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PREFACE 
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(A.13.7.3) of the North-West University. 

 

Chapter 3: Article for submission 

Synthesis and in-vitro anti-tubercular evaluation of 6-nitroquinolone-3-carboxamides 

 

Chapter 3 is a manuscript to be submitted to Bioorganic Chemistry. This manuscript is 

prepared according to author’s guidelines from the journal homepage at 

http://www.elsevier.com/journals/bioorganic-chemistry/0045-2068/guide-for-authors. 
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ABSTRACT 

 

Tuberculosis (TB) is a disease that has been a major scourge of humankind since time 

immemorial. It is an airborne disease that mainly affects the lungs and it is caused by 

Mycobacterium tuberculosis (Mtb)─ a pathogenic bacterium in the family mycobacteriaceace. 

The disease is predominant in developing countries (African countries included), currently 

affecting one third of the world’s population. 

HIV/AIDS pandemic has promoted TB to thrive, with 215000 TB related deaths among 

HIV positive individuals reported globally in 2018. Moreover, the emergence of drug resistant 

strains of Mtb also promotes the high prevalence of TB. Globally, an estimated 10 million 

people fell ill with TB in 2018 and among these, 484000 incident cases and 214000 deaths 

were caused by MDR-Mtb. The highest TB burden is in men who accounted for 57% of all TB 

cases in 2018. Women accounted for 32%, children below the age of 15 years accounted for 

11% and people living with HIV accounted for 8.6%. MDR-Mtb strains are caused by the lack 

of compliance to treatment by TB patients. 

TB treatment still largely depends on chemotherapeutic agents discovered 40-60 years 

ago. The current chemotherapy for drug susceptible Mtb consists of the four first-line drugs: 

isoniazid, rifampicin, ethambutol and pyrazinamide, which have to be taken daily for a 

minimum of 6 months. The regimen is effective if taken as prescribed and has shown high 

efficacy in achieving cure rates around 90-95% both in treatment under the oversight of TB 

control programmes and trial conditions. However, because of the long treatment period, 

numerous side effects, and severe adverse events like hepatotoxicity, patients find it hard to 

take their medication daily for over 6 months as prescribed.  

Fortunately, in 2019, WHO consolidated a new guidance in the second line MDR-Mtb 

drug treatment. Among these drugs, two new drugs (delamanid and bedaquiline) were added; 
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making them the first TB drugs with novel mechanism of action after 40 years. Despite these 

current advances in TB chemotherapy, there are now undeniable evidence that resistance to 

the second-line regimen is now emerging. Thus, this further resistance leads to extensively 

drug resistance Mtb (XDR-Mtb). The emergence of MDR/XDR-Mtb indicates the importance 

to search for new TB drugs with a novel mechanism of action not observed with current anti-

tubercular agents deployed currently. 

Nitro-containing compounds have been highlighted as unique chemotype exhibiting 

potent inhibitory activity against Mtb through a novel mode of action. Most notably, this class 

of compounds have been validated to demonstrate anti-tubercular activity by acting as suicide 

inhibitors of DprE1. However, they also suffer from poor drug-like properties such as short 

half-life and poor aqueous solubility. Thus, to circumvent the shortcomings of nitro-containing 

ant-TB leads, we herein report the synthesis and evaluation of new nitro-containing 

compounds around the quinolone scaffold. It is noteworthy to mention that more than 70 % of 

newly approved anti-bacterial are constructed around the quinolone scaffold. 

All target compounds (3a, 5-25) were screened in-vitro for inhibitory activity against 

the green-fluorescent protein reporter strain of Mtb using middlebrook 7H9 media 

supplemented with casitone, glucose and tyloxpol. The anti-tubercular activity was reported 

as the minimum inhibitory concentration required to inhibit 90% (MIC90) of bacteria population. 

The MIC90 was evaluated at day 14 following incubation of Mtb with target compounds. No 

precipitation was observed during screening and compounds were soluble in screening media. 

13 out of the 22 compounds evaluated were active against Mtb, exhibiting activity in the range 

of 0.244-31.865 µM. 12 out of the 13 active compounds exhibit MIC90 values < 10 µg/ml, which 

gives a high hit rate of > 50% for this compound set. 

In conclusion, the synthesised compounds evaluated against the gfp reporter strain of 

Mtb showed great activity. Preliminary assessments of these compounds indicated potential 

good physico-chemical properties. They are less lipophilic with cLogP values ranging from 

0.72-3.67 and have molecular weight < 500 Da. These results are encouraging and suggest 
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that this new class of compounds is worth further exploring for potential anti-mycobacterial 

drugs. 

 

 

Key Words: Tuberculosis, Mycobacterium tuberculosis, Quinolone, DprE1, Nitro drugs.  
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CHAPTER 1 

INTRODUCTION AND PROBLEM STATEMENT 

 

 

1.1 Introduction 

 

When Dr Robert Koch identified Mycobacterium tuberculosis (Mtb) as the causative agent of 

tuberculosis (TB) over a century ago; the disease was rampant, causing 1/7 of all deaths in 

Europe and 1/3 of deaths among productive young adults (Churchyard et al., 2017). Today 

TB remains a global health problem with one-third of the world’s population infected (Cho, 

2018). Mtb is a species of pathogenic bacterium in the family Mycobacteriaceae. It requires 

oxygen to grow, does not produce spores, is non-motile, can withstand weak disinfectants, 

and survives in a dry state for weeks (Willey et al., 2008). It spreads through air droplets from 

an infected person when he/she either coughs, sneezes, speaks, or sings (Churchyard et al., 

2017). Once in the lungs, the bacteria are phagocytosed by macrophages, and the ensuing 

hypersensitivity response leads to the formation of small hard nodules called tubercles (Willey 

et al., 2008). This phase of the disease is called the dormant stage, wherein the bacteria often 

remain alive within macrophage’s phagosomes. Inhibition of phagosome-lysosomal fusion, 

and inhibition of diffusion of lysosomal enzymes by Mtb are some of the mechanisms that 

have been put forward to explain the survival of Mtb inside macrophages (Willey et al., 2008). 

