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Heterocyclic organic compounds are designated as integral components on a wide array of structures with both

pharmacological and biological importance. They constitute a large cohort of structures with immense importance in the

life sciences. 
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1. Introduction

Cancer is a complex group of diseases the onset of which is characterized by abnormal cell division with the potential of

spreading to other parts of the body over time . The abnormal cell differentiation is normally accompanied by drastic

weight loss, prolonged cough, and abnormal lump growth . The prevalence of cancer is spiraling globally. Currently,

cancer ranks second as the leading cause of death worldwide and in the year 2020 alone, an estimated 19.3 million new

cases with 10 million deaths were recorded . These statistics translate into an annual death rate that is a little over 50%

of the annual new cases. Cancers of the stomach, lung, breast, prostate/cervix, and colorectum have all been reported

but the most frequently diagnosed are lung and breast cancers followed by prostate which occurs predominantly among

the aging male population . Sex and age have become of paramount importance in cancer susceptibility and treatment,

and men are said to be more prone to infections than women .

Prior to cancer becoming metastatic, its spread is initiated by pro-angiogenic factors consisting of vascular endothelial

growth factor (VEGF) receptors, fibroblast growth factor (FGF), platelet derived growth factors (PDGF), epidermal growth

factor (EGF), thymidine phosphorylase (TP), neuropeptide Y4 (NY4), and platelet factor 4 (PF4), etc. . Upon initiation,

the survival of these cancer cells and their proliferation are dependent on the supply of oxygen, nutrients, and clearance

of waste products . All these processes are dependent on the sprouting of vascular networks. New blood vessels

form through a process called angiogenesis . In the absence of the vascular extension, cancer cells become necrotic or

undergo a process called apoptosis, limiting the proliferation rate . The level of expression of necrotic or apoptotic

factors is a reflection of the aggressiveness of a tumor . Generally vascular development starts by basement

membrane destruction which leads to the release of angiogenic factors. This activates endothelial cells to migrate which

then proliferate and stabilize until a safeguard sets in . Regulation of neoplastic vascularization as an important

step in limiting cancer proliferation has received immense attention and extensive research . To starve these tumor

cells, cautious targeting of vessel sprouting activators with a foreknowledge of how they control this chemical signal is

crucial in maintaining homeostasis .

Numerous cancer targets including VEGF, FGF, PGF, EGF, PDGF, topoisomerase I and II, histone deacetylase, tyrosine

kinase, and transforming growth factor-alpha (TGF-α) have been elucidated with multiple studies focused mainly on

targeting the initiator VEGF . However, halting VEGF signaling has not been very effective as reports of disease

progression after treatment have become rampant .

A number of heterocyclic anticancer agents both synthetic and naturally occurring are in use and more are still being

sought after . Some examples are as shown in Figure 1. Heterocyclic compounds (ring compounds containing

C and any of the atoms N, O, and S) have been explored for their medicinal properties for the treatment of various

diseases including cancer. Introduction of these heteroatoms improves solubility, polarity, and hydrogen bonding abilities

leading to ADMET (Adsorption, Distribution, Metabolism, Excretion, and Toxicity) optimization of druggable candidates.

Therapeutic heterocyclic agents such as 5- fluorouracil 1, orlistat 2, vandetanib 3, rapamycin 4, axitinib 5, sorafenib 6,

epigallocatechin  7, doxorubicin  8, daunorubicin  9, and Taxol  10  (Figure 1) have demonstrated high inhibition against

different types of cancer cells .
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Figure 1. Chemical structures of some heterocyclic compounds used for treating various types of cancer.

Brevilin A, 11, a heterocyclic sesquiterpene lactone natural product isolated from Centipeda minima exhibits anticancer

properties . Studies have shown that Brevilin A attenuates the signal transducer and activator of transcription (STATS

3) and Janus kinase and tyrosine kinase activity thereby inhibiting cell growth, inducing apoptosis and reducing cell

metastasis . Lee, Chan et al., synthesized analogues of Brevilin A and found that 13 and 14 exerted greater anticancer

properties than  11. Aldol reaction of  11  and paraformaldehyde in the presence of sodium carbonate produced  12.

