex 9, [Zn(L1)(L4)], against S. aureus (PDB: 

2w9h, reported experimentally as a complex with trimethoprim); a) 3D and b) 2D  

representations 
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Figure  71. The binding interactions of complex 10, [Cu(L1)(L4)], against S. aureus (PDB: 

2w9h, reported experimentally as a complex with trimethoprim); a) 3D and b) 2D  

representations. 

 

Figure  72. The binding interactions of trimethoprim against S. aureus (PDB: 2w9h,   

reported experimentally as a complex with trimethoprim); a) 3D and b) 2D representations 

4.4.3. Binding interaction studies of the samples on P. aeruginosa (PDB: 2UV0) 

Pseudomonas aeruginosa is one type of gram–negative bacteria species widely existing in 

nature causing various infections. It is one of the multi-drug resistant (MDR) pathogens. 

Antibiotics with hydrophilic properties can enter cells via non-specifically diffusing across 
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membrane porin proteins (Tamber & Hancock, 2003). P. aeruginosa uses less non-specific 

porin proteins and more-selective molecules to take in the necessary nutrients, limiting 

antibiotic entrance as its defense mechanism. This adaptation lowers permeability to toxic 

substances like drugs. It has grown resistant to commonly used antibiotics like 

cephalosporins and carbapenems (Hancock & Speert, 2000). However, in this study, the 

prepared compounds showed higher in vitro activity results against the P. aeruginosa 

pathogen. Furthermore, molecular docking tests for the ligand and complexes were conducted 

as part of these inquiries to assess their interaction and conformation with these bacterium 

enzymes (Figures 73-77). The obtained docking data were summarized and analyzed relative 

to Trimethoprim as standard as displayed in Table 13. 

Table 13. Molecular docking scores and the corresponding prominent residual amino acid 

interactions of the ligand (L3) and complex (6-8) against P. aeruginosa (PDB: 2UV0) 

Compounds Binding 

energy 

(kcal/mol) 

H-bonding 

with 

π-Sigma/π-

Alkyl  

van der Waals 

L3 -8.26 Arg61 Asp73,Val76, 

Cys79,Ala127 

Leu36,Thr75, 

Thr115,Gly126 

[Zn(L3)2].3H2O  (6) -7.03 Lys16,Ser20, 

Tyr56 

Leu36,Arg61, 

Asp65 

Ile35,Ile52, 

Val53,Gly54 

[Cu(L3)2].3H2O  (7)  -7.21 Ser20,Asn49, 

Tyr56 

Leu36,Phe51, 

Arg61,Asp65 

Glu48,Ile52, 

Val53,Gly54 

[Ni(L3)2].3H2O   (8) -6.70 Ser20,Gln24, 

Ala50,Ile52 

Val53 Ala21,Gly54, 

Asn55,Ala58 

Trimethoprim -8.27 Arg61,Thr75, 

Asp73,Tyr93 

Leu36,Ile52, 

Tyr64,Val76 

Tyr56,Phe101, 

Ser129 

 

The information presented in Table 13 showed that the binding energy of the compounds 

against P. aeruginosa (PDB: 2UV0) was observed between -6.70 kcal/mol to -8.26 kcal/mol. 

The ligand possesses the best binding energy which is -8.26 kcal/mol the same as the 

reference drug Trimethoprim (-8.27 kcal/mol), while the homoleptic metal (II) complexes 

showed moderate binding energy between (-6.70 kcal/mol to -7.21 kcal/mol). All the ligands 

and the complexes showed the best interaction affinities with different amino acid residues.  
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As observed from the 2D binding interaction model the ligand L3 forms a hydrogen bond 

with Arg61 through its carbonyl (C=O) group. The -sigma/-alkyl interactions occurred 

between L3 and amino acid residues (Asp73, Val76, Crys79, and Ala127) (Figure 73).  

Complex 6 has shown three H-bonding interactions with Lys16, Ser20, and Tyr56 by its 

hydroxyl, and methoxy (-OH and –OCH3) groups. Also forms several hydrophobic and van 

der Waals interactions with amino acid residues (Figure 74). The next and more potent 

compound having good binding energy is complex 7, which forms H-bonding with Ser20, 

Asn49, and Tyr56 amino acid scums through its hydroxyl and methoxy (-OH and OCH3) 

active sites. Also, it forms hydrophobic interactions with Leu36, Phe51, Arg61, and Asp65 

residues (Figure 75). 

