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ABSTRACT 

 

 
Antibacterial resistance has become a major threat worldwide. Due to lack of discovery of 

new antibiotics and increasing cases of resistance, there is an urgent need to discover novel 

classes of antibiotics with improved activity and less toxicity with the help of computational 

tools. Twelve amino acid bearing thiourea compounds had been docked using AutoDock 

Vina 1.5.6 against DNA Gyrase Enzyme (PDB ID: 1KZN) and pharmacologically evaluated 

using SwissADME software to look for potential antimicrobial agent. The cinnamoyl 

derivatives (compound 1-3) demonstrated high docking scores between -5.7 and 7.1 kJ/mol 

along with good pharmacokinetic profiles with the adherence to the Lipinski’s Rule of Five. 

Subsequently, the docking of Cu(II), Zn(II) and Co(II) complexes of compound 1-3 recorded 

higher docking scores between -6.9 and -8.3 kJ/mol compared to its free ligand despite 

violation of the Lipinski’s Rule. Thus, compound 1-3 and its complexes were selected for 

synthesis. The formation of compound 1-3 was confirmed by the presence of NH and C=S 

groups at 3165 – 3056 cm-1 and 1293 – 1269 cm-1 respectively, based on Fourier Transform 

Infrared (FTIR) spectra as well as -CONH and -CSNH signals at δH 11.4 - 11.2 ppm from 

H 
1  Nuclear Magnetic Resonance (NMR) data. The formation of complexes were confirmed 

by the shifting of C=O of the carboxylate group at 1731-1716 cm-1 to a lower frequency. 

The biological evaluation of  compound 1-3 and complexes 1a-3c against E. coli ATCC 

25922 strain by agar well method indicated that compound 2, complex 1a and 2a were 

potentially active antimicrobial agents with inhibition zone 11 – 13 mm. This study offers a 

computer-driven discovery of novel thiourea compound and its complexes as antibacterial 

agent. 

 
Keywords:    Thiourea, metal complex, antibacterial, molecular docking, ADME
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Pengedokan, Penilaian ADME dan Sintesis Terbitan Tiourea dan Kompleks Logam 

Sebagai Ejen Antibakteria yang Berpotensi 
 

 

ABSTRAK 
 

 

Rintangan bakteria merupakan ancaman yang besar di peringkat global. Kekurangan 

penemuan antibiotik baharu dan peningkatan kes-kes rintangan telah menggesa penciptaan 

antibiotik yang lebih berkesan dan kurang kesan sampingan dengan bantuan komputer. Dua 

belas sebatian tiourea yang mengandungi asid amino telah direka dan menjalani simulasi 

pengedokan terhadap protein DNA gyrase (ID Protein:1KZN) dan dinilai dari ciri 

farmakologi. Terbitan sinamoil (sebatian 1-3) mencatatkan skor tenaga dari -5.7 hingga -

7.1 kJ/mol serta mempunyai ciri farmakokinetik yang memenuhi syarat Lipinski. Seterusnya, 

pengedokan kompleks logam Cu(II), Zn(II) dan Co(II) bagi sebatian 1-3  mencatatkan skor 

tenaga yang lebih tinggi berbanding ligand bebas iaitu sebanyak -6.9 kJ/mol hingga -8.3 

kJ/mol walaupun melanggar prinsip Lipinski. Oleh itu, sebatian 1-3 dan logam kompleks 

tersebut dipilih untuk disintesis. Pembentukan sebatian 1-3 telah disahkan dengan 

kehadiran kumpulan fungsi -NH dan -C=S di 3165 – 3056 cm-1 dan 1293 – 1269 cm-1 

berdasarkan Spektroskopi Inframerah Transformasi Fourier serta signal -CONH dan -

CSNH di δH 11.4-11.2 ppm daripada data H 
1  Resonans Magnetik Nuklear. Pembentukan 

kompleks logam pula disahkan dengan peralihan kumpulan fungsi C=O karbosilat di 1731-

1716 cm-1ke frekuensi yang lebih rendah. Penilaian biologi terhadap strain ATCC 25922 

bakteria E. coli melalui kaedah peresapan agar menunjukkan yang sebatian 2, 1a and 2a 

berpotensi sebagai ejen bakteria dengan zon perencatan 11 – 13 mm.  Projek ini 

memaparkan potensi sebatian tiourea dan logam kompleksnya sebagai ejen antibakteria. 

 

Kata kunci:   Tiourea, logam kompleks, antibakteria, pengedokan, penilaian ADME 
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CHAPTER 1 

INTRODUCTION 

1.1 Study background 

 
According to the World Economic Forum (2020), antibiotic resistance (AMR) poses 

a serious threat to the healthcare system. This statement is further supported by a review by 

O’neill, (2014) which estimated 10 million deaths worldwide by 2050 as a result of drug-

resistant diseases that will give a disastrous impact to the economy in that vein of the 2008-

2009 financial crisis and put up to 24 million people into extreme poverty by 2030 (World 

Bank Document, 2017). According to Institute for Health Metrics and Evaluation (n.d.), 3 

500 deaths due to AMR and 14 000 deaths linked  to AMR were reported in Malaysia in 

2019. Bernama (2024) projected 87 000 deaths from 2020 to 2030 if this situation is not 

tackled. In modern medicine, antibiotics had reduced the mortality and morbidity rates while 

the global consumption of antibiotics surged from 21.1 billion to 34.8 billion doses from 

2000 to 2015 proving the increase in its demand in the health industry (Klein et al., 2018). 

The excessive usage of antimicrobials however speeds up the AMR process which 

subsequently led to the emergence of multi-drug resistant (MDR) and extensively drug-

resistant (XDR) bacteria such as Mycobacterium tuberculosis and methicillin-resistant 

Staphylococcus aureus (MRSA) (Yam et al., 2019). Thus, there is an urgent need to develop 

new antibiotic and a completely new classes of compound that do not develop resistance 

easily (Sovari & Zobi, 2020). 

 

Escherichia coli is a gram negative bacteria belonging to the family of 

Enterobacteriaceae commonly found in the gastrointestinal tract and warm blooded animals 
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as well as in soil and water (Monisha et al., 2022; Denamur et al., 2021; Pakbin et al., 2023). 

It is the common cause of bacterial meningitis (Pelkonen et al., 2020), urinary tract infections 

(UTI) (Haley et al., 2024; Sokhn et al., 2020) and food borne diseases (Pakbin et al., 2023). 

Unlike gram-positive bacteria, gram-negative bacteria are coated with another bilayer 

outside of its peptidoglycan layer which offers special protection from not only polar 

molecules but also some lipophilic compound (Henderson et al., 2016). Therefore, gram-

negative bacteria are always considered to be more difficult to kill due to the low penetration 

of compound across the additional membrane. E. coli had been listed in World Health 

Organization (WHO) list of Priority Pathogen list in 2017 (WHO, 2024). According to 

Global Antimicrobial Resistance and Use Surveillance System (GLASS) Report by WHO 

(2022), the resistance rate of E. coli against third-generation cephalosporin was reported at 

42% in 76 countries while one-fifth of UTI cases due to E. coli was found to be less 

susceptible against common drugs such as ampicillin, co-trimoxazole and fluoroquinolones 

in 2020. A study conducted in Bangladesh demonstrated high prevalence rate of E. coli 

resistance against antibiotic Ciprofloxacin (Das et al., 2023). Furthermore, it was expected 

that by 2050, E. coli resistance will account for 30% of the total 10 million cases of MDR 

annually (O’neill, 2014). 

 

Thiourea or thiocarbamide is a white crystalline solid containing sulphur and 

nitrogen atoms (Mohapatra et al., 2019). The molecular structure was reported as analogous 

of urea by Puzzarini (2012), with the replacement of its C=O group into C=S group (Figure 

1.1). The application of thiourea for medicinal purposes are well documented in literature 

such as anticancer (Kirishnamaline et al., 2021), antimicrobial (Ghorab et al., 2017), as 

potential treatment of Alzheimer’s diseases (Ujan et al., 2021) as well as ion recognition and 
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sensor in biological media (Mitrea & Cîrcu, 2021). In addition, thiourea derivatives as 

ionophore for metal detection for application in environmental remediation had been 

reported by Khairul et al., (2016a) thanks to the presence of π-conjugated system and 

multiple ligand binding site with metal ions. The preparation of substituted thiourea 

derivatives can be done by condensation of primary or secondary amine with isothiocyanate 

groups (Fakhar et al., 2018; Hou et al., 2023) although synthesis using carbon disulphide had 

been reported by Naz et al., (2020). In addition, thiourea makes an attractive candidate as a 

potential candidate of antibiotic due to the presence of C=S, C=O and NH functionality that 

can be easily protonated under acidic condition thus able to react with the phosphate and 

carboxylate groups of the bacterial membrane to exert its antibacterial activity (Shalas et al., 

2023). Several studies had demonstrated that thiourea derivatives were particularly active 

against Gram negative strains such as K. Pneumoniae and E. coli (Ramaswamy et al., 2022; 

Xu et al., 2024). Moreover, the presence of these functional groups which is similar to that 

of urea is reported to have excellent cytotoxicity thus makes them as potential anticancer 

candidate (Makeen & Albratty, 2023).  

 

 
Figure 1.1: General structure of thiourea 

 

 Meanwhile, coordination chemistry of urea and thiourea had received tremendous 

response by various researchers over the years owing to its various application (Mohapatra 

et al., 2019). Thiourea moieties containing O, N and S atoms have gained interest due to 

their various coordination modes and it can exist in both neutral and anionic state (Cunha et 
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al., 2018; Wei et al., 2017). The increasing metal-based therapies advancing through the 

clinical trials had opened the door for more metal-containing drugs as a potential treatment 

of various diseases (Boros et al., 2020). The versatility of transition metal compound offer 

new and improved compounds for medicinal application and the history of metal-based 

drugs could be traced all the way back in 1978 when cisplatin (Figure 1.2) was approved as 

anticancer drugs which subsequently renewed interest in the study of metal complexes for 

medicinal applications (Cirri et al., 2021). Furthermore, the variable in its oxidation state 

allows metal centre to coordinate with different ligands which lead to the design of better 

novel compound with improved efficacy and reduced side effects along with better physical 

properties (Khan et al., 2020). 

 
Figure 1.2: Molecular structure of metal-based anticancer drug, Cisplatin 

 

As of July 2019, there were only 42 antibiotic drugs advancing into clinical trials (The 

Pew Charitable Trust, 2019). Although this number looks rather impressive on its own, it is 

still subpar when compared to anticancer drugs which amassed a total of 1100 drugs for 

clinical trials in 2018 (Powaleny, 2018). Furthermore, 75% of antimicrobial drugs are simply 

derivatives of already existing compounds therefore there are tendency of microorganisms 

developing resistance towards them (Roope et al., 2019). This lukewarm numbers might be 

driven by the fact that companies unwilling to invest on its research and development on 

finding new antibiotics due to low return (Roope et al., 2019). In addition, most 

antimicrobials being studied are purely organic with metal being neglected due to the 

association with toxicity (Frei et al., 2020). However,  Frei et al. (2020) reported that metal 
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based compound had higher hit rate against fungi as well as Enterococcus faecium, S.aureus, 

Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and 

Enterobacter species or collectively known as the ESKAPE pathogens suggesting an 

imminent potential of metal complex compound as new class of antibiotic in the future.  

  

Bringing a new drug to a market is a complicated process that costs millions. Many 

potential compounds despite the efficacy were discontinued along the way due to severe side 

effects. Furthermore, the hurdle process to get the FDA approval is making the process even 

more complex. Computational method such as molecular docking and ADME evaluation 

offers a useful approach in designing new and potent drugs which helps to save time and 

cost by focusing only on the potentially active lead molecules. Molecular docking helps to 

study the binding interaction of molecules on specific target enzyme, which could improve 

the selectivity of a candidate molecule and subsequently reduce the potential side effects 

(Labute et al., 2014). DNA gyrase enzyme is an enzyme that command the negative 

supercoiling in bacterial DNA enzyme during cell replication. Targeting this enzyme as main 

target in designing antibacterial agents help to improve the selectivity of a drug molecule 

due to the enzyme being solely present in bacteria cell (Rajakumari et al., 2024). Many 

studies have documented the potential of thiourea derivatives as the inhibitors of gyrase 

enzyme, thus it could be a new potential molecule to tackle the AMR issues (Hashem et al., 

2020; Rana et al., 2024). Additionally, ADME evaluation offers the pharmacological 

assessment of designed compound by predicting the pharmacokinetic properties such as 

bioavailability, physicochemical properties as well as the permeability in the blood brain 

barrier (BBB) (M Honόrio et al., 2013). These information are valuable as it gives insight 

on how drugs are being distributed, metabolized and excreted in the body. It also helps to 
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predict the possible drug-drug interaction and potential side effects.  

 

 Herein this study, computational tools such as AutoDock Vina and SwissADME had 

been utilized to design twelve amino acid thioureas and their metal complexes as potential 

antibacterial agents. Subsequently, the most potentially active thiourea and its complexes 

were then synthesised and characterized with various spectroscopic methods such FTIR, 

NMR, CHNS elemental analysis and UV-Vis spectra. The antibacterial activities were then 

evaluated using agar well diffusion method against E. coli ATCC 25922 strain.  
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1.2 Problem statement 

 

AMR refers to a situation when common drugs are no longer effective in killing 

bacteria (Murray et al., 2022). When this happens, common diseases caused by bacterial 

infections can no longer be treated with existing antibiotics while surgical procedures or 

chemotherapy among cancer patients for instance can no longer be performed without 

putting these patients at risk of acquiring bacterial infections (Nanayakkara et al., 2021; 

Teillant et al., 2015). Consequently, diseases are becoming difficult to treat, patients will 

experience longer hospitalization period and it will enforce economic burden to the humanity 

(Kumar et al., 2024; Mayito et al., 2024; World Bank, 2017).  E. coli is a common gram-

negative bacterial that is found in the intestinal microflora. The resistance of E. coli against 

antibiotics were frequently reported and posed as a serious threat to the healthcare 

community (Babines-Orozco et al., 2024; Hassuna et al., 2024). Most of the existing 

antibiotic drugs, while effectively kills bacteria, suffer from how easily it is to develop 

resistance against bacteria. Furthermore, the antibiotic pipeline is experiencing a major 

drawback because of big pharmaceutical companies refusing to take part in antibiotic 

research leading to discovery void for many years as there is no new compound approved 

for the treatment of infections (Dutescu & Hillie, 2021). To address this issue, it is critical 

to design and develop new classes of compound as potential candidates of antibiotics that do 

not develop resistance easily. Computer aided drug design (CADD) such as molecular 

docking and ADME evaluation should be incorporated in designing novel compounds to 

study the binding interaction and predict the pharmacokinetic behaviors of novel 

compounds. Thiourea and its complexes represent a promising class of compounds to 

combat antibacterial resistance. While thioureas were reported to have antibacterial 

potential, some of the reported structures were too bulky (Fakhar et al., 2018), limited by the 
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number of alkyl chains (Abd Halim and Ngaini, 2016), long reaction time (Lalmangaihzuala 

et al., 2024) or is less or completely ineffective against E.coli strain (Tagiling et al., 2024). 

Therefore, small and less bulky cinnamoyl thioureas with amino acids side chains were 

designed as an antibacterial agent. Amino acids side chains were incorporated in the structure 

to improve the antibacterial properties, as well as its solubility (Alsalhi et al., 2022; Idrees 

et al., 2020). Furthermore, metal complex compound are sought after to be the next 

generation of antibiotics owing to their structural diversity, less toxicity and ligand exchange 

ability (Kamalov et al., 2024; King et al., 2024; Meier-Menches et al., 2018). Thus, by 

combining the antibacterial properties of thiourea and metal centers , a new and improved 

drug will be introduced in the future that could possibly defy resistance. 
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1.3 Objectives 

 

This research was conducted with the following objectives:  

 

i. To design twelve novel thiourea and its metal complexes as potent 

antibacterial agent using computational tools such as Autodock Vina and 

Biovia Discovery Studio software. 

ii. To evaluate the pharmacokinetic profiles of designed compounds using 

SwissADME software. 

iii. To synthesize and characterize novel cinnamoyl thiourea compounds 

along with its Cu(II), Zn(II) and Co(II) complexes using FTIR, H 
1  NMR, 

C 
13

 NMR, UV-Vis spectra and CHNS elemental analysis. 

iv. To investigate the antibacterial properties of cinnamoyl thiourea and its 

complexes against E. coli (ATCC25922) strain using agar well diffusion 

method. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Antimicrobial resistance (AMR) 

Thanks to the antibiotics, treatment of life-threatening infections are made possible, 

securing the health of many patients worldwide. However, the emergence of antimicrobial 

resistance due to the uncontrolled antibiotic usage posed an alarming global health challenge. 

Murray et al., (2022) estimated 4.95 million deaths associated with AMR in 2019. Of that 

sum, 1.27 million deaths were attributed to AMR. Furthermore, it was estimated that by 

2050, 10 million deaths will be caused by AMR with an estimated loss of US$100 trillion 

(O’neill et al., 2014). However, it is notable that these estimations were made before the 

Covid-19 pandemic hits in 2019 whereby a significant increase was observed in antibiotics 

consumption in the period of 2019-2020 (Hussein et al., 2022). In Malaysia, 1190 AMR 

cases were reported from 2017 until 2020 from 146 Ministry of Health hospital with a 

reported cost of admission increased from RM 3.7 million in 2017 to a whopping RM 9.7 

million in 2019 (Abdul Rassip et al., 2025).  Drug resistance pathogens hinder the effort to 

treat infectious disease as drugs became ineffective for treatment of diseases on top of 

increasing the severity of the condition and higher rate of transmittance (Micoli et al., 2021).  

 

One of the most important strategies in tackling AMR is to discover and develop 

potent antimicrobial agents (Hou et al., 2023). However, many big pharmaceutical 

companies such as Novartis, Astrazeneca and Allergan had drawn out of their antibiotic 

research. The difficulty and the complex clinical and regulatory procedure as well as low 

return led to many companies to disinvest from research and development of antibiotic 
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(Gajdács, 2019; Singer et al., 2020). For instance, in the US, the number of new antibiotics 

approved decreased significantly from 1980 to 2014 (Figure 2.1) while at the same tracking 

period the number of anticancer drugs went up (Plackett, 2020). The future of antibiotic 

pipelines are looking very bleak right now therefore it is important that we develop new 

classes of compound that could tackle this issue. Furthermore, as seen from the SARS-CorV-

2 pandemic, the effect of infectious disease is nothing to be reckoned with as it could cause 

catastrophic effect on economy and rate of mortality.   

 

 

Figure 2.1: Comparison of number of approved antibiotics and cancer drugs in the US in 

the period of 1980-2014 (Plackett, 2020). 

 

Similarly in Malaysia the country is also suffering from the same burden with 

reported resistance of some common bacteria towards antibiotics. According to the latest 

report in 2024, bacteria such as Staphylococcus and Salmonella had increasing resistance 

towards antibiotics. Additionally, from the report, E. coli samples had account for one of the 

most collected samples with 60 438 samples compared to other bacteria. Although the 

percentage of resistance was taking a dip in 2024, the previous years showed continuous 
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upwards trend in some antibiotics which is alarming especially Ciprofloxacin which 

consistently falls within 25%-30% range (Institute for Medical Research, 2024).  
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2.1.1 Mechanisms of AMR 

 

Bacteria develop several mechanisms to resist the anti-microbial action of drugs. It 

is known that bacteria produce a specific enzyme to inactivate and modify drugs. An 

example of modifying enzyme is the aminoglycoside modifying enzyme (AMEs) that 

modifies aminoglycoside molecules through the alteration of hydroxyl or amino molecules 

(Munita & Arias, 2016). A study by Bordeleau et al., (2021) demonstrated that ApmA is an 

acetyltransferase enzyme which induced acetylation at the N2' position of the octadiose 

element of the common antibiotic in veterinary known as apramycin (Figure 2.2). This 

process reduced the overall affinity of the molecule against its target and in turn promoting 

the resistance against this drug (Figure 2.3). In addition, a similar mechanism is also 

observed in β-lactam drugs. This class of antibiotic primarily targets transpeptidase enzyme 

also known as penicillin-binding proteins (PBPs) (Fakhriravari et al., 2022). Unfortunately, 

the acquisition of penicillinase via blaZ gene develops a resistance against the β-lactam drugs 

(Thomas et al., 2022). In MRSA, the acquisition of penicillin-binding protein 2′ (PBP2') 

makes the MRSA strains resistant to almost all β-lactams due to the low affinity this group 

of antibiotics (Nomura et al., 2020). 
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Figure 2.2: Molecular structure of Apramycin, an aminoglycoside antibiotic used in 

veterinary. 

 

 

Figure 2.3: An image depicting the interaction of apramycin with ribosome [Protein Data 

Bank (PDB) ID: 4AQY (Bordeleau et al., 2021) 

 

Study shown that the presence of efflux pumps (EPs) such as AcrAB-TolC in E. coli, 

NorA pump in S. aureus as well as the MexAB-OprM efflux pump of P. aeruginosa are the 

driving forces behind the resistance to their respective antibiotic (Chowdhury et al., 2019; 

Pesingi et al., 2019; Yu et al., 2022). EPs are transport proteins present in the plasma 

membrane of bacteria, flushing out toxic substances out of the cell including preventing the 

antibiotic reaching its target thus leading to antimicrobial resistance (Puzari & Chetia, 2017; 
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Santos et al., 2013). These transport proteins (Figure 2.4) actively pump out antibiotics out 

of the cell thus giving rise to the intrinsic resistance of Gram-negative bacteria to many of 

the drugs that can be used to treat Gram-positive bacterial infections. Consequently, 

overexpression of efflux pumps can lead to high levels of resistance to previously clinically 

useful antibiotics. In addition, low substrate specificity such as Tet pump allow it to pump 

out different substrates thus contributing to MDR efflux pumps (Blair et al., 2015). 

