
  
 

 
Synthesis and Characterisation of Novel Phenanthroline Quinone Derivatives 
and their Evaluation as Alzheimer’s Disease Therapeutic Active Ingredients 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Seta Azad Tosonyan 

 
This thesis is submitted in fulfilment of the requirements for the degree of 

Doctor of Philosophy 

 

Faculty of Science 

School of Mathematical and Physical Sciences  

Department of Chemistry 

University of Technology Sydney 

February 2018 

 

 

 



i 
 

CERTIFICATE OF AUTHORSHIP/ORIGINALITY 

I, Seta Tosonyan, certify that the work in this thesis has not been 

previously submitted for a degree nor has it been submitted as part of 

requirements for a degree. 

I also certify that the thesis has been written by myself. Any assistance that 

I have received in my research work and the preparation of the thesis itself 

has been acknowledged. Furthermore, I certify that all information sources 

and literature used are indicated in the thesis. 

 Seta Tosonyan 

 February 2018 

  

Production Note:
Signature removed prior to publication.



ii 
 

 
ACKNOWLEDGEMENTS 
  

I take this opportunity to express my sincere gratitude and special appreciation to my 

Principal supervisor, Dr. Shanlin Fu and co supervisor Dr. Ronald Shimmon and Prof. 

Anthony Baker, Without whose invaluable guidance, motivation and support throughout my 

research including the drafting of this thesis, the accomplishment of this project  would not 

have been possible. They shown immense patience and have never deterred from sharing 

their knowledge and support whenever required. Their efforts in improving my skills with 

proof reading and scientific writing were remarkably fruitful. I could not have imagined 

having a better advisors and mentors for my PhD study. 

Dr. Ronald’s guidance and advice during the experimental laboratory part are greatly 

appreciated. He has been instrumental in getting me trained and competent with advanced 

analytical techniques mainly in NMR spectroscopy his main field of expertise. He stands for 

me as an epitome of humility with brains. 

I am grateful to Susan Shimmon for her guidance and advice while fulfilling the biological 

study. 

I take this opportunity to express my deepest gratitude to Dr. Costa Conn, for his continuous 

support and valuable discussions with a keen eye in the prodrug docking investigation 

guidance, 

Thanks are also expressed to Dr. Linda Xiao and to Dr. Regina Verena Taudte and to my 

postgraduate colleagues for their generous assistance and valuable discussions during my 

research studies. 

Special   and sincere thanks are expressed to my husband Surein and My father Azad and all 

my family, who have standby in my good and bad times and have continuously encouraged 

and supported me throughout my PhD task. This thesis is dedicated to them. 

Finally, the generous financial support and scholarship of the Iraqi ministry of higher 

education and scientific research and Basra University is sincerely acknowledged. 

 
 

 

 



iii 
 

ABSTRACT 

The study is based on the synthesis, characterisation and biological evaluation of series of new 

derivatives of phen-5,6-dione potentially could act as inhibitors for acetylcholinesterase 

(AChE) from electric eel and  butyrylcholinesterase (BuChE) from equus horse  serum and as 

an active  pharmacophore inhibitors of acetylcholinesterase and butyrylcholinesterase. 

Twenty four derivatives of phen-5,6-dione were prepared including imine-Schiff based of 

phen-5,6-dione and 2-amino phenol as mono and di substituted active ingredient, 

condensation products of phen-5,6-dione with thiosemicarbazide, semicarbazide 

hydrochloride, hydroxylamine hydrochloride, aminoguanidine hydrochloride, 

aminoguanidine bicarbonate, 4-methyl-3-thiosemicarbazide, 2-methyl-3-thiosemicarbazide, 

4-methyl-3-thiosemicarbazide, 4,4-di methyl-3-thiosemicarbazide, 4-ethyl-3-

thiosemicarbazide, 4-phenyl-3-Thiosemicarbazide, ethylenediamine, hydrazine sulfate, o-

nitro anline, diethylamine carbamyl chloride, o-phenylenediamine and benzyl amine. All the 

prepared compounds were characterised by various advanced techniques: 1H NMR,13 C 

NMR, FT-IR, ATR and HRMS and digital melting point.  

Ellman Assays were performed with acetylthiocoline iodide (ATCI) and s-butyrylthiocholine 

iodide (BTCI) as the substrate, using Galantamine and Tacrine, well-known AChE and 

BuChE inhibitors as the positive controls. IC50 for the prepared compounds were determined. 

The study includes determination of several important kinetic parameters such as type of 

inhibition (Competitive) and Inhibition constant (Ki). The inhibition mechanism for 

determination of the activity of both AChE and BuChE inhibitors were extracted from 

Lineweaver- Burk plots and Dixon plots.  

 Furthermore the drug-like properties were assessed based on Lipinski five rules and by 

utilising ADMET properties such as Aqueous solubility, Blood-brain barrier (BBB), CYP2D6 

binding, Hepatotoxicity, Intestinal Absorption and PPB descriptors for each of studied 

compounds. Furthermore all the prepared active ingredients were sent for screening at QLD 

University.  

The simulation studies for molecular modelling of the obtained experimental results were 

assimilated with implementing Accelrys Discovery Studio 4.5 suite. The obtained data from 

the docking study were used for analysing the biological properties obtained in this study and 

some suggestions are stated. 
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We found ability of the prepared compounds as active ingredient as chelating ligands to form 

complexes with Cu+2 and Zn+2 were investigated using UV–Vis spectroscopy. Similarities in 

absorption spectra including π–π*intra ligand transitions and a strong metal –ligand charge 

transfer (MLCT) in the visible region were observed. The obtained results support the idea that 

the phen-5,6-dione structure and electronic properties of these  ligands incorporate features of 

both diamine and quinone ligands. These characteristics may be beneficial in decreasing the 

rate of cognitive decline in moderate to severe AD patients.  

This technique may provide useful information to investigators with relation to chemical 

profiling of drug seizures, however its use should be limited to that of a screening method.  

This technique demonstrate that a rational structure based on phen-5,6-dione derivatives can 

generate a molecules that can target modulate multiple factors, and provide a new tool to 

investigate Alzheimer’s disease. 
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