 

Similarly, complex 8 having moderate binding energy (-6.70 kcal/mol) has shown hydrogen 

binding interaction with Ser20, Gln24, Ala50, and Ile52 through its hydroxyl and methoxy 

groups. And possess hydrophobic interaction with the amino acid Val53 (Figure 76). The 

ligand and complexes possess the same hydrophilic interaction with the amino acid residues 

as that of the reference during Trimethoprim such as L = Val76, complex 6 = Leu36, and 

complex 7 = Leu36 as shown in Table 13. The synthesized compounds also showed van der 

Waals interaction with several amino acids similar to the reference drug, Trimethoprim 

(Table 13). Figures 73 - 77 below was hold information summarized under Table 13. 

 

      

        a)                                                                           b) 

Figure  73. The binding interactions of L3 against P. aeruginosa (PDB: 2UV0); a) 3D and b) 

2D representations 
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a)  b)  

Figure  74. The binding interactions of complex 6 against P. aeruginosa (PDB: 2UV0); a)   

3D and b) 2D representations. 

a)  b)  

 

Figure  75. The binding interactions of complex 7 against P. aeruginosa (PDB: 2UV0); a) 

3D and b) 2D representations  

a)  b)  

Figure 76. The binding interactions of complex 8 against P. aeruginosa (PDB: 2UV0); a) 3D 

and b) 2D representations 
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a) b)  

 

Figure  77. The binding interactions of trimethoprim against P. aeruginosa (PDB: 2UV0); 

a) 3D and b) 2D representations 

Also, the molecular docking tests for the ligands (L1 and L4) and their heteroleptic 

complexes (9 and 10) were conducted as part of these inquiries against P. aeruginosa (PDB: 

2UV0) to assess their interaction and conformation with this bacterium enzymes. The 

obtained docking results were summarized and analyzed relative to the standard drug 

Trimethoprim as display in Table 14. 

Table 14. Molecular docking scores and the corresponding prominent residual amino acid 

interactions of the ligands and their heteroleptic complexes against P. aeruginosa (PDB: 

2UV0) 

Compounds  

 

Binding 

energy 

(kcal/mol) 

H-bonding 

with 

π-Sigma/π-

Alkyl  

van der 

Waals 

L1 -7.36 Leu125 Leu36,Gly38, 

Tyr64,Val76 

Ile52,Trp88, 

Ser129,Gly126 

L4 -7.64 Tyr47,Tyr64, 

Asp73,Ser129 

Val76,Cys79, 

Leu125,Ala127 

Leu36,Leu40, 

Ile52,Ala70  

Complex 9 -6.29 Ser20,Ala50, 

Gly54,Arg61 

Val53 Lys16,Glu48, 

Phe51,Glu62 

Complex 10 -7.64 Tyr47,Asp65 Asp73,Ala70, 

Val76 

Ala50,Ile52, 

Ala127,Tyr64 

Trimethoprim -8.27 Arg61,Thr75, 

Asp73,Tyr93 

Leu36,Ile52, 

Tyr64,Val76 

Tyr56,Phe101, 

Ser129 
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The data in Table 14 presented the minimum binding quantity of energy for the prepared 

samples against P. aeruginosa (PDB: 2UV0) were found to be between -6.29 to -.7.64 

kcal/mol. The prepared compounds interacted with the main amino acid residues of P. 

aeruginosa (PDB: 2UV0) through forming H-bonds and π-Sigma/π-Alkyl (hydrophobic) 

interactions. For instance, complex 9 forms H-bonds with Ser20, Ala50, Gly54, and Arg61 

(Figure 80), and complex 10 forms hydrogen bonds with Tyr47 and Asp65 amino acid 

residues (Figure 81). Also, they form hydrophobic and van der Waals interactions with 

various amino acid residues at the active sites of the protein. The observed docking scores of 

the ligands and complexes on P. aeruginosa showed moderate and similar binding affinity 

compared to Trimethoprim (Figure 82). Both L4 and complex 10 possess good binding 

energy (-7.64 kcal/mol) relative to the others when compared with Trimethoprim (-8.27 

kcal/mol).  

