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                          According to the WHO, malaria is responsible for over half a million deaths annually especially in populations from disadvantaged settings. Although there has been a documented improvement in the mortality rates, malaria has proved to be a global emergency. Mostly affecting the poor population, this disease is perpetuating a vicious cycle of poverty in the developing world as current preventive measures are not adequate unless adopted in addition to effective treatment. However, there has been a worldwide increase in resistance to available treatment which presents a need for novel, affordable treatment. A study conducted in our laboratory identified two hit thiophenol containing compounds 2.24 and 2.25. These molecules provided initial insight into the SAR and potential pharmacophore of this class of compounds. We decided to further explore these compounds by making bioisosteric replacements to optimize the structure as we monitor the effect of these modifications on the anti-plasmodial activity. The synthetic pathway to form the target compounds of our study comprised of three steps which were initiated by the Friedel-Crafts acetylation of the indoles resulting in compounds 3.5 - 3.7. A bromination step followed which yielded the -bromo ketones (3.8 - 3.11). Some of the thiophenols (3.14 and 3.16) were not readily available in our laboratory and so were synthesized for the final synthetic step. This step involved the nucleophilic displacement of the -bromine to generate the -aryl substituted 3-indolylethanones (3.17 - 3.27). The thioethers displayed improved antimalarial activity from 2.24 and 2.25 against the chloroquine sensitive 3D7 Plasmodium falciparum strain. In addition, these compounds were non-toxic against HeLa cells which indicated this potential novel class of antimalarials is selective for the malaria parasite as hypothesized in the previous study conducted in our laboratory. In an attempt to predict the bioavailability of some of our compounds, in silico studies were conducted revealing that these compounds could be passively absorbed by the gastrointestinal tract, a positive result for bioavailability purposes. However, results from these studies indicate that modifications of these compounds would be necessary to allow for permeation through the blood brain barrier (BBB) for instances when the patient has cerebral malaria.
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                          Heterocyclic structures have found extensive utility in the field of medicinal chemistry, as prominent regions of pharmacophores resulting in numerous drug treatments for many diseases. Accordingly, in this project we explored the respective antimalarial and anticancer activity exhibited by compounds featuring nitrogen containing indole and tetrazole heterocycles respectively. This thesis therefore comprises of two distinct parts. Part 1. Following the development of resistance towards traditional antimalarial therapy such as chloroquine and emerging resistance towards artemisinin combination therapies, the WHO reported the urgent need for new, effective drugs and identification of new drug targets to combat the Plasmodium falciparum parasite. In 2015 the parasite was the cause of 429 000 deaths, the majority occurring in the sub-Saharan region of Africa. This highlights the failing effectiveness of vector control strategies, reiterating the need to develop alternative control and treatment strategies. In response to this need we wanted to expand and further describe the SAR of the indole based series, indolyl-3-ethanone-α- thioethers, previously synthesized in our laboratory. These compounds were found to exhibit antimalarial activity with compounds 2.26 and 2.27 exhibiting activity against P. falciparum 3D7 in the nanomolar range. Based on these compounds we synthesized compounds 3.21 and 3.24 – 3.32 following a three step reaction pathway. Our results in this study, indicate that compound 3.28, a pnitrothiophenol analogue of 2.27 was the most active of the compounds we synthesized and furthermore was superior in activity against Plasmodium compared to 2.27. This result indicated that the presence of p-NO2 is important in enhancing anti-plasmodial activity. Comparing compounds 3.25 and 3.26 with an oxygen on the ether bridge to compounds 3.29 and 3.30 with a sulfur, we observed an increase in hydrophilicity coupled to a decrease in anti-plasmodial activity in the compounds, thus, highlighting the importance of sulfur for enhanced activity. Furthermore, we investigated bioisosteric replacement of the 5-chloro substituent present in hit compounds 2.27 and 3.28, with an electron withdrawing nitrile (3.27) and electron donating methyl (3.29) and methoxy (3.31) substituents. These substituents decreased anti-plasmodial activity, confirming that a chlorine substituent is optimal for biological activity. This study furthered our understanding of the SAR of indolyl-3-ethanone-α- thioethers for the development of potent anti-plasmodial lead compounds. Part 2. Triple negative breast cancer (TNBC), which disproportionately affects women of sub-Saharan Africa, is unresponsive to hormone-based therapies. This emergence presents a population of patients devoid of effective drug treatment, signaling the urgent need to develop new effective therapies with novel drug targets. Therefore, we identified our target in TNBC cells as the protein-protein interaction between the co-chaperones HOP and HSP90. We reasoned that a disruption of this interaction would ultimately result in cancer cell death via the degradation of essential oncogenic client proteins. Following a fragment screening campaign, which identified several acid and tetrazole containing hits (4.56 – 4.58) which bound to HOP, with low anticancer activity, we sought to develop synthetic methodology to elaborate our fragment hits synthesizing tetrazole containing fragments to target TNBC cell lines. We therefore proceeded to synthesize a range of multi substituted fragments (4.59 – 4.63), utilizing a nitrile (4.66) to access tetrazoles via 1,3-cycloaddition and an acid by nitrile hydrolysis. We successfully synthesized the tetrazole and acid fragments which are currently undergoing characterization for activity against TNBC.
