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Abstract 
Untreatable bacterial infectious diseases have become a leading cause of mortality due to the emergence of drug-resistant bacteria. 
The search for a new effective pharmaceutical drug can be time-consuming and expensive. Therefore, structural chemical 
modification of natural product-based compounds with known biological properties for potential drug candidates has gained a 
great interest among researchers. Microwave-assisted synthesis is quickly becoming the method of choice in modern organic 
synthesis for drug discovery due to benefits such as higher yield and shorter reaction time. In this study, a series of coumarin 
derivatives have been synthesized by incorporating halogenated azo moieties in the molecular network via diazo-coupling, 
Knoevenagel condensation, and hydrolysis reactions. Microwave-assisted organic synthesis reaction has produced overall higher 
yields of products (74-94 %) in 6-17 mins compared to the conventional reflux method (56-85 %) in 6-18 h. The structural activity 
relationship of all compounds was initially evaluated via in silico (molecular docking) for potential antimicrobial properties against 
Escherichia coli and Staphylococcus aureus. The synthesized compound gave a higher binding affinity (-6.3 to -8.9 kcal/mol) 
compared to ampicillin (-6.7 to -7.3 kcal/mol) and coumarin (-6.0 to -6.2 kcal/mol). In vitro evaluation (agar well diffusion), 
nevertheless, gave weak to no bacterial inhibition activity. This study is significant in searching for potential drug precursors to 
benefit mankind. 
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Abstrak 
Penyakit berjangkit bakteria yang tidak dirawat disebabkan oleh kemunculan bakteria kerintangan ubat telah menjadi punca utama 
kematian. Proses pencarian ubat farmaseutikal baharu yang efektif boleh mengambil masa yang lama dan memerlukan kos yang 
tinggi. Oleh itu, pengubahsuaian struktur kimia sebatian yang berasaskan produk semula jadi dengan sifat biologi yang diketahui 
sebagai calon ubat yang berpotensi telah menarik minat dikalangan para penyelidik. Kaedah sintesis berbantukan gelombang mikro 
dengan cepatnya telah menjadi kaedah pilihan dalam sintesis organik moden untuk pencarian ubat berpotensi kerana kelebihannya 
seperti mampu menghasilkan produk yang lebih tinggi dan mengurangkan masa tindak balas. Dalam kajian ini, siri derivatif 
kumarin telah disintesis dengan menggabungkan moieti azo halogen dalam rangkaian molekul melalui tindak balas gandingan 
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diazo, pemeluwapan Knoevenagel, dan hidrolisis. Tindak balas sintesis organik berbantukan gelombang mikro telah berjaya 
menghasilkan produk keseluruhan yang lebih tinggi (74-94 %) dalam masa 6-17 minit berbanding kaedah refluks konvensional 
(56-85 %) yang memerlukan 6-18 jam. Penilaian hubungan aktiviti struktur semua sebatian untuk potensi aktiviti antimikrob 
terhadap Escherichia coli dan Staphylococcus aureus dinilai melalui kaedah in silico (dok molekul). Sebatian yang disintesis 
memberikan afiniti pengikatan yang tinggi (-6.3 hingga -8.9 kcal/mol) berbanding ampicillin (-6.7 hingga -7.3 kcal/mol) dan 
kumarin (-6.0 hingga -6.2 kcal/mol). Walaubagaimanapun, penilaian in vitro (penyebaran perigi agar) menunjukkan tiada aktiviti 
perencatan tumbuhan bakteria. Kajian ini penting dalam mencari prekursor ubat yang berpotensi untuk memberi manfaat kepada 
manusia. 
 
Kata kunci: diazo, dok, In silico, Knoevenagel, gelombang mikro 
 

Introduction 
Untreatable infectious bacterial disease is a leading 
cause of mortality due to the rapid emergence of drug-
resistant bacteria [1]. Antibiotics are crucial to combat 
many advent diseases and treat immune-compromised 
patients [2]. However, current antibiotics are becoming 
less effective against drug-resistant bacteria due to daily 
antibiotic consumption [3] and bacterial mutation [4]. 
There is an urgent need to develop new antimicrobial 
agents with high efficacy and effectiveness. The search 
for an effective pharmaceutical drug can be time-
consuming and costly. Natural product-based 
compounds with known biological potentials have 
become a great source of inspiration in drug design [5]. 
Chemical modification of natural product-based 
compounds for potential drug candidates has gained 
significant interest among researchers [6-7]. 
Microwave-assisted synthesis has gained much interest 
in modern drug development programs due to its 
efficiency, shorter reaction times, and higher yields [8]. 
Furthermore, it is more cost-effective and 
environmentally friendly than the conventional 
approach via heating [9]. 
 