 

On the other hand, the in vitro assay results of these complexes against p. aeruginosa showed 

an inhibition zone of 13.32 ± 0.12 mm for complex 9 and 12.43 ± 0.23 mm for complex 10, 

which indicated that the docking results obtained agree with the in vitro activity data. Hence, 

the compounds can be considered the best antibacterial drug candidate with few 

modifications. Figures 78- 82, depict the information displayed under Table 14 by a 2D and, 

3D binding model on the P. aeruginosa (PDB: 2UV0) bacteria species. The varied bonds that 

resulted between the sample compounds and amino acid residues of the bacteria were shown 

by variable colors: H-bonds were represented by green lines, π-Sigma/π-Alkyl interactions by 

pink colors, and others. 
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Figure  78. The binding interactions of L1 against P. aeruginosa (PDB: 2UV0); a) 3D and b) 

2D representations. 

 

 

Figure  79. The binding interactions of L4 against P. aeruginosa (PDB: 2UV0); a) 3D and b) 

2D representations 
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Figure  80. The binding interactions of complex 9 against P. aeruginosa (PDB: 2UV0); a) 

3D and b) 2D representations 

 

 

Figure  81. The binding interactions of complex 10 against P. aeruginosa (PDB: 2UV0); a) 

3D and b) 2D representations 
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Figure  82. The binding interactions of trimethoprim against P. aeruginosa (PDB: 2UV0);   

a) 3D and b) 2D representations 

4.4.4. In-Silico Pharmacokinetics (Drug-likeness) and Toxicity analysis of the ligands  

The physicochemical, ADME properties and drug likeness of the ligands (L1 - L4) are 

presented in Tables 15 and 16. The synthesized ligands have molecular weights ranging from 

243.34 to 265.33 g/mol. The drug likeness of the synthesized ligands (L1 - L4) was 

characterized according to ‘Lipinski’s rule of five’. As per the Lipinski’s rule, the potential 

molecules should have the following physicochemical properties;(Lipinski, Lombardo, 

Dominy, & Feeney, 2012; M.-Q. Zhang & Wilkinson, 2007),  such as, (i) less than 5 

hydrogen-bond donors (HBDs), (ii) less than 10 hydrogen-bond acceptors (HBAs), (iii) a 

molecular mass less than 500 Da and (iv) log P not greater than 5 and (v) total polar surface 

area (TPSA) should not be greater than 140 Å. In general Lipinski's rule states that, an orally 

active drug has no more than one violation of the above criteria. 
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Table 15. Drug-likeness predictions of ligands, computed by SwissADME 

 

Ligand 

Mol.Wt 

(g/mol) 

NHD NHA NRB TPSA 

(A
°2

) 

Log P 

(iLOGP) 

Lipophilici

ty 

Log S 

(ESOL) 

Water 

Solub. 

Synthet

ic 

Accessi

bility 

Lipinski

’s rule of 

five  

L1 249.27 3 4 5 96.94 1.42 -1.90 2.80 0 

L2 265.33 3 3 5 111.96 2.51 -2.38 2.95 0 

L3 343.34 4 5 4 135.84 1.82 -2.34 2.40 0 

L4 248.24 4 4 6 134.96 -0.43 -0.78 2.37 0 

Trimeth

oprim 

290.32 2 5 5 105.51 2.21 -2.31 2.58 0 

          

NHD = number of hydrogen donors, NHA = number of hydrogen acceptors, NRB = number 

of rotatable bonds, and TPSA = total polar surface area. 

 

According to the data summarized in Table 15, the iLogP values of the ligands L1 to L4 were 

found to be 1.42, 2.51, 1.82, and -0.43, respectively, compared to the standard drug 

Trimethoprim (2.21). The low value of iLogP for the ligands indicates good water solubility 

relative to the control (Balajee, Srinivasadesikan, Sakthivadivel, & Gunasekaran, 2016). 

Thus, the synthesized ligands have good water solubility values than the standard drug except 

for ligand L2 which are in good agreement with the experimental solubility data values. The 

number of hydrogen bond donors (HBDs) of all the ligands were 3 and 4, which are less than 

five (<5), whereas the number of hydrogen bond acceptors (HBAs) range from 3 to 5, which 

are less than ten (≤ 10).  Also, the TPSA (topological polar surface area) of the synthesized 

ligands ranges from 96.94 to 134.96 Å, which are less than 140 Å satisfying Lipinski’s rule 

of five. As per the previously reported studies, compounds with a TPSA value of 140 Å and 

below would be well absorbed by the intestine. Polar surface area (TPSA) has been a widely 

used method in molecular descriptors in the study of drug transport properties like as 

intestinal absorption (Prasanna & Doerksen, 2009). Thus, the TPSA data of the ligands 