Acetylation of 12 with p-nitrobenzoyl chloride and methacrylic anhydride afforded 13 and 14, respectively (Scheme 1) .

Scheme 1. Synthetic routes of Brevilin A analogues .

Challenges associated with cancer treatments such as drug resistance, systemic toxicity of administered drugs, and drug

ineffectiveness are widespread . Furthermore, confounding factors such as the multiple signaling nature of pathways

and the propensity of most cancer cells to mutate have hindered the search for an effective therapeutic agent for

combating cancers, calling for urgent search to identify new anticancer agents as drug leads . To overcome these

challenges, multi-target heterocyclic inhibitors are proposed as an option in achieving success in the fight against various

forms of cancers.

Emerging heterocyclic compounds with demonstrable anticancer activities include sunitinib  15, midostaurin  16, and

vorinostat 17  (Figure 2). They possess multi-regulatory activity against growth factors like vascular endothelium growth

factor receptor (VEGFR), platelet-derived growth factor receptor alpha (PDGFRA’s c-Kit) and tyrosine kinase 3 (FLT-3) .
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In the same vein, gefitinib  18, erlotinib  19, lapatinib  20, and sotagliflozin  21  (Figure 2) with magnificent inhibitory

potentials against human epidermal growth factor receptor 1 (HER1) and 2 (HER2) are also in phase 3 clinical trials

confirming that multi-targeted therapy has a future .

Figure 2. Chemical structures of some heterocyclic multi-target anticancer agents. Compounds 15–17 are in clinical use

while 18–21 are in various stages of clinical trials.

This review therefore seeks to highlight the various types of heterocyclic multimodality anticancer agents (synthetic and

natural products) and their biological targets with some emphasis on their mechanism of action. Various systematic

rigorous methodological approaches were used to search literature to identify, collate, and critically appraise a body of

previously published works relevant to the topic. The search comprised of putting relevant key words into Scifinder,

Scopus, Google scholar, PubMed, and others and appraising them for their suitability. Original hard copy offprints of

published papers in our various personal archives were also consulted for relevant information .

2. Heterocyclic Compounds

Heterocyclic organic compounds are designated as integral components on a wide array of structures with both

pharmacological and biological importance. They constitute a large cohort of structures with immense importance in the

life sciences. Their diverse characteristics include the display of a wide variety of intermolecular interactions, different ring

sizes, their planarity if aromatic, and functional group versatility. Among the twenty amino acids, proline, histidine, and

tryptophan contain heterocyclic rings. Furthermore, the basic units that contain instructions for development, growth, and

reproduction are all made of a heterocyclic nucleus.

Many natural products such as alkaloids, flavonoids, terpenoids, coumarins, anthocyanins, isothiazoles, etc., contain

heterocyclic rings, possess a broad spectrum of activities against numerous disease-causing organisms. In addition,

recent structural assessment of heterocyclic moieties among synthetic compounds by Marson has revealed that their

incorporation plays a very significant role in drug-likeness and target binding by limiting toxic metabolite production,

increasing water solubility, and lowering conformational entropy . Heterocyclic chemotypes like quinoline, quinazoline,

quinoxaline, pyrimidine, pyrazoline, 1,2,4-triazole, imidazole, benzimidazole, isoxazoline, isoquinoline, pyrazole, and

isoxazole (Figure 3) can be found in compounds used in the treatment of debilitating diseases like malaria, tuberculosis,

cancer, neuro-degenerative diseases, fungal, and bacterial infections . The following are heterocyclic compounds

that, if present as moieties in synthetic or naturally occurring compounds, may confer anti-cancer properties.
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Figure 3. Examples of heterocyclic chemotypes.
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