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                          Malaria is a deadly disease and its drug resistance has been reported to be a challenge globally. The death toll caused by malaria has increased rapidly in different regions of the world. Quinoline scaffold molecules are combined with other classes of antimalarials to tackle drug resistance. The combination of quinoline scaffolds with other antimalarial compounds and metals-based drugs have been reported to be a potential approach to overcome drug resistance common in the currently used antimalarials. 4-Aminoquinoline was hybridized with selected organic molecules and metal-based compounds to form a class of hybrid compounds containing either an amide bond or ester bond as a linker between the parent molecules. 4-Aminoquinoline derivatives are known compounds and they were prepared via known synthetic routes and characterized. The hybrid compounds were characterized and the FTIR results confirmed the successful linkage of 4-aminoquinoline derivatives to selected organic scaffolds to form hybrid compounds. NMR results confirmed the successful formation of hybrid compounds. MS showed signals of the hybrid molecules confirming the successful isolation of the hybrid compounds. In vitro antiplasmodial assay was performed against asexual parasite and chloroquine was used as a reference drug. The percentage inhibition effects of the hybrid compounds were in a range of 96-102% at 5 µM and 36-96% at 1 µM suggesting that the percentage inhibition effect of the hybrid compounds was influenced by the drug concentration. Hybridization of either 4-aminosalicylic scaffold or ferrocene butanoic acid with 4- aminoquinoline derivatives is a potential synthetic route that can result in potent antimalarials. However, more research is needed to fully understand the structure-activity relationship of these hybrid compounds.
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                          This work focuses on the design, synthesis and evaluation of imine-containing heterocyclic and acyclic compounds with special focus on their bioactivity against parasitic protozoans (P. falciparum and T. brucei) - given the context of drug resistance in the treatment of malaria and Human African sleeping sickness and the fact that several bioactive organic compounds have been reported to possess the imino group. Starting from 2-aminopyridine, novel #-alkylated-5-bromo-7-azabenzimidazoles and substituted 5-bromo-1-(carbamoylmethy)-7-azabenzimidazole derivatives were prepared, and their bioactivity against parasitic protozoans was assessed. NMR spectra of the substituted 5- bromo-1-(carbamoylmethy)-7-azabenzimidazole derivatives exhibited rotational isomerism, and a dynamic NMR study was used in the estimation of the rate constants and the free- energies of activation for rotation. The free-energy differences between the two rotamers were determined and the more stable conformations were predicted. Novel 2-phenyl-7-azabenzimidazoles were also synthesised from 2-aminopyridine. A convenient method for the regioselective formylation of 2,3-diaminopyridines into 2-amino- 7-(benzylimino)pyridine analogues of 2-phenyl-7-azabenzimidazole was developed, and some of the resulting imino derivatives were hydrogenated to verify the importance of the imino moiety for bioactivity. The 2-phenyl-7-azabenzimidazoles and the 2-amino-7- (benzylimino)pyridine analogues were screened for their anti-protozoal activity and their cytotoxicity level was determined against the HeLa cell line. In order to validate the importance of the pyridine moiety, novel #-(phenyl)-2- hydroxybenzylimines, #-(benzyl)-2-hydroxybenzylimines and (±)-trans-1,2-bis[2- hydroxybenzylimino]cyclohexanes were also synthesized and screened for activity against the parasitic protozoans and for cytotoxicity against the HeLa cell line. The biological assay results indicated that these compounds are not significantly cytotoxic and a good number of them show potential as lead compounds for the development of new malaria and trypanosomiasis drugs.
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