 

 

Figure 2.4: A visual depicting an efflux pump transporting antibiotics out of the cell 

membrane (Blair et al., 2015). 

 

Another mechanism commonly employed by bacteria to resist antibiotics is through 

modification of the target enzymes. In a study by Morais et al., (2023), it was observed that 

25.2% of Staphylococcus pseudintermedius were resistant against fluoroquinolones. Further 

investigation was carried out on the occurrence of mutations in the quinolone resistance-

determining region (QRDR) of the target protein GrlA and GyrA. It was believed that double 

mutations GrlA:S80I/GyrA:S84L was linked to fluoroquinolones resistance in 36 out of 39 

isolates. In another study by Villumsen et al. (2023), their work attempted to investigate the 

molecular mechanism that mediated Gallibacterium anatis resistance against 
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fluoroquinolones. DNA Gyrase enzyme comprising of gyrA and gyrB was studied to look 

for any point of mutations. They found some notable shifts in the position of a total of nine 

amino acids across all the subunits which influences the minimum inhibitory concentrations 

(MIC) values of nalidixic acid (NAL) and enrofloxacin (ENR) antibiotics against the bacteria 

strains.  Gene mutations were also observed in PBPs, an enzyme involved in the synthesis 

of bacterial peptidoglycan layer (Tshibangu-Kabamba & Yamaoka, 2021). Kuo et al., (2023) 

presented a study on amino acids substitution in the PBP-1A protein of Helicobacter pylori 

(H. pylori) which was found to be resistant towards amoxicillin. There were 38 amino acid 

substitutions occurred in the isolates that were susceptible to this antibiotic. The authors 

postulated that the P623L substitutions was associated with the resistance, which was seen 

in nearly all of the resistant isolates.  

 

2.2 Computer-aided drug design 

Drug discovery and development is a complex process that began with discovery of 

diseases, followed by the identification of target receptor protein and lead compound (Figure 

2.5) (Bisht & Singh, 2018). The traditional method is very time consuming and costly 

process taking between 12-15 years with an estimated 2.8 billion dollar cost to bring a new 

drug to the market (DiMasi, 2020; Singh et al., 2023). Computer-aided drug design in 

modern drug discovery combines computational tools along with biological knowledge to 

bring new potential drug candidate to the market (Niazi & Mariam, 2023). This modern and 

interdisciplinary method had contributed to significant cost reduction and lowered the rate 

of failures in drug discovery process (Yu & Mackerell, 2017).  According to Dorahy et al., 

(2023), CADD can be divided into ligand-based and structure-based methods. The first 

method, ligand-based methods involved determination of structure activity relationships 

(SARs) which studies the relationship of a chemical structure of a drug to its biological 
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activity to predict novel and improved compounds. On the other hand, structure-based drug 

design studies the binding behaviour of compounds inside the 3D structure of a target 

receptor. These include molecular docking studies and molecular dynamic (MD) simulations 

(Batool et al., 2019). 

 
 

Figure 2.5: Process of drug discovery and development, from identification of diseases to 

its availability in the market 

2.2.2 Molecular docking studies of thiourea 

Molecular docking is a structural-based virtual screening method which had been 

vastly utilized in drug discovery process (Caballero, 2021). It is a technique to find the best 

conformation of a molecule to fit inside the binding cavity of a target receptor to form a 

stable-complex (Bassani & Moro, 2023). Based on the bar chart in Figure 2.6, molecular 

docking related searches had increased exponentially since the 2000s. For instance, Web of 

Science searches on molecular docking went from over 472 titles in the 2000s to well over 

19 000 articles in 2024. The dramatic increase suggested the advancement of molecular 

docking tools in drug discovery process as well as the willingness of researchers to 
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incorporate modern method in drug design.  Generally, a molecular docking simulation is 

generally based off two algorithms; that is the conformational search algorithm and the 

scoring function (Meng et al., 2011). The first algorithm is to find the best orientation of a 

molecule to fit in the active site cavity of a target protein to achieve an ‘induced-fit’ 

conformation. The second algorithm ranked all these conformations based on the docking 

score derived from an equation that factor in the conformational strain, electrical charges 

and stearic hindrance in order to find the most reliable and stable binding pose (Pavan et al., 

2022). Some of the most used docking softwares by researchers in their studies are shown 

in Table 2.1 below.  

 
Figure 2.6: Trend of molecular docking studies from 2000-2024  
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Table 2.1: Examples of molecular docking softwares 

Programs Developers Search 

algorithms 

Scoring functions Advantage(s) 

Autodock The Scripps 

Research 

Institute 

(Ivanova & 

Karelson, 

2022) 

Monte Carlo, 

Genetic 

algorithm, 

Lamarckian 

genetic 

algorithm 

(Malpani et al., 

2020) 

Lennard-Jones 

potential,hydrogen 

bond terms, 

coulomb potential 

desolvation & 

Entropic term 

(Gaillard, 2018) 

Open-source 

Autodock 

Vina 

The Scripps 

Research 

Institute 

(Trott & 

Olson, 

2010) 

Monte Carlo 

(Tang et al., 

2022) 

Gaussian, linear 

hydrophobic, 

hydrogen-bond 

interaction and 

entropic term 

(Gaillard, 2018) 

Easy to use 

Fast Speed 

Open- source 

GOLD Cambridge 

Crystallogra

phic Data 

Center 

(CCDC) 

Genetic 

algorithm 

(Chalmers, 

2022) 

Free energy 

calculations and 

molecular 

mechanic 

simulations (Vu et 

al., 2024) 

Better accuracy 

than FleXx and 

Dock (Pagadala et 

al., 2017) 

 

Better pose 

prediction (Wang 

et al., 2016) 

 

Glide Schrödinger 

Maestro 

(Ivanova & 

Karelson, 

2022) 

Monte carlo 

(Vu et al., 

2024) 

Glidescore and 

EModel (Herbst et 

al., 2024) 

Simple procedures 

(Ivanova & 

Karelson, 2022) 

 

Files preparation 

with minimal 

effort and time 

requirement. 

(Ivanova & 

Karelson, 2022) 

 

There are a few examples of molecular docking studies of thiourea against various 

targeted enzymes through different molecular docking tools in research. Maalik et al., (2019) 

investigated the binding interaction of 3-trifluoromethyl benzoic acid thiourea with urease 

enzyme [Protein Data Bank (PDB) ID: 4ubp] using Molecular Operating Environment 

(MOE). Urease enzyme is an enzyme that is responsible to breakdown urine into ammonia 
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and carbon dioxide which in turns lead to urinary tract and gastrointestinal infections. It is 

commonly produced by H. pylori bacteria in the stomach. Good docking scores were often 

explained by valuable interactions between the ligand and targeted proteins. Molecular 

docking studies revealed that N-(3-triflouromethylphenyl)-N′-(2,6-diclorophenyl) as the top 

ranked compound, which was also the most active compound as obtained through 

experimental procedures. The interactions as shown in Figure 2.7 revealed an H-pi 

interaction between the trifluorophenyl group and amino acid residue His323. Hydrogen 

acceptor interactions were observed between Arg339 and Ala166 with trifluorophenyl 

groups of thiourea. Besides, the oxygen of the carbonyl group binds to the Cys322 while 

fluorine of trifluorophenyl groups showed metal-ion interaction with Ni(II) ion. These 

interactions allowed thiourea to be bound deeply inside the active pocket of the urease 

enzyme leading to high docking scores which explains its inhibitory effect.  

 
Figure 2.7: A 3D representation of binding interaction of N-(3-triflouromethylphenyl)-N′-

(2,6-diclorophenyl)with the active site residues of urease enzyme (PDB ID: 4ubp) (Maalik 

et al., 2019). 

 

On the other hand, Zullkiplee et al., (2021) evaluated the interaction between bis-

thiourea derivatives with DNA gyrase enzyme of E.coli (PDB ID:4DUH) using Autodock 

Vina software. Compound N1,N3-bis((2-bromophenyl)carbamothioyl) benzene-1,3-

tricarboxamide showed hydrogen bond interaction with GLY101 through C=O of thiourea 
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(Figure 2.8). Then, an electrostatic interaction was seen between aromatic group of the 

compound and HIS83 while hydrophobic interactions were noted for the residues GLY102, 

ALA100, VAL93, ALA90, ILE94 and PRO79. On the contrary, N1,N4-bis((2-

bromophenyl)carbamothioyl) benzene-1,3-tricarboxamide amassed six hydrogen bonds 

interactions (Figure 2.9). C=S group formed three hydrogen bonds with amino acid residues 

HIS99, GLY117 and ASP49 (Firdausiah et al., 2020). The rest of the hydrogen bond 

interactions were seen between NH and LYS103; C=O with ASN46 and aromatic groups 

with VAL120. Between the two compounds, 1,4-bis thiourea had better docking score than 

1,3-bis thiourea. This is because 1,4-bis thiourea had greater negative values which 

correlated to stronger binding interaction with targeted protein (Uzzaman et al., 2019). 

 

 

 
 

 

 

 

Figure 2.8: Visual representation (left) of the docking results of 1,3-bis thiourea (right) 

with 4DUH enzyme (Zullkiplee et al., 2021) 
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Figure 2.9: Molecular docking study visualization (left) of 1,4-bis thiourea (right) with 

4DUH enzyme (Zullkiplee et al., 2021) 

 

Hashem et al., (2020) also studied the binding interaction of novel thiourea 

derivatives with DNA gyrase and Toposiomerase IV enzymes using MOE. In this study, the 

binding interaction was compared with novobiocin. Compound 1-(2-Cyanoacetyl)-4-

phenylacetylthiosemicarbazide was observed to be bound nicely to the DNA gyrase B with 

binding energy -12.23 kcal/mole as well as showing binding interaction similar to 

Novobiocin. For instance, the NH group of thiourea showed hydrogen bond interaction with 

Asp73 (Figure 2.10). Hydrogen bonding is crucial in stabilizing the three-dimensional 

structures of target macromolecules such as proteins and RNA and is also a key factor for 

the determination of binding affinity of drugs with their target (Costales et al., 2020; Kenny, 

2022). As such, the hydrogen bond interaction originated from thioureas may explained the 

overall docking score of the compound. As for Topoisomerase IV, the only interaction that 

is similar to Novobiocin is the two hydrogen bond acceptors interaction between nitrogen 

and oxygen of cyanoacetyl group (Figure 2.11). 
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Figure 2.10: 2D representations of binding interactions of 1-(2-Cyanoacetyl)-4-

phenylacetylthiosemicarbazide with DNA gyrase enzyme (Hashem et al., 2020) 

 
Figure 2.11: 2D representation of binding interactions of 1-(2-Cyanoacetyl)-4-

phenylacetylthiosemicarbazide with Topoisomerase IV (Hashem et al., 2020) 

 

Antypenko et al. (2019) utilized the Autodock 1.5.6 docking tool to observe the 

binding interactions of acyl thioureas with 14α-demethylase (NYP51) and N-

myristoyltransferase (NMT). Some of the interactions observed between N-(2-

Benzoylhydrazine-1-carbonothioyl)cyclopropane-carboxamide and  NYP51 (Figure 2.12) 

were hydrogen bonding between sulfur and MET A:508;  π-alkyl bonds of  cyclopropyl 

fragment and TYR A:132 and A:118 as well as van der waals interactions with GLY A:307 
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and LEUA:376. On the other hand, the compound N-(2-(2-phenoxyacetyl)hydrazine-1-

carbonothioyl)-cyclopropanecarboxamide was predicted to have further hydrogen bonding 

with NYP51 (Figure 2.13) between nitrogen and GLY A:307; π-alkyl bonds with LEU 

A:121 as well as Van der waals interactions with VAL A:509, PHE A:228 and LEU A:376.  

 
Figure 2.12: 2D (left) and 3D (right) representations of the binding interaction of N-(2-

benzoylhydrazine-carbonothioyl)cyclopropane-carboxamide with 14α-demethylase 

enzyme (Antypenko et al. 2019) 

 
 

Figure 2.13: 2D (left) and 3D (right) representations of N-(2-(2-phenoxyacetyl)hydrazine-

1-carbonothioyl)-cyclopropanecarboxamide with 14α-demethylase enzymes (Antypenko et 

al. 2019) 
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2.2.3 ADME evaluation of thioureas 

 

In another aspect of CADD, the evaluation of its drug-likeness properties or 

pharmacokinetic profile of a potential target drug is a very critical process before the drug is 

approved for clinical use. The cost of drug discovery process increases yearly and currently 

stood at US$2.6B (Chan et al., 2019). While bringing a new drug to the market is a very 

tough process, approximately 90% of drugs failing at its final stage were due to its poor 

pharmacokinetics profiles (Bocci et al., 2017; Pantaleão et al., 2022). The inclusion of 

Absorption, Distribution, Metabolism and Excretion (ADME) evaluation studies in early 

drug discovery was proven to reduce the failure rate of drugs (Siramshetty et al., 2021). 

While experimental setting remains the best option for the determination of pharmacokinetic 

profiles, it is almost unrealistic to screen millions of compounds as it is very time consuming 

and costly. Therefore, an in silico approach of determining the ADME of molecule is another 

widely employed procedure in today’s process of drug discovery (Padole et al., 2022).  

 

SwissADME tool is commonly employed to predict the pharmacokinetic profiles of 

thioureas. For instance, Soomro et al., (2023) predicted the pharmacokinetic and 

physicochemical properties of thioureas (Figure 2.14) using the online software 

SwissADME and Pre-ADMET as well as the webtool ProTox II to analyse its toxicity. It 

was predicted that the compounds can be absorbed in the gastrointestinal tract (GI) and can 

permeate the BBB. Besides, the compounds have good bioavailability score and do not 

inhibit the metabolizing enzyme. Additionally, the compounds are non-toxic to the liver and 

have a high lethal dose therefore could be a future candidate for clinical trials and subsequent 

use for in vivo studies.  
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Figure 2.14: Molecular structure of thioureas 

 

Similarly, Hussain et al., (2022) also made use of the SwissADME tool to conduct 

an ADME evaluation on novel amide and thiourea derivatives as potential CA inhibitors. 

Based on boiled-egg plot diagram (Figure 2.15), all the synthesized compounds were 

predicted to not cross the blood brain barrier but were permeable in the gastrointestinal tract. 

Furthermore, most compounds showed no Pan Assay Interference Compounds (PAINS) 

alert thus could serve as potential oral treatment of overexpression of carbonic anhydrase. 

 
Figure 2.15: Hard-boiled egg diagram of amide and thiourea derivatives as obtained from 

SwissADME software (Yellow region suggested that molecules permeate BBB while 

white region represented gastrointestinal absorption of molecules; Red dot means 

molecules are not affected by P-glycoprotein while blue dot means vice versa) (Hussain et 

al., 2022) 
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Another in silico study was published by Makeen & Albratty, (2023) using various 

derivatives of thiourea and urea as tankyrase inhibitors in search for potent anticancer agent. 

Likewise, SwissADME software was used to predict the ADME properties alongside 

Autodock Vina to run its molecular docking against the tankyrase receptor (TNKS2) (PDB 

ID: 6KRO). Additionally, 2D quantitative structure-activity relationship (QSAR) modelling 

was used to study the relationship of chemical structures with biological activities. The 

prediction tools revealed that the compounds such as compound 18 (Figure 2.16) fulfilled 

the Lipinski’s rules although some highlighted compounds violated the rules due to 

molecular weight being larger than 500. Besides, the compounds also portrayed good 

bioavailability and high GI absorption. It was also indicated that the compounds do not cross 

the blood brain barrier therefore minimizing the side effects on central nervous system 

(CNS). 

 
Figure 2.16: Molecular structure of thiourea derivative 

 

It is evidenced that thiourea and its complexes had been shown to possess remarkable 

biological potential, from anticancer to antibacterial activities. Furthermore, with improved 

biological properties and low toxicity, metal complexes are proving to be a promising area 

in medicinal chemistry. By leveraging artificial intelligence (AI), computational tools such 

as docking and SwissADME software may be utilized to accelerate the process of drug 

discovery by narrowing down the choice of potentially active compound and eliminating the 

compounds that are likely to cause toxicity in human through simulation studies with target 

enzyme and assessment of pharmacokinetic profiles.  
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2.3  Significance of sulphur-containing compounds in medicinal chemistry 

The sulphur motifs represent an important pharmacophore in medicinal chemistry. 

Sulphur is universally known as antimicrobial agent and had been used in many treatments 

of bacterial infected skin conditions (Teng et al., 2019). In fact, sulfonamide drug (a sulphur 

containing compound derived from sulfanilamides) were the earliest to be used as antibiotics 

(Feng et al., 2016; Petkar & Jagtap, 2021). There are currently 362 sulphur containing drugs 

that had been approved by FDA and is available in the market such as celecoxib for the 

treatment of pain, cefazolin for bacterial infection and dorzolamide as carbonic anhydrase 

(CA) inhibitors for the treatment of glaucoma (Feng et al., 2016; Scott & Njardarson, 2019). 

The biological activity of celecoxib for instance was defined by the presence of sulfonamide 

group which participate in hydrogen bonding within the active site of cyclooxygenase-2 

(COX2) enzyme to reduce the production of prostaglandin, the sources of inflammation 

(Hassan et al., 2014; Wang et al., 2019).  

 

Due to its various pharmacological properties, sulphur moieties had been an 

interesting motif in designing new potent active compound for different purposes. An 

example of sulphur-containing compound is the synthesis of thiophene-based derivatives 

(Figure 2.17) by Shah & Verma (2019) for its anti-microbial, antioxidant, anticorrosion and 

anticancer properties. Compound S1 were found to be the most potent compound against 

bacterial strains such as Bacillus subtilis, S. aureus, E. coli and Salmonella typhi with MIC 

value 0.81 µM/mL. Meanwhile, compound S4 could inhibit the growth of fungal strains 

Aspergillus niger and Candida albican with MIC value 0.91 µM/mL. On the other hand, the 

antioxidant activity of the most active compound recorded an IC50 values 48.45 and 45.33 
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which were portrayed by compound S4 and S6 respectively. Furthermore, thiophene 

derivatives were observed to possess anticorrosion as well as anticancer activity. The 

screening of compound S8 against human cancer cell line (A-549) revealed that the 

compound inhibited cancer cell at 10-4M dosage. The authors acknowledged the presence of 

the electron withdrawing group as the contributor to the significant anticancer properties.   

 
 

S1 
 

 
 

S4 

(a) (b) 

 
 

S6 
 

 
 

S8 

(c) (d) 

Figure 2.17(a)-(d): Thiophene-based derivatives 

Trotsko et al., (2018) designed and synthesized another sulphur-containing molecule, 

novel thiazolidine compound (Figure 2.18) in search for potent antimicrobial agent.  In their 

study, the authors used the broth dilution method to investigate the antimicrobial properties 

against both gram positive and gram negative bacterial strains such as S. aureus, B. subtilis, 

E. coli and P. aeruginosa. Novel thiazolidine compounds were ineffective against the 

negative strains except for Pseudomonas mirabilis. In contrast, the compounds were 

observed to be more potent against positive strains. In addition, the presence of electron 

withdrawing group at the phenyl rings gave a boost on the antibacterial activity of the 

compound. Furthermore, the authors observed the presence of electron donating group 
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increases the antibacterial activity in one of the synthesised compound while increasing the 

methyl chain would diminished its antibacterial effect.  

 
Figure 2.18: General structures novel thiazolidine compound 

 

A new set of thiazole-based derivatives (Figure 2.19) had been produced by Omer et 

al., (2024) and tested against S. aureus, E. coli and C. albicans by growth turbidity method 

accompanied by molecular docking evaluation for elucidation of its possible mechanism. 

The results showed that the compounds inhibited the growth of C. albican strains. 

Subsequently, molecular docking simulation suggested strong interaction between the 

compound with 8JZN protein including lower energy scores indicating strong affinity inside 

the protein cavity.  

 
Figure 2.19: Novel thiazole derivatives as antifungal agent 
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Table 2.2: Summary of sulphur-based compound for pharmacological purposes 

Compound Advantages Disadvantages 

Thiophene 

derivatives 

(Shah and Verma, 

2019) 

Effective as anti-microbial, 

anti-corrosion, anti-oxidant and 

anti-cancer 

Broad spectrum, compound 

lack selectivity 

Low reaction time, high yield As it kills more bacteria, the 

chances of developing 

resistance are high 

Effective against Gram positive 

and Gram negative bacteria 

 

 

Thiazolidine 

derivatives 

(Trotsko et al., 2018) 

Effective against the Gram 

positive bacterial strains 

Synthesis of compound consist 

of multiple steps hence more 

reagents, time and costs are 

required. 

Compound has high melting 

point, indicating its stability 

Compounds are ineffective 

against Gram negative strains 

Thiazole derivatives 

(Omer et al., 2024) 

Effective against fungal strains 

(C. albican) 

Ineffective against bacterial 

strains. 

Compound embedded nicely 

inside the pocket of 8JZN 

enzyme 
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2.3.1 Thiourea compounds 

Continuing the significance of sulphur-containing compound, thiourea is another 

widely studied functionality for various applications. Thiourea, SC(NH2)
2
 is an organosulfur 

compound with a general formula (R
1
R2N)(R

3
R4N)C=S (Favre and Powell, 2013).  It is an 

urea analogue compound with S atom replacing the O atom instead and the presence of C, 

S, N and H atom makes them a versatile building blocks in a synthetic reaction (Fakhar et 

al., 2018). Some of the applications of thiourea include in gold leaching process (Sheel & 

Pant, 2021), herbicides (Li et al., 2021) and as chemosensor (Khan et al., 2020). Furthermore, 

due to its good coordination ability, it is used as intermediate in the synthesis of heterocyclic 

products (Limban et al., 2018). Besides, Singh and Tiwari (2018) stated that thioureas and 

their derivatives gained attention due to their physicochemical properties, synthesis 

accessibility, various applications and inexpensive use of chemicals and reagents.  