confirm they have good intestinal absorption. Therefore, the SwissADME computed results 

showed that all the synthesized ligands (1-4) in the present study are satisfying Lipinski's rule 

of five with zero violations (Ahmed & Alkali, 2019). Hence, all the ligands can be a good 

starting point of view for the synthesis of their metal complexes and might be candidates for 

antibacterial, antioxidant, and antifungal studies. 
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A study about the absorption, distribution, metabolism, and excretion (ADME) nature of 

compounds is also a key parameter in the investigation of bioactive drug agents. The toxicity 

properties of the synthesized ligands (L1 – L4) depend on ADME properties compared to the 

reference drugs Trimethoprim are summarized in Table 16. 

Table 16. ADME predictions of ligands, computed by SwissADME and PreADMET 

 

 

Ligand

s 

  

SPV 

(Log 

Kp) 

cm/s 

GI 

Absorp

tion 

BBBp                      Inhibitor Interaction 

Pgp 

subst

rate 

 

CYP1A2 

inhibitor 

 

CYP2C19 

inhibitor 

CYP2C9 

inhibitor 

 

CYP2D6 

inhibitor 

 

CYP3A4 

inhibitor 

 

L1 
-7.15 High No No No No No No No 

L2 
-6.82 High No No No No No No No 

L3 
-7.50 High No No No No No No No 

L4 
-7.82 High No No No No No No No 

Trimet

hoprim 

-7.42 High No Yes No No No No No 

    SPV = Skin Permeation Value, GI = gastrointestinal, BBBP = blood brain barrier  pereabilityr, P-gp = P-

glycoprotein, and CYP = cytochrome-P 

 

The compound with a large negative value of logKp confirms incapable to absorb by the skin. 

Thus, the ligands L1, L3, and L4 have shown similar skin absorption (-7.15, -7.50, and -7.82 

cm/s respectively) to the standard drug trimethoprim (-7.42 cm/s) while L2 showed a higher 

skin absorption value (-6.82 cm/s). Furthermore, the ligands have shown high absorption by 

GI but all have shown no blood-brain barrier absorptivity.   

 

Acute toxicity predictions result such as LD50 values and toxicity class classification [1 

(toxic) to 6 (non-toxic)] reveal that none of the ligands has shown acute toxicity and were 

found similar to standard drugs. The LD50 values and toxicity class classification [1 (toxic) to 

6 (non-toxic)] and organ toxicity results were present in Table 17.  
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Table 17.Toxicity analysis of ligands 

                     LD50 = Lethal Dose 50 

The result in the table confirms that the ligands did not show severe toxicity properties 

similar to standard drugs. The L1 and L4 have displayed toxicity class classification 4 

(unsafe if swallowed), while L2 and L3 showed better toxicity class 5. All the synthesized 

ligands were predicted as non-cytotoxic. Hence, depending on the analyzed data the ligand 

can be considered the best drug candidate. The toxicological prediction gives results of 

endpoints such as hepatotoxicity, carcinogenicity, mutagenicity, immunogenicity, and 

cytotoxicity (Table 17). All the synthesized compounds were predicted to be non-cytotoxic. 

Hence, based on ADMET prediction analysis, none of the compounds have shown acute 

toxicity so might be proven as good drug candidates. 

 

 

 

 

 

 

 

 

 

Ligands LD50 

(mg/kg 

Toxicity 

Class 

                               Organ Toxicity 

Hepatot

oxicity 

Carcino

genicity 

Immuno

toxicity 

Mutagen

icity 

Cytotoxi

city 

Irrita

nt 

L1 3400 4 Active Active Active Active Inactive No 

L2 3500 5 Active Active Active Inactive Inactive No 

L3 3600 5 Inactive Active Inactive Inactive  Inactive No 

L4 3200 4 Inactive Active Active Inactive Inactive No 

Trimetho

prm 

3500 5 Inactive Active Active Inactive Inactive No 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

Semicarbazide and thiosemicarbazide derivatives are important class of organic compounds 

recently due to their biological activities. Their derivatives have been effective scaffolds to 

develop enhanced bioactive molecules. They are found to be physiologically and 

pharmacologically active compounds. The derivatives of these organic compounds can act as 

special ligands, possessing several heteroatoms serving as donor atoms during coordination 

with metals. Thus, the increasing microbial resistance to common antibiotics and difficulty of 

treating microorganism diseases induced the assessment of the biological activities of metal 

complexes with different transition metals such as zinc(II), Cu(II), and  Ni(II). This approach 

would possibly give compounds with greater biological activity with novel modes of action 

in pharmacological research.  