Mtb is naturally resistant to many antibiotics, making treatment of TB inherently difficult. This 

resistance to many antibiotics is due mainly to the highly hydrophobic cell envelope acting as 

a permeability barrier (Reiche et al., 2017). Moreover, many potential resistance determinants 

are also encoded in its genome (Fleischmann et al., 2002). Furthermore, following 

spontaneous chromosomal mutation(s), the drug resistant mutants can be selected by poor 
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physician’s prescription, poor patient compliance, supply of poor quality drugs, as well as other 

factors such as difference in metabolism and nutrition (Islam et al., 2017b). 

 

Lately, a steady yearly increase is occurring in the number of TB cases because of the AIDS 

(Acquired Immune Deficient Syndrome) pandemic, which arise from infection with HIV (human 

immunodeficiency virus) ─ a common co-infection. Thus, further spread of HIV infection 

among the population with a high prevalence of TB infection is resulting in dramatic increase 

in TB cases as well (Hameed et al., 2014). Globally, 10 million people fell ill with TB in 2018 

(WHO, 2019). In the same year, an estimated 1.2 million TB related death among HIV-

negative people, and an additional 251000 mortalities caused by TB among HIV positive 

people were reported (WHO, 2019). Although TB affects people of both sexes in all age 

groups, the highest burden is in men, who accounted for 57% of all TB cases in 2018. Women 

accounted for 32% and children below the age of 15 accounted for 11% of the TB burden. 

8.6% of the total TB cases were people living with HIV (WHO, 2019). 

 

Another factor fuelling TB in recent years is multidrug resistant-TB (MDR-TB). MDR-TB 

threatens recent gains in the treatment of tuberculosis and HIV co-infection, accounting for 

3.4% of new cases and 18% of previously treated cases of TB (WHO, 2019, Shah et al., 2017). 

Overall, an estimated 484000 cases and 214000 deaths from MDR-TB/XDR-TB (extensively 

drug resistant TB) occurred in 2018 (WHO, 2019), with 10 000 new cases reported for South 

Africa alone (WHO, 2018, Karim et al., 2009). South Africa is one of the countries with the 

highest TB burden, accounting for 454 000 TB incidents with 258 000 HIV co-infected 

individuals;- 20 000 of whom are infected with MDR-TB (Pietersen et al., 2014).  

 

MDR-TB cases have increased substantially since 2002, and factors driving this rapid increase 

have not been fully elucidated, albeit such knowledge is needed to guide public health 

intervention(s) (Churchyard et al., 2017, Khusro et al., 2018). The lack of a good vaccine to 

effectively curtail TB is also another contributing factor for  burden of disease (Islam et al., 



3 
 

2017b, Harausz et al., 2017).The Mtb genome is one of the largest genomes and contains 

around 4000 genes (Campanico et al., 2018, Willey et al., 2008). Anything that can be learned 

from genome studies will be of great importance in the fight to control the spread of TB (Cole 

et al., 1998). Furthermore, there are surprisingly large number of regulatory elements in the 

genome. This may mean that the infection process is more complex and sophisticated than 

previously thought (Willey et al., 2008).  

 

There are several regimens that have been tried as anti-tuberculosis drugs, with little success 

due to low efficacy, high toxicity, long treatment duration, and significant health resource 

burden with treatment for MDR-TB (defined as resistance to isoniazid and rifampicin). Drug-

drug interactions are also notable hindrances as exemplified by rifampicin with protease-

inhibitors and other antiretrovirals (ARVs) (Tiberi et al., 2018). In the past, short-course directly 

observed chemotherapy (DOTS), and Bacilli Calmette Guerin (BCG) vaccine have been used 

for TB treatment, and prophylaxis, respectively (Willey et al., 2008, Marriner et al., 2011). 

Currently, over twenty anti-tubercular agents are in the market, but most of them were 

developed over 40 years ago (Islam et al., 2017b, Kale et al., 2013). Drugs susceptible TB is 

effectively treatable using a combination of first-line drugs listed in figure1.1 below 

(Sieniawska et al., 2017): 

 

Isoniazid is an analogue developed from the anti-tubercular drug thiacetazone which had been 

used effectively in TB patients in the 1940s but is associated with toxic side effects (Islam et 

al., 2017b, Marriner et al., 2011). It is effective in preventing symptomatic TB in latently 

infected asymptomatic children and can also be used for TB prophylaxis and for the treatment 

of active disease during pregnancy (Friedland & Klein, 1992). Mutations in katG, inhA 

promoter, ahpC and kasA genes are mainly responsible for the isoniazid resistance (Chikhale 

et al., 2018). 
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The rifamycins (exemplified by rifampicin); represent one of the most effective and widely used 

classes of therapeutic compounds used in modern TB treatment (Islam et al., 2017b, Marriner 

et al., 2011). Rifampicin is listed as one of essential medicines by WHO and forms part of the 

recommended treatment for active TB, even during pregnancy (Ajide et al., 2019). Single point 

mutation in the rpoB gene (B-sub unit of the RNA polymerase) is associated with rifampicin 

resistance (Chikhale et al., 2018). 

 

Pyrazinamide developed based on reports describing the antitubercular activity of vitamin B3 

(niacin). It is unlikely that pyrazinamide would be discovered in modern drug discovery 

programs since it has no activity against Mtb under normal in vitro growth conditions, although 

it has good activity in infected animals (Islam et al., 2017b, Marriner et al., 2011). Pyrazinamide 

is a first line sterilising TB drug, It accelerates the sterilising effect of isoniazid and rifampicin 

in combination therapy (Drew, 2004). Mutations in pcnA, rpsA, and panD genes are associated 

with pyrazinamide resistance (Chikhale et al., 2018). 