 Thiourea is a white crystalline solid also known as thiocarbamide or sulforia (Khan 

et al., 2020). It exists in two tautomeric forms as shown in Figure 2.20 and plays an important 

role in drug research (Agili, 2024; Kirishnamaline et al., 2021). Thioureas had been studied 

as anticancer (Arshad et al., 2021; Kirishnamaline et al., 2021; Parmar et al., 2021); anti-

inflammatory (Mohamed et al., 2021); antimicrobial and antioxidant (Maalik et al., 2019). 

Besides, thiourea also has been reported to possess aromatase inhibitory activity (Pingaew 

et al., 2018) as well as carbonic anhydrase (CA) inhibitors (Qaiser et al., 2021) and cyclin 

dependent kinase (CDK) inhibitors (Shawky et al., 2021) 

 

Figure 2.20: Tautomeric forms of thiourea
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2.3.2 Drugs containing thiourea moiety 

Thiourea functionality have been found in several Food and Drug Administration 

(FDA) approved drugs. Carbimazole is an anti-thyroid drug to treat hyperthyroidism and 

Grave’s Diseases (Scarperi et al., 2023). It is a pro-drug and is transformed into methimazole 

(Figure 2.21) about 15-30 minutes after oral administration (Khan et al., 2023). Carbimazole 

falls into a category of drugs called thionamide which refers to classes of compound with 

five or six membered ring structure containing sulfur and is also a member of thiourea 

derivatives. Its active form inhibits thyroid hormones production by oxidizing iodide in the 

presence of thyroid peroxidase (Burch & Cooper, 2018). In Malaysia, carbimazole is 

marketed and trademarked as Camazol ™ by Xepa. 

 

 
Figure 2.21: Structural conversion of carbimazole to methimazole after oral administration 

 

Similarly, propylthiouracil (Figure 2.22) also belong to the group of drugs called 

thionamide. According to a large study conducted on thyroid storm in critically ill patients, 

there is no significant difference in mortality rate between two group of patients treated with 

either methimazole or propylthiouracil (Lee et al., 2023). Furthermore, a meta-analysis study 

also finds that the usage of propylthiouracil among pregnant women is safer than 

methimazole (Liu et al., 2023). Therefore,  propylthiouracil is chosen as the first-line 

treatment option for pregnant women in their early pregnancy, in the case of thyroid storm, 
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as well as if patients are experiencing acute side effects to methimazole according to 

American Thyroid Association Guidelines 2016 (Ross et al., 2016). As for Japan Thyroid 

Association, either propylthiouracil or methimazole could serve as a candidate for the first-

line therapy to treat hyperthyroidism (Satoh et al., 2016). 

 
Figure 2.22: Molecular structure of propylthiouracil 

 

Another example of thiourea containing drug is enzalutamide (Figure 2.23) which is 

a prostate cancer drug targeting the Androgen Receptor (AR) (Beer et al., 2017) It is 

marketed as XTANDI ® by Astellas Pharma Inc. and had been approved for castration-

resistant prostate cancer (CRPC) and metastatic castration-sensitive prostate cancer at 

160mg daily dose (FDA, 2023). It is a second-generation prostate cancer drug and exert its 

anticancer activity though binding of androgen to AR, nuclear translocation of AR and and 

AR with DNA interaction (Tran et al., 2009; Scott et al., 2018). The efficacy and safety of 

this drug was first evaluated in Phase I-II clinical trials where 140 patients with mCRPC was 

enrolled followed by Phase III trial involving over 1000 patients across 15 countries in 2012 

(Scher et al., 2010, 2012).  
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Figure 2.23: Molecular structure of enzalutamide 

As of today, there is no FDA approved drugs with thiourea moiety that target 

antibacterial resistance. In fact, thiourea-based medications are still limited when compared 

to those containing urea (Ghosh & Brindisi, 2020; Ronchetti et al., 2021). Furthermore, some 

drugs based-off thiourea are no longer priority such as thioacetazone for treatment of 

tuberculosis or converted to safer drug such as cimetidine for the treatment of peptic ulcer 

(metiamide was deemed too toxic and generate undesirable side effects) (Ronchetti et al., 

2021; WHO, 2019). However, thiourea serves as a great candidate as the next potential 

antibiotics thanks to many studies that had reported on its great antibacterial properties. In 

the next section, examples of numerous recent studies will be discussed regarding the 

antimicrobial potential of various thiourea derivatives.  

2.3.3 Antimicrobial properties of thiourea derivatives 

Thiourea derivatives are widely synthesised and studied in the quest of novel 

biologically active compound to combat antimicrobial resistance. The presence of C=S, C=O 

and NH functionality were reported to contribute to good antimicrobial effect thanks to the 

interaction with the receptor site of bacteria (Fakhar et al., 2018).  Ibrahim et al. (2021) 

reported the synthesis of benzoyl and halobenzoyl thiourea bearing α and β- alanine amino 

acids from the reaction of aroylchlorides and ammonium thiocyanates in acetone (Figure 

2.24). According to their observation, all halobenzoyl derivatives showed moderate to strong 

antibacterial properties against Bacillus subtilis, S. aureus and E. coli with zone of inhibition 

ranging from 8.8 - 19.0 mm. The bromo substituent was observed to be effective against 
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gram positive bacteria while fluorine substituent enhanced the inhibition against gram 

negative bacteria due to lipophilicity against the cell wall of gram-negative bacteria (Li et 

al., 2013).  Besides, the author also highlighted the significant role of amino acids towards 

enhancing the antibacterial properties of thiourea as evidenced by 4-fluorobenzoyl thiourea 

bearing α-alanine (Figure 2.25) exhibiting better antimicrobial activity compared to 4-

flurobenzoyl thiourea β-alanine (4Fβ). 

 
Figure 2.24: Preparation of benzoyl and halobenzoyl thiourea derivatives 

 

 
Figure 2.25: Molecular structure of 4-fluorobenzoyl thiourea α-alanine (4Fα) 

 

In another study exploring the antibacterial properties of thiourea derivatives bearing 

amino acids side chains, Zullkiplee et al., (2021) synthesised novel bis-thiourea derivatives 

as potential antimicrobial against gram negative E. coli. The synthetic procedure was done 

through a reaction of isophthaloyl chloride and terephthaloyl chloride with various aniline 

derivatives. It was observed that 1,4-bis-thiourea displayed overall better performance 
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against bacteria compared to 1,3-bis-thiourea derivatives. This could be due to the stearic 

hindrance that resulted in less binding interaction with the bacteria cell wall (Pramilla et al., 

2015; Zullkiplee et al., 2014). Therefore, it could be deduced that the position of substituent 

could play a role in enhancing antibacterial activities. Furthermore, although compound 

N1,N3-bis((2-bromophenyl)carbamothioyl)benzene-1,3-tricarboxamide (Figure 2.26) had 

the lowest MIC value at 228 ppm, the diameter of zone of inhibition was rather weak, only 

7 mm as opposed to its positive control ampicillin at 12 - 16 mm. On the contrary, a similar 

work done by Fakhar et al. (2018) in exploring the antibacterial activities of bis-thiourea 

(Figure 2.27) with 2-methyl amino ethanol side chain did not yield a significant result against 

multiple strains of bacteria such as Lysinibacillus sp., Vibrio owensii and Vibrio 

alginolyticus. This is because the non-planarity of the compound led to steric hindrance 

which subsequently interrupted the interaction with bacteria receptor.  

 

 
Figure 2.26: Molecular structure of N1, N3-bis((2-bromophenyl)carbamothioyl)benzene-

1,3-tricarboxamide 

 

 
Figure 2.27: Molecular structure of N1,N4- Bis((2 

hydroxyethyl)(methyl)carbamothioyl)terephthalamide 
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Naz et al., (2020) conducted a study on multiple biological properties of thiourea 

derivatives such as antibacterial, antioxidant, anticholinesterase as well as anti-diabetic 

activity. Novel thiourea derivatives were synthesised from carbon disulphide and reacted 

with different anilines derivatives and one aminobenzoate. Among five compounds, 1,3-

bis(4-nitrophenyl)thiourea (Figure 2.28) was observed to be the most potent compound when 

tested with different strains of bacteria such as K. pneumoniae, P. aeruginosa, S. typhi and  

Enterococcus faecalis with 19  mm – 30 mm clear zones. Furthermore, MIC value was 

recorded to be at 40 - 50 µg/mL suggesting high antibacterial potential of the compounds 

against the bacterial strains.  

 

 
 

Figure 2.28: Molecular structure of 1,3-bis(4-nitrophenyl)thiourea 

 

Researchers will typically combine a few scaffolds together during the design 

process of new drugs aiming to improve its biological activities, reduce its toxicity or to 

enhance its solubility. For example, a recent work by Kumar et al., (2023) incorporated 

thiourea/urea pharmacophores into β-lactams, an existing antibiotics to design a new set of 

biologically active compounds against a set of gram-positive (S. aureus and B. cereus) and 

gram-negative (P. aeruginosa and E. coli) bacterial strains. Compound as shown in Figure 

2.29-2.31 showed the best antibacterial effect against all tested bacteria although the urea 

derivatives were seen as more active overall compared to its thiourea counterparts. Similar 

observations were also seen against fungal strains. Molecular docking tool was utilized to 
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study the binding interaction of compounds against targeted enzymes such as the PBPs 

enzyme (1VQQ) and CYP51 (5TZ1) enzyme.  

 

 
Figure 2.29: Molecular structure of 1-Benzoyl-3-[1,2-bis-(4-methoxy-phenyl)-4-oxo-

azetidin-3-yl]-thiourea 

 

 
Figure 2.30: Molecular structure of 1-(4-Methoxy-benzoyl)-3-[1-(4-methoxy-phenyl)-2-

oxo-4-phenyl-azetidin-3-yl]-urea 

 
Figure 2.31: Molecular structure of 1-[1,2-Bis-(4-methoxy-phenyl)-4-oxo-azetidin-3-yl]-3-

(4-methoxy-benzoyl)-urea 



40  

 

2.4 Medicinal importance of copper(II), zinc(II) and cobalt(II) as transition metal 

complexes 

 

Transition metals are important elements in the periodic table with many uses. 

Having characteristics such as being able to conduct electricity and heat as well as malleable, 

transition metals have found its ways into various of the household products. Transition 

metals and their complexes play a crucial role in medicine and pharmaceutical sciences (Luo 

et al., 2021). According to Sodhi & Paul (2019), metals possessed specific properties such 

as redox potential, multiple binding mode and interactions with organic molecules that 

sparked interest as medicine. Furthermore, there is a significant advancement of application 

of metal complexes as drugs for the treatment of human diseases as transition metals with 

multiple charges can interact with negatively charged molecules leading to the development 

of metal-based drugs. Besides, study showed that the incorporation of metal was associated 

with increased biological properties (Khater et al., 2019). As biological molecules preferred 

to bind to softer metal, it was expected that the interaction may lead to better biological 

activities (Damena et al., 2022). 

 

The research on metal-based drugs was catalyzed after the discovery of anticancer 

metal-based drugs cisplatin back in the 1960s (Dasari & Tchounwou, 2014). The drug, which 

had platinum (Pt) metal center was approved by the FDA in 1978 and is credited to renew 

interest of metal-based compound as drugs (Cirri et al., 2021). Another interesting metal-

based drug is auranofin. It is a gold (Au) bearing metal-complexes used to treat rheumatoid 

arthritis (Deben et al., 2024). This drug had been studied as antimicrobial drugs and had 

since undergone seven clinical trials as an anticancer candidate (Cirri et al., 2021). Copper 

(Cu), zinc (Zn) and cobalt (Co) have been utilized in the synthesis of various metal 
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complexes for different biological purposes such as antiviral, antibacterial, antifungal and 

anticancer candidate (Aprajita & Choudhary, 2022; Ahamad et al., 2020; Naureen et al., 

2021). These metals which are usually present as micronutrients in our body is crucial for 

normal body functions and had since gained special attention in the mission of creating new 

drugs. 

2.4.1 Copper(II) complexes 

The antimicrobial properties of copper are known since ancient times (Ghazy et al., 

2021). It is known as solely solid surface material that kill MRSA, vancomycin-resistant 

Enterococcus, A. baumannii and E. coli owing to its broad antimicrobial spectrum and ability 

to act as electron acceptor or donor (Bruna et al., 2012). Besides, copper nanoparticles 

(CuNPs) are applied as antimicrobial coatings in dentistry and killing of virus SARs-CoV2 

owing to its ability to penetrate across bacterial surface, thanks to its large surface area to 

volume ratio (Poggio et al., 2020). However, the synthesis of Cu(II) complexes have also 

been proven to have similar remarkable effects. The synthesis of Cu(II) complexes had been 

successfully done with mixed-ligand by Rostas et al., (2020) which afforded five-

coordinated complex arranged in trigonal bipyramidal geometry. The MIC values revealed 

that complexes were better than ligands in inhibiting growth of several bacteria cell strains 

such as E .coli, P. aeruginosa and S. aureus along with their resistant strains. The most active 

compound, complex 2 (Figure 2.32) recorded an MIC values between 0.01 - 0.09 mM against 

all strains which was significantly lower than one of the ligand, bipyridine which had MIC 

values between 4.00 - 8.00 mM. Complex 2 also showed an efficient DNA-scavenging 

activity thanks to intercalation with DNA strands, presence of fused aromatic system, easily 

substituted ligands and the presence of hydrophobic groups.  
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Figure 2.32: Molecular structure of copper(II) complex with mixed heterocycle ligand 

(Rostas et al., 2022) 

 

Studies on the anticancer effects of Cu(II) complexes were extensively reported. It 

was shown in one study that complexation with copper may induced cancer cell apotosis 

through generation of reactive oxygen species (ROS), disruption of bacterial mitochondria 

cells and activation of capase 8 and 9 signaling pathways (Mariani et al., 2021). The complex 

[Cu(HPClNOL)Cl]Cl (Figure 2.33) was determined to exert more cytotoxicity than cisplatin 

against human breast cancer cell lines (MCF7) while showing equal toxicity against lung 

cancer cell lines (A549) without harming the non-cancer cells. This implied the less toxicity 

effects of Cu(II) complex.  In addition, this study shown that drug treatment combining both 

cisplatin and the complex may promote cell specific synergistic or additive effects.  
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Figure 2.33: Molecular structure of complex [Cu(HPClNOL)Cl]Cl 

 

Studies shown that Cu(II) complexes may have inhibitory effects against 

lipoxygenase (LOX) and cyclooxygenase-2 (COX-2), enzymes which are responsible for 

inflammatory response (Boulsourani et al., 2019; Hussain et al., 2019). Cu(II) complexes 

were reported to inhibit the activation of NF-KB/AP-1 cell and reduced tumour necrosis 

factor alpha (TNF-α) secretion which induced body inflammatory conditions (Vančo et al., 

2021). In addition, free radicals are also associated with inflammation in our body and 

chronic inflammation produces a lot of free radicals which leads to more inflammation and 

caused body damage (Biswas et al., 2017). The complexes synthesised by Malis et al., (2021) 

exhibited significant ability to reduce hydrogen peroxide which are commonly associated 

with body inflammatory conditions (Wittmann et al., 2012). [Cu(clon)2(neoc)] (Figure 2.34) 

demonstrated the highest hydrogen peroxide reducing ability at 94.62% ± 0.94 which was 

comparable to ascorbic acid at 95.89% ± 2.14. 
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Figure 2.34: Molecular structure of [Cu(clon)2(neoc)] (Malis et al., 2021) 

 

2.4.2 Zinc(II) complexes  

Zinc is another essential micronutrient needed by the body and the second most 

abundant following iron (Solano, 2018). It is crucial for maintaining body processes such as 

auto-immune process, production of melanin and to curb oxidative stress (Kaczmarek et al., 

2023). Zinc deficiency is associated with several health conditions such as alopecia areata, 

acne vulgaris and male infertility (Al-fagieh et al., 2023; Lalosevic et al., 2023; Yee et al., 

2020).  

 

In bacteria, Zn(II) ion is crucial in bacteria pathogenesis and virulence behaviour. It 

has been shown that the disruption to the Zn2+uptake systems, will influence the bacteria’s 

disease-causing ability as deletion of zinc uptake system gene were associated to poor 

growth in the enterotoxigenic E. coli strain as well as reducing the bacteria adhesion onto 

the host cell (Quan et al., 2020). Nevertheless, it was established that zinc on its own 

possessed specific ability to inhibit bacterial cell growth especially at high concentrations 

which was shown to induce toxicity in bacterial cell (McDevitt et al., 2011; Zhang et al., 

2021).  
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Extensive research have been conducted to explore the antibacterial activities of 

Zn(II) complexes with different types of ligands as study demonstrated that the antibacterial 

efficacy of Zn (II) complexes were better than zinc(II) ion alone ( Zhang et al., 2021). For 

instance, a series of Fe(III), Co(II), Ni(II), Cu(II) and Zn(II) mixed-ligand complexes were 

produced by Lateef et al., (2024) according to 1:1:1 ratio for antimicrobial analysis. The 

synthesised complexes were elucidated as octahedral structure, and the coordination 

occurred through N atom and the deprotonated OH groups. Metal complexes exhibited better 

antibacterial activity compared to their free ligands, which is consistent with the results 

reported in various studies. The chelation process reduced the polarity of the metal ions 

because of electron delocalisation with the donor groups which eventually increase the 

lipophilicity of the complexes and rendered them more permeable in penetrating the bacterial 

membrane (Uddin et al., 2012). ZnLQ complex (Figure 2.35) was shown as the most 

promising compound against all strains of bacteria and fungi such as P. aeruginosa and A. 

flavus. Furthermore, molecular docking data implied that this complex had a strong affinity 

against the targeted protein in its pocket site.  
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Figure 2.35: Molecular structure of ZnLQ complex 

 

Zn(II) ion is a diamagnetic Lewis acid that can afford various coordination  as well 

as being redox inactive according to Porchia et al., (2020).  In the biological system, zinc 

can coordinate to N, O or S donor atoms present in histidine, glutamate/aspartate, and 

cysteine residues in four, five and six coordination system. It also supported tetrahedral, 

pyramidal, or octahedral coordination geometry with water molecules as well as favors the 

tetrahedral or in distorted trigonal bipyramidal shape with protein. The choice of metal 

strongly influenced the biological activities of a metal complex. Babgi et al., (2021) who 

synthesised dichloro(diamine) complexes of Zn(II) ion (Figure 2.36) found that the Zn(II) 

complexes had better anticancer activities than the platinum(II) complexes. Furthermore, it 

was demonstrated that the complexes had strong binding affinity towards CT-DNA via 

intercalation. In addition, the IC50 values suggested that the complexes had comparable 

cytotoxic activity compared to Sunitinib and Cisplatin as well as higher selectivity index 

against cancer cell lines than the reference drug which highlighted the strong potential of 

Zn(II) complexes as anticancer agent.  
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Zn-1 Zn-2 Zn-3 

Figure 2.36: Zinc(II) complexes with dichloro(diimine) ligands 

 

Designing new drugs by including metal had been proven to improve drug efficiency. 

Zinc is a d10 transition metal that maintained and stabilised molecules with nitrogen, oxygen 

and sulfur groups by forming a tetrahedral geometrical structure (Pace & Weerapana, 2014). 

Subsequently, Martinez et al., (2023) have designed a modified version of angiotensin II 

receptor blockers (ARB), candesartan with zinc(II) metal centers to improve its anti-

hypertensive drug efficacy. An in vivo experiment revealed that ZnCand (Figure 2.37) 

reduced hypertension and cardiac hypertrophy in rats models. Furthermore, experimental 

data showed that ZnCand had stronger interaction than candesartan with angiotensin II 

receptor, type I as a result of more rigid structure produced upon complexation. Besides, the 

study also demonstrated that Zn(II) complex reduced the connective tissue growth factor 

(CTGF) and matrix metalloproteinase-2 (MMP-2) secretions, protein that is often associated 

with heart failures (Buckley et al., 2023; Yagi et al., 2012). 
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Figure 2.37: Molecular structure of ZnCand 

  

2.4.3 Cobalt(II) complexes 

Cobalt is present in our bodies as metal centers surrounded by corrin rings known as 

vitamin B12 and is crucial for maintaining healthy nervous systems (Calderón-Ospina & 

Nava-Mesa, 2017; Kennedy, 2016; Wienhausen et al., 2022). Similar to Cu(II) and Zn(II) 

complexes, Co(II) complexes had been the subject of attention due to its wide biological 

potential. In many cases, the geometrical structure of cobalt(II) complexes were determined 

as six-coordinated octahedral complex as supported  by the magnetic moment value (Derafa 

et al., 2024; Kumar et al., 2024). 

 

It is widely reported that complexation of ligands leads to significant improvement 

of the biological activities of a compound.  In a study by Rani et al., (2023) it was reported 

that thiosemicarbazone-based of Ni(II), Zn(II), Ni(II) and Cu(II) metal complexes had better 

anti-oxidant and anti-inflammatory activities than its free ligands. The antimicrobial 

activities of the complexes however varied, but Co(II) complex (Figure 2.38) in particular 
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demonstrated remarkable potential against gram-negative bacteria E. coli strain as well as 

appreciable effect against P. aeruginosa. Electron delocalization in the complex compound 

was believed to increase the lipophilicity and the permeability of the compound which 

facilitated the movement of the complex across the cell bacteria membrane leading to killing 

of bacteria cells.   

 
Figure 2.38: Thiosemicarbazone based cobalt(II) complex 

 

In 2022, Damena et al. investigated the antioxidant and and anti-bacterial potential 

of Co(II) and vanadium (Va)(II) complexes synthesized with quinolines ligands. The results 

showed that the metal complexes were more active than its free ligands. Co(II) complexes 

(Figure 2.39) showed more potent antibacterial potential than vanadium(II) complexes with 

10.78 ± 0.24 to 18.62 ± 0.19 mm clear zones at 150 and 300 µg/mL concentration.  
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Figure 2.39: Molecular structure of Co(L)(H

2
O)

2
Cl 

 

Besides, the anticancer potential of cobalt(II) complexes have also been investigated 

in a study by Yılmaz et al., (2019). Eighteen compound consisting of cobalt(II) and zinc(II) 

complexes (Figure 2.40) of benzimidazole ligands had been studied for its anticancer activity 

against human ovarian (A-2780) and prostate (Du-145) cancer cells. Out of eighteen 

complexes, two of the cobalt(II) shown values higher than the standard docetaxel against A-

2790 cancer cell lines at 0.1 µM. Compound 18 (Figure 2.41) also demonstrated high 

antitumor activity against DU-145 and overall, the anticancer activity of the metal complexes 

were better than its free ligands against human ovarian cancer cell.  

