
 

 

 

Faculty of Resource Science and Technology 

Synthesis and Characterization of Triazene and Thiourea Derivatives as 

Potential Antibacterial Agents  
 

 

 

 

 

 

 

 

 

Aina Syakirah binti Mohammad Hussin 

 

 

 

 

 

 

 

 

 

Master of Science  

2024 



 

 

Synthesis and Characterization of Triazene and Thiourea Derivatives as 

Potential Antibacterial Agents 

 

 

 

 

Aina Syakirah binti Mohammad Hussin 

 

 

 

 

A thesis submitted 

In fulfillment of the requirements for the degree of Master of Science 

(Organic Chemistry) 

 

 

 

 

Faculty of Resource Science and Technology 

UNIVERSITI MALAYSIA SARAWAK 

2024



i 

DECLARATION 

I declare that the work in this thesis was carried out in accordance with the regulations of 

Universiti Malaysia Sarawak. Except where due acknowledgements have been made, the 

work is that of the author alone. The thesis has not been accepted for any degree and is not 

concurrently submitted in candidature of any other degree. 

 

…………………………… 

Signature 

 

Name: Aina Syakirah binti Mohammad Hussin 

Matric No.: 21020494 

Faculty of Resource Science and Technology  

Universiti Malaysia Sarawak 

Date : 

 



ii 

ACKNOWLEDGEMENT 

It would not have been possible to complete my master’s study without my esteemed 

supervisor, Dr. Ainaa Nadiah Abd Halim for her unwavering support, continuous patience, 

invaluable guidance and assistance at every stage of this study. Her unquestioning belief in 

me which exceeds my own has encouraged me to meet her expectations and not disappoint 

her. The golden opportunities she created just make me more grateful to have her as my 

supervisor. With that, thank you! 

My sincere appreciation also goes to my co-supervisor, Prof. Dr. Zainab Ngaini. Her 

insightful suggestions and comments, especially from our progress presentations have given 

me useful ideas and understandings on this study. A heartfelt thank you to my amazing and 

lovely lab mates for their kind help and for making my stressful postgraduate journey 

exciting. The cherished times we spent together and the fond memories we made, not only 

in the lab but outside the lab as well, will always be remembered.  

A debt of gratitude to my supportive parents for their prayers, worries and trust in my 

decision to pursue my master’s study. Their concern and reminder to take care of my health 

at every late-night phone call additionally motivated me to do my best. I would also like to 

express my special thanks to those who have directly or indirectly contributed to this study.  

Not forgetting, I am indebted to the Ministry of Higher Education Malaysia and Universiti 

Malaysia Sarawak for the generous financial support under F07/FRGS/2139/2021 @ 

FRGS/1/2021/STG01/UNIMAS/03/02. Last but not least, as someone with faith, I am 

thankful to Allah for the rizq He has given.  



iii 

ABSTRACT 

Two different series of triazene 43a-i and thiourea derivatives 45a-i bearing acetanilide 

moiety with a total of 18 compounds have been successfully synthesized from 4’-

aminoacetanilide as the core structure through azo coupling and nucleophilic substitution 

reaction, respectively. The structures were characterized by using Fourier-transform infrared 

(FTIR) spectroscopy, 1H and 13C nuclear magnetic resonance (NMR) analysis. The 

unexpected structural formation of 43a-i instead of the initially proposed azo derivatives 

42a-i was confirmed by employing correlation spectroscopy (COSY). The antibacterial 

activity of 43a-i and 45a-i was tested against two types of bacteria which were 

Staphylococcus aureus (ATCC 25923), a Gram-positive bacterium and Escherichia coli 

(ATCC 25922), a Gram-negative bacterium. The antibacterial potential was utilized via 

turbidimetric kinetic method for 43a-i and Kirby-Bauer disc diffusion method for 45a-i. The 

study revealed that among the triazene series 43a-i, 43c bearing fluorine at para position 

was the most potent inhibitor against both bacteria with minimum inhibitory concentration 

(MIC) values of 68 ppm (S. aureus) and 84 ppm (E. coli), surpassing the standard ampicillin 

with the MIC values of 85 ppm (S. aureus) and 86 ppm (E. coli). The more nitrogen atoms 

on the triazene bridge along with the fluorine substituent were envisaged to promote greater 

hydrogen bond interactions with the bacterial receptors. On the other hand, another 

derivative of the 4’-aminoacetanilide called thiourea derivatives 45a-i showed susceptible 

inhibition against those bacteria, particularly 45a and 45f with 7-8 mm of inhibition zone, 

comparable to the standard ampicillin. The similar aspect these compounds possessed was 

the low molecular weight which resulted in better bacterial membrane penetration. 

Keywords: 4’-aminoacetanilide, antibacterial, spectroscopy, thiourea, triazene 
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Sintesis dan Pencirian Terbitan Triazen dan Tiourea Sebagai Potensi Agen Antibakteria  

ABSTRAK 

Dua siri berbeza terbitan triazen 43a-i dan tiourea 45a-i menggalas moieti asetanilida 

berjumlah 18 sebatian telah berjaya disintesis daripada 4’-aminoasetanilida sebagai 

struktur teras melalui tindak balas gandingan azo dan penggantian nukleofilik. Struktur-

struktur tersebut dicirikan menggunakan spektroskopi inframerah penukarganti Fourier 

(FTIR), 1H dan 13C resonan magnetik nukleus (NMR). Pembentukan 43a-i dan bukannya 

terbitan azo 42a-i yang tidak dijangka disahkan menggunakan spektroskopi korelasi 

(COSY). Aktiviti antibakteria 43a-i dan 45a-i diuji ke atas dua jenis bakteria iaitu 

Staphylococcus aureus (ATCC 25923), bakteria Gram-positif dan Escherichia coli (ATCC 

25922), bakteria Gram-negatif. Kaedah yang digunakan ialah kaedah kinetik turbidimetrik 

bagi 43a-i dan kaedah penyebaran cakera Kirby-Bauer bagi 45a-i. Hasil-hasil menunjukkan 

43c yang mengandungi atom fluorin pada posisi para ialah perencat bakteria yang terbaik 

ke atas kedua-dua bakteria dengan jumlah kepekatan perencatan minimum (MIC) sebanyak 

68 ppm (S. aureus) dan 84 ppm (E. coli), menandingi piawai ampisilin yang mempunyai 

jumlah MIC sebanyak 85 ppm (S. aureus) dan 86 ppm (E. coli). Jumlah atom nitrogen yang 

banyak pada titian triazen bersama dengan bahan ganti fluorin digambarkan menggalakkan 

lebih banyak interaksi ikatan hidrogen dengan reseptor-reseptor bakteria. Manakala, satu 

lagi terbitan 4’-aminoasetanilida dipanggil terbitan tiourea 45a-i menunjukkan perencat 

bakteria yang rentan, terutamanya 45a dan 45f dengan zon perencatan sebanyak 7-8 mm, 

setanding dengan piawai ampisilin. Aspek serupa yang dimiliki sebatian-sebatian ini ialah 

berat molekul yang rendah menyebabkan penembusan membran bakteria yang lebih baik. 

Kata kunci: 4’-aminoasetanilida, antibakteria, spektroskopi, tiourea, triazen 
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