 

Ethambutol it supplanted para-aminosalicylic acid (PAS) in the standard drug regimen since 

this drug was better tolerated than PAS and allowed the treatment regimen to be shortened 

(Islam et al., 2017b, Marriner et al., 2011). It is not recommended in people with optic neuritis, 

significant kidney problems, or under the age of five (Lim, 2006). Ethambutol resistance is 

associated with mutations in the embCAB operon genes (Chikhale et al., 2018). 
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Figure1.1: First-line anti-TB drugs 

 

The first line drugs have shown high efficacy in achieving cure rates around 90-95% both in 

treatment, and in controlled TB programmes and trial conditions (Islam et al., 2017b). Although 

the treatment regimen is effective if taken as prescribed, patients find it hard to follow all the 

prescription rules daily over at least a six-month period (Tiberi et al., 2018). Moreover, the 

treatment is not always well tolerated, causing in some instances severe adverse events like 

hepatotoxicity and/or renal failure (Reiche et al., 2017, Tiberi et al., 2018). Thus, all these 

problems of compliance may lead to resistance.  

The aforementioned shortcomings of current TB regimen, and the spread of MDR-TB bacteria 

place an urgent need for the discovery of new compounds with high efficacy against the causal 

agent of TB. It is imperative that new drugs against TB are better-tolerated, leads to a shorter 

treatment period, and are effective against both drug susceptible and drug resistant Mtb 

(Reiche et al., 2017, WHO, 2017). 
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2. Problem Statement  

Recent research endeavoures have highlighted nitro containing compounds as a new 

compound class exhibiting potent inhibitory activity against Mtb through a mode of action 

(MoA) not observed with anti-tubercular agents in clinics (Nepali et al., 2018). Most notably, 

this compound class have been validated to demonstrate anti-tubercular activity by acting as 

suicide inhibitors of Decaprenylphosphoryl-β -D-ribose 2′ -epimerase (DprE1) (Christophe et 

al., 2009). DprE1 plays a critical role in the synthesis of arabinogalactan, which is an essential 

molecule needed for the formation of the mycobacterial cell wall (Huang et al., 2005). Figure 

1.2 shows the structure of selected nitro-containing compounds reported as anti-TB agents. 

Leads in this compound class have interesting attributes: they are pro-drugs activated only by 

Mtb, they are active against all forms and stages of Mtb, and in some cases they show low 

nanomolar (˂10 nM) activity against Mtb (Chikhale et al., 2018). However, they also suffer 

from poor drug-like properties such as short half-life (< 5 h) and  poor aqueous solubility 

(Zhang et al., 2019). 

 

 

Figure 1.2. Structures of nitro-containing compounds with anti-tubercular activity 

 

To circumvent poor drug-like properties associated with nitro-containing leads, we herein 

propose the construction of new nitro-containing compounds based on the quinolone scaffold. 

It is noteworthy to mention that more than 70 % of newly approved anti-bacterial are 

constructed around the quinolone template (Butler & Cooper, 2011), this suggests that the 
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quinolone scaffold has good drug-like properties. Furthermore, quinolone derivatives 

represent an important class of organic molecules that have been known to possess a broad 

spectrum of pharmacological properties including anti-TB properties, and have attracted 

attention in drug discovery (Kumar et al., 2011, Marganakop et al., 2012). Interestingly, 

substituted quinolines have been reported as a new structural class of anti-TB agents which 

act by novel mechanisms, different from the currently used drugs.(Marganakop et al., 2012). 

Not only do they possess a wide range of pharmacological activities, quinolines enjoy synthetic 

tractability as there are several established protocols for the synthesis of this chemical core 

(Marella et al., 2013). 
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1. 3. Aims  

 

The aims of this study is to synthesis a series of novel 6-nitroquinolone-3-carboxamides and 

investigate the in vitro anti-TB potentials against the gfp reporter strain of Mtb. 

 

Objectives: 

To synthesis the conceptualised target compounds. 

Characterisation of intermediates and target compounds using FT-IR, NMR, HR-MS. 

To determine in vitro antimycobacterial activity against the gfp reporter strain of Mtb. 
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CHAPTER 2 

LITERATURE REVIEW 

 

 

2.1 INTRODUCTION 

Tuberculosis (TB) is an ancient disease caused by Mycobacterium tuberculosis (Mtb), a 

species of pathogenic bacterium belonging to the family Mycobacteriaceae. The 

mycobacteriaceae family contains nine members: Mycobacterium (M) tuberculosis sensu 

stricto, M. Africanum, M. canetti, M. bovis, M. caprae, M. microti, M. pinnipedii, M. mungi and 

M. orygis (Berg et al., 2012). Some of these species affect animals, but humans are the only 

know reservoirs of Mtb (Fitzgerald et al., 2005). For centuries, TB has been one of the major 

scourges of humankind. Apparently, the genus Mycobacterium originated more than 150 

million years ago, when a Mtb progenitor infected early hominids in east Africa and from Africa 

it spread to Europe and the rest of the world through trade routes (Chikhale et al., 2018, 

Barberis et al., 2017). Approximately 15 000-20 000 years ago, the common ancestor of 

modern strains of Mtb might have appeared for the first time (Barberis et al., 2017). During the 

16th to 19th century, Europe experienced a huge burden of TB and this led to extensive efforts 

at understanding the disease (Chikhale et al., 2018). Then in 1720, Benjamin Marten 

speculated the infectious origin of TB and sanatorium cure was introduced as the first 

successful remedy against TB, but its root remained unknown until 24 March 1882 when Dr 

Robert Koch announced the discovery of Mtb. He was able to isolate the tubercle bacillus and 

presented these result to the society of physiology in Berlin (Odumosu, 2012, Cambau 

&Drancourt, 2014), hence the name Mycobacterium tuberculosis. At the time the disease was 

rampant, killing one out of every seven people living in the United States and Europe, and 

caused one out of three deaths among productive young adults (Churchyard et al., 2017, 



15 
 

Willey et al., 2008). Dr Koch’s discovery was the most important step taken towards the control 

and elimination of this deadly disease (Koch et al., 1932). 