 
Figure 2.40: General structure of Co(II) and Zn(II) complexes of bendimidazole 
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Figure 2.41: Molecular structure of dichlorobis(1-benzyl)-2-(4-chlorophenyl)-1H-

benzimidazole-kN3)cobalt(II) 

 

2.4.4 Thiourea complexes as potential therapeutic agents 

Thiourea is a versatile ligand due to the ability to coordinate with various metal to 

form stable metal complexes. The presence of electron rich heteroatoms such as sulfur and 

nitrogen are important for hydrogen bonding interaction and act as coordination site in metal 

complexation (Khan et al., 2020). The versatility is driven by the fact that it can act as a 

monodentate, bidentate and polydentate ligand through coordination with oxygen, nitrogen 

and sulfur atoms thus makes them an interesting choice as a ligand (Cunha et al., 2018; Rilak 

et al., 2015). Currently, various studies had reported on the pharmacological properties of 

thiourea complex including those incorporating Cu(II) and Zn(II) metals. 

 

In one study by Bielenica et al., (2018), the synthesised Cu(II) complex of 1-(3,4-

dichlorophenyl)-3-[3-(trifluoromethyl)phenyl]thiourea (Figure 2.42) displayed the broadest 

antimicrobial activity against standard Staphylococcal strains. The inhibitory activities of 

the complex were seen to be better than the parent ligand and the standard reference drug 

especially against the clinical isolates of S. aureus and Staphylococcus epidermis. The 

interaction of the parent ligand and the DNA gyrase enzyme was determined as the main 
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mechanism of the antibacterial activities; whereby hydrogen bond interaction between the -

NH group of the thiourea functionality and amino acid Asp81 was determined as the key 

interaction.  

 
Figure 2.42: Geometrical structure of Cu(II) complex of 1-(3,4-dichlorophenyl)-3-[3-

(trifluoromethyl)phenyl]thiourea 

 

Rakhshani et al., (2018) prepared some novel bidentate thiourea complexes (Figure 

2.43) which bonded through O and S atom using Ni(II) and Cu(II) as metal centers. The 

complexes were prepared in hot ethanolic solution according to 1:2 ratio between the ligands 

and metal salt solution. The antibacterial assays of these compounds revealed that the 

complexes were more potent against gram-negative bacteria E. coli than the gram-positive 

S. aureus. The difference in the compound efficacy can be explained in terms of the polarity 

of the cell wall membrane; where the gram-negative cell wall is infused with a peptidoglycan 

layer and an outer membrane consisting of protein, phospholipid and lipopolysaccahrides 

that are very polar hence facilitate the movement of the compound across cell membrane 

(Khosravi & Mansouri-Torshizi, 2018). Furthermore, the Cu(II) complex was revealed to be 

the most potent compound.  
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Figure 2.43: Geometrical structure of Cu(II) and Ni(II) complexes of benzoylthiourea 

 

A series of Cu(II) thiourea benzamide complexes (Figure 2.44) were synthesised to 

an octahedral structure by Al-Salim & Al-Asadi, (2023). The Cu(II) complexes were shown 

to exert anticancer activity against MCF-7 breast cancer cell lines with IC50 values 4.03 and 

4.66, which were more potent than its parent ligands. The complexes, which were 

synthesised according to 1:2 ratio with the metal salt solution saw the thiourea derivatives 

behaving as bidentate ligand with the metal centers.  

 

 
Figure 2.44: Cu(II) complexes of thiourea benzamide derivatives 

 

 

Hassan et al., (2020) synthesised a series of Co(II), Ni(II), Zn(II) and Cu(II) 
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complexes of N-(2-Chlorophenyl)-N’-Benzoyl thiourea ligand. The synthesised complexes 

were determined to coordinate through the O and S atom of thiourea, with geometrical 

structure elucidated as tetrahedral and octahedral respectively. The Zn(II) complex of the 

thiourea derivative (Figure 2.45) showed potent antibacterial activity with diameter of the 

inhibition zone ranging from 16 – 33 mm against several bacterial and fungal strains 

including S. aureus, E. coli and C. albican.  

 

 
Figure 2.45: Zn(II) complex of N-(2-Chlorophenyl)-N’-benzoylthiourea 

 

In a nutshell, metal complex compound holds a promising potential as a future 

antibiotic candidate. As a relatively new area in medicinal chemistry, metal complex 

specialized design redefines a new era of antibiotic, leading the way in targeting AMR. Its 

versatility, owing to its multiple charges, different coordination mode, and interaction with 

various ligands offer endless possibilities of creating new drugs with improved efficacy, dose 

reduction and defy resistance. 
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CHAPTER 3 

 METHODOLOGY 

3.1  Molecular docking of thiourea and its complexes 

Molecular docking simulations were performed using AutoDock Vina Sofware 

version 1.5.6 (Trott & Olson, 2010) to screen for compound with the highest docking 

energies. The 2D structures of compound 1-12 and complexes 1a-1c, 2a-2c, 3a-3c were 

drawn using ChemDraw Professional 15.0 Software. Consequently, energy minimization 

was carried out by ChemDraw 3D using the MM2 forcefield and the energetically favourable 

conformations was eventually saved as pdb files. Using AutoDock tools, the structures of 

the compounds were converted from pdb to pdbqt files. Next, by assessing the PDB website, 

the 3D structure of target protein along with its co-crystallized ligand was downloaded as 

sdf files (PDB code: 1KZN) (Figure 3.1). Subsequently, by utilizing the PyMOL software, 

the co-crystallized ligand and water molecules were removed from the protein structures and 

the structure was eventually saved as pdb file. Then, using the AutoDock Vina Software, 

hydrogen atoms and Kollman charges were added to the protein and the final structures were 

saved as pdbqt file.  

 

Molecular docking of compound 1-3 and complex 1a-3c were performed after both 

protein and ligands had been converted to pdbqt format. Before carrying out any docking 

simulations, validation of the docking protocol were done by re-docking of the co-

crystallized ligand onto the target protein. The re-docked protein-ligand complex was 

superimposed onto the original structure and the root mean square deviation (RMSD) value 

was calculated. Generally, an RMSD value of less than 2Å indicated that the method was 
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valid and docking of ligands can be proceeded (de Oliveira et al., 2023). From the docking 

validation, the grid size (x,y,z) was selected as (40,40,40), grid centre was set at (19.54, 

19.167, 43.283) while the energy range and exhaustiveness was set at 4 and 10 respectively. 

These settings were applied to both ligands and complexes. Subsequently, the result files 

were saved as log.txt and pdbqt files respectively. Finally, Discovery Studio was used to 

visualize the ligand interaction.  

 
Figure 3.1: Crystal structure of DNA Gyrase Enzyme (PDB ID:1KZN) 
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3.2  ADME Evaluation of thiourea and its complexes 

To evaluate the in silico ADME and drug-likeness properties of compound 1-12 and 

complexes 1a-c, 2a-c and 3a-c, SwissADME software was used to predict the 

physicochemical characteristics and their pharmacokinetic profiles. Figure 3.2 depicted the 

steps of ADME profiling of compound 1-3 and its complexes. 

 

Figure 3.2: Flows in ADME screening of compounds 

 

  

Access the SwissADME website on web 
browser

Sketch or import the structures of the 
molecules using Chemaxon's Marvin JS 

Convert the structures of the molecules 
into SMILE list

Click on 'Run' to obtain the ADME datas
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3.3  General experimental procedures 

 

3.3.1 Chemical, reagents and solvents 

All chemicals and reagents were used as purchased without further purification 

except for acetone. Acetone was obtained from Bendosen and were distilled prior to use to 

remove water. During distillation, the mixture of acetone was heated under reflux at 56 ℃ 

until evaporated. The heated vapors were allowed to flow into a Liebig condenser where it 

cooled down then condensed back into liquid and collected as pure acetone. All other 

solvents were of analytical grade; Dimethylsulfoxide (DMSO) was purchased from R&M 

chemicals, ethanol was purchased from HmbG chemicals, methanol and dichloromethane 

(DCM) was obtained from Emsure and used as received. 

 

Additionally, reagents such as potassium hydroxide (KOH) was purchased from 

QRëc. Potassium thiocyanate (KSCN), cinnamoyl chloride as well as a series of amino acids 

such as methionine, valine and leucine from were all obtained from Mercks without 

purification and finally metal salt solution copper(II) chloride CuCl2∙2H2O solution, 

cobalt(II) chloride CoCl2∙2H2O solution and zinc(II) sulphate ZnSO4∙7H2O solution were 

all purchased from HmbG chemicals and used as received.  

 

3.3.2 Instrumentation 

The melting point of compounds were determined using melting point apparatus 

Stuart SMP10. FTIR were used to identify the functional group in the solid compound (Khan 

et al., 2018).  The infrared spectra of the synthesized compounds were recorded using 

Attenuated Total Reflectance Infrared Spectroscopy (ATR-IR) Spectroscopy Thermo 
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Nicolet Is10 FTIR Spectrometer at UNIMAS at resolution of 4 cm-1. The absorption band 

were determined in the infrared region ranging from 4000-500 cm-1. CHNS elemental 

analysis was carried out using ThermoScientific CHN Elemental Analyzer Flash EA1112 

Series to determine the percentage of carbon, hydrogen, nitrogen and sulphur in the 

compound. UV-Vis spectra were obtained at 200-450 nm range using Agilent Cary 60 UV-

Vis. It is a useful technique used to measure the absorption band of molecules in the UV-

visible range to give picture on energy gap and the electronic transition (Mohammed et al., 

2025).  Meanwhile, H 
1  and C 

13
 NMR spectra were recorded using JNM-ECA 500 at 

UNIMAS to further elucidate the structures of the compounds based on their chemical shifts. 

Tetramethysilane (TMS) was used as the standard internal reference while DMSO-𝑑6 was 

used as a solvent to dissolve the compounds. The chemical shifts were given in ppm values 

(δ) while the coupling constants (J values) were given in Hertz (Hz).  
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3.4 Synthesis of thiourea 

3.4.1 Synthesis of (cinnamoylcarbamothioyl)methionine (1) 

 

 
The synthesis of cinnamoyl thiourea was adopted from the method by Yusaini et al. 

(2022) with little modification.  Initially, potassium thiocyanate KSCN (1.461 g, 0.015 mol) 

was added to a solution of cinnamoyl chloride (2.502 g, 0.015 mol) according to 1:1 ratio in 

dried acetone (120 mL). The mixture was then stirred for an hour at room temperature and 

the resulting white precipitate formed was filtered off the mixture. Subsequently, amino acid 

methionine (2.239 g, 0.015 mol) was added in 1:1 ratio into the filtrate solution and the 

mixture was stirred under reflux for 18 hrs at 60 ℃ to afford compound 1. The following 

day, the mixture was cooled down and the filtrate was left to evaporate at room temperature 

for a few days to crystallize. The precipitate formed then recrystallized in a mixture of 

Ethanol: DCM at 1:1 ratio. Final product: yellowish solid (3.82 g, 75.3% yield) 

MP: 160-163 ℃; UV-Vis. Spectrum, λmax, nm: 290, FT-IR (cm
-1

): 3056 (NH), 1716 

(C=OOH), 1677(C=ONH), 1496 (C=C), 1269 (C=S), 1164 (C-N); H 
1  NMR (500 MHz, 

DMSO -𝑑6): 𝛿𝐻 11.44 (1H, s, NH), 11.20 (1H,d, J=7.5, NH),  7.70 (1H, d, J=16, Ar-H), 7.58 

(2H, dd, J=7.5, Ar-H), 7.43 (2H, dd, J=5, Ar-H),  6.97 (1H, d, J=16, CH), 4.92 (1H, q, J= 7, 

CH), 2.02 (3H, s, CH3); C 
13

 NMR (125MHz, DMSO -d6:  δC 180.9 (C=S), 172.4 (C=OOH), 

166.8 (C=ONH), 145.0-120.4 (Ar-C), 57.0 (CH) , 39.9-39.7 (CH2), 15.2 (CH3); Cald for 

(C15H18N2O3S2); C: 53.23% H:5.36% N:8.28% S: 18.95%. Found C: 52.94% H:5.56% N: 

6.86% S: 17.3%. 
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3.4.2 Synthesis of (cinnamoylcarbamothioyl)valine (2) 

 

 
 

In a similar manner, compound 2 was afforded by the reaction of the intermediate 

produced through the initial reaction with valine (1.758 g, 0.015 mol). The yellowish solid 

was purified through slow recrystallization method using a mixture of Ethanol: DCM at 1:1 

ratio. Final product: yellowish solid (3.82 g, 83.1% yield) 

MP: 155-158 ℃; UV-Vis. Spectrum, λmax, nm: 287; FT-IR (cm
-1

): 3165 (NH), 1732 

(C=OOH), 1659(C=ONH), 1528 (Ar-C), 1293 (C=S), 1147 (C-N); H 
1  NMR (500 MHz, 

DMSO -d6): 𝛿𝐻 11.47 (1H, s, NH), 11.28 (1H,d, J=8, NH),  7.72 (1H, d, J=16, Ar-H), 7.58 

(2H, dd, J=7.5, Ar-H), 7.44 (2H, dd, J=5, Ar-H),  7.00 (1H, d, J=16, CH), 4.780 (1H, q, J= 

4, CH), 0.919 (7H, d, J=14, CH3); C 
13

 NMR (125 MHz, DMSO -d6: δC 181.4 (C=S), 172.0 

(C=OOH), 167.1 (C=ONH), 145.1-120.3 (Ar-C), 62.9 (CH), 19.3-18.4 (CH3); Cald for 

(C15H18N2O3S ); C: 58.08% H:5.92% N:9.14% S: 10.45%. Found C: 59.06% H:5.96% N: 

8.23% S: 10.08%. 
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3.4.3 Synthesis of (cinnamoylcarbamothioyl)leucine(3) 

 

 

 
 

 

In a similar manner, compound 3 was synthesized by the reaction of the intermediate 

produced through the initial reaction with leucine (1.969 g, 0.015 mol). The white solid was 

purified through slow recrystallization method using a mixture of methanol: DCM at 1:1 

ratio. Final product: white solid (3.57 g, 74.3% yield) 

MP: 190-192 ℃ ; UV-Vis. Spectrum, λmax, nm: 295; FT-IR (cm
-1

): 3146 (NH), 1731 

(C=OOH), 1660 (C=ONH), 1519 (Ar-C), 1281 (C=S), 1143 (C-N); H 
1  NMR (500 MHz, 

DMSO -d6): 𝛿𝐻 11.43 (1H, s, NH), 11.13 (1H,d, J=8, NH),  7.70 (1H, d, J=15.5, Ar-H), 7.57 

(2H, dd, J=7.5, Ar-H), 7.43 (2H, dd, J=3, Ar-H),  6.95 (1H, d, J=15.5, CH), 4.83 (1H, q, J= 

7, CH), 0.88 (7H, q, J=6.5, CH3); C 
13

 NMR (125 MHz, DMSO -d6: δC 180.9 (C=S), 173.1 

(C=OOH), 166.9 (C=ONH), 145.0-120.3 (Ar-C), 56.5 (CH), 25.2-22.5 (CH3); Cald for 

(C16H20N2O3S ); C: 59.98% H:6.29% N:8.74% S: 10.01%. Found C: 60.39% H:6.33% N: 

8.52% S: 10.14%. 

 

  



63  

3.5 Synthesis of metal complexes  

3.5.1 Synthesis of [bis(cinnamoylcarbamothioyl)methionine]Cu(II) (1a) 

 

The procedure for the synthesis of thiourea complexes were adopted from Khan et 

al. (2020) with slight modification. Potassium hydroxide, KOH solution (0.056 g, 0.001 mol) 

was added dropwise into a solution of ligand 1 (0.338 g, 0.001 mol) previously dissolved in 

9 mL ethanol inside a round bottomed flask. The resulting mixture was stirred for half an 

hour forming white precipitate. Consequently, copper salt solution, CuCl2∙ 2H2O (0.085g, 

0.0005 mol) dissolved in 0.5 mL of distilled water was added in 1:2 ratio (metal: ligand) 

which instantly form a green precipitate. The mixture was stirred for a further 2 hrs to allow 

the reaction to take place completely. After two hrs, the resulting solution was filtered to 

remove excess solvent. Green precipitate was collected on the filter paper and dried in the 

oven at 70°C for 18 hrs. Final product: Green precipitate (0.31 g, 40.56%). 

MP: 166-168 ℃; UV-Vis. Spectrum, λmax, nm: 294; FT-IR (cm
-1

): 3061 (NH), 1680 

(C=ONH), 1572 (Ar-C), 1243 (C=S), 1176 (C-N). Cald for (C30H36CuN4O6S4•2H2O); C: 

46.49% H:4.65% N:7.23% S: 16.56%. Found C: 46.48% H:4.17% N: 7.43% S: 16.76%. 
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3.5.2 Synthesis of [bis(cinnamoylcarbamothioyl)valine]Cu(II) (2a) 

 

In a similar manner, complex 2a was afforded from the reaction of ligand 2 (0.306 

g, 0.001 mol) and CuCl2∙ 2H2O (0.085 g, 0.0005 mol). Green precipitate was collected on 

the filter paper and dried in the oven at 70°C for 18 hrs. Final product: Green precipitate 

(0.12 g, 41.00%)  

MP: 198 ℃; UV-Vis. Spectrum, λmax, nm: 287; FT-IR (cm
-1

): 3061 (NH), 1681 (C=ONH), 

1573 (Ar-C), 1243 (C=S), 1175 (C-N). Cald for (C30H36CuN4O6S2•4H2O); C: 48.24% 

H:4.82% N:7.51% S: 8.59%. Found C: 48.08% H:4.17% N: 7.65% S: 8.39%.  
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3.5.3 Synthesis of [bis(cinnamoylcarbamothioyl)leucine]Cu(II) (3a) 

 

 

In a similar manner, Complex 3a was afforded from the reaction of ligand 3 in 

methanol (0.320 g, 0.001 mol) and CuCl2∙ 2H2O in distilled water. Green precipitate was 

collected on the filter paper and dried in the oven at 70°C for 18 hrs. Final product: Dark 

green precipitate (0.30 g, 37.7%). 

MP: 205 ℃; UV-Vis. Spectrum, λmax, nm: 287 FT-IR (cm
-1

): 3060 (NH), 1681 (CONH), 

1573 (Ar-C), 1243 (C=S), 1176 (C-N). Cald for (C32H40CuN4O6S2•5H2O); C: 48.46% 

H:5.05% N:7.07% S: 8.09%. Found C: 48.09% H:4.98% N: 7.04% S: 7.71%. 
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3.5.4 Synthesis of [bis(cinnamoylcarbamothioyl)methionine]Zn(II) (1b) 

 
 

Potassium hydroxide, KOH solution (0.056 g, 0.001 mol) was added dropwise into 

a solution of ligand 1 (0.338 g, 0.001 mol) previously dissolved in 9 mL ethanol inside a 

round bottomed flask. The resulting mixture was stirred for half an hour forming white 

precipitate. Consequently, zinc(II) salt solution, ZnSO4∙ 2H2O (0.144 g, 0.0005 mol) 

dissolved in 0.5 mL of distilled water was added in 1:2 ratio (metal:ligand). The mixture was 

stirred for a further 2 hrs to allow the reaction to take place completely to afford complex 

1b. After two hrs, the resulting solution was filtered to remove excess solvent. White 

precipitate was collected on the filter paper and dried in the oven at 70°C for 18 hrs. Final 

product: White precipitate (0.27 g, 34.14%). 

MP: 224-227 ℃; UV-Vis. Spectrum, λmax, nm: 294; FT-IR (cm
-1

): 3060 (NH), 1681 

(C=ONH), 1593 (Ar-C), 1243 (C=S), 1176 (C-N). Cald for (C30H36ZnN4O6S4• 2H2O); C: 

46.38% H:4.64% N:7.22% S: 16.52%. Found C: 46.4% H:2.67% N: 5.16% S: 16.11%. 
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3.5.5 Synthesis of [bis(cinnamoylcarbamothioyl)valine]Zn(II) (2b) 

 
  

In a similar manner, complex 2b was afforded from the reaction of ligand 2 (0.306 

g, 0.001 mol) and ZnSO4∙ 7H2O (0.144 g, 0.0005 mol) dissolved in 0.5 mL of distilled water 

added in 1:2 ratio (metal:ligand). White precipitate was collected on the filter paper and dried 

in the oven at 70°C for 18 hrs. Final product: White precipitate (0.36 g, 89.76%)  

MP: 211-213 ℃; UV-Vis. Spectrum, λmax, nm: 294 FT-IR (cm
-1

): 3060 (NH), 1681 

(C=ONH), 1573 (Ar-C), 1243 (C=S), 1176 (C-N). Cald for (C30H36ZnN4O6S2•7H2O); C: 

44.88% H:4.49% N:6.98% S: 7.99%. Found C: 45.68% H:3.89% N: 6.95% S: 5.85% 
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3.5.6 Synthesis of [bis(cinnamoylcarbamothioyl)leucine]Zn(II) (3b) 

 
 

 

In a similar manner, complex 3b was afforded from the reaction of ligand 3 (0.320 

g, 0.001 mol) and ZnSO4∙ 7H2O (0.144 g, 0.0005 mol) dissolved in 0.5 mL of distilled water 

added in 1:2 ratio (metal:ligand). White precipitate was collected on the filter paper and dried 

in the oven at 70°C for 18hrs. Final product: White precipitate (0.29 g, 26.39%)  

MP: 237-242 ℃; UV-Vis. Spectrum, λmax, nm: 296; FT-IR (cm
-1

): 3060 (NH), 1680 

(C=ONH), 1558 (Ar-C), 1242 (C=S), 1175(C-N). Cald for 

(C32H40ZnN4O6S2•7H2O•5CH3OH); C: 35.35% H:3.68% N:5.16% S: 5.90%. Found C: 

35.29% H:3.75% N: 5.35% S: 6.51% 
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3.5.7 Synthesis of [bis(cinnamoylcarbamothioyl)methionine]Co(II) (1c) 

 

 
 

 

Potassium hydroxide, KOH solution (0.056 g, 0.001 mol) was added dropwise into 

a solution of ligand 1 (0.338 g, 0.001 mol) previously dissolved in 9 mL ethanol inside a 

round bottomed flask. The resulting mixture was stirred for half an hour forming white 

precipitate. Consequently, cobalt(II) salt solution, CoCl2∙ 2H2O (0.121 g, 0.0005 mol) 

dissolved in 0.5 mL of distilled water was added in 1:2 ratio (metal:ligand) which instantly 

form a purple precipitate. The mixture was stirred for a further 2 hrs to allow the reaction to 

take place completely. After two hrs, the resulting solution was filtered to remove excess 

solvent. Purple precipitate was collected on the filter paper and dried in the oven at 70°C for 

18 hrs. Final product: Purple precipitate (0.15 g, 39.7%). 