 

In the present study, new semicarbazone and thiosemicarbazone forms of natural product-

based derivatives of dehydrozingerone, o-phthalaldehyde, and vanillin with their novel 

homoleptic and heteroleptic Zn(II), Cu(II), and Ni(II) complexes were successfully 

synthesized and characterized using various physical, analytical and spectral techniques. The 

ligands and their complexes were characterized using 
1
H-NMR, 

13
C-NMR, FT-IR, SEM–

EDX, XRD, UV-Vis, conductometer, TGA/DTA analysis, and mass spectroscopy techniques. 

Accordingly, the ligands act as bidentate ON donor atoms (L1), bidentate SN donor atoms 

(L2), and tridentate ONN donor atoms (L3 and L4) while forming their respective complex 

with the metals. The synthesized ligands coordinated with the metals through nitrogen (-

C=N-), oxygen (-C=O), and sulfur (-C=S) donor atoms, resulting in their respective stable 

complexes. According to the electronic spectra information analysis and the other 

characterization techniques, the geometrical structure of the complexes were proposed to be 

octahedral (complex 1, 2, and 6-10) and tetrahedral (complex 4 and 5). Unfortunately, 

complex 3 showed square planar five-coordinated geometry. Furthermore, the conductivity 

data of all complexes showed values below 60 ռ
-1

cm
2
mol

-1
, confirmed the complexes formed 

were neutral with no free anions outside the coordination sphere. The In vitro antibacterial, 

antifungal, and antioxidant activities analysis of the ligands and their metal complexes were 

studied with the well diffusion method and DPPH methods.   
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The data obtained showed that most of the complexes displayed an enhanced antibacterial, 

antifungal as well as antioxidant potential than the free ligands under similar investigational 

conditions. Among the synthesized ligands, both L1 and L2, which are natural product based-

semicarbazone and thiosemicarbazone derivatives showed good antibacterial activities with 

an inhibition zone of 8.84 ± 0.92 mm and 10.86 ± 0.82 mm respectively against S. pyogenes 

bacteria species. The analysis of the antibacterial activities of the complexes showed that 

complexes (1-10) showed medium to highest antimicrobial activities. The best activities were 

achieved by complex 4 (15.44 ± 0.31 mm) against P. aeruginosa), complex 5 (14.00 ± 0.20 

mm) against S. pyogenes, complex 6 (16.22 ± 0.27 mm) against S. Aureus, complex 7 (18.66 

± 0.34 mm) against S. Aureus bacteria pathogens compared to trimethoprim with a mean 

inhibition zone of 18.70 ± 0.47 mm to 21.48 ± 0.46 mm diameter. The antifungal activities 

data of the compounds also showed that the ligands L1 and L2 showed medium inhibition 

zone while L4 showed lower activity and L3 is not active against both tested fungal species 

(Aspergillus fumigatus and Candida albicans). But the metal complexes were active on both 

fungal species. Among them, complex 1 with an inhibition zone of 10.5 - 18 mm, complex 4 

with 20.2 - 26.5 mm, and complex 5 with a 16 – 24 mm diameter were the best active 

compounds against the two tested fungal species.  

 

The synthesized compounds were also evaluated for their antioxidant properties using the 

DPPH assay method in which all metal complexes showed higher antioxidant activities than 

the free ligand. The order of antioxidant potential of the compounds at a maximum 

concentration of 100 μg/mL was arranged as Ascorbic acid > [Ni(L1)2Cl] (3) > 

[Ni(L3)2].4H2O (8) > [Cu(L2)2] (5) > [Cu(L3)2].3H2O (7) > [Zn(L2)2] (4) > [Zn(L3)2].2H2O  

(6) > L3 > [Cu(L1)2Cl2] (2) > [Zn(L1)2Cl2] (1) >  L2 > L1. Note that the nickel complexes 

showed the highest free radical scavenging potential. The in-silico analysis results of the 

binding mode of these compounds against S. aureus (PDB: 2w9h) and P. aeruginosa (PDB: 

2UV0) were in good agreement with the in-vitro biological activity results. Generally, the 

ligands and complexes prepared and investigated under this study have shown promising 

potential as antibacterial, antioxidant, and antifungal activities and can be further optimized 

to serve as principal drug compounds. 
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5.2. Recommendations 