Today, TB still remains a major global health problem with one third of the world’s population 

infected (Cho, 2018). This is due to the inherent ability of the Mtb to resist many antibiotics, 

making treatment difficult. Besides many potential resistance determinants being encoded in 

the genome, this resistance is due mainly to the thick, impermeable, hydrophobic cell wall 

which acts as a permeability barrier (Tiwari et al., 2014). The Mtb genome is one of the largest 

and contains around 4000 genes. Only about 40% of the genes have been given precise 

functions and 16% of its genes resembles no known proteins (Willey et al., 2008, Fleischmann 

et al., 2002). This may mean that the infection process is more complex and sophisticated 

than previously thought (Willey et al., 2008). Furthermore, because of the spread of AIDS and 

noncompliance in drug treatment, Mtb prevalence is increasing once again and is becoming 

more drug resistant (Eldholm et al., 2015). 
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2.2 Transmission and life cycle of Mtb 

 

 

Figure 2.1: Mtb transmission cycle. Figure reproduced from Churchyard et al., 2017 for free  

through creative commons license agreement https://creativecommons.org/licenses/ 

TB is an airborne disease that mainly affects the lungs. Its causal agent, Mtb, requires oxygen 

to grow, does not produce spores, can withstand weak disinfectants, and survives in a dry 

state for weeks─ owing to its characteristic features which include: slow growth, dormancy, 

complex cell envelope, intracellular pathogenesis, and genetic homogeneity (Willey et al., 

2008). People get infected by inhaling the TB bacillus (Mtb). This is called droplet infection 

and means that Mtb get transmitted from one person to another through the air between them 

(Banuls et al., 2015) (Chikhale et al., 2018). See figure 2.1 above. Thus, TB can infect people 

who share an air space, and spreads easily where people share limited space in overcrowded 
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rooms such as small houses and hospital wards. TB is often referred to as a disease of 

poverty, not because it singles out poor people but because the circumstances that 

characterize poverty lead to a rapid spread of TB (Baussano et al., 2010). 

Besides the direct transmission from an infected person to an uninfected person, the bacillus 

can also be transmitted by dust, once coughed up by a person with TB (Neufeld, 1927). The 

bacillus can survive up to six months outside the body if protected from direct sunlight. Often, 

the bacillus settles in dusty dark areas and it may be inhaled when the dust gets swirled up. 

When inhaled, it travels to the lungs of the person where it initiates an infection (Donald et al., 

2018). 

A rare form of transmission is through consumption of unpasteurized milk from an animal with 

TB. This leads to infection with Mycobacterium bovis and it often happens in cattle rearing, 

rural areas when people drink unpasteurized milk from cows (Sunder et al., 2009, Cadmus et 

al., 2010). In most cases, except in miliary TB, TB bacillus is unable to cross the placenta to 

the foetus (Sahn &Neff, 1974). 

There are four pathophysiological stages of tuberculosis: 

The first stage occurs during the first week of inhaling the bacillus and is called the initial 

macrophage response. After inhalation, the bacillus rapidly passes into the lowest and 

smallest parts of the airways. Then moves into the terminal bronchioles and alveoli of the 

lungs. Once in the lungs, the bacterium is phagocytosed by alveolar macrophages which 

usually are located within the tissue of the alveoli. Their function is to phagocytose and 

inactivate any foreign object entering the alveolar space. The macrophages phagocytose the 

bacterium but are unable to kill and digest it (its cell wall prevents  fusion of the phagosome 

with the lysosome, which contains a host of antibacterial factors) and the ensuing 

hypersensitivity response leads to the formation of small hard nodules called tubercles, which 

are tuberculosis and give the disease its name (Willey et al., 2008). 
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If the macrophage cannot contain the TB bacillus, the infection enters the second stage called 

the growth stage wherein the bacillus starts reproducing exponentially, meaning that for every 

initial bacillus, two new ones emerge. These two then produce two each. This leads to a rapid 

expansion of the initial TB bacillus, and the macrophages cannot contain the spread anymore. 

This stage lasts until the third week after initial infection (Willey et al., 2008).  

After the third week, the bacilli do not grow exponentially anymore, and the infection enters 

the third stage called the immune control stage. At this stage, the bacilli growth and destruction 

by macrophages balance out each other. The body brings in more immune cells to stabilize 

the site, and the infection is under control. The disease process usually stops at this stage, 

but the bacteria often remain alive within macrophages’ phagosomes. This stage of the 

disease is also called the dormant stage (Andersen, 2007). Resistance to oxidative killing, 

inhibition of phagosome-lysosome fusion and inhibition of diffusion of lysosomal enzymes are 

some of the mechanisms that may explain the survival of Mtb inside macrophages (Welin 

&Lerm, 2012, Hmama et al., 2015). Most people infected with Mtb stop at this stage and do 

not develop symptoms or physical signs of active TB. They, however, develop a lesion called 

the Ghon focus on their lungs. This lesion is characterized by infected macrophages in the 

middle and healthy macrophages around them (Behr &Waters, 2014). Often TB bacilli also 

infect the surrounding lymph node. The combination of a complex in a lung tissue and an 

infected local lymph node is called the primary complex (Marais et al., 2004, Marais et al., 

2005). The bacilli at this stage are shielded from the lung tissue and can survive for years in 

the macrophages. Patients in this stage are not contagious because TB bacilli cannot enter 

airways and cannot be coughed out or exhaled (Orme, 2014). If the immune system is strong, 

the primary complex heals and leaves nothing but a small scar in the tissue which can be seen 

on X-rays and is a sign that the person has latent tuberculosis infection (LTBI). At this stage, 

the infection is in a state of persistent immune response to stimulation of Mtb antigens without 

evidence of clinically manifested active TB (Marino &Kirschner, 2004, Gupta et al., 2012). 