MP: 255-258 ℃; UV-Vis. Spectrum, λmax, nm: 295; FT-IR (cm
-1

): 3060 (NH),1660 

(C=ONH), 1530 (Ar-C), 1220 (C=S), 1169 (C-N). Cald for (C30H36CoN4O6S4); C: 49.06% 

H:4.91% N: 7.64% S: 17.48%. Found C: 48.97% H:3.02% N:7.61% S: 17.43%. 
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3.5.8 Synthesis of [bis(cinnamoylcarbamothioyl)valine]Co(II) (2c) 

 

 
 

 

In a similar manner, complex 2c was synthesized from the reaction of ligand 2 (0.306 

g, 0.001 mol) and CoCl2∙ 2H2O (0.121 g, 0.0005 mol) metal salt solution dissolved in 0.5 

mL ethanol according to 1:2 ratio (metal:ligand). A purple precipitate was collected on the 

filter paper and dried in the oven at 70°C for 18 hrs. Final product: Purple precipitate (0.11 

g, 24.67%)  

MP: 253-256 ℃; UV-Vis. Spectrum, λmax, nm: 295; FT-IR (cm
-1

): 3062 (NH), 1662 

(C=ONH), 1574 (Ar-C), 1220 (C=S), 1167 (C-N). Cald for (C30H36CoN4O6S2•3H2O); C: 

39.65% H:3.96% N: 5.73% S: 7.06%. Found C: 39.67% H:3.71% N:5.78% S: 3.26% 
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3.5.9 Synthesis of [bis(cinnamoylcarbamothioyl)leucine]Co(II) (3c) 

 

 
 

In a similar manner, complex 3c was synthesized from the reaction of ligand 3 (0.320 

g, 0.001 mol) and CoCl2∙ 2H2O (0.121 g, 0.0005 mol) metal salt solution dissolved in 0.5 

mL methanol according to 1:2 ratio (metal:ligand). A purple precipitate was collected on the 

filter paper and dried in the oven at 70°C for 18 hrs. Final product: Purple precipitate (0.24 

g, 30.72%)  

MP: 211-215 ℃; UV-Vis. Spectrum, λmax, nm: 295; FT-IR (cm
-1

): 3207 (NH), 1668 

(C=ONH), 1559 (Ar-C), 1278 (C=S), 1187 (C-N). Cald for (C32H40CoN4O6S2•5H2O); C: 

48.75% H:5.08% N: 7.11% S: 8.14%. Found C: 48.73% H:5.55% N:6.95% S: 4.78% 
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3.6 Antibacterial Evaluation of Thiourea and Its Complexes 

3.6.1 Agar-well diffusion method 

Compound 1-3 and its respective complexes (complex 1a-1c, 2a-2c and 3a-3c) were 

screened against the standard E. coli strain ATCC 25922 using agar-well diffusion method  

following the standard method developed by American Society for Microbiology (Hudzicki, 

2009) . Generally, this method involves the inoculation of bacterial on the surface of the agar 

followed by pipetting approximately 20-100 µL of extract solution into the well dug using a 

sterile cork borer or a tip. Then, the agar plate would be incubated according to a suitable 

condition and the antibacterial agent would diffuse accordingly to inhibit the growth of 

bacteria (Balouiri et al., 2016). This method is an easy and inexpensive method for bacterial 

testing. Additionally, the datas are straightforward and large sample testing can be conducted 

(Balouiri et al., 2016). A fresh bacterial culture was used in each of the experimental 

procedures prepared by the inoculation of bacterial culture in a nutrient broth medium for 18 

hrs. After 18 hrs, the bacterial culture was adjusted according to 0.5 Mcfarland standard, 

which was examined using the UV-Vis Spectrophotometer Shimadzu UV-1900i. When the 

bacterial culture was successfully adjusted to 0.5 McFarland standard, it was then ready to 

be inoculated onto the agar media.  

 

Antibacterial assays were conducted using Muller-Hinton agar medium by referring 

to the procedure by Ghorab et al. (2017) but with self-modifications. About 0.2 µL of 

nutrient broth containing bacterial cell culture was inoculated onto the agar medium using a 

sterile cotton bud. A 6 mm well was dug using a sterile straw with a diameter of 6 mm on 

the agar media. Then, 20 µL of the standard solution containing compound was pipetted into 

each of the agar well. The stock solution of the tested compound was prepared previously 
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by dissolving the compounds in DMSO. However, metal complexes were insoluble when 

prepared at higher concentrations (i.e more than 500 ppm) therefore 500 ppm was chosen as 

the highest concentration, followed by dilution to lower concentration.  The final 

concentrations of the tested compound were prepared in 150 ppm, 250 ppm and 500 ppm 

respectively. For this experiment, DMSO act as the negative control while Ciprofloxacin 

was the positive control. After the solution was allowed to properly diffuse, the agar plates 

were incubated overnight at 37 ℃. After 18 hrs, the diameter of the zone of inhibition was 

measured and the reading was given in mm. The experiment was done in triplicate to increase 

the significance of the result.   
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3.7 Summary of methodology  

 

 

  

Antibacterial evaluation of compound 1-3 and complexes 1a-3c

Synthesis of compound 1-3 and complexes 1a-3c

ADME evaluation of compound 1-12 and complexes 1a-3c

Molecular Docking of compound 1-12 and complexes 1a-3c

Phase 1: Computational 

evaluation (in silico) 

Phase 2: Synthesis  

Phase 3: Biological 

evaluation (in vitro) 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Molecular docking studies of thiourea and metal complexes 

Preliminary dockings were done before any experimental set up were carried out 

to predict thiourea derivatives with the highest inhibitory activities. Twelve thiourea 

derivatives were designed and subjected with molecular docking simulation which 

include the cinnamoyl, palmitoyl, furoyl and dimethyl carbamoyl thiourea derivatives. 

Eventually, only one group of derivative with the highest docking score will be selected. 

In this study, AutoDock Vina software was selected as the docking tool of choice due to 

several advantages such as user-friendly interface and the generation of better binding 

pose (Nguyen et al., 2020; Prieto-Martínez et al., 2018). Besides, AutoDock Vina is 

more superior in such a way that the result is more transparent as docking outputs were 

presented from the highest docking score to the lowest scores and grid map was auto-

generated (Butt et al., 2020). DNA gyrase enzyme (Protein ID: 1KZN) was selected as 

target enzyme in this study. DNA gyrase enzyme can be exploited in search for new 

potent antibiotics due to its omnipresent in bacterial cell but is absent in mammalian 

cells (De Smet et al., 2021). It is an enzyme that catalyzes the negative supercoiling in 

bacteria which play an important role in bacterial cell replication (Gellert et al., 1976). 

Thus, blocking this enzyme is a key feature in many antibiotics (Yi & Lü, 2019). 

Ciprofloxacin was selected as the positive control in this study as Ciprofloxacin belongs 

to a broad-spectrum quinolone-class antibiotic that target DNA gyrase and 

Topoisomerase IV enzyme and is widely used to treat respiratory tract infections, urinary 

infections, and enteric infections (Hutchings et al., 2019; Millanao et al., 2021). 
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Prior to docking, the method was first validated by re-docking of co-crystallized 

ligand onto the crystallized structure of target protein obtained from PDB. Water is 

removed from the protein structure as it will interfere with the docking process and 

contribute to high docking scores (Kumar & Zhang, 2013; Reddy et al., 2024). As for 

ligand preparation, energy minimization was carried out on the 3D structure of the 

compounds to obtain the most stable conformation.  
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4.1.1 Molecular docking studies of thiourea  

 
The results of the docking simulation were presented in Table 4.1. The results 

were compared based on their docking score which is a scoring function to predict 

the binding affinities of compound inside the enzyme receptor, taking account of their 

Gibbs free energy (Pantsar & Poso, 2018). Higher docking score would be considered 

and selected for future experimental studies as higher scores correlate to more stable 

conformation and thus greater affinity towards target receptor hence better 

antibacterial activities  (Cournia et al., 2017; Luzhkov, 2017; Safi et al., 2024). 

 

From Table 4.1, it was observed that the binding energies of compound 1-12 

range from -5.1 kJ/mol to -7.1 kJ/mol respectively. Generally, the cinnamoyl 

thiourea derivatives displayed higher docking scores at -5.7 kJ/mol to -7.1 kJ/mol 

respectively compared to the other derivatives. Furthermore, the furan (compound 4-

6), dimethyl carbamoyl (compound 7-9) and especially the palmitoyl groups 

(compound 10-12) were all predicted to be weak inhibitors as seen from the binding 

energies ranging from -5.1 kJ/mol to -5.9 kJ/mol. The palmitoyl derivatives, 

compound 11 had the lowest docking scores when docked inside the enzyme pocket 

of 1KZN receptor. Longer alkyl chains were considered to exert less disruption to the 

bacterial membrane which translated to lower binding affinity of molecules with 

target protein  (Shalas et al., 2023).  When further analyzed, it was observed that the 

cinnamoyl derivatives had a very similar molecular structure to the positive control 

Ciprofloxacin (Figure 4.1) which had binding affinities of -7.4 kJ/mol. Both 

compounds contain an aromatic ring and a -COOH group in their structures. 

Therefore, it is suggested that these two functional groups could play a huge role in 



78  

interacting with bacterial cell membrane. Among twelve compounds, compound 2 

had the highest docking score at -7.1 kJ/mol which implied that compound 2 may 

bound tightly inside DNA gyrase enzyme and block the cell replication process in 

bacteria and therefore could possibly inhibit the growth of bacteria. Among other 

cinnamoyl thiourea derivatives, compound 1 with methionine side chain and 

compound 3 with leucine side chain had docking score of -5.8 kJ/mol and -5.7 

kJ/mol respectively.  

 

 

 

 

 

Compound 2 Ciprofloxacin 

  

Figure 4.1: Side by side comparison of molecular structure of compound 2 and 

Ciprofloxacin 
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Table 4.1: Docking scores of compound 1-12 

Compound Molecular Structure 

Binding 

Energies 

(kJ/mol) 

Ciprofloxacin 

 

 
 

-7.4 

1 

 

 
 

-5.8 

2 

 

 
 

-7.1 

3 

 

 
 

-5.7 

4 

 

 
 

-5.5 
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Table 4.1 continued 

 

5 

 

 
 

-5.8 

6 

 
 

-5.9 

7 

 

 
 

-5.2 

8 

 

 
 

-5.3 

9 

 

 
 

-5.5 

10 

 

 
 

-5.2 
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Table 4.1 continued 

 

11 

 

 
 

-5.1 

12 

 

 
 

-5.7 

 

For better understanding on the binding interactions, BIOVIA Discovery Studio was 

used to visualize the interactions of compounds with amino acid residues (Shaweta et al., 

2021; Silva et al., 2020). The summary of the interactions of compound 1-12 were presented 

in Table 4.2. It is crucial to consider the bond length when discussing the interaction of 

compound with amino acid residues as bond length will give insight on the bond strength 

and stability. Longer bond length correlates to weaker bond and vice versa. For comparative 

purposes, the ligand-protein complex interactions will be compared to the positive control 

Ciprofloxacin. Based on Figure 4.2, Compound 1 was stabilized inside the enzyme pocket 

of 1KZN receptor by forming one conventional hydrogen bond between the N-H functional 

group and amino acid ASN A:46 at a distance 2.90 Å as well as two alkyl interactions 

between the -CH3 group with VAL A:167 and VAL A:43 at distance 4.68 Å and 5.16 Å 

respectively. The N-H interactions of urea and thiourea derivatives with amino acids residues 

were widely reported in literature (Ghorab et al., 2017; Ramaswamy et al., 2022). Besides, 

pi-alkyl interaction occurred between the aromatic ring of thiourea with PRO A:79 and ILE 

A:90 residues at a distance of 4.06 Å and 5.03 Å each.  
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Figure 4.2: 3D (left) and 2D(right) visual representation of docked compound 1 inside 

1KZN protein 
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Table 4.2: Summary of interactions of compound 1-12 inside 1KZN receptor 

Compound Amino acids Bonds 

Distance 

(Å) 

 

Ciprofloxacin 

ILE A:90 Alkyl interaction 4.93 

GLU A:50 Pi-Anion 4.57 

ARG A:76 Unfavourable donor-donor 2.56 

ILE A:78 Pi-Alkyl Interaction 

4.72 

4.26 

5.49 

ASN A:46 Amide Pi-Stacked 5.39 

ASP A:73 Halogen (F) 3.12 

ALA A:47 Alkyl Interaction 5.17 

VAL A:43 Conventional Hydrogen Bond 2.76 

1 

PRO A:79 
Pi-Alkyl Interaction 

4.06 

ILE A:90 5.03 

VAL A:43 
Alkyl Interaction 

4.68 

VAL A:167 5.16 

ASN A:46 Conventional Hydrogen Bond 2.90 

2 

ALA A:47 Pi-Alkyl 4.97 

THR A:165 
Conventional Hydrogen Bond 

3.13 

GLU A:50 2.17 

ASN A:46 Unfavorable 2.99 

3 

ASN A:46 Amide Pi-Stacked 5.71 

ILE A:78 Pi-Alkyl 4.46 

ARG A:76 Conventional Hydrogen Bond 5.7 

4 

GLU A:50 

Conventional hydrogen Bond 

2.54 

GLY A:77 2.94 

THR A:165 3.01 

ASP A:73 Carbon Hydrogen Bond 3.60 

ILE A:78 Pi-Alkyl 5.29 

5 

VAL A:120 

Alkyl Interaction 

4.82 

VAL A:167 5.15 

ILE A:78 4.84 

ILE A:78 
Pi-Alkyl Interaction 

4.44 

ILE A:90 5.15 

THR A:165 
Conventional Hydrogen Bond 

3.56 

ASN A:46 2.12 

6 

ALA A:47 Alkyl Interaction 4.47 

ASN A:46 Conventional Hydrogen Bond 

2.73 

2.76 

3.55 

ARG A:76 Pi-Cation 4.62 

7 

ALA A:47 

Alkyl Interaction 

4.04 

VAL A:120 4.82 

VAL A:167 5.23 
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Table 4.2 continued 

 

 ILE A:90  3.78 

 ASP A:73 Carbon Hydrogen Bond 3.56 

 GLY A:77 
Conventional Hydrogen Bond 

3.24 

 THR A:165 3.04 

8 

VAL A:120 

Alkyl Interaction 

5.2 

ALA A:47 4.47 

ILE A:78 4.96 

PRO A:79 4.90 

ASP A:73 Carbon Hydrogen Bond 3.42 

ASN A:46 

Conventional Hydrogen Bond 

3.25 

ARG A:76 3.13 

GLU A:50 
2.36 

Unfavourable 2.89 

9 

VAL A:120 

Alkyl Interaction 

4.87 

VAL A:167 5.11 

ALA A:47 4.00 

PRO A:79 5.05 

ASP A:73 Carbon hydrogen bond 3.51 

ASN A:46 
Conventional hydrogen bond 

3.79 

THR A:165 3.08 

10 

ALA A:47 Alkyl Interaction 4.10 

ILE A:90 

Conventional Hydrogen Bond 

5.42 

ILE A:78 4.55/4.62 

PRO A: 79 5.13 

ASP A:49 2.19 

GLY A:117 2.37 

11 

ILE A:78 

Alkyl Interaction 

3.87 

ILE A:90 

4.69 

4.92 

4.11 

GLY A:117 

Conventional Hydrogen Bond 

3.06 

ASN A:46 2.91 

HIS A:95 2.82 

ALA A:96 
2.50 

2.70 

SER A:121 Unfavourable 1.28 

12 

PRO A:79 

Alkyl Interaction 

5.01 

ILE A:78 
4.43 

4.76 

ALA A:47 4.21 

ASN A:46 

Conventional Hydrogen Bond 

2.35 

VAL A:120 2.75 

SER A:121 
2.23 

2.71 
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Compound 2 was made of fewer interaction than compound 1 but more hydrogen 

bondings were found in the interaction. According to Figure 4.3, compound 2 was nicely 

embedded inside the active site of 1KZN receptor by two conventional hydrogen bond 

interactions; one between the oxygen atom of C=O from the amide backbone with the residue 

THR A:165 and another one between the N-H functional group of thioamide and amino acid 

GLU A:50 at distance 3.13Å and 2.17Å respectively. Hydrogen bonding played a huge role 

in maintaining protein structure stability (Hung et al., 2021). Thus, it could be deduced that 

the higher binding energies of compound 2 than compound 1 may be attributed to more 

hydrogen bond interaction which resulted in more stability of the ligand-protein complex. 

Additionally, a single pi-alkyl interaction was observed between the aromatic ring and the 

amino acid residue ALA A:47 with distance 4.97Å. For comparison purposes, the docking 

of Ciprofloxacin and DNA Gyrase enzyme revealed many interactions but only one 

conventional hydrogen bond interaction was found that was between the N-H group and the 

residue VAL A:43. Furthermore, compound 2 resembled Ciprofloxacin as both are 

interacting  with the residues GLU A:50 and ALA A:47. It is also worth mentioning that 

although Ciprofloxacin consist of one hydrogen bond, it had significantly higher docking 

scores than any of the thiourea derivatives. This could very well implied that the rest of the 

interactions such as carbon-hydrogen bond, halogen, alkyl, pi-alkyl, pi-anion and amide-pi 

stacked interactions may have collectively contributed to the ligand-protein complex 

stability. Additionally, both compounds were revealed to have one unfavorable bond with 

amino acid residue. However, according to Wahyuni et al., (2024), the number of 

unfavorable bond must be <3 in order to maintain stability in which in this case it is still 

acceptable. 
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Figure 4.3: 3D (upper left) and 2D (upper right) visual representation of Ciprofloxacin and 

3D (bottom left) and 2D (bottom right) visual representation of compound 2 when docked 

inside the 1KZN protein 

Next, compound 3 had a docking score of -5.7 kJ/mol. This net binding energy is 

mostly driven by the formation of one conventional hydrogen bond between C=O of the 

carboxylic group and the amino acid ARG A:76 as well as amide-pi stacked with ASN A:46 

and pi-alkyl interaction with ILE A:78 with the aromatic group as depicted in Figure 4.4. It 

has been reported that amide-pi interaction contributed to only a significant amount of 
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energies due to its unfavorable geometrical structure and the energy value were reported to 

be almost comparable to those of weak hydrogen bond (Breberina et al., 2024). Therefore, 

the overall low binding energy of compound 3 in this study may arise from the contribution 

of amide-pi bond which counterbalanced the effect of hydrogen bonding. Furthermore, 

compared to compound 1 and 2, compound 3 had the least binding interactions.  

 

 
 

Figure 4.4: 3D (left) and 2D(right) representation of docked compound 3 inside DNA 

gyrase enzyme pocket 

 

 

As stated earlier, the docking of the palmitoyl derivatives constituted low docking 

scores with the highest value at -5.7 kJ/mol and the lowest value at -5.1 kJ/mol. Li et al. 

(2013) in their study found that increasing the chain length (CL) from CL16 to CL18 

diminished the antibacterial activity of their compound. In this study, the palmitoyl 

derivatives which consist of long alkyl chain (CL17) were seen to embedded poorly inside 

the active site of the 1KZN receptor based from the docking results. Therefore, it could be 

predicted that the palmitoyl derivatives may have poor antibacterial activities based on the 
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docking simulation.  The binding interaction of compound 10 (Figure 4.5) revealed that the 

compound formed strong hydrogen bond interactions with the residue ASP A:49 through 

the N-H group of the thioamide backbone and GLY A:117 through O-H of the carboxylic 

group at 2.19 Å and 2.37 Å respectively. Besides, the CH2 component of the alkyl chains 

involved actively in forming alkyl interactions with the amino acid residues ALA A:47, ILE 

A:90, ILE A:78 and PRO A:79 but at a more distance bond length ranging from 4.10 Å to 

5.42 Å.  

 

 
 

Figure 4.5: 3D(left) and 2D(right) visual representation of compound 10 with 1KZN 

receptor 

 

Although the formation of hydrogen bond interactions leads to protein stability, it 

was clearly not sufficient in determining the ligand-protein complex stability. Compound 11 

formed a total of five hydrogen bond (as well as four alkyl interactions) to an overall docking 

score of -5.1 kJ/mol which was the lowest score among the twelve compounds. It was 

observed that compound 11 (Figure 4.6) formed hydrogen bond interactions with various 

amino acid residues such as GLY A:117, ASN A:46, HIS A:95, ALA A:96 and SER A:121. 
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The ethylene component exerted interaction with ILE A:90 and ILE A:78 through alkyl 

interaction. Similarly, the interaction of compound 12 (Figure 4.7) consisting of four 

hydrogen bond interactions with residues SER A:121, VAL A:120 and ASN A:46 together 

with alkyl interactions with PRO A:79, ILE A:78 and ALA A:47. The net binding energy 

of these interactions was -5.7 kJ/mol.  