Coumarin is an example of a natural product-based 
compound that is naturally found in many plants [10]. 
Naturally occurring coumarin derivatives has many 
biological activities in plants especially in controlling 
plant growth, respiration, photosynthesis, and defense 
against various infections [11-12]. Coumarins' excellent 
biological properties have led to the development of 
synthetic coumarin derivatives with medical properties 
namely anti-bacterial, anti-cancer, anti-inflammation, 
anti-viral, and many others [11-14]. The biological 
properties of coumarin are due to its basic molecular 
structure, which noncovalently interact with many 

receptors in living organisms and resulting in a diverse 
range of physical activities [12&15].  Numerous ways 
are reported to synthesize coumarins namely Perkin 
reaction [16], Knoevenagel condensation [17], 
Pechmann condensation [18], and more [19]. 
 
In recent years, drugs which comprise two or more 
pharmacophore groups binding together covalently in 
one molecular framework have received great interest.  
The multi-targeted strategy has led to the development 
of a number of bioactive hybrid molecules with desired 
pharmacokinetic profiles and less tendency to drug-
resistant bacteria [20]. Molecular hybridization of 
several pharmacophore groups acts by inhibiting two or 
more conventional targets at once. Structural 
hybridization of coumarin with other biologically active 
moieties is envisaged to increase their biological 
properties as new potential drugs [20-21].  Similar to 
coumarin, azo dyes are another biologically active 
moiety found in many natural products [22] with a wide 
spectrum of biological properties [23]. Azo dyes 
participate in various biological processes, including 
DNA inhibition, RNA and protein synthesis, 
carcinogenesis, and nitrogen fixation [24]. The 
incorporation of electronegative halogen substituents, 
on the other hand, improves the penetration of lipid 
membranes and increases the biological properties of 
molecules by making the structure more lipophilic [25-
26].  
 
This paper reports on the synthesis of coumarin 
incorporated with halogenated azo moiety, which is 
further evaluated for antibacterial properties against E. 
coli ATCC 25922 and S. aureus S48/81. The reaction 
involved a diazo-coupling reaction of halogenated azo-
benzaldehyde intermediate 1a-d followed by 
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Knoevenagel condensation reaction and hydrolysis 
(MW–assisted and conventional method) to achieve 
halogenated azo-coumarin derivatives 2a-d and 3a-d, 
respectively. The structure-activity relationship of the 
compounds for potential bacterial growth inhibition was 
preliminarily studied via in silico (molecular docking) 
followed by agar well diffusion (in vitro).  
 

Materials and Methods 
Materials and instrumentation 
All purchased reactants and solvents of analytical grade 
were used without further purification. Microwave-
assisted synthesis (MW) (was conducted using Anton 
Paar Monowave 300 (Austria). 1H NMR and 13C NMR 
spectra were recorded with DMSO-d6 as a solvent on a 
JEOL JNM-ECZ500R (Japan). Chemical shifts are 
given in parts per million (δ). FTIR spectra were 
obtained using Thermo SCIENTIFIC NICOLET iS10 
(United States). 
 
Synthesis of intermediate azo-benzaldehyde 
derivatives (1a-d) 
A mixture of aniline derivatives (10 mmol) was 
dissolved in 10 mL of 25 % hydrochloric acid, HCl 
solution and cooled in an ice bath. Sodium nitrite, 
NaNO2 solution (1.5 eq. mol) was added and reacted 
under constant stirring for 15 min. 2-
Hydroxybenzaldehyde (10 mmol) dissolved in 20 mL of 
1M sodium hydroxide, NaOH solution was then added 
to the mixture and reacted for a few minutes. The pH of 
the reaction was adjusted to 8-9. The reaction continued 
to react for 1-2 h. The reaction mixture was acidified 
using an HCl solution to precipitate out the crude 
product. The crude product was vacuum filtered, rinsed 
with distilled water, dried overnight, and purified via 
fast recrystallization from hot ethanol. The data analysis 
of 1a-d can be obtained from supplementary file S1. 
 