In about 5% of cases, the primary complex does not heal, and the TB bacilli become activated 

after a period of 12 to 24 months following the initial infection. This leads to stage 4 of the 
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infection and is called the lung cavitation stage (Medlar, 1926). The reactivated bacilli 

reproduce quickly and form a cavity in the tissue where the body’s immune system cannot 

reach them. From this cavity, the bacilli quickly spread through lungs tissues and the person 

develops signs and symptoms of active TB such as coughing, sweating, tiredness (Den Boon 

et al., 2007). At this stage, a person is highly contagious because his or her sputum contains 

active TB bacteria. This is the stage where one has pulmonary TB, which is defined as an 

active infection of the lungs (Pasipanodya et al., 2007, Gler et al., 2012). The bacteria is 

reactivated as a result of anything that can reduce a person’s immunity, such as infection with 

HIV, advancing age, diabetes, or other immunocompromising illnesses (Churchyard et al., 

2017). 

Successful TB infection depends on several factors, such as environmental exposure and 

infectiousness. Environmental circumstances such as poor ventilation increases the 

probability of infection. Exposure and infectiousness increase the risk of transmission, as the 

longer and more frequently an individual is exposed, the higher the risk of developing active 

disease (Baussano et al., 2010). 
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2.3 Signs, Symptoms and Diagnosis of TB 

TB signs and symptoms differ with the stage of the disease. The common ones include 

unexplained weight loss, loss of appetite, night sweats, fever, and fatigue (Den Boon et al., 

2007). If the disease is in the lungs (pulmonary TB), then the symptoms may include coughing 

for longer than 3 weeks, haemoptysis, and chest pains (Den Boon et al., 2007). But with 

extrapulmonary TB (in other parts of the body other than the lungs) the symptoms depend on 

the area affected (Yoon et al., 2004, Weir &Thornton, 1985). When a person is suspected of 

having TB, a complete medical evaluation must be performed. The current TB diagnostics are 

briefly explained below: 

2.3.1 Mantoux Tuberculin Skin Test 

The Mantoux Tuberculin Skin Test (TST) is the most commonly used diagnostic tool for TB. It 

is a simple skin test performed by injecting a small amount of fluid called tuberculin into the 

skin in the lower part of the arm. After 48-72 hours, a trained care worker checks the swelling 

at the injection site for a hard-raised red bump which indicates your likelihood of having TB 

infection (Mahomed et al., 2006). The TST is not always accurate, it sometimes gives false-

positive results (suggesting you have TB when you don’t) and at times false-negative results 

(suggesting you do not have TB when you do). False-positive results may occur when one 

has  recently been vaccinated with BCG vaccine, while false-negative results occur in certain 

populations including children, older people, and people living with HIV (Nienhaus et al., 2008). 

It may also occur in people who have recently been infected with the bacteria, but their immune 

system is yet to react to the infection (Zijenah, 2018). 
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2.3.2 Sputum smear microscopy (SSM). 

SSM is the most widely used method for pulmonary TB diagnosis in low and middle-income 

countries. It was on the WHO’s guidelines for investigating suspected pulmonary TB patients 

(Zijenah, 2018). Not only is it a simple, rapid, and inexpensive technique which is highly 

specific in areas with very high prevalence of Mtb , it also identifies the most infectious patients 

and is widely applicable for various populations with different socio-economic levels (Desikan, 

2013). It works by requiring 2 to 3 sputum (mucus that comes up when coughing) of a 

suspected infected individual. This diluted sputum is stained with Ziehl-Neelsen stain to 

prepare a smear which is then visualised for the presence of acid-fast bacteria. The sample 

went through carbolfuchsin. Thus, stained red decolourisation with an acid-fast alcohol, 

followed by staining with methylene blue. Mycobacteria will remain red under the microscope 

and the red coloured colonies confirms infection with Mtb (Steingart et al., 2007, Steingart et 

al., 2006). However, SSM has significant limitations in its performance, the sensitivity of the 

test has been lower and variable to other reports. It is grossly compromised when the bacteria 

load is less than 10 000 organisms/ml sputum sample (Steingart et al., 2007, Desikan, 2013). 

Moreover, the sensitivity of the microscope is limited in extra-pulmonary TB, paediatric TB, 

and in patients co-infected with HIV and TB. Furthermore, due to the required multiple sputum 

examinations, patients fail to come for repeated sputum examinations, thus leading to 

diagnostic defaulters (Desikan, 2013). 

2.3.3 Chest X-rays 

Even though WHO discouraged chest X-rays for the control of TB after the short-course 

chemotherapy (DOTs) strategy in 1993, the utility of chest radiography is well established in 

TB diagnosis and clinical monitoring. If a  suspected TB patient’s sputum has negative 

microscopy results, a chest X-ray is then performed (Van Cleeff et al., 2005). The chest 

radiography gives useful information on the extent and progress of the disease, but there is 

no agreed-upon or validated system for grading the severity of chest X-rays abnormalities in 

bacteriologically proven pulmonary TB (Ralph et al., 2010). The chest X-ray’s sensitivity and 
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specificity depend upon the intensity and the presentation of the disease, which is influenced 

by a range of other factors e.g. HIV status of a patient, delay in diagnosis and the sex of the 

patient. These factors are also interdependent of each other (Thorson et al., 2007). 