In this study, a novel concept of coordination chemistry was applied as an important strategy 

to synthesize both homoleptic and heteroleptic metal complexes from synthesized bioactive 

organic ligands. The synthesized ligands, metal complexes, characterization techniques, and 

their antibacterial, antifungal, and antioxidant activities were reported. The results showed 

that the natural product-based semicarbazone and thiosemicarbazone and their homoleptic 

metal complexes were effective antibacterial and antioxidant bioactive compounds which 

were also supported by the in-silico studies. Therefore, research and development in the area 

of antimicrobial metallo-drug discovery is a potential strategy to overcome the global rise of 

antibiotic resistance. However, there are not many in-vivo data available at the moment on 

metal complexes, which limits further synthesis of such potent compounds. Hence, further 

investigation of the in-vivo antibacterial, antifungal, and antioxidant actions are 

recommended for future research. Additionally, using natural components of ginger to 

synthesize bioactive organic ligands may be the promising method for improving metal-based 

drug development. Therefore, it is also recommended that future studies will give more 

attention to natural product-based ligands and their metal complexes.  
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Appendix 3. 
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C- Dept spectra of ligand (L1) 
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H NMR spectra of ligand  (L2) 
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Appendix 5. 
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C-NMR spectra of ligand (L2) 
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C-Dept spectra of ligand (L2) 
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Appendix 7. 
1
H NMR spectra of (1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene)  

semicarbazone (L3) 
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C-NMR spectra of ligand (L3) 
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Appendix 9. 
13

C - Dept spectra of ligand (L3) 

 

 

 

Appendix 10. 
1
H-NMR spectra of ortho-phthalaldehyde disemicarbazone (L4) 
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Appendix  11. 
13

C- NMR spectra of ligand (L4) 

 

 

 

Appendix 12.  UV-Vis spectrum of L1 
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Appendix  13. UV-Vis spectrum of [Zn(L1)2(Cl)2]  complex (1) 

 

 

Appendix  14. UV-Vis spectrum of [Cu(L1)2(Cl)2] complex (2) 



 
 

183 
 

 

 

Appendix 15. UV-Vis spectrum of [Ni(L1)2Cl] complex (3) 

 

 

 

Appendix 16. UV-Vis spectrum of [Cu(L2)2(Cl)2] complex L2  
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Appendix 17. UV-Vis spectrum of [Zn(L2)2] complex (4) 

 

 

Appendix 18.  UV-Vis spectrum of [Cu(L2)2Cl2]  complexes (5)           
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Appendix 19. UV-Vis spectrum of [((1E)-1,4-bis(4-hydroxy-3-methoxybenzylidene)   

semicarbazone (L3) 

 

 

Appendix  20. UV-Vis spectrum of [Zn(L3)2].2H2O complex (6) 
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Appendix 21. UV-Vis spectrum of [Cu(L3)2].3H2O complex  (7) 

 

 

 

 Appendix 22. UV-Vis spectrum of [Ni(L3)2].4H2O complex (8) 
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Appendix 23. UV-Vis spectrum of  ortho-phthalaldehyde disemicarbazone ligand (L4)                  

 

 

Appendix  24. UV-Vis spectrum of [Zn(L1)(L4)] complex    (9) 
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Appendix  25. UV-Vis spectrum of [Cu(L1)(L4)] complex (10) 

 

 

Appendix  26.  Mass spectra of [Zn(L1)2(Cl)2] complex   (1) 
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Appendix  27.  Mass spectra of [Cu(L1)2(Cl)2] complex 2  

 

Appendix 28. Mass spectra of [Ni(L2)2Cl] complexes 3   

 

Appendix 29. Mass spectra of [Zn(L2)2] complex 4  
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Appendix  30. Mass spectra of [Cu(L2)2] complex 5   
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Appendix  31.  Mass spectra of [Zn(L3)2].2H2O complex (6)     

 

Appendix  32.  Mass spectra of [Cu(L3)2].3H2O complex  (7)          
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Appendix  33.  Mass spectra of [Ni(L3)2].4H2O complex (8) 

 

 

Appendix 34.  Mass spectra of [Zn(L1)(L4)] complex  (9) 

 
 

Appendix 35.  Mass spectra of [Cu(L1)(L4)] complex  (10)                  
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Appendix  36. XRD patterns for [Zn(L1)2(Cl)2] complex 1 

   

 

Appendix  37. XRD patterns for [Cu(L1)2(Cl)2] complex 2 
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Appendix 38.  XRD patterns for [Ni(L2)2Cl] complex 3 

 

Appendix 39.  XRD patterns for [Zn(L2)2] complex 4 
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Appendix 40.  XRD patterns for [Cu(L1)2Cl]  complex (5) 

 

Appendix  41. Selected photos of the distance of inhibition by samples on S. aureus bacteria 

species, Where: L   &   L
`
; ligand conc.  of 100 and 200 µg/mL; C & C

`
 = complex conc. (at 

100 and 200 µg/mL. 