Synthesis of 3-ethylcarboxylatecoumarin-azo 
derivatives (2a-d) 
The azo intermediate 1a-d and diethyl malonate with a 
1:1 ratio was dissolved into 20 ml of ethanol in a round 
bottom flask. Piperidine (0.25 eq mol) and a few drops 
of acetic acid were added to the reaction mixture, 
refluxed for 8-18 h, and confirmed via TLC analysis. 
Warm 50% ethanol (20 ml) was added to the reaction 

mixture and allowed to rest in ice water for 1 h.  The 
solid product was filtered and rinsed with ethanol 
solution. The solid was recrystallized from ethanol to 
obtain a pure product. The conventional reflux heating 
method (I) was replaced with microwave irradiation (II) 
to reduce reaction time and increase product yield. The 
data analysis of 2a-d can be obtained from 
supplementary file S2. 
 
Synthesis of 3-ethylcarboxylatecoumarin-azo 
derivatives (3a-d) 
Coumarin-azo 2a-d dissolved in ethanol (15 ml) in a 
reaction flask followed by the addition of 1 M NaOH (15 
ml). The reaction mixture was reacted for 3 h and 
confirmed via TLC analysis. The reaction mixture was 
then acidified with concentrated HCl and allowed to 
react for 15-30 min at room temperature. The solid 
precipitate was filtered and rinsed with hot distilled 
water and purified via hot filtration from ethanol. The 
conventional reflux heating method (I) was replaced 
with microwave irradiation (II) to reduce reaction 
time and increase product yield. The data analysis of 3a-
d can be obtained from supplementary file S3. 
 
In silico study via molecular docking 
Docking studies were performed using Autodock Tools 
and Vina. The X-ray structure of E. coli GyrB24 with 
inhibitor (PDB entry: 6yd9) and S. aureus GyrB ATPase 
domain in complex with a small molecule inhibitor 
(PDB entry: 3u2k) was retrieved from Protein Data 
Bank. The cubic grid box of 40 Å size (x, y, and z) with 
a spacing of 0.5 Å was centered on the active sites of the 
protein. 
 
In-vitro study via agar well diffusion  
In vitro screening of 1a–d, 2a–d, and 3a–d was 
performed against E. coli (ATCC 25922) and S. aureus 
(ATCC 29213) via the agar well diffusion method. E. 
coli and S. aureus were cultured in Mueller-Hinton 
Broth (MHB) as inoculum and incubated at 37.5 ℃ with 
continuous shaking overnight at 180 rpm. The bacteria 
were spread on Mueller-Hinton Agar (MHA) plates 
using a bacteria suspension made with a sterilized 
cotton-tipped swab. A hole with a diameter of 6 to 8 mm 
is punched aseptically with a sterile tip and a volume of 
10 µL of the synthesized compound in DMSO. The 
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plates were incubated at 37.5 ℃ for 24 h. The zone of 
inhibition was measured in millimeters to evaluate the 
effectiveness of the synthesized compounds. 
 

Results and Discussion 
Chemistry 
Prior to the synthesis of halogenated azo-coumarin 2a-d 
and 3a-d, an intermediate halogenated azo-
benzaldehyde 1a-d with a high yield (63-83%) was 
synthesized via diazotization of halogenated aniline in 
the presence of hydrochloric acid and sodium nitrite 
followed by coupling with 2-hydroxybenzaldehyde in 
basic condition. The formation of halogenated azo ethyl 
coumarin-3-carboxylate 2a-d was achieved via 
Knoevenagel condensation of 1a-d with diethyl 
malonate in piperidine and acetic acid as catalyst.  Due 
to the long refluxing hour in conventional protocol 
employing hazardous solvent, microwave irradiation 
has become a great interest to introduce green and facile 
synthesis of one pot Knoevenagel condensation with 
higher yield [8]. The synthesis was comparatively 
performed using conventional heating and microwave 
irradiated (MW) synthesis. The microwave-assisted 
Knoevenagel condensation in MW was completed in 
shorter times of 8-17 min (74-85%) compared to the 
conventional reflux in 8-18 h (56-79%). The 

subsequence microwave irradiated hydrolysis of 2a-d 
afforded halogenated azo coumarin-3-carboxylic 3a-d 
with a higher yield and a shorter time (82-94% in 6 min) 
compared to the conventional procedure (76-85% and 6 
h). The synthetic reactions of 1a-b, 2a-d, and 3a-d are 
shown in Scheme 1. The yields and reaction times of 
conventional and microwave-assisted synthesis of 2a-d, 
and 3a-d is depicted in Table 1.  
 