2.3.4 TB culture 

There are two types of broth (media) system that Mtb can be cultured in; liquid and solid broth 

which are commercially available. The solid medium often deployed is Lowenstein-Jensen 

medium. The liquid media is where mycobacteria can multiply and be assessed for infection 

and has been endorsed by WHO as gold standard for rapid detection of MDR-TB. Positive 

cultures for Mtb confirms the diagnosis of TB disease. This method is also used when drug 

sensitivity testing is performed. The test is expensive and is not commonly used in developing 

countries (Zijenah, 2018). 

2.3.5 Gene Xpert MTB/rifampicin assay 

Introduced in 2010, gene Xpert MTB/rifampicin assay is an automated semi-quantitative 

nested real-time polymerase chain reaction (PCR) for the rapid detection of Mycobacterium 

tuberculosis complex (MTBC) DNA and rifampicin resistance simultaneously from 

unprocessed sputum within two hours. It is more sensitive than the culture method and specific 

as initial test for diagnosis of TB, TB associated with HIV, and MDR-TB. It is carried out by 

adding the sample reagent in a volume twice that of the untreated sputum and the mixture is 

incubated for fifteen minutes. Two millimetres of the mixture is then transferred to the assay 

cartridge and then inserted into the Gene Xpert instrument for automated procession (Zijenah, 

2018). 
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2.3.6 Molecular line-probe assay 

Molecular line-probe assay detects MTBC and a mutation in the rpoB gene associated with 

rifampicin resistance. In this assay, the DNA is extracted from cultures or directly from clinical 

specimens and the rpoB gene region is amplified by PCR, followed by hybridization of the 

biotinylated PCR products with specific oligonucleotides probes and determination of results 

by colorimetric development (Crudu et al., 2012). Although this assay is highly sensitive and 

specific for detection of rifampicin resistance in culture isolates, due to the lower sensitivity 

when used directly on clinical specimens, more evidence is still required before the test can 

be used for detection of MDR-TB among populations at risk in clinical practise (Zijenah, 2018). 

2.3.7 Interferon gamma release assays for latent TB 

Interferon gamma release assays (IGRAs) measures, using an enzyme linked immunosorbent 

assay (ELISA) or an enzyme-linked immunospot (ELISPOT), the release of interferon-y (IFN-

y) from T lymphocytes following stimulation of the cells with Mtb-specific antigens. A single 

patient visits to conduct the TB test, the availability of the results within 24 hours, the fact that 

the BCG vaccination does not cause a false positive result are some of the advantages of 

IGRAs. However, requirements for processing the collected blood specimen rapidly (within 8-

16 hours following blood collection) and the need for laboratory facilities are some of the 

disadvantages of this assay. Also the IGRAs may not be very accurate in cases of HIV co-

infection (Zijenah, 2018). 
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2.4 Prevalence of TB 

Despite recent advances, TB, including drug resistant forms continue to present several 

challenges to physicians and national TB programmes. In 2018, TB accounted for an 

estimated 1.2 million deaths among HIV negative people, and an additional 251000 deaths 

among HIV positive people (WHO, 2019). Globally, an estimated 10 million people fell ill with 

TB in 2018. Among these, an estimated 3.4% and 18% of cases had MDR-TB and RR-TB, 

respectively. Overall, there were an estimated 484000 incident cases of MDR- TB in 2018. 

Furthermore, about 214000 deaths resulted from MDR/RR TB in 2018 (WHO, 2019). Although 

TB affects people of both sexes and all age groups,  the highest burden is in men (aged> 15 

years), who accounted for 57% of all TB cases in 2018, women accounted for 32%, children 

below the age of 15 years accounted for 11%, and among all TB cases 8.6% were people 

living with HIV (WHO, 2019). Africa is ranked among 6 regions with the highest TB burden. 

These regions account for 24% of the total TB cases (WHO, 2019). Eight countries, including 

South Africa accounted for two thirds of the global TB burden, making South Africa to be 

counted among countries with the highest TB burden (WHO, 2019). 

2.5 Multi drug resistant Tuberculosis (MDR-TB) 

When the first anti-TB agent, streptomycin, was introduced in 1943, some Mtb strains 

developed resistance to it due to genetic changes (Keshavjee &Farmer, 2012). In the 1980’s, 

the number of TB cases increased dramatically, this could partly be due to the fact that the 

antibiotics in use then had inconsistent pharmacological activities, low efficacy, high toxicity 

and required long treatment duration (Tiberi et al., 2018). Lately, the increase in TB cases has 

been attributed to the spread of human immunodeficiency virus (HIV) ─ the causal agent of 

acquired immune deficiency syndrome (AIDS). Infection with HIV suppresses the immune 

system, making it difficult for the body to control TB bacteria. Thus, making the probability to 

progress from latent to active diseases and of developing TB disease higher among people 

living with HIV than people who are not HIV positive (Islam et al., 2017a). Other risk factors 
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includes: undernutrition, diabetes, smoking, and alcohol consumption (Hameed et al., 2014, 

WHO, 2019).Today, drug resistant TB remains a major public health concern in many 

countries (Chikhale et al., 2018). MDR-TB is a form of TB infection caused by bacteria that 

are resistant to treatment with both powerful first-line anti-TB drugs, isoniazid and rifampicin 

(Keshavjee &Farmer, 2012). Most of these multidrug resistant cases and high rates of 

transmission of MDR-TB have been associated with one strain of Mtb called the Beijing 

lineage, pointing to the importance of pathogen genetic factors for the modulation of infection 

outcome and epidemiology (Niemann et al., 2010). Mtb Beijing lineage isolates are known to 

be virulent, transmissible and prone to acquire resistance. This lineage belongs to the East 

Asian lineage and is likely to have emerged 6600 years ago in northeast China, Korea and 

Japan, and have spread around the world due to migration. It has highest prevalence in five 

countries, one of which is South Africa (Jiménez et al., 2017). Beijing genotype strains have 

been characterised by their high similar multicopy IS6110 restriction fragment length 

polymorphism (RFLP) patterns, deletion of spaces 1-34 in the direct repeat region (Beijing 

spoligotype), and insertion of IS110 in the genomic dnaA-dnaN locus (Kremer et al., 2004). 