Appendix 42.  Antibacterial activity of heteroleptic complexes 9 and 10 

       Gram-negative         Gram-positive 

Compound Conc. 

( µg/mL) 

E. 

Coli 

P. 

Aeruginosa 

S. 

Aureus 

S. 

Pyogenes 

L1 100 8.00 ± 0.21 7.35 ± 0.42 10.52 ± 0.22 9.23 ± 0.46 

200 9.40 ± 0.42 8.33 ± 0.37 12.42 ± 0.23 11.64 ± 0.12 

L4 100 4.50 ± 0.24 3.50 ± 0.00 6.34 ± 0.42 6.64 ± 0.47 

200 5.44 ± 0.54 7.33 ± 0.46 8.68 ± 0.32 8.84 ± 0.32 

[Zn(L1)(L4)]   (9) 100 9.52  ± 0.34 13.32 ± 0.12 10.23 ± 0.33 9.02 ± 0.14 

 200 12.22 ± 0.50 14.22 ± 0.33 11.47 ± 0.43 9.52 ± 0.46 

[Cu(L1)(L4)] (10)  100 9.20 ± 0.44 10.46 ± 0.44 11.67 ± 0.25 12.44 ± 0.22 

200 11.12 ± 0.54 12.43 ± 0.23 12.62 ± 0.34 13.67 ± 0.52 

Trimethoprim 

(standard drug) 

100 14.69 ± 0.47 16.64 ± 0.48 14.05 ± 0.44 16.71 ± 0.26 

By mm (mean ± SD of triplicates) 
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Appendix 43. Percentage free radical scavenging activities of the ligands and their 

homoleptic complexes (1 –8) (mean ± SD) 

Compounds               Concentrations in µg/ml 

12.5 25 50 100 

 L1 36.00 ± 0.65 37.04 ± 0.68 37.08 ± 0.45 41.46 ± 0.57 

[Zn(L1)2Cl2]           (1) 57.68 ± 0.64 58.45 ± 0.68 59.01 ± 0.56 60.08 ± 0.64 

[Cu(L1)2Cl2]           (2) 56.64 ± 0.61 58.74 ± 0.48 59.00 ± 0.47 61.7 ± 0.46 

[Ni(L1)2Cl]             (3) 57.28 ± 0.48 68.46 ± 0.65 77.68 ± 0.34 85.76 ± 0.24 

 L2 42.44 ± 0.64 42.98 ± 0.44 45.24 ± 0.45 47.04 ± 0.64 

[Zn(L2)2]                 (4) 66.48 ± 0.57 67.66 ± 0.78 74.09 ± 0.47 76.78 ± 0.68 

[Cu(L2)2]                 (5) 68.56 ± 0.71 71.08 ± 0.33 74.68 ± 0.46 78.55 ± 0.48 

L3 44.26 ± 0.34 48.56 ± 0.21 60.46 ± 0.45 68.42 ± 0.18 

[Zn(L3)2].3H2O      (6) 48.46 ± 0.16 56.72 ± 0.40 66.42 ± 0.24 72.32 ± 0.20 

[Cu(L3)2].3H2O      (7) 52.42 ± 0.27 64.22 ± 0.14 71.05 ± 0.23 78.45 ± 0.38 

[Ni(L3)].3H2O        (8) 56.13 ± 0.36 66.41 ± 0.37 72.50 ± 0.46 81.43 ± 0.56 

Ascorbic acid  84.6 ± 0.64 86.34 ± 0.82 87.67 ± 0.48 89.48 ± 0.74 

 

Appendix 44. Percent free radical scavenging activities of ligand 1, ligand 2 and their 

heteroleptic ZnL1L4 and CuL1L4 complexes.  