 

  

Figure 4.6: 3D(left) and 2D(right) visual representation of docked compound 11 inside 

1KZN receptor 

  
Figure 4.7: 3D(left) and 2D(right) visual representation of docked compound 12 inside 

1KZN receptor 
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For the furan derivatives (compound 4-6), the docking scores range from -5.5 kJ/mol 

to -5.9 kJ/mol and the binding interactions were presented in Appendix 1-3. Compound 4 

was stabilised inside the 1KZN receptor through hydrogen  bonding with GLU A:50, GLY 

A:77 and ASP A:73. Carbon hydrogen bond was also observed between the -COOH 

backbone with residue THR A:165 while pi-alkyl interaction was seen with the residue ILE 

A:78. Compound 5 on the other hand made two hydrogen bonding interactions with THR 

A:165 and ASN A:46, as well as several alkyl interactions with VAL A:167, VAL A:120, 

and ILE A:78. Pi-alkyl interactions were also observed between the furan rings with ILE 

A:90 and ILE A:78. The higher binding energies compared to the other derivatives may be 

contributed by the involvement of two hydrogen bonds.  For compound 6, the binding 

interaction involved the amino acids ALA A:47 through alkyl interaction, ASN A:46 

through conventional hydrogen bonds and ARG A:76 through pi-cation interaction. 

Likewise, the overall docking scores of dimethyl carbamoyl derivatives range from -5.2 

kJ/mol to -5.5 kJ/mol which is relatively low when compared to the cinnamoyl and furan 

derivatives. The binding interaction of the each of the compound which was presented in 

Appendix 4-6 consists of mainly alkyl and hydrogen bond with an additional carbon- 

hydrogen interaction. The poor affinities of the compound may be explained by weak alkyl 

interactions formed with the amino acid residues, which majority occurred at a distance bond 

length.  

 To sum up, compound with cyclic and aromatic groups in their structure displayed 

better docking scores than the dimethyl carbamoyl and long chain thiourea derivatives. This 

may be due to the rigidity and bulky molecular structure of these compound which contribute 

to compound stability when binds to the bacteria enzyme. In addition, the cinnamoyl 

derivative is the most promising candidate for further experimental studies as seen from the 
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docking score values. Higher docking score suggests that the compound will be bound tightly 

inside the target enzyme and therefore having the ability to block the cell replication process 

in bacterial cells.  

4.1.2 Molecular docking of thiourea complexes 

Motivated by the molecular docking results of compound 1-3, we sought to run 

another series of molecular docking simulations using metal complexes of each cinnamoyl 

compound using three types of metal centers namely the Cu(II), Zn(II) and Co(II) metal 

centers. These metals were selected due to various studies that have demonstrated their 

potential as antibacterial as well as the improvement of biological activities after 

complexation with metals (Khater et al., 2019). Besides, all these metal ions are needed by 

the body as micronutrients to maintain regular physiological processes therefore they would 

not be treated as foreign species by the body thus reducing the potential side effects. Table 

4.3 depicted the binding energies and the 3D binding pose of the complexes inside the 

binding cavity of 1KZN enzyme.  
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Table 4.3: Docking scores and most stable binding pose of thiourea complexes inside 

1KZN receptor 

Complex Metal center 

Binding 

Energies 

(kJ/mol) 

3D Binding Pose 

1a Cu -7.2 

 

1b Zn -7.1 

 

1c Co -6.9 

 

2a Cu -8.1 
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Table 4.3 continued 

 

2b Zn -8.0 

 

2c Co -8.2 

 

 
 

3a Cu -8.2 

 

3b Zn -8.1 

 

3c Co -8.3 

 
 

Overall, the metal complexes generally showed higher docking scores than its 
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ligands counterparts and this observation had been supported in other studies (Refat et al., 

2022; Ruswanto et al., 2022; Zabiulla et al., 2023).  The binding energies of thiourea 

complexes ranged from -6.9 kJ/mol to -8.3 kJ/mol as opposed to results obtained earlier for 

the free ligands which was between -5.1 kJ/mol to -7.1 kJ/mol. For compound 1, the 

docking scores of its complexes range from -6.9 kJ/mol to -7.2 kJ/mol respectively. Table 

4.4 summarized the overall interactions of thiourea complexes as obtained from docking 

simulations. Figure 4.8 depicted the binding interaction of complex 1a while the rest of the 

interactions of complex 1b and complex 1c were shown in Appendix 7-8. Figure 4.8 showed 

several notable interactions with the residues inside the active site of 1KZN receptor 

including ASP A:49 (metal-acceptor bond), ILE A:48 and THR A:165 (pi-sigma bond) as 

well as VAL A:167 and ALA A:47 (pi-alkyl interactions). Complex 1b adopted several 

interactions such as pi-sigma bond with the residues VAL A:118 and THR A:165, attractive 

charge formed between with ASP A:49 and zinc metal  as well as  pi-alkyl interactions with 

LEU A:94, VAL A:43, VAL A:167 and ALA A:47. For complex 1c, there are four amino 

acid residues involved in the interaction such as GLY A:119 (carbon-hydrogen bond), ILE 

A:90 (Pi-sigma bond) as well as ILE A:78 and ALA A:47 (Pi-alkyl interactions). 

Apparently, the interactions of the complexes of compound 1 did not involve any hydrogen 

bond probably due to the dominant activities of other types of interaction such as Pi-alkyl 

and Pi-sigma bond interactions which could reduce the significant of hydrogen bonds in 

stabilizing the ligand-receptor complex. The docking results also revealed that the aromatic 

part of the complex were actively involved in forming interactions with the amino acid 

residues through pi-alkyl and pi-sigma bond. Apart from the Co(II) complex, the metal 

centers were seen to be involved in compound interactions. This is not surprising since the 

positively charged metal ions could interact with negatively charged biological molecules as 
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a result opposite charges.  

 

 
 

Figure 4.8: 3D(left) and 2D(right) visual depiction of amino acid interaction of complex 

1a inside DNA Gyrase Enzyme 
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Table 4.4: Summary of amino acid interactions of thiourea complexes 

Compound Amino acids Bonds 
Distance 

(Å) 

1a 

ILE A:48 
Pi-Sigma 

3.79 

THR A:165 3.73 

ASP A:49 Metal acceptor bond 2.26 

ALA A:47 
Pi-alkyl 

4.70 

VAL A:167 5.13 

1b 

ASP A:49 Attractive charge 3.99 

VAL A:118 Pi-sigma 3.87 

HIS A:95 Carbon-hydrogen bond 3.15 

LEU A:94 

Pi-alkyl 

5.24 

ALA A:47 4.67 

VAL A:167 5.12 

VAL A:43 5.42 

1c 

ILE A:90 Pi-sigma 3.85 

ILE A:78 Pi-Alkyl 4.79 

GLY A:119 Carbon-hydrogen bond 3.79 

ALA A:47 Alkyl 4.94 

2a 

ASN A:46 
Conventional Hydrogen Bond 

3.06 

GLY A:117 2.34 

ILE A:90 Alkyl 4.29 

ALA A:47 
Pi-alkyl 

4.88 

VAL A:167 5.38 

THR A:165 Pi-sigma 3.97 

2b 

GLU A:50 

Conventional hydrogen bond 

2.69 

ASN A:46 3.29 

GLY A:117 2.87 

ALA A:47 Pi-Alkyl 5.12 

ILE A:90 Alkyl 4.24 

THR A:165 Pi-Sigma 3.96 

ASP A:45 Pi-Anion 4.39 

2c 

ASN A:46 
Conventional hydrogen bond 

4.26 

ARG A:76 3.75 

ALA A:96 

Pi-Alkyl 

4.65 

ALA A:47 4.98 

ILE A:90 5.22 

 Alkyl 4.35 

3a 

ASN A:46 Conventional hydrogen bond 3.17 

ASP A:45 Pi-anion 3.36 

ASP A:49 Metal acceptor 2.21 

ILE A:48 Pi-alkyl 5.33 

ALA :47 
Alkyl 

5.00 

ILE A:90 4.70 

3b 
GLU A:50 

Conventional hydrogen bond 
1.92 

GLY A:117 2.33 
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Table 4.4 continued 

 

 

ALA A:47 
Pi-Alkyl 

5.17 

LEU A:94 5.21 

ALA A:58 
Alkyl 

4.30 

ILE A:90 4.95 

VAL A:118 Pi-Sigma 3.58 

ASP A:49 Attractive charge 4.85 

3c 

ASN A:46 
Conventional Hydrogen Bond 3.26 

Unfavourable bond 2.19 

PRO A:79 
Pi-Alkyl 

4.67 

ALA A:47 5.05 

PRO A:79 

Alkyl 

4.67 

ILE A:90 4.94 

ASP A:45 3.83 
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Complexes of compound 2 exhibited binding energies range from -8.0 to -8.2 

kJ/mol. Complex 2a against DNA Gyrase enzyme adopted key interactions (Figure 4.9) 

with amino acid GLY A:117 and ASN A:46 (hydrogen bond), THR A:165 (pi-sigma bond), 

ALA A:47 and VAL A:167 (pi-alkyl interactions) and ILE A:90 (alkyl interactions). These 

interactions results in high binding energies of -8.2 kJ/mol. Complex 2b (Appendix 9) 

spawned three hydrogen bond interactions with the residues GLU A:50, GLY A:117 and 

ASN A:46 which occurred through the N-H group of thiourea and the C=O atom of the 

amide backbone. Other interactions including pi-sigma bond with THR A:165, pi-alkyl 

interaction between the aromatic group and ALA A:47, pi-anion interaction of another 

aromatic group with ASP A:45 and alkyl interaction with ILE A:90 which comes from the 

methylene group of the valine side chain. Complex 2c (Appendix 10) had three key 

interactions; Conventional hydrogen bonding was observed with with amino acid ASNA:46 

and ARG A:76. The aromatic component of the complex generated pi-alkyl interaction with 

ALA A:47 and ALA A:96 and ILE A:90. Another alkyl interaction was also observed 

between the valine side chain and ILE A:90. Compared to its parent ligand, the number of 

interactions occurred between the amino acid residues with complexes of compound 2 

increased significantly. This phenomenon might contribute to higher binding energies; as 

more interactions may help to stabilise the ligand-protein complex (Soliman et al., 2024). 
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Figure 4.9: 3D(left) and 2D(right) visual depiction of amino acid interaction of complex 

2a inside DNA Gyrase Enzyme 

 

The binding energies of complexes of compound 3 range from -8.1 kJ/mol to -8.3 

kJ/mol. In complex 3a (Figure 4.10), the compound bound tightly inside the active site of 

the enzyme through pi-alkyl interactions with ILE A:48 and ALA A:47, alkyl interactions 

with ILE A:90, pi-anion with ASP A:45, conventional hydrogen bond with ASN A:46 as 

well as metal-acceptor bond with ASP A:49. The docking of complex 3b (Appendix 11) 

gave insight on two conventional hydrogen bond formed between GLU A:50 and GLY 

A:117 with the NH group, pi-alkyl interactions with LEU A:94 and ALA A:47 as well as 

alkyl interactions with ILE A:90 and ALA A:58 residues. Besides, pi-sigma bond and 

attractive charge with VAL A:118 and ASP A:49 were also identified from the docking 

visualization.  Last but not least, for complex 3c, the binding interactions (Appendix 12) 

involved in the active site of the enzyme receptors were pi-anion interaction with ASP A:45, 

conventional bond with ASN A:46, alkyl interactions with ILE A:90 and PRO A:79. 

Another interaction observed is between the residue ALA A:47 which occurred through pi-

alkyl interaction. Notably, there was an unfavourable interaction occurred between the NH 
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backbone and ASN A:46.  

 

  

Figure 4.10: 3D(left) and 2D(right) visual representation of docked complex 3a inside 

1KZN receptor 

 

In conclusion, docking simulation allowed us to predict potentially active 

antimicrobial agent and eliminate the possibly inactive compound. Besides, it gives better 

understanding on the binding mode which allows medicinal chemist to tweak the chemical 

structure of the compound to create new compound derivative with even greater efficiency 

in combating the growth of bacteria. The metal complexes of thiourea demonstrated higher 

binding affinities against the targeted enzyme receptor, most likely due to the increase in the 

number of key interactions thus stabilising the positioning of the compound inside the 

enzyme receptor. Among the complexes, the cobalt(II) complexes had the highest binding 

energies compared to other complexes with binding energies range from -8.1 kJ/mol to -8.3 

kJ/mol. Therefore, it could be predicted that these complexes may portrayed the highest 

antibacterial activities against E. coli strain. In the next part of the research, an ADME 
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evaluation were carried out to predict the pharmacokinetic potential of the ligands and its 

complexes.    
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4.2 ADME evaluation of thiourea and its metal complexes 

4.2.1 ADME evaluation of compound 1-12 
 

While antibiotics are useful for treating bacterial infections, some of the existed 

common drugs currently warrant unwanted side effects to its patients. In some cases, the side 

effects are so severe that the drug can no longer be the first-choice treatment despite the 

efficacy. Ciprofloxacin for instance had been associated with peripheral neuropathy and 

CNS side effects and had been issued a Boxed Warning by the FDA (Anwar et al., 2024). 

This is because the drug had lipophilic character therefore possessed ability to cross the BBB 

and readily penetrate the CNS (Haddad et al., 2022). A compound with the best experimental 

result and molecular docking interactions does not necessarily become the best drug 

candidate as it needs to travel the human body to reach its target receptor and in order to do 

so, the drug has to cross many barriers and membranes. To study the pharmacokinetic 

profiles of thiourea and its complexes, SwissADME tool was used to predict the 

pharmacokinetic properties of each compound because it is an open access online webtool 

and the data are easy to interpret (Daina et al., 2017). The ADME assessment is an important 

step in drug design and development to screen the best drug candidate as potential medicine 

with little side effects. Compounds which are predicted with poor pharmacokinetic profiles 

will be eliminated and were not considered for future studies while compounds with 

promising pharmacokinetic profiles will be selected for future experimental procedures. The 

ADME profiles of compound 1-12 are presented in Table 4.5. 
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Table 4.5: ADME datas of compound 1-12 

Compound Cipro 1 2 3 4 5 6 7 8 9 10 11 12 

Physiochemical Properties 

No. of Heavy 

Atoms 
24 22 21 22 19 18 19 17 16 17 29 28 29 

No. arom. 

heavy atoms 
10 8 6 6 5 5 5 0 0 0 0 0 0 

Fraction Csp3 0.41 0.27 0.27 0.31 0.36 0.36 0.42 0.67 0.67 0.7 0.86 0.86 0.87 

No. rotatable 

bonds 
3 10 8 9 9 7 8 9 7 8 22 20 21 

No. H-bond 

acceptors 
5 3 3 3 4 4 4 3 3 3 3 3 3 

No. H-bond 

donors 
2 3 3 3 3 3 3 3 3 3 3 3 3 

Molar 

Refractivity 
95.25 93.14 85.55 90.36 75.69 68.1 72.91 71.62 64.03 68.84 130.83 123.23 128.04 

TPSA 74.57 135.82 110.52 110.52 148.96 123.66 123.66 139.06 113.76 113.76 135.82 110.52 110.52 

Lipophilicity (Log P o/w) 

Consensus 

Log Po/w 
1.10 1.92 1.95 2.23 0.91 0.83 1.15 0.38 0.19 0.65 5.33 5.32 5.54 

Water solubility 

Class (ESOL) 
Very 

soluble 
Soluble Soluble Soluble Soluble Soluble Soluble 

Very 

Soluble 

Very 

Soluble 

Very 

soluble 

Poorly 

soluble 

Poorly 

Soluble 

Poorly 

Soluble 

Class (Ali) 
Highly 

soluble 

Moderately 

soluble 

Moderately 

soluble 

Moderately 

soluble 

Moderately 

soluble 

Moderately 

soluble 

Moderately 

soluble 
Soluble Soluble Soluble Insoluble Insoluble Insoluble 

Class 

(SILICOS-IT) 
Soluble Soluble Soluble Soluble Soluble Soluble Soluble Soluble Soluble Soluble 

Poorly 

soluble 

Poorly 

Soluble 

Poorly 

Soluble 

Pharmacokinetics 

GI absorption High High High High Low High High High High High Low Low Low 

BBB Permeant No No No No No No No No No No No No No 

P-gp substrate Yes No No No No No No No No No No Yes No 

CYP1A2 

inhibitor 
No No Yes No No No No No No No Yes Yes Yes 
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Table 4.5 continued 
 

CYP2C19 

inhibitor 
No Yes Yes Yes Yes No No No No No Yes Yes Yes 

CYP2C9 

inhibitor 
No Yes yes Yes No No No No No No Yes Yes Yes 

CYP2D6 

inhibitor 
No No No No No No No no No No No No No 

CYP3A4 

inhibitor 
No No No No No No No No No No No No No 

Log Kp (Skin 

permeation) 
-9.09 -6.22 -5.79 -5.63 -6.73 -6.3 -6.13 -7.33 -6.91 -6.74 -3.16 -2.73 -2.56 

Druglikeness 

Lipinski Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Ghose Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes No 

Veber Yes Yes Yes Yes No Yes Yes Yes Yes Yes No No No 

Egan Yes No yes Yes No Yes Yes No Yes Yes No Yes No 

Muegge Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No No 

Bioavailibility 

score 
0.55 0.58 0.58 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 

Medicinal Chemistry 

PAINS 0 0 0 0 0 0 0 0 0 0 0 0 0 

BRENK 0 2 2 2 1 1 1 1 1 1 1 1 1 

Leadlikeness Yes No No No No Yes No No No No No No No 

Synthetic 

accessibility 
2.51 3.44 3.19 3.29 3.23 3.03 3.13 3.35 3.05 3.14 4.56 4.22 4.34 
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As seen from the bioavailability radar (Figure 4.11), compound 1-12 had good scores 

of drug-likeness parameters except compound 10-12. Compounds 1-12 generally had 

satisfying physicochemical properties as there is no violation of five ADME filters namely 

the Lipinski, Ghose, Veber, Egan and Muegge rules except for compound 1, 4, 7 which 

violated the Egan rule. Furthermore, the palmitoyl derivatives (compound 10-12) were seen 

to violate other rules except for the Lipinski’s rule. Nevertheless, only the Lipinski’s rule 

were considered and discussed in this section as it is a general rule of thumb to predict the 

oral bioavailability of potentially active drug (Roskoski, 2023). From the results tabulated, 

all compounds obeyed the Lipinski’s rule of five (Ro5). According to the Lipinski’s rules of 

five, the molecular weight of a drug should not exceed 500 Dalton (Da) (Lipinski, 2004). 

This is because higher molecular weight leads to poor water solubility and the aqueous 

solubility of a molecule influences drug absorption after oral administration (Bhalani et al., 

2022; Borgaonkar et al., 2024). The molecular weight of compound 1-12 were between 247-

446 g/mol. While Ro5 is an important guideline to predict oral bioavailability of a drug, 16% 

of oral drugs in reality failed to fulfill at least one of the criteria whilst 6% did not obey two 

or more criteria. Drugs such as atorvastatin (Lipitor) and montelukast (Singulair) were 

infamously known to violate more than one of the Lipinski rules (Bickerton et al., 2012). 

From the values tabulated in Table 4.5, all compounds were predicted to be soluble in water 

except the palmitoyl derivatives due to the long hydrocarbon chain of the palmitoyl, which 

are extremely hydrophobic and highly non-polar (Spătaru et al., 2013).   
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Figure 4.11: The bioavailibility radar of compound 1-12 

*The pink area in each radar represents the accepted range of molecules for each of the 

pharmacokinetics evaluation; anything out of the radar indicates that the compound did not 

fulfill the criteria 

 

Next, compounds 1-12 did not violate the second and third criteria of Lipinski’s rules 

of not having more than five hydrogen bond donors and not more than ten hydrogen bond 

acceptors (Lipinski, 2004). Hydrogen bonding plays a significant role in ADME as it 

influences the movement of a molecule to a less polar environment which significantly 
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affects the permeability and its in vivo distribution (Kenny, 2022). A proper balance of 

lipophilicity and hydrophilicity is required to generate a favorable pharmacokinetic profile 

(Coimbra et al., 2020). Too many of either the hydrogen bond donor or acceptor would affect 

the drug’s membrane partition and permeability which would cause problem in 

transportation of drugs across cells later (Alex et al., 2011). Lipophilicity is another 

important aspect that influences the ADME of a drug. It is expressed as the logarithm of n-

octanol partition coefficient (log P) (Lobo, 2020). Similarly, the lipophilicity values 

suggested the permeability of drug across cell membrane, which would affect the binding of 

the molecule to the receptor (Czyrski, 2022). The calculated Log P values of the studied 

compounds are within the accepted range, with values less than five, except for compound 

10-12. 

 

Before a drug enters a tissue or organ, it is distributed by blood supply around the 

body. However, it first must be absorbed in the GI, and this absorption is largely influenced 

by the physicochemical properties like water solubility and lipophilicity. Highly polar drug 

will have difficulty to cross the gut wall membrane while highly lipophilic drug will dissolve 

in fat globules and become poorly absorbed in the guts hindering drug distribution around 

the body. All the designed compounds generally shown high GI absorption except for 

compound 4, 10, 11 and 12. All the palmitoyl derivatives shown poor GI absorption most 

probably due to its poor water solubility, which is a result of its highly hydrophobic nature. 