The development and spread of MDR-TB accelerate if incorrect or inadequate treatment are 

used, which may be due to the use of wrong medication, use of only one medication (standard 

treatment is at least two drugs), not taking medication for the full treatment period (6-9 months) 

(Kremer et al., 2004, Niemann et al., 2010). 
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2.6 TB chemotherapy and vaccine 

2.6.1 Chemotherapy background 

In the past, DOTs was used to manage TB patients, but its outcome for populations where 

MDR-TB is endemic is uncertain. Also, unacceptable failure rates have been reported and 

resistance to additional anti-Mtb agents may be induced (Bastian et al., 2000, Becerra et al., 

2000). Bacillus Calmette-Guerin (BCG) vaccine was also used for immunization against TB in 

countries where TB and leprosy are common. It is mainly used for TB vaccination and can be 

administered intradermally after birth (Roth et al., 2006, Andersen &Doherty, 2005). The most 

controversial aspect of BCG is the variable efficacy found in different clinical trials, which 

appears to depend on factors such as genetic differences in the populations, changes in the 

environment, exposure to other bacterial infections, and conditions in the lab where the 

vaccine is grown, including genetic differences between the strains being cultured and the 

choice of growth (Bastian et al., 2000). Chemoprophylaxis was also used as a form of 

preventive therapy to avoid the development of active TB disease in those with latent TB 

infection. In South Africa, this is referred to as TB prophylaxis and it is intended to prevent 

disease in the infected, rather than prevent the infection (Hawkridge, 2007). Currently, 

treatment for drug-susceptible TB consists of the four first line drugs. 

2.6.2 First-line drugs 

The four first-line drugs (isoniazid, rifampicin, ethambutol, and pyrazinamide), figurer 1.1 were 

discovered over 40 years ago and act by disruption of cell wall synthesis or inhibition of RNA 

synthesis (Kale et al., 2013, Islam et al., 2017b). After realising that monotherapy causes rapid 

onset of resistance in the bacterium, it was recommended that TB treatment utilizes a 

combination of these four first-line drugs for two months, and rifampicin and isoniazid for an 

additional four months (Chikhale et al., 2018). Although it has shown high efficacy in achieving 

cure rates around 90-95% both in treatment under the oversight of TB control programmes 

and trial conditions, the regimen is only effective when taken as prescribed (Tiberi et al., 2018). 
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Considering the long treatment time, patients struggle to take their medication daily over six 

months (Marriner et al., 2011, Kale et al., 2013). Moreover, the regimen is not always well 

tolerated, and in some cases leads to severe adverse effects like hepatotoxicity (Marriner et 

al., 2011). Furthermore, drug-drug interactions are also notable as exemplified by rifampicin 

with protease inhibitors and other antiretrovirals (ARVs) (Campanico et al., 2018). All these 

problems with compliance, sub optimal drug levels and tolerability have led to multidrug-

resistant Mtb (Chikhale et al., 2018). Increasing spread of multidrug-resistant TB makes first 

line agents ineffective, leading to the use of second line-drugs (Sharma et al., 2015), see 

figure1.1 above for structures. 
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2.6.2.1 Isoniazid 

Listed as one of the essential medicines by the World’s Health Organisation (WHO), isoniazid, 

also known as isonicotinyl hydrazine, is one of the most important anti-tuberculosis first-line 

drugs (WHO, 2019). Isoniazid is an analogue developed in 1952 as an antibiotic for the 

treatment of TB from the antitubercular drug thiacetazone which had been used effectively in 

TB patients in the 1940s, but was associated with toxic side effects (Islam et al., 2017b, 

Marriner et al., 2011). It is effective in preventing symptomatic TB in latently infected 

asymptomatic children and can also be used for TB prophylaxis and for the treatment of active 

disease during pregnancy (Friedland & Klein, 1992). It is a small, water-soluble molecule, 

which is almost completely absorbed from the gastrointestinal tract and penetrates all body 

cavities in which drug levels are like serum levels (Donald &McIlleron, 2009). Although subject 

to a considerable hepatic extraction (or first-pass effect) after oral dosing, it reaches 

concentrations well above the minimum inhibitory concentration (MIC) of Mtb in most tissues 

and TB lesions when given in standard dose (Donald & McIlleron, 2009). It is an ideal agent 

because it is bactericidal, easily administered (usually taken by mouth but may be used by 

injection into the muscle), inexpensive, and relatively nontoxic in children (Mauro et al., 2012). 

It disrupts cell wall formation by blocking the synthesis of mycolic acids which are essential 

components of mycobacterial cell wall, thus resulting in cell death (Donald &McIlleron, 2009). 

Because its metabolism occurs by acetylation, the drug half-life differs from patient to patient. 

In patients with the acetylation phenotype, the drug half-life is 1 hour. In patients who are 

genetically “fast acetylators”, isoniazid may not reach therapeutic levels and will have a short 

half-life compared to that of “slow acetylators”. Slow acetylators are at a greater risk for drug 

related toxicities because of the drugs’ long half-life (Kester et al., 2012). In acetylation 

phenotype deficient individuals, the drug half-life is 2-5 hours (Ellard, 1984). The proposed 

concentration range for 2-hour isoniazid serum concentrations lies between 3-5 µg/ml (Kester 

et al., 2012). Isoniazid increases pyridoxin metabolism, which may be responsible for central 

nervous system (CNS) toxicity. Its common side effects are numbness, tingling in the 
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extremities, hepatitis, vomiting, upset stomach, fever, and rash. Mutations in katG, inhA 

promoter, ahpC and kasA genes are responsible for the isoniazid resistance (Chikhale et al., 

2018). 