Compounds  Concentrations in µg/ Ml 

  12.5  25  50  100 

L1  32.60  35.34  36.67 40.34 

L4  36.00  37.04  37.08 41.46 

[Zn(L1)(L4)]       (9)  56.36  58.20  58.84 59.68 

[Cu(L1)(L4)]      (10)  60.44  60.74  61.32 63.7 

Ascorbic acid   84.6  85.34  85.67 86.48 

 

 
                                                                                   

Appendix 45.  Selected images showing zone of inhibition against A. Fumigatus fungus 

species 

 



 
 

197 
 

 

 

 

 

 

  

 

 

                                                                                             

 

 

 

 

 

 

Appendix  46. The 2D and 3D binding interactions of ligand (L1) against S. aureus Gyrase 

(PDB ID: 2XCT).  
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Appendix  47. The 2D and 3D binding interactions of ligand (L2) against S. aureus Gyrase 

(PDB ID: 2XCT).  

 

 

 

                                                                                        

 

 

 

 

 

 

 

 

 

Appendix 48. The 3D binding interactions of complex 1, [Zn(L1)2(Cl)2] against S. aureus 

Gyrase (PDB ID: 2XCT).  
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Appendix 49. The 3D binding interactions of complex 2, [Cu(L1)2(Cl)2] against S. aureus 

Gyrase (PDB ID: 2XCT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 50. The 3D binding interactions of compound 3, [Ni(L1)2(Cl)] against S. aureus 

Gyrase (PDB ID: 2XCT).  
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Appendix 51. The 3D binding interactions of compound 4, [Zn(L2)2(Cl)2] against S. aureus 

Gyrase (PDB ID: 2XCT)).  

 

 

 

 

 

 

 

 

                                                                                      

 

 

 

 

 

Appendix 52. The 3D binding interactions of compound 5, [Cu(L2)2Cl2] against S. aureus 

Gyrase (PDB ID: 2XCT)).  
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Appendix  53. The 2D and 3D binding interactions of reference drug Trimethoprim against 

S. aureus Gyrase (PDB ID: 2XCT).  

 

Appendix 54. Percentage free radical scavenging activities of the ligands and their 

homoleptic complexes (1 –8) (mean ± SD) 

Compounds               Concentrations in µg/ml 

12.5 25 50 100 

 L1 36.00 ± 0.65 37.04 ± 0.68 37.08 ± 0.45 41.46 ± 0.57 

[Zn(L1)2Cl2]           (1) 57.68 ± 0.64 58.45 ± 0.68 59.01 ± 0.56 60.08 ± 0.64 

[Cu(L1)2Cl2]           (2) 56.64 ± 0.61 58.74 ± 0.48 59.00 ± 0.47 61.7 ± 0.46 

[Ni(L1)2Cl]             (3) 57.28 ± 0.48 68.46 ± 0.65 77.68 ± 0.34 85.76 ± 0.24 

 L2 42.44 ± 0.64 42.98 ± 0.44 45.24 ± 0.45 47.04 ± 0.64 

[Zn(L2)2]                 (4) 66.48 ± 0.57 67.66 ± 0.78 74.09 ± 0.47 76.78 ± 0.68 

[Cu(L2)2]                 (5) 68.56 ± 0.71 71.08 ± 0.33 74.68 ± 0.46 78.55 ± 0.48 

L3 44.26 ± 0.34 48.56 ± 0.21 60.46 ± 0.45 68.42 ± 0.18 

[Zn(L3)2].3H2O      (6) 48.46 ± 0.16 56.72 ± 0.40 66.42 ± 0.24 72.32 ± 0.20 

[Cu(L3)2].3H2O      (7) 52.42 ± 0.27 64.22 ± 0.14 71.05 ± 0.23 78.45 ± 0.38 

[Ni(L3)].3H2O        (8) 56.13 ± 0.36 66.41 ± 0.37 72.50 ± 0.46 81.43 ± 0.56 

Ascorbic acid  84.6 ± 0.64 86.34 ± 0.82 87.67 ± 0.48 89.48 ± 0.74 

 

 

 



 
 

202 
 

Appendix 55. Percent free radical scavenging potentials of heteroleptic metal complexes        

(9 and 10) 

Compounds  Concentrations in µg/ Ml 

  12.5  25  50  100 

L1  32.60  35.34  36.67 40.34 

L4  36.00  37.04  37.08 41.46 

[Zn(L1)(L4)]       (9)  56.36  58.20  58.84 59.68 

[Cu(L1) (L4)]      (10)  60.44  60.74  61.32 63.7 

Ascorbic acid   84.6  85.34  85.67 86.48 
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