On the other hand, all compounds were predicted to be non-permeable in the blood brain 

barrier. The blood brain barrier is a semi permeable membrane that surrounds the human 

central nervous system (Wu et al., 2023). It functions to protect the human brain from blood-

borne agent as well as regulating the passage of small molecules and foreign substances or 



108  

drugs into the CNS (Kadry et al., 2020). Drugs that are capable to cross the BBB is very 

likely to induce various CNS side effects such as hallucinations, Parkinson’s disease and 

fatigue and this happened especially due to drugs with highly lipophilic character (Cojocariu 

et al., 2021). An example of such drug is chlorpheniramine maleate, a first-generation 

antihistamine drug commonly used to treat allergy and flu symptoms, this drug could induce 

sedative effects to patients taking this medication (Rizvi et al., 2024). Figure 4.12 illustrated 

the hard-boiled egg diagram of compound 1-12. The molecules in the yellow region (if any) 

are predicted to be BBB permeant while the white region suggested high gastrointestinal 

absorption. 

 
Figure 4.12: Hard-boiled egg diagram of compound 1-12 

  

Furthermore, compound 1-12 were predicted to be non-P-glycoprotein (P-gp) 

substrate except for compound 11. P-gp is a membrane protein transporter that regulates the 

movement of a drug across a cell membrane, from the uptake to its removal from the cells 

which give rise to its ADME properties, influencing drug efficacy and bioavailability (Juvale 



109  

et al., 2022; Finch and Pillans, 2014). An example of P-gp substrate is an anticoagulant drug, 

Apixaban (Eliquis) (Zhang et al., 2013). Study shown that when Apixaban was administered 

alone, the oral bioavailability was 49% but when co-administered with P-gp inducer 

Rifampin, the oral bioavailability reduced by 25%. This is because the presence of P-gp 

transporter and CYP3A4 enzyme during the pre-systemic processes reduced the 

bioavailability of the drug (Vakkalagadda et al., 2016). Therefore, it could be predicted that 

the compound might have high bioavailability if it not administered together with P-gp 

inducer. Next, compound 1-12 were expected to be metabolized by P450 enzyme. From the 

result analysis, compound 1-12 were not the inhibitors of CYP2D6 and CYP3A4 protein. 

Lastly, the compounds had lower negative log Kp value when compared to the standard 

Ciprofloxacin. This indicates that the compounds had more penetration in the skin barrier 

therefore would work well as a topical antibiotic (Daina et al., 2017). 

 

To conclude, most of the thiourea derivatives have good ADME properties except 

for the palmitoyl derivatives. By taking account both the docking scores and ADME values, 

cinnamoyl derivatives make a great candidate as potential antibiotic agent due to good 

binding affinity with DNA gyrase enzyme and satisfying pharmacokinetic profiles. 

Therefore, the cinnamoyl thiourea compound were selected for future experimental set up to 

evaluate its in vitro biological property.



110  

 

 

4.2.2 ADME evaluation of metal complexes 

Meanwhile, for the assessment of the ADME profiles of metal complexes, the results 

demonstrated that the complexes generally obeyed the Lipinski’s rule of 5 although the 

molecular weight is more than 500 Da. For complexes of compound 1-3, each of the metal 

complex had molecular weight range from 746 - 1110 g/mol.  It was worth noted that metal 

complex drug often violates the general rule applied to common organic molecules (Anthony 

et al., 2020). In this case, the coordination of a metal with more than one ligand resulting in 

a complex molecular structure and consequently large molecular weight. Auranofin is an 

example of metal complex drug which exceed the Lipinski’s requirement with molecular 

weight of 678.49 g/mol. This scenario is commonly observed in natural product (NP) derived 

drugs where NPs often do not meet the Lipinski’s criteria (Doak et al., 2014). In fact, the 

increase in molecular mass of approved drugs in the last 20 years implied that more and 

more drugs are exceptional to this rule (Shultz, 2019). From 2013 to 2019, 60 out of 154 

(39.9%) new chemical entities (NCEs) oral drugs were found to violate at least one of the 

Ro5 descriptor (39.9%), up from 21.9% of total NCEs from 1994 to 1997 (Stegemann et al., 

2023).  

 

Besides, metal complexes were predicted to have poor water solubility. This 

observation is expected as metal complexes had high molecular weight, thus difficult to 

dissolve in water. To overcome the limitation of poor solubility in oral administration, metal 

complexes would often be given intravenously to the patients (Mjos & Orvig, 2014; 

Tchounwou et al., 2021). Therefore, the study on efficient drug delivery of metal complexes 

such as encapsulation with nanocarrier is actively being conducted to improve water 
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solubility (Dantas et al., 2022; Pearson et al., 2015; Xu et al., 2024). 

 

Although higher molecular weight and lipophilic value is often associated with poor 

pharmacokinetic profiles (Wang et al., 2019), the lipophilic values of complexes of 

compound 1-3 were found to be within the accepted range and did not violate the Lipinski’s 

Rule of Five. As a result, the complexes were found to be non-BBB permeant therefore the 

drugs would not cross the BBB and induce CNS side effects. On the other hand, the 

complexes were predicted to be poorly absorbed in the intestine. It is expected as higher 

molecular weights leads to poor oral absorption and thus poor GI absorption and finally leads 

to low bioavailability of the drugs. Poor bioavailability would cause the active compounds 

not reaching the systemic circulation in desired quantities to form interaction with targeted 

receptor. Consequently, data from docking simulation would not be relevant as expected 

interaction of active compound with targeted active site would not be achieved (Dey, 2021). 

 

Additionally, our SwissADME data revealed that the metal complexes are P-gp 

substrate. P-gp protein is also known as multi-drug resistance protein that actively pump out 

foreign species from the cells and is widely distributed in human kidneys, liver, pancreas 

and the brain (Ferreira et al., 2015; Nguyen et al., 2021). Being a P-gp substrate means that 

the oral bioavailability of metal complexes will be reduced when co-administered with P-gp 

inducer, preventing the drug from reaching its full potential. This information allow the 

experts to consider the possible drug interactions that may arised before prescribing 

medication to their patients. Last but not least, these metal complexes were expected to be 

metabolized in the liver. It is predicted that the enzymes involved in the metabolic processes 

of these metal complexes are CYP1A2, CYP2C9 and CYP2D6. Meanwhile, the log Kp 
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values of the metal complexes suggested that the complexes would make a great candidate 

as a topical antibiotic rather than as an oral drug. The skin permeation or log KP values of 

the metal complexes falls within the range of -4.85 to -6.09 cm/s, which is less negative than 

the value of Ciprofloxacin (-9.09 cm/s). These values suggested that the complexes had more 

skin permeability than Ciprofloxacin therefore would work well as a topical antibiotic (Daina 

et al., 2017). The results of the ADME properties of thiourea complexes were summarized 

in Table 4.6 and the bioavailability radar was shown in Figure 4.13.  
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Table 4.6: ADME datas of thiourea complexes 

Complex 1a 2a 3a 1b 2b 3b 1c 2c 3c 

Physiochemical Properties 

No. of Heavy Atoms 45 43 45 45 43 45 45 43 45 

No. arom. heavy atoms 12 12 12 12 12 12 12 12 12 

Fraction Csp3 0.27 0.27 0.31 0.27 0.27 0.31 0.27 0.27 0.31 

No. rotatable bonds 20 16 18 20 16 18 20 16 18 

No. H-bond acceptors 6 6 6 6 6 6 6 6 6 

No. H-bond donors 4 4 4 4 4 4 4 4 4 

Molar Refractivity 182.19 168.01 177.62 183.19 168.01 177.62 183.19 168.01 177.62 

TPSA 249.64 199.04 199.04 249.64 199.04 199.04 249.64 199.04 199.04 

Lipophilicity (Log P o/w) 

Consensus Log Po/w 3.08 3.06 3.6 3.08 3.06 3.6 3.08 3.05 3.59 

Water solubility 

Class (ESOL) 
Poorly 

Soluble 

Poorly 

soluble 

Poorly 

Soluble 

Poorly 

soluble 

Poorly 

soluble 

Poorly 

soluble 

Poorly 

Soluble 

Poorly 

Soluble 

Poorly 

Soluble 

Class (Ali) Insoluble Insoluble Insoluble Insoluble Insoluble Insoluble Insoluble Insoluble Insoluble 

Class (SILICOS-IT) 
Poorly 

Soluble 

Poorly 

soluble 

Poorly 

Soluble 

Poorly 

soluble 

Poorly 

soluble 

Poorly 

soluble 

Poorly 

soluble 

Poorly 

soluble 

Poorly 

soluble 

Pharmacokinetics 

GI absorption Low Low Low Low Low Low Low Low Low 

BBB Permeant No No No no No No No No No 

P-gp substrate yes Yes Yes Yes Yes Yes Yes Yes Yes 

CYPA142 inhibitor No No No No No No No No No 

CYP2C19 inhibitor No No No No No No No No No 
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Table 4.6 continued 

 

CYPC8 inhibitor Yes Yes Yes Yes Yes Yes Yes Yes Yes 

CYP2D6 inhibitor No No No No No No No No No 

CYP3A4 inhibitor No Yes No No No No No No No 

Log Kp(Skin 

permeation) (cm/s) 
-6.08 -5.22 -4.88 -6.09 -5.23 -4.89 -6.05 -5.19 -4.85 

Druglikeness 

Lipinski Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Ghose No No No No No No No No No 

Veber No No No No No No No No No 

Egan No No No No No No No No No 

Muegge No No No No No No No No No 

Bioavailibility score 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 

Medicinal Chemistry 

PAINS 0 0 0 0 0 0 0 0 0 

BRENK 2 2 2 3 3 3 2 2 2 

Leadlikeness No No No No No No No No No 

Synthetic accessibility 6.6 6.51 6.72 6.59 6.45 6.68 6.55 6.4 6.64 
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1a 1b 1c 

   

2a 2b 2c 

 

  

3a 3b 3c 

   

Figure 4.13 The bioavailability radar of thiourea complexes 1a-3c 
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4.3 Synthesis of compound 1-3 

Based on the screening results from section 4.1 and 4.2, the top ranked thiourea 

compound based on molecular docking energy scores along with highly promising 

pharmacokinetic profiles (compound 1-3) were selected for experimental study Hence, the 

synthetic route for the synthesis of thiourea was depicted in Figure 4.14. During the first 

step, a condensation reaction took place between cinnamoyl chloride and KSCN in dry 

acetone at room temperature (Roman et al., 2023). This reaction yielded an intermediate and 

by-products potassium chloride, KCl which appeared as white solid (Abd Halim & Ngaini, 

2016). When KSCN was added, the thiocyanato group, due to its nucleophilic character 

attacked the carbon atom adjacent to the chlorine atom of cinnamoyl chloride. Being a good 

leaving group, chlorine atom was unstable and eventually replaced by the thiocyanato group 

forming the isothiocyanate intermediate bearing NCS group. The chlorine atom 

subsequently reacted with the positively charged potassium ion of KSCN resulting in the 

formation of KCl which later being removed and filtered off the mixture.  

 

The second step of the reaction involved a nucleophilic addition reaction between 

amino acid methionine, valine and leucine with the isothiocyanate intermediate to yield 

compound 1-3 (Ellithy et al., 2023). The reaction was carried out under reflux at 60 ℃ for 

18 hrs due to low reactivity of the amino acid and stirred continuously overnight to allow 

the completion of reaction. Subsequently, the resulting mixture was filtered and the filtrate 

was allowed to evaporate at room temperature for few days until solid was formed. The 

resulting solids were purified through slow recrystallization method using mixture of DCM 

and ethanol or methanol to obtain their purest form.  
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Figure 4.14: Synthesis scheme of compound 1-3 

 

 

Compound 1 and 2 were obtained as yellowish solid while compound 3 appeared as 

white solid with respectable yield between 74.3-83.1%, suggesting the viability of the 

synthesis method. Compound 1 and 2 were recrystallized in a mixture of DCM and ethanol 

at 1:1 ratio while compound 3 was recrystallized using a mixture of DCM and methanol in 

1:1 ratio. The compounds demonstrated excellent solubility in various organic solvent such 

as DMSO, methanol and acetone. In ethanolic solution, the compounds dissolved upon 

heating. On the contrary, the compounds were insoluble in DCM, water and tetrahydrofuran 

(THF). Hence, ethanol and DCM mixture were selected to recrystallize the compound as the 

most polar solvent was used to dissolve the compound along with its impurities at high 

temperature while non-polar solvent was used to initiate nucleation and concentrate the 

compound out of the solvent, yielding pure crystallized compound.  In addition, all 

compounds were observed to be relatively stable at room temperature. The melting points 

range from 160-192 ℃ respectively. Each compound displayed sharp melting points in 

between range of 1 – 5℃. Typically, sharp melting point i.e less than 5 ℃ indicates the 
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purity of the compound (Dent, 2006). Table 4.7 summarized the physical data of compound 

1-3. A CHNS elemental analysis was also carried out and Table 4.8 showed that the obtained 

values are in good agreement with the theoretical values suggesting the purity and the 

successful synthesis of the compounds. 

 

Table 4.7: Physical properties of compound 1-3 

Compound 
Molecular 

formula 
m.p (℃) Yield (%) 

Physical 

appearance 

1 C15H18N2O3S2 160-163 75.3 Yellowish solid 

2 C15H18N2O3S 155-158 83.1 Yellowish solid 

3 C16H20N2O3S 190-192 74.3 White solid 

 

Table 4.8: CHNS data of compound 1-3 

Compound 
Molecular 

formula 

Molecular 

weight 

Elemental Analysis Data 

% 

Carbon 

% 

Hydrogen 

% 

Nitrogen 

% 

Sulphur 

1 C15H18N2O3S2 338.45 
52.94 

[53.23] 

5.56 

[5.36] 

6.86 

[8.28] 

17.30 

[18.95] 

2 C15H18N2O3S 306.10 
59.06 

[58.08] 

5.96 

[5.92] 

8.23 

[9.14] 

10.08 

[10.45] 

3 C16H20N2O3S 320.12 
60.39 

[59.98] 

6.33 

[6.29] 

8.52 

[8.74] 

10.14 

[10.01] 

*Theoretical values are indicated in the square brackets 
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4.4 Synthesis of Cu(II), Zn(II) and Co (II) complexes of thiourea 

The synthesis of complexes of thiourea was depicted in Figure 4.15. It was done by 

adding metal salt solution to the ligand in a ratio of 1:2. Initially, KOH was added so it could 

act as a strong base to deprotonate the hydrogen ion from the carboxylic group -COOH of 

thiourea ligand (Karthik et al., 2020). The deprotonation of hydrogen atom at the carboxylic 

group of thiourea allows it to coordinate to the metal ions in order to form a complex metal. 

Although NH group and the OH were both present in the compound, the OH group was 

strongly deprotonated due to its more acidic nature.  

 

 
Figure 4.15: Synthesis pathway of metal complexes of thiourea 

 

Metal complexes of thiourea were synthesized with product yield ranging from 

24.67-89.76%. It was observed that the complexes demonstrated poor solubility in all 

organic solvents even upon heating except in DMSO. For compound 3a, it was insoluble in 

all tested solvents. However, all compounds were observed to be relatively stable at room 
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temperature. The melting points of the complexes range from 166-258 ℃ respectively which 

were relatively higher than their respective ligands. Higher melting point of the metal 

complexes may be attributed to the increase in its molecular weight as a result of 

complexation (Gopichand et al., 2023). Hence, the elevation in the melting points were the 

initial indicator for the formation of metal complexes (Pal et al., 2019). Furthermore, sharp 

melting points range also indicated the purity of the complexes (Dent, 2006). The physical 

properties of complex 1a-3c were summarized in Table 4.9.  

 

Table 4.9: Physical properties of thiourea complexes 

 

Complex 

 

Molecular formula mp (℃) 
Yield 

(%) 
Appearance 

 

1a 

 

C30H36N4O6S4Cu•2H2O 
 

 

166-168 

 

40.56 

 

Green solid 

 

2a 

 

C30H36N4O6S2Cu•4H2O 
 

 

198 

 

41.00 

 

Green solid 

 

3a 

 

C32H40N4O6S2Cu•5H2O 
 

 

205 

 

37.7 

 

Dark green solid 

 

1b 

 

C30H36N4O6S4Zn•2H2O 
 

 

224-227 

 

34.14 

 

White solid 

 

2b 

 

C30H36N4O6S2Zn•7H2O 
 

 

211-213 

 

89.76 

 

White solid 

 

3b 

 

C32H40N4O6S2Zn•7H2O•5CH3OH 
 

 

237-242 

 

26.39 

 

White solid 

 

1c 

 

C30H36N4O6S4Co 
 

 

255-258 

 

39.7 

 

Purple solid 

 

2c 

 

C30H36N4O6S2Co•3H2O•4EtOH 
 

 

253-256 

 

24.67 

 

Purple solid 

 

3c 

 

C32H40N4O6S2Co•5H2O 
 

 

211-215 

 

30.72 

 

Purple solid 
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The formation of metal complexes were indicated by its color changes after metal 

salt solution was added. In this experiment, the formation of metal complex is a labile 

reaction as the complexes formed instantly after the addition of metal salt solution, without 

giving heat to the reaction.  The presence of vacant d-orbital allows the metal and its 

complexes to appear colorful due to the occurrence of d-d transition of electrons because of 

the excitation of electrons from low-energy orbital to high-energy orbital which occurred 

after overcoming the energy difference between the two orbitals in the visible light regions 

(Kale et al., 2021).  

 

The formation of Cu(II) thiourea complex was indicated by the formation of green 

or dark green colored compound which is consistent with numerous studies in literature 

(Drzewiecka-Antonik et al., 2020; Meena & Adusumilli, 2023; Trung et al., 2024). 

Meanwhile, zinc(II) complex appeared as white solid and cobalt(II) complexes appeared as 

purple complex. Zinc(II) complexes appeared as white because of lower band gap energy 

and fully filled d-orbital of zinc(II) ion which corresponds to shorter wavelengths and zero 

visible light absorption. (Buvaneswari et al., 2015; Kale et al., 2021).  Furthermore,  Kale et 

al., (2021) added that weak field ligands appeared as blue-green, blue and indigo because 

they absorbed low-energy yellow, orange or red-light. Thus, the formation of green and 

purple colored complex indicated that thiourea is a weak field ligand.  

 

The synthesis of metal complexes were then subjected for CHNS elemental analysis 

(Table 4.10). The calculated and the obtained values suggested the presence of hydrated 

water molecules in the complexes which were common in the synthesis of metal complexes 
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(Abendrot et al., 2020; Carcelli et al., 2020). For compound 3b and 2c, the CHNS data 

implied the presence of solvent in the complex while traces of SO4
2-

 were also detected in 

compound 3b. Furthermore, the obtained result suggested that the geometrical structure of 

the complexes were in good agreement with the proposed structure except for complex 1c. 

In line with previous studies, the structures of Cu(II) and Zn(II) complexes were proposed 

as square planar (Venkatesh et al., 2024). Instead of the typical six-coordinated cobalt(II) 

complex (El-Zahed et al., 2023), complex 1c were found to be four-coordinated or square 

planar based on the CHNS data.  According to the CHNS data, the difference in percentage 

of carbon atom was 2.17% if the structure was six-coordinated while less than 0.1% 

difference was obtained if the structure of the complex was four-coordinated therefore it was 

strongly suggested that the cobalt(II) metal may have formed a square planar complex with 

ligand 1 (Venkatesh et al., 2024; Saeed and Jasim, 2024).  
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Table 4.10: CHNS elemental data of thiourea complexes 

Compound Molecular formula 

Elemental values 

%C %H %N %S 

1a C30H36N4O6S4Cu•2H2O 
46.48 

[46.49] 

4.17 

[4.65] 

7.43 

[7.23] 

16.76 

[16.56] 

2a C30H36N4O6S2Cu•4H2O 
48.08 

[48.24] 

4.17 

[4.82] 

7.65 

[7.51] 

8.39 

[8.59] 

3a C32H40N4O6S2Cu•5H2O 
48.09 

[48.46] 

4.98 

[5.05] 

7.04 

[7.07] 

7.71 

[8.09] 

1b C30H36N4O6S4Zn•2H2O 
46.40 

[46.38] 

2.67 

[4.64] 

5.16 

[7.22] 

16.11 

[16.52] 

2b C30H36N4O6S2Zn•7H2O 
45.68 

[44.88] 

3.89 

[4.49] 

6.95 

[6.98] 

5.85 

[7.99] 

3b C32H40N4O6S2Zn•7H2O•5CH3OH 
35.29 

[35.35] 
3.75 

[3.68] 

5.35 

[5.16] 

6.51 

[5.90] 

1c C30H36N4O6S4Co 
48.97 

[49.06] 

3.02 

[4.91] 

7.61 

[7.64] 

17.43 

[17.48] 

2c C30H36N4O6S2Co•3H2O•4EtOH 
39.67 

[39.65] 

3.71 

[3.96] 

5.78 

[5.73] 

3.26 

[7.06] 

3c C32H40N4O6S2Co•5H2O 
48.73 

[48.75] 

5.55 

[5.08] 

6.95 

[7.11] 

4.78 

[8.14] 

*theoretical values are indicated in square brackets 
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4.5  Characterization of compound 1-3 and complexes 1a-3c by FTIR 

ATR- FTIR spectroscopy was utilized to determine the important functional groups 

that were present in the synthesized compounds. Subsequently, the IR spectra of compound 

1-3 and complex 1a-3c were recorded in the IR region between 500 cm-1and 4000 cm-1. 

Generally, a successful reaction for the synthesis of thiourea was marked by the presence of 

the following distinctive functional groups: v(N-H), v(C=O) of the carboxylic group, v(C=O) 

of the amide group, v(C=C) as well as v(C=S) and v(C-N) functional groups. The IR 

spectrum of compound 1 was shown in Figure 4.16 while the IR spectra of compound 2-3 

and complex 1a-3c was shown in Appendix 13-22. 