The molecular structure of all the synthesized 
compounds was characterized and confirmed using 
FTIR and NMR spectroscopy. Based on Figure 1, the 
formation of the N=N group of 1a-d via diazo-coupling 
was confirmed by the strong absorption peak 
corresponding to the v(N=N) bend at 1483–1475 cm−1 

[6&26]. The formation of 2a-d via Knoevenagel 
reaction was indicated by the presence of v(C-H) stretch 
at 3051-3031 cm−1. In addition, a strong signal at 1741–
1732 cm−1 contributed by the v(C=O) lactone confirmed 
the formation of the coumarin lactone ring [27]. IR 
spectra of 3a-d showed the presence of a strong signal 
in the range of 1745-1727 cm−1 contributed by v(C=O) 
lactone stretch and the disappearance of v(C-H) stretch 
at 3051-3031 cm−1 which confirmed successful 
hydrolysis of the ethyl group [27]. 

 

 
 

Scheme 1. Synthesis of 1a-d, 2a-d, and 3a-d 
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Table 1. Comparison of conventional heating and MW irradiated synthesis of 2a-d and 3a-d 

Product Temperature (℃) Time (min) Yield (%) 
Reflux [MW] Reflux [MW] Reflux [MW] 

2a 80 [140] 480 [8] 79 [85] 
2b 80 [140] 600 [9] 74 [80] 
2c 80 [140] 720 [11] 68 [83] 
2d 80 [140] 1080 [17] 56 [74] 
3a 80 [140] 360 [6] 80 [94] 
3b 80 [140] 360 [6] 85 [85] 
3c 80 [140] 360 [6] 77 [83] 
3d 80 [140] 360 [6] 76 [82] 

 

 
Figure 1. IR spectra of 1a, 2a, and 3a 

 
The 1H NMR spectra of 1a-d, 2a-d, and 3a-d showed 
the resonances attributed to aromatic protons at 8.93–
7.20 ppm integrated with the corresponding number of 
aromatic protons. Figure 2 illustrated the 1H spectra of 
1a, 2a, and 3a. The successful synthesis of -N=N- azo 
of 1a-d via diazo coupling was confirmed by the duplet 
(Ha) and duplet-duplet (Hb) peaks at 8.17-8.19 ppm and 
8.08-8.10 ppm, respectively. In addition, 1H NMR 
spectra of 1a-d showed the presence of proton for 
aldehyde as a singlet (Hc) at 10.37–10.36 ppm.  The 1H 
NMR spectra of 2a-d indicated the formation of the 
coumarin via Knoevenagel condensation by the 

disappearance of the 1a-d singlet aldehyde proton (Hc) 
peaks and the appearance of a new singlet (Hd) at 8.93 
ppm. The appearance of the ethyl protons as a quartet 
(He) and triplet (Hf) at 4.34-4.55 and 1.34-1.33 ppm, 
respectively was also depicted by 2a-d. The 
disappearance of peaks corresponded to -CH2CH3- at 
4.34-1.33 ppm in the 1H NMR spectra has clearly 
confirmed the formation of 3a-d via hydrolysis.  
 
The 13C NMR spectra of 1a-d, 2a-d, and 3a-d showed 
the resonances corresponding to aromatic carbons at 
163.8–116.2 ppm. Compounds 1a-d showed the 
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resonances attributed to v(C=O) aldehyde at 190.6-
190.4 ppm. The 13C NMR spectra of 2a-d showed the 
peak attributed to –C2H5 at 61.7–14.0 ppm. The 

resonance corresponding to v(C=O) of 2a-d and 3a-d 
was observed at 163.8–156.0 ppm.  
 
 

 
Figure 2. 1H NMR spectra of 1a, 2a, and 3a 

 
Molecular docking study (In silico) 
A preliminary study on the structural-activity 
relationship analysis of 1a-d, 2a-d, and 3a-d as ligands 
was conducted to evaluate the possible binding 
interactions of the potential antibacterial agent. The 
binding affinity and interaction visualization between 
the ligands with DNA gyrase protein of E. coli GyrB24 
(PDB entry: 6yd9) and S. aureus GyrB ATPase (PDB: 
3u3k) were performed via Autodock Vina [28-29]. The 
binding affinity of 1a-d, 2a-d, and 3a-d against DNA 
gyrase protein of E. coli and S. aureus is depicted in 
Table 2, where ampicillin was set as the standard drug.   
The drug candidates are usually chosen from the ligands 
that able to bind strongly to the target protein [30]. 
Higher binding affinity of the ligand indicates the 
ligand’s ability to form strong binding interactions and 
influence the physiological function of target proteins 
[30].  
 
The binding energies of 2a-d and 3a-d were -7.6 to -8.7 
kcal/mol and -7.5 to -8.9 kcal/com, respectively for E. 
coli and S. aureus. The depicted binding energies of all 
the ligands were higher compared to the binding energy 

of the ampicillin (-6.7 to -7.3 kcal/mol) and coumarin (-
6.0 to -6.2 kcal/mol).  This indicates that coumarin azo 
derivatives have potential and ability to  form stronger 
interaction, thus inhibit the bacterial enzyme activity. 
The intermediate 1a-d scored the lowest (-6.3 to -6.6 
kcal/mol). Among all, 3b gave the highest binding 
energy -7.9 kcal/mol (E. coli) and -8.9 kcal/mol (S. 
aureus). Figure 3(a) depicted the interaction of 3b to the 
active site of the enzyme for E. coli. The highly 
lipophilic characteristic of the compound formed 
hydrophobic interaction at the active site via π-alkyl and 
π-sigma bonding with the π-orbital of the alkyl group of 
various amino acid residues such as ILE78, PRO79, 
ARG76, and VAL120. An electrostatic interaction via 
the π-anion bond was also shown between the coumarin 
nucleus of 3b with GLU50 residues. 
 
The interaction of 3b towards the active site of the S. 
aureus DNA gyrase enzyme is shown in Figure 3(b). 
Hydrophobic interaction via π-alkyl and π-sigma was 
observed between the benzene ring of 3b with ILE86 
and VAL131 residues. Hydrogen bond interaction was 
observed between the COOH of 3b and GLU58 residue. 
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The presence of fluorine enables the ligand to form 
halogen bond interaction with GLU50 residues. In 
addition, van der Waals interaction between 3b and 

various amino acid residues in the active site of the 
enzyme has also contributed to the strong ligand enzyme 
interaction.

 
Table 2. Binding affinity of 1a-d, 2a-d, and 3a-d against DNA gyrase protein of E. coli and S. aureus 

Compound Binding Affinity (kcal/mol) 

 E. coli S. aureus 

1a -6.5 -6.6 

1b -6.5 -6.6 

1c -6.4 -6.3 

1d -6.3 -6.3 

2a -7.8 -8.4 

2b -7.6 -8.7 

2c -7.6 -8.6 

2d -7.6 -8.6 

3a -7.9 -8.5 

3b -7.9 -8.9 

3c -7.9 -7.7 

3d -7.5 -8.7 

Coumarin -6.2 -6.0 

Ampicillin -7.3 -6.7 
  

      
(a) (b) 

 
 
 

Figure 3: Interaction between 3b and (a) E. coli and (b) S. aureus 
 
The majority of DNA enzyme active binding sites has at 
least one hydrophobic pocket, and the lipophilic 

property makes it possible for lipophilic ligands to bind 
to hydrophobic protein binding sites [31]. 
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Agar well diffusion study (In vitro) 
Based on in silico strong interaction of the ligands 
against the DNA gyrase protein of E. coli and S. aureus, 
in vitro evaluations were conducted to evaluate the 
bacterial inhibition activity of the synthesized 

compounds against E. coli and S. aureus via agar well 
diffusion [32]. Ampicillin was used as the positive 
control and DMSO as the negative control. The results 
are depicted in Figure 4. 

 

 
Figure 4. Inhibition activities of 1a-d, 2a-d, and 3a-d against E. coli and S. aureus 

 
Based on the results, all the synthesized azo 1a-d 
showed inhibition activities against S. aureus.  Among 
them 1a-b   demonstrated excellent activities on Gram 
positive bacteria (12-13 mm), while 1c-d showed 
bacterial inhibition against both E. coli (5 mm) and S. 
aureus (4 mm), respectively. The bacterial inhibition 
activities of 1a-d contributed to the presence of the N=N 
and halogens in the molecular network.  The azo has the 
ability to protonate in acidic conditions and interact with 
the phosphate group on the peptidoglycan layer of 
bacteria, thus hindering the formation of the cell wall 
[6&33]. The biological activities of azo are well known 
for their ability to inhibit the DNA gyrase enzyme [34]. 
Additionally, azo can undergo tautomerization enabling 
it to act as both hydrogen bond acceptor and donator 
[24&35-36], hence increasing the biological activity. 
The presence of the OH group has also contributed to 
the inhibition activity of 1a-d due to its ability to form 
hydrogen bond interaction with the biological target 
receptor [37-38]. 
 