 

 The successful formation of thiourea was indicated by the presence of the N-H 

stretching which appeared at 3165-3056 cm-1. This observation was consistent with a recent 

work done by Oleiwi et al., (2023) where the N-H band was assigned at 3404-3164 cm-1. As 

mentioned earlier, the reaction between cinnamoyl chloride and KSCN formed an 

isothiocyanate intermediate compound bearing NCS bond. The formation of thiourea 

compound was indicated by another unique characteristic that was the absence of the NCS 

vibration, which typically exist at 2140-1990 cm-1 according to Ngaini et al., (2017). The 

addition of amino acid to the isothiocyanate intermediate caused the NCS group to disappear 

and eventually being replaced by the formation of -NH groups. A similar observation was 

also observed for the formation of metal complexes such that v(N-H) stretchings were 

assigned to the absorption frequencies between 3207-3060 cm-1 (Figure 4.17).  

 

Furthermore, the formation of synthesised compounds were supported by the 

absorption at 1732-1716 cm-1 which were attributed to the carbonyl group of carboxylic 
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acid. A significant change from the IR spectra of the metal complexes revealed the shifting 

of the C=O of the carboxylate group from 1732-1716 cm-1  to a lower frequency 1660-1681 

cm-1 which may have overlapped with the C=O vibration of the amide group. The downward 

shifting was previously observed in the complexation of carboxylate ligand in a study by 

Paris et al., (2021) where the stretching of the C=O of the carboxylate group shifted from 

1675 cm-1  to 1507 cm-1  in its complex. It appeared that the addition of KOH salt 

deprotonated the hydrogen of the carboxylic group, which subsequently allowed the 

formation of metal complex through the coordination with the COO
-
 group. Therefore, it 

was confirmed that the formation of thiourea complexes occurred through the coordination 

at the COO
-
 group of thiourea group. This observation is in good agreement with earlier 

studies (Ghazal et al., 2019; Khan et al., 2020). A comparison between IR spectra of 

compound 1 and its complexes were represented in Figure 4.18 

 

Subsequently, an intense band was observed for the amide carbonyl group at 1659-

1681 cm-1for thioureas and its respective metal complexes (Khalid et al., 2022; Obradović 

et al., 2020). In addition, the absorption of the aromatic carbons were identified at the region 

1593-1496 cm-1(Saeed et al., 2018). Then, the bands at 1293-1220 cm-1 were identified as 

the absorption of the v(C=S) group (Bielenica et al., 2018; Khan et al., 2018; Khan et al., 

2020). No changes in this band indicated that the coordination with metal did not occur 

through this site. Lastly, the v(C-N) group were found in the region 1187-1143 cm-1.  
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Figure 4.16: IR spectrum of compound 1 
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Figure 4.17 Absorption band in IR spectrum of complex 1a 

 

 
Figure 4.18: Comparison of IR spectra of compound 1 and complex 1a, 1b, 1c 
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4.6 UV-Vis spectra of thiourea complexes versus its ligand 

The electronic spectra of compound 1-3 and its respective metal complexes were 

recorded in ethanolic solution and the absorbance reading were taken in the wavelength of 

250 – 400 nm. The electronic spectrum of the ligands demonstrated a strong band absorption 

at λmax 287-295 nm respectively. This band was assigned to the intra-ligand charge transfer 

π-π* transition of the free electrons of the C=S chromophores of thiourea (Khairul et al., 

2016b). Nevertheless, the broad band suggested the mixture of π-π* and n-π* transition which 

may arised due to the presence of the aromatic rings of the cinnamoyl (Kadir et al., 2016).  

In metal complexes, the band shifted to longer wavelength to signify that coordination with 

metal centers have taken place (Tyagi et al., 2015).  In Cu(II) complexes, the absorption 

band shifted to longer wavelength for complex 1a (290→294 nm). Among Zn(II) 

complexes, complex 1b experienced a red shift by 4 nm from 290→294 nm while complex 

3b experienced a little red shift by 1 nm from 295→296nm. A notable red shift was also 

observed for complex 2b from 287→294 nm. For cobalt(II) complexes, only complex 1c 

(290→295) and 2c (287→295) experienced a red shift while there were no significant 

changes in the electronic spectra of complex 3c. This transition involving red or 

batrochromic shift is often associated with ligand-metal charge transfer (LMCT) during the 

formation of metal complexes (Hernández et al., 2024). This transition occurs as a result of 

the presence of electron deficient metal centers with strongly donating ligand groups which 

donates electron to the empty orbitals of the metal centers (Chábera et al., 2021; Carter, 

1997). However, for complex 3a, blue shift (295→287 nm) was observed while for complex 

2a and 3c, no significant changes were observed for the UV-Vis spectra likely because the 

the charge transfer occuring at the same intensity with the intra ligand bands (Hernández et 

al., 2024).  The comparison of electronic spectra of compound 1 and complex 1a was shown 
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in Figure 4.19 while the rest of the spectra will is shown in the Appendix 23-30.  

 

 
Figure 4.19: Electronic spectra of compound 1 vs complex 1a 
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4.7 Characterization of compound 1-3 by H 
1  and C 

13
 NMR 

 

The structures of compound 1-3 were further elucidated by H 
1  and C 

13
 NMR 

spectroscopy. NMR aimed to confirm the types and the number of protons present in the 

synthesized compounds. While FTIR generally provides insight of the functional groups 

present in the compound, NMR could accurately provide the molecular structure of the 

compounds using the types and the number of protons present in the sample.  

 

Figure 4.20 illustrated the H 
1  NMR spectrum of compound 1 while the H 

1  NMR 

spectra of compound 2-3 is be shown in Appendix 31-32. The formation of thiourea were 

represented by two distinct -NH signals observed between δH11.47-11.13 ppm which were 

attributed to -CONH signals and -CSNH signal, respectively (Al-Amily & Hassan, 2019; 

Khan et al., 2018). Both of these signals appeared downfield due to intramolecular hydrogen 

bonding as well as the surroundings and molecule conformation (Rahamathullal et al., 2013; 

Yusof et al., 2010).   The signal of -CONH proton appeared as a broad singlet peak, with the 

integral value of one. It resonated more downfield than the -CSNH proton due to the oxygen 

atom attached being more electronegative than the sulphur atom which subsequently created 

more deshielding effects and contributed to larger chemical shifts (Saeed et al., 2010). On 

the other hand, the -CSNH proton appeared as a doublet signal due to the splitting of the 

neighbouring -CH proton. Furthermore, the multiplet signals for the aromatic protons of 

cinnamoyl thiourea were observed between δH7.72-7.43 ppm collectively with integral 

values of five (Díaz et al., 2019). The resonance of the -CH3 protons of compound 1 was 

observed at δH2.02 ppm while for compound 2-3 the resonance were observed between δH 

0.92-0.88 ppm (Nordin et al., 2017). The downfield effect of the methyl group of compound 

1 was expected due to deshielding effect of the neighbouring sulphur atom in the methionine 
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derivative. 

Figure 4.20: H 
1   spectrum of compound 1 

 

Next, the formation of thioureas were determined by the assessment of C 
13

 chemical 

shifts. The C 
13

 spectra of compound 1 was shown in Figure 4.21 while the spectra for 

compound 2-3 is shown in Appendix 33-34. Some of the important signals that can be 

deduced from the NMR spectra are CSNH, COOH, CONH, Ar-C, CH CH2 and CH3 signals. 

The CSNH peak of compound 1-3 were observed at δC 181.35-180.86 ppm (Obradović et 

al., 2020). Next, the C=ONH carbon resonated at δC167.06-166. 76 ppm, which is consistent 

with the work of Ghazal et al., (2019). The difference in sizes between C and S atom as well 

as C and O atom causes the overlapping of the p orbital to be less efficient in C=S, creating 

more deshielding effects (Saeed et al., 2024). Furthermore, the peak at δC 173.11-171.99 

ppm was attributed to the C=OOH carbon signal. The present of another one more 

electronegative oxygen atom caused C=OOH to be resonated at higher frequency than 

C=ONH signal, due to greater deshielding effects.  
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In addition, the presence of aromatic rings were indicated by multiple carbon signals 

between 145.10- 120.35 ppm which were consistent for all the compounds (Rasheed et al., 

2022). The signals for -CH on the other hand appeared at δC 62.89-56.49 ppm (Omotola et 

al., 2018). For compound 1, the presence of -CH2 carbon signals appeared at two different 

environments at δC 39.85 and δC 39.68 ppm respectively (Fakhar et al., 2018; Omotola et 

al., 2018). Finally, a -CH3 carbon signal was observed at δC 15.21 ppm for compound 1 

whereby the same signal was observed at two different environments at δC 19.26 and 

δC18.38 ppm in compound 2. For compound 3, the signals appeared at δC 25.22 and δC 22.51 

ppm respectively (González et al., 2020).  Although the -CH3 carbon was attached to S atom 

in compound 1, we noticed that the signal was more upfield compared to that of compound 

2 and 3. The presence of oxygen atoms from the solvent DMSO may have contributed to the 

shifting of these signals to more upfield. 

 

 

Figure 4.21: C 
13

 NMR spectrum of compound 1 
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4.8 Antibacterial evaluation of thiourea and its complexes 

 
Due to rising of resistance of E. coli towards fluoroquinolones, it was selected 

for biological evaluation of thiourea and its complexes (Spellberg & Doi, 2015; 

Stapleton et al., 2020). Furthermore, due to its versatility and stability in various growth 

media, E. coli was selected as bacteria of choice (Blount, 2015). The ligands (compound 

1-3) and their respective complexes (compound 1a-1c, 2a-2c and 3a-3c) were subjected 

for antibacterial evaluation against E. coli ATCC25922 strain by agar-well diffusion 

method. The compounds were prepared in standard solution at three different 

concentrations which were 150 ppm, 250 ppm and 500 ppm respectively. DMSO was 

chosen as the standard solvent for the dissolution of the compounds because it was a 

universal solvent for all compounds. The antibacterial activity of the ligands was 

discussed chronologically, starting with ligands followed by their metal complexes. 

 

4.8.1 Agar-well diffusion method  

 
The antibacterial activity of the compounds against the standard E. coli strain 

was evaluated using agar-well diffusion method. It is a common method employed 

in microbiology to test the antibacterial action of a compound. In this experiment, 

DMSO was chosen as the negative control because it is a polar aprotic solvent 

capable of dissolving polar and non-polar compounds (Verheijen et al., 2019).  

Ciprofloxacin, antibiotic belongs to the fluoroquinolone group was the positive 

control of this study. The data is tabulated as zone of inhibition (mm) as presented in 

Table 4.11.  
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Table 4.11: Zone of inhibition (mm) of thiourea and its complexes against E. coli 

ATCC25922 strain 

  Concentration  

 

Compound 
150 ppm 250 ppm 500 ppm 

1 - - - 

1a - 10 11 

1b - - - 

1c - - - 

2 - 13 11 

2a - - 11 

2b - - - 

2c - - - 

3 - - - 

3a ND ND ND 

3b - - - 

3c - - - 

Ciprofloxacin 35 

Negative control - - - 

*ND indicates no data as compound is insoluble in DMSO 

“-” indicates zero zone of inhibition 

 

 

Based on Table 4.11, only compound 1a, 2 and 2a displayed pronounced antibacterial 

activities with rather weak zone of inhibition ranging from 10 mm - 13 mm. On the other 

hand, the reference drug Ciprofloxacin had much better inhibition at 35 mm suggesting that 
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cinnamoyl thiourea and its complexes displayed relatively weak antibacterial potential 

according to Clinical and Laboratory Standards Institute, (2020). Among the ligands, only 

compound 2 exerted pronounced antibacterial effect. It was found to inhibit the E. coli strain 

at 250 ppm and 500 ppm with inhibition zone of 13 mm and 11 mm, respectively. 

Furthermore, it was observed that the antibacterial effect at 250 ppm was higher than that of 

500 ppm suggesting that this might be the optimum concentration for the antibacterial 

activity. On the other hand, no activities were observed for compound 1 and 3, respectively. 

This finding showed that valine derivatives were more active than methionine and leucine 

derivatives which was in good agreement with the docking data. According to data of the 

docking simulation, compound 2 displayed the highest binding affinities when docked into 

DNA gyrase enzyme (PDB ID:1KZN) with binding energy of -7.1 kJ/mol. Therefore, it is 

possible that the inhibitory effect of compound 2 may be driven by the interaction with the 

enzyme receptor such as two conventional hydrogen bond interactions with THR A:165 and 

GLU A:50 as well as pi-alkyl interaction with the amino acid residue ALA A:47. 

 

Among the complexes, only the Cu(II) complexes displayed antibacterial potential. 

Complex 1a had a zone of inhibition of 10 mm at 250 ppm and 11 mm at 500 ppm, 

respectively. Previous study showed that the inclusion of copper could enhance the 

antimicrobial properties of a ligand. For instance, Kumar et al., (2019) examined the 

antibacterial properties of levoflorxacin and its Cu(II) complexes and they found out that the 

inclusion of metals significantly enhanced the antibacterial properties against nine tested 

bacteria including E. coli. Similarly, in this work, it was observed that the antibacterial 

activity of compound 1 was improved significantly after complexation with Cu(II) metal. 

There was no activity displayed by the free ligand but after complexation with copper, the 
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complex exerted antibacterial activity at 250 ppm and 500 ppm with zone of inhibition at 10 

mm and 11 mm respectively. This result correlated to the previous docking simulation data 

where complex 1a demonstrated higher binding affinity than its ligand counterparts 

suggesting stronger enzyme interaction. The increase in the antibacterial properties of Cu(II) 

complexes compared to its ligand could also be explained by chelation theory. According to 

this theory, chelation process reduces the polarity of the central metal atom because of π-

electron delocalization within the ring and the partial sharing of its positive charge with the 

donor groups. Thus, increases its lipophilicity and contributed to better penetration towards 

the bacterial cell membrane (Abd‐Elzaher, 2004). In contrast, for compound 2, complexation 

with copper slightly reduced the antibacterial activity. At 250 ppm, the complex compound 

did not inhibit the bacteria growth despite zone of inhibition was recorded to be at 13 mm 

for the free ligand. At 550 ppm however, the zone of inhibition remained the same.  

 

As for Co(II) and Zn(II) complexes, none of the complexes portrayed any antibacterial 

action. In fact, the complexation of compound 2 with zinc(II) and cobalt(II) metal diminished 

its antibacterial properties as evidenced by its zero inhibition. This study suggested that the 

choice of metal might influenced the antibacterial effect of a compound. The difference in 

the antibacterial activity of each complexes may be attributed to the electronegativity of the 

metal. From this experiment, the electronegativity of the metal may be ranked as Cu>Co>Zn. 

Comparing the results with the previous findings by Vaidya et al., (2017), the authors 

observed that the metal with greater electronegativity demonstrated greater antibacterial 

potential, likely due to stronger interaction with negatively charged bacterial membrane. In 

the current study, copper(II) was the most electronegative metal which explained the highest 

antibacterial property.  
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The antibacterial activities of the Zn(II) and Co(II) complexes were unsatisfactory 

despite the encouraging docking results. None of the Zn(II) or Co(II) complexes were found 

to inhibit bacteria despite it was predicted earlier that the complexes may bound tightly inside 

the active site of the enzyme receptor. It could be plausible that the binding to this enzyme 

may not be correlated to the inhibitory effect of these complexes. Furthermore, the drawback 

of this experiment was that the complexes were insoluble at higher concentration. In one 

finding, Shalas et al., (2023) found that the inhibitory activities of the compound did not 

match the docking data. However, when the experiment was done by increasing the 

concentration, the compounds shown some inhibitory activities at higher concentration. 

Furthermore, according to Mohanty et al., (2023), the docking results may not always 

complement the experimental data due to several factors such as molecules flexibility, 

different force field parametrization and the possible involvement of hydrated water 

molecules in the compound system. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

In this study, the virtual screening of twelve thiourea compounds had been carried 

out based on molecular docking and ADME evaluation to select the most promising 

compound as potent DNA gyrase enzyme inhibitors. Out of twelve compounds, the 

cinnamoyl derivative have shown the most promising potential with compound 2 displaying 

binding energy of -7.1 kJ/mol as seen from the docking results. Subsequently, Cu(II), Zn(II) 

and Co(II) complexes of cinnamoyl thiourea derivatives have been designed and docked 

using the same software which demonstrated higher binding energies than its free ligand 

with binding energies range between -6.9 kJ/mol to -8.3 kJ/mol. The ADME evaluation 

revealed that the thiourea derivatives have good pharmacokinetic profiles by obeying the 

Lipinski’s Rule of Five, high gastrointestinal absorption and poor permeability against the 

blood brain barrier. Due to its complex molecular structures, the metal complexes generally 

showed poor pharmacokinetic profiles, although good lipophilicity values were observed.  

 

Thus, cinnamoyl thiourea derivatives compound 1-3 and its Cu(II), Zn(II) and Co(II) 

complexes were selected and successfully synthesized in the lab.  Thiourea and its complexes 

were characterized with various method such as FTIR, H 
1  NMR, C 

13
 NMR, UV-Vis spectra 

and CHNS elemental analysis. The formation of thioureas were confirmed by the 

disappearance of v(N=C=S) bond at 2140-1990 cm-1 as well as the presence of common 

functional groups such as v(N-H) band at 3165-3056 cm-1 and v(C=ONH) band at 1732-

1716 cm-1as observed from the FT-IR spectra. Meanwhile, two N-H signals were identified 
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at δH 11.47-11.13 ppm from the NMR spectra which were commonly observed in the 

synthesis of thioureas. The synthesis of thioureas were also supported by CHNS data which 

saw good agreement between the experimental and theoretical values. The formation of 

complexes had been confirmed by the downwards shifting of v(COOH) absorption in the IR 

spectra from 1732-1716 cm-1to 1660-1681 cm-1 . The UV-Vis data suggested there were 

ligand to metal charge transfer (LMCT) while elevation in melting points indicated the 

formation of metal complexes. The antibacterial study of the synthesized compounds were 

conducted by agar-well diffusion method against standard E. coli ATCC 25922 strains. The 

results showed that compound 2 and the Cu(II) complexes, namely complex 1a and 2a 

displayed the most promising antibacterial activities with zone of inhibitions 10 – 13 mm 

although the antibacterial activities were considerably weak when compared to the standard 

Ciprofloxacin. The results were correlated to the docking simulation done prior to the 

experimental activities which predicted compound 2 as the most promising antibacterial 

agent as seen from its higher docking score. Besides, this research proved that complexation 

with Cu(II) center metal enhanced the antibacterial properties of a compound and the choice 

of metal is important in determining the antibacterial activity. For Zn(II) and Co(II) 

complexes however, the docking scores did not actually represent the actual antibacterial 

activities as these complexes did not display any antibacterial action despite higher docking 

scores than most compounds.  

 

5.2  Recommendation 

For recommendation, molecular dynamic simulation could be proposed as future 

studies to investigate the physical movement of atoms and molecules over a period of 

time, which is another important aspect in virtual drug screening. Furthermore, the 



140  

toxicity of compounds should also be considered in drug-design process to select the 

best compound as lead molecule. It is also important to note that although computer 

software had been an integral part in drug design process, the experimental studies is 

still pivotal to confirm the screening results and that computer software only act as a 

preliminary screening tool to identify potential molecule as drug.  

 

.  
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APPENDICES 
 

Appendix 1: 3D (left) and 2D(right) visual representation of docked compound 4 inside 

1KZN enzyme 

 

 
  

Appendix 2: 3D (left) and 2D(right) visual representation of docked compound 5 inside 

1KZN enzyme 
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Appendix 3: 3D (left) and 2D(right) visual representation of docked compound 6 inside 

1KZN enzyme 

 

  
 

 

 

Appendix 4: 3D (left) and 2D(right) visual representation of docked compound 7 inside 

1KZN enzyme 
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Appendix 5: 3D (left) and 2D(right) visual representation of docked compound 8 inside 

1KZN enzyme 
 

 
 

 

Appendix 6: 3D (left) and 2D(right) visual representation of docked compound 9 inside 

1KZN enzyme 
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Appendix 7: 3D (left) and 2D(right) visual representation of docked complex 1b inside 

1KZN enzyme 
 

  
 

Appendix 8: 3D (left) and 2D(right) visual representation of docked complex 1c inside 

1KZN enzyme 
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Appendix 9: 3D (left) and 2D(right) visual representation of docked complex 2b inside 

1KZN enzyme 

 

 
 

 

Appendix 10: 3D (left) and 2D(right) visual representation of docked complex 2c inside 

1KZN enzyme 
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Appendix 11: 3D (left) and 2D(right) visual representation of docked complex 3b inside 

1KZN enzyme 

 
 

 

 

Appendix 12: 3D (left) and 2D(right) visual representation of docked complex 3c inside 

1KZN enzyme 
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Appendix 13: FTIR spectrum of compound 2 

 
 

Appendix 14: FTIR spectrum of compound 3 
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Appendix 15: FTIR spectum of complex 2a 

 

 
 

 

Appendix 16: FTIR spectrum of complex 3a 
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Appendix 17: FTIR spectrum of complex 1b 

 
 

 

Appendix 18: FTIR spectrum of complex 2b 
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Appendix 19: FTIR spectrum of complex 3b 

 
 

Appendix 20: FTIR spectrum of complex 1c 
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Appendix 21: FTIR spectrum of complex 2c 

 

Appendix 22: FTIR spectrum of complex 3c 
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Appendix 23: UV-Vis spectrum of compound 1 vs complex 1b 

 
 

Appendix 24: UV-Vis spectrum of compound 1 vs complex 1c 
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Appendix 25: UV-Vis spectrum of compound 2 vs complex 2a 

 
 

 

Appendix 26: UV-Vis spectrum of compound 2 and complex 2b 
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Appendix 27: UV-Vis spectrum of compound 2 vs complex 2c 

 
 

Appendix 28: UV-Vis spectrum of compound 3 vs complex 3a 
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Appendix 29: UV-Vis spectrum of compound 3 vs complex 3b 

 
 

Appendix 30: UV-Vis spectrum of compound 3 vs complex 3c 
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Appendix 31: H 
1  NMR spectrum of compound 2 

 
 

Appendix 32: H 
1  NMR spectrum of compound 3 
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Appendix 33: C 
13

 NMR spectrum of compound 2 

 
 

Appendix 34: C 
13

 NMR spectrum of compound 3 
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