The subsequence one pot cyclization of coumarin 2a-d 
and 3a-d via Knoevenagel condensation, however, 
reduced the inhibition activity against both bacteria 
strains. The compounds were inactive due to the 
competitive resonance and reduced electrophilicity of 

the lactone with the presence of azo group [9]. The 
formation of lactone further increases the lipophilicity 
of the compound, decreasing the compound 
permeability [39]. Poor dissolution properties of a 
compound could also contribute to the reduces 
antibacterial activity [40]. The combined interaction of 
hydrophilic and lipophilic characteristics in molecule 
structure plays a significant role in antibacterial 
activities [41-42]. 
 

Conclusion 
The synthesis of coumarin-azo derivatives bearing 
halogens 2a-d and 3a-d has been successfully 
synthesized with great yield from 1a-d via MW assisted 
Knoevenagel condensation followed by hydrolysis. 
Microwave-assisted synthesis promotes green chemistry 
by using less solvent and reaction times compared to the 
conventional heating method.  Molecular docking 
evaluation of 2a-d and 3a-d showed higher binding 
affinity (-7.5 to -7.9 kcal/mol) than ampicillin (-7.2 to -
7.3 kcal/mol) which indicates the potential ligands to 
affect enzyme activity and inhibit bacterial growth. The 
azo intermediate 1a–d showed moderate inhibition 
activity with 1a depicted the highest inhibition zone of 
13 mm against S. aureus, whereas 1c-d gave 5 mm 
against E. coli due to involvement of electron 
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delocalization and resonance stability.  Nevertheless, the 
2a-d and 3a-d showed no inhibition to the bacterial 
growth against E. coli and S. aureus.  The halogenated 
azo intermediates exhibited a better binding tendency 
with target proteins as compared to the coumarin-azo 
derivatives. This research is essential in pharmaceutical 
industry for the drug development of lead chemicals. 
 

Acknowledgment 
The authors would like to thank the Ministry of Higher 
Education Malaysia and Universiti Malaysia Sarawak 
(UNIMAS) for financial support through 
(FRGS/1/2019/STG01/UNIMAS/01/1) and 
Postgraduate Research Grant through 
F07/PGRS/1795/2019.  
 

References 
1. Hoffman, P. S. (2020). Antibacterial discovery: 21st 

century challenges. Antibiotics (Basel), 9(5): 213.  
2. Hutchings, M., Truman, A., and Wilkinson, B. 

(2019). Antibiotics: past, present and future. 
Current Opinion Microbiology, 51: 72-80.  

3. World Health Organization (2021). Antimicrobial 
resistance. https://www.who.int/news-room/fact-
sheets/detail/antimicrobial-resistance [Access 
online 10 August 2022] 

4. Revitt-Mills, S. A. and Robinson, A. (2020). 
Antibiotic-induced mutagenesis: Under the 
microscope. Frontier Microbiology, 11: 1-13. 

5. Davison, E. K. and Brimble, M. A. (2019). Natural 
product derived privileged scaffolds in drug 
discovery. Current Opinion Chemical Biology, 52: 
1-8. 

6. Ngaini, Z. and Mortadza, N. A. (2019). Synthesis of 
halogenated azo-aspirin analogues from natural 
product derivatives as the potential antibacterial 
agents. Natural Products Research, 33(24): 3507-
3514. 

7. Yao, H., Liu, J., Xu, S., Zhu, Z. and Xu, J. (2017). 
The structural modification of natural products for 
novel drug discovery. Expert Opinion Drug 
Discovery, 12(2): 121-140.  

8. Sharma, N., Sharma, U. K., and Van der Eycken, E. 
V. (2018). Microwave-assisted organic synthesis: 
overview of recent applications. Green Techniques 

for Organic Synthesis and Medicinal Chemistry, 
Second Edition, pp. 441-468. 

9. Farooq, S., Ngaini, Z., Daud, A. I., and Khairul, W. 
M. (2021). Microwave assisted synthesis and 
antimicrobial activities of carboxylpyrazoline 
derivatives: Molecular docking and DFT influence 
in bioisosteric replacement. Polycyclic Aromatatic 
Compound, 42(8): 5422-5435. 

10. Pereira, T. M., Franco, D. P., Vitorio, F., and 
Kummerle, A. E. (2018). Coumarin compounds in 
medicinal chemistry: some important examples 
from the last years. Current Topic Medicine 
Chemistry, 18(2): 124-148.  

11. Annunziata, F., Pinna, C., Dallavalle, S., 
Tamborini, L., and Pinto, A. (2020). An overview 
of coumarin as a versatile and readily accessible 
scaffold with broad-ranging biological activities. 
International Journal Molecular Sciences, 21(13): 
1-83. 

12. Pereira, T. M., Franco, D. P., Vitorio, F. and 
Kummerle, A. E. (2018b). Coumarin compounds in 
medicinal chemistry: some important examples 
from the last years. Current Topic Medicine 
Chemistry, 18(2): 124-148.  

13. Qin, H. L., Zhang, Z. W., Ravindar, L., and Rakesh, 
K. P. (2020). Antibacterial activities with the 
structure-activity relationship of coumarin 
derivatives. European Journal Medicine 
Chemistry, 207: 1-17. 

14. Akkol, E. K., Genç, Y., Karpuz, B., Sobarzo-
Sánchez, E., and Capasso, R. (2020). Coumarins 
and coumarin-related compounds in 
pharmacotherapy of cancer. Cancers (Basel),12(7): 
1-25. 

15. Detsi, A., Kontogiorgis, C., and Hadjipavlou-
Litina, D. (2017). Coumarin derivatives: an updated 
patent review (2015-2016). Expert Opinion 
Therapy Patients, 27(11): 1201-1226. 

16. Molnar, M., Lončarić, M., and Kovač, M. (2020). 
Green chemistry approaches to the synthesis of 
coumarin derivatives. Current Organic Chemistry, 
24(1): 4-43.  

17. Dinparast, L., Hemmati, S., Zengin, G., Alizadeh, 
A. A., Bahadori, M. B., Kafil, H. S., and 
Dastmalchi, S. (2019). Rapid, efficient, and green 
synthesis of coumarin derivatives via Knoevenagel 

350



Mortadza and Ngaini : MICROWAVE-ASSISTED AND CONVENTIONAL SYNTHESIS OF HALOGENATED 
COUMARIN-AZO DERIVATIVES AND STRUCTURAL-ACTIVITY RELATIONSHIP 
STUDY FOR ANTIMICROBIAL POTENTIAL 

condensation and investigating their biological 
effects. ChemistrySelect, 4(31): 9211-9215.  

18. Jadhav, N. H., Sakate, S. S., Rasal, N. K., Shinde, 
D. R., and Pawar, R. A. (2019). Heterogeneously 
catalyzed Pechmann condensation employing the 
tailored Zn0.925Ti0.075ONPs: Synthesis of 
coumarin. ACS Omega, 4(5): 8522-8527. 

19. Lončarić, M., Gašo-Sokač, D., Jokić, S. and 
Molnar, M. (2020). Recent advances in the 
synthesis of coumarin derivatives from different 
starting materials. Biomolecules, 10(151): 1-35. 

20. Ngaini, Z., Abd Halim, A. N., Rasin, F. and Wan 
Zullkiplee, W. S. H. (2022). Synthesis and 
structural-activity relationship studies of mono- and 
bis-thiourea derivatives featuring halogenated azo 
dyes with antibacterial properties. Phosphorus, 
Sulfur, and Silicon and the Related Elements, 
197(9): 909-917. 

21. Feng, D., Zhang, A., Yang, Y., and Yang, P. (2020). 
Coumarin-containing hybrids and their 
antibacterial activities. Archive Pharmaceutical, 
353(6): 1-12. 

22. Dembitsky, V. M., Gloriozova, T. A. and Poroikov, 
V. V. (2017). Pharmacological and predicted 
activities of natural azo compounds. Natural 
Production Bioprospectives, 7(1): 151-169.  

23. Ali, Y., Hamid, S. A., and Rashid, U. (2018). 
Biomedical applications of aromatic azo 
compounds. Mini Review Medicine Chemistry, 
18(18): 1548-1558.  

24. Benkhaya, S., M’rabet, S. and el Harfi, A. (2020). 
Classifications, properties, recent synthesis and 
applications of azo dyes. Heliyon, 6(1): 1-26. 

25. Prabhakara, C. T., Patil, S. A., Toragalmath, S. S., 
Kinnal, S. M. and Badami, P. S. (2016). Synthesis, 
characterization and biological approach of metal 
chelates of some first-row transition metal ions with 
halogenated bidentate coumarin Schiff bases 
containing N and O donor atoms. Journal 
Photochemistry Photobiology B, 157: 1-14.  

26. Mortadza, N. A., Ngaini, Z., Arif, M. A. M. (2021). 
Synthesis of silver (I) coordinated of aspirinate azo 
ligands as potential antibacterial agents. Defection 
Diffusion Forum, 411: 17-24. 

27. Madiahlagan, E., Sunil, B. N., Ngaini Z., and 
Hegde, G. (2019). Synthesis, liquid crystalline 

properties and photo switching properties of 
coumarin-azo bearing aliphatic chains: Application 
in optical storage devices. Journal Molecular 
Liquids, 292: 111328. 

28. Trott, O. and Olson, A. J. (2010). AutoDock Vina: 
improving the speed and accuracy of docking with 
a new scoring function, efficient optimization and 
multithreading. Journal Computational Chemistry, 
31(2): 455-461. 

29. Morris, G. M., Huey, R., Lindstrom, W., Sanner, M. 
F., Belew, R. K., Goodsell, D. S. and Olson, A. J. 
(2009). AutoDock4 and AutoDockTools4: 
automated docking with selective receptor 
flexibility. Journal of Computational Chemistry, 
30(16): 2785-2791. 

30. Seo, S., Choi, J., Park, S. and Ahn, J. (2021). 
Binding affinity prediction for protein–ligand 
complex using deep attention mechanism based on 
intermolecular interactions. BMC Bioinformatics, 
22(1): 542.  

31. Johnson, T. W., Gallego, R. A., and Edwards, M. 
P. (2018). Lipophilic efficiency as an important 
metric in drug design. Journal Medical Chemistry, 
61(15): 6401-6420.  

32. Balouiri, M., Sadiki, M., and Ibnsouda, S. K. 
(2016). Methods for in vitro evaluating 
antimicrobial activity: A review. Journal 
Pharmaceutical Analysis, 6(2): 71-79. 

33. Li, X., Wu, B., Chen, H., Nan, K., Jin, Y., Sun, L., 
and Wang, B. (2018). Recent developments in 
smart antibacterial surfaces to inhibit biofilm 
formation and bacterial infections. Journal 
Materials Chemistry B, 6(26): 4274-4292. 

34. Banaszak-Leonard, E., Fayeulle, A., Franche, A., 
Sagadevan, S., and Billamboz, M. (2021). 
Antimicrobial azo molecules: A review. Journal of 
the Iranian Chemical Society, 18(11): 2829-2851.  

35. Antonov, L. (2019). Tautomerism in azo and 
azomethyne dyes: When and if theory meets 
experiment. Molecules, 24(12): 2252. 

36. Echeverría, J., Urzúa, A., Sanhueza, L., and 
Wilkens, M. (2017). Enhanced antibacterial activity 
of Ent-labdane derivatives of salvic acid (7α-
hydroxy-8(17)-ent-labden-15-oic acid): effect of 
lipophilicity and the hydrogen bonding role in 

351



Malaysian Journal of Analytical Sciences, Vol 27 No 2 (2023): 342 - 352 
 

  352 

bacterial membrane interaction. Molecules, 22(7): 
1039.  

37. Wan Zullkiplee, W. S. H., Rasin, F., Abd Halim, A. 
N., Mortadza, N. A., Ramli, N., Hani, N. I., and 
Ngaini, Z. (2021). Synthesis, biological properties 
and comparative molecular docking evaluation 
studies of 1,3 and 1,4 bis-thiourea derivatives as 
potential antimicrobial resistant agents. 
International Journal Current Research Review, 
13(4): 22-30. 

38. Qin, H. L., Zhang, Z. W., Ravindar, L., and Rakesh, 
K. P. (2020). Antibacterial activities with the 
structure-activity relationship of coumarin 
derivatives. European Journal Medicine 
Chemistry, 207: 112832.  

39. Wang, S., Konig, G., Roth, H. J., Fouche, M., 
Rodde, S., and Riniker, S. (2021). Effect of 
flexibility, lipophilicity, and the location of polar 

residues on the passive membrane permeability of a 
series of cyclic decapeptides. Journal Medicine 
Chemistry, 64(17): 12761-12773.  

40. Farooq, S., Ngaini, Z., Mortadza, N. A. (2020). 
Microwave-assisted synthesis and molecular 
docking study of heteroaromatic chalcone 
derivatives as potential antibacterial agents. Bull 
Korean Chem Society, 41(9): 918-924. 

41. Park, K. M., Lee, S. J., Yu, H., Park, J. Y., Jung, H. 
S., Kim, K., Lee, C. J. and Chang, P. S. (2018). 
Hydrophilic and lipophilic characteristics of non-
fatty acid moieties: significant factors affecting 
antibacterial activity of lauric acid esters. Food 
Science Biotechnology, 27(2): 401-409. 

42. Johnson, T. W., Gallego, R. A. and Edwards, M. P. 
(2018). Lipophilic efficiency as an important metric 
in drug design. Journal Medicine Chemistry, 
61(15): 6401-6420.  

 