2.6.2.2 Rifampicin 

Rifampicin, also known as rifampin, was discovered when a new bacterium called 

Streptomyces mediterranei was discovered in 1957 from a soil sample collected from a pine 

forest in France (Islam et al., 2017b, Marriner et al., 2011). This new species produced a novel 

class of molecules (rifamycins) with antibiotic activity (Chakraborty, 2019). Then after many 

attempts to obtain a more stable semi-synthetic products, a new molecule with high efficacy 

and good tolerability was produced in 1965 and named rifampicin (Shaheen et al., 2019). It 

was marketed in Italy in 1968 and later in 1971 it was approved in the United States. It is also 

listed as one of the essential medicines by WHO and forms part of the recommended 

treatment for active TB, even during pregnancy (Ajide et al., 2019). Rifampicin works by 

inhibiting bacterial DNA-dependent RNA synthesis by binding to the pocket of RNA 

polymerase B subunit within DNA/RNA channel, thus inhibiting the bacterial DNA-dependent 

RNA polymerase. Rifampicin prevents RNA synthesis by physically blocking elongation, and 

thus preventing synthesis of host bacterial proteins (McClure &Cech, 1978, Hartmann et al., 

1985). Together with isoniazid, rifampicin is administered daily for at least 6 months (Teo, 

1999, Nolan &Goldberg, 2002). Rifampicin’s half-life ranges from 1.5-5.0 hours, but hepatic 

impairment significantly increases it (Zilly et al., 1977, Baciewicz et al., 1987). Food 

consumption drops its peak blood concentration by 36% and inhibits its absorption from the 

gastrointestinal (GI) tract (Jeanes et al., 1972). The common side effects include nausea, 

vomiting, diarrhoea, and loss of appetite. Furthermore, liver problems or allergic reactions 

sometimes do occur (Poole et al., 1971, Mattson, 1973). Single point mutation in the rpoB 

gene (B-sub unit of the RNA polymerase) is associated with rifampicin resistance (Chikhale et 

al., 2018). 

 



30 
 

2.6.2.3 Pyrazinamide 

Pyrazinamide was developed in 1936 based on reports describing the antitubercular activity 

of vitamin B3 (niacin) but only came into wide use in 1972. When first discovered, it showed 

activity in murine TB model, but no apparent in vitro activity. Thus, it is unlikely that 

pyrazinamide would have been discovered in modern drug discovery programs (Islam et al., 

2017b, Marriner et al., 2011). Pyrazinamide is a first line sterilising TB drug, which accelerates 

the sterilising effect of isoniazid and rifampicin in combination therapy (Drew, 2004). Its 

inclusion in the first line TB regimens has shortened treatment duration from 9-12 months to 

the current standard of 6 months (Shi et al., 2011). Pyrazinamide is metabolised in the liver 

with a half-life of 9-10 hours and about 70% of the drug is excreted with urine (Zhang 

&Mitchison, 2003). Like isoniazid, pyrazinamide is a prodrug and requires to be metabolised 

into its active metabolite pyrazinoic acid by bacterial enzyme, pyrazinamidase (Zhang 

&Mitchison, 2003). The protonated pyrazinoic acid is reabsorbed into bacilli and accumulates. 

The small amounts of protonated pyrazinoic acid capable of diffusion across the membrane 

causes the proton gradient to collapse by reducing the membrane potential and affecting 

membrane transport. This causes cell damage. (Zhang &Mitchison, 2003, Shi et al., 2011). Its 

side effects include nausea, loss of appetite, and mild muscle/joint pain may occur (Shi et al., 

2011). Mutations in pcnA, rpsA, and panD genes are associated with pyrazinamide resistance 

(Chikhale et al., 2018). 

2.6.2.4 Ethambutol 

Ethambutol was discovered in 1961. It replaced para-aminosalicylic acid (PAS) in the standard 

drug regimen because it was better tolerated than PAS and shortened the treatment regimen 

to 18 months (Islam et al., 2017b, Marriner et al., 2011). Today it is listed as one of the most 

essential, effective, and safe medicines needed in a health system by WHO (WHO, 2019). In 

humans, it is metabolised to inactive metabolites by oxidation of an alcohol to an aldehydic 

metabolite, followed by conversion to a dicarboxylic acid containing metabolite (Sreevatsan et 

al., 1997). It is well absorbed from the gastrointestinal tract and well distributed in the body 

fluids and tissues. Approximately 50% of the initial dose is excreted unchanged in urine, while 
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8-15% appears in the form of metabolites, and 20-22% is excreted in the faeces as unchanged 

drug (Melamud et al., 2003). It is bacteriostatic against actively growing TB bacilli (Place 

&Thomas, 1963). Ethambutol works by inhibiting the enzyme arabinosyl transferase. The 

ultimate effect of this is inhibition of bacterial cell wall complex formation. This leads to an 

increase in cell wall permeability (Melamud et al., 2003). The most commonly recognised toxic 

effect of ethambutol is optic neuropathy, which generally is considered uncommon and 

reversible in medical literature. Other effects may include problems with vision, joint pain, 

nausea, headaches, and feeling tired (Estlin &Sadun, 2010). It is not recommended for people 

with optic neuritis, significant kidney problems, or under the age of five (Lim, 2006). 

Ethambutol resistance is associated with mutations in the embCAB operon genes (Chikhale 

et al., 2018). 

2.6.3 Second-line drugs 

In general, second line drugs are less effective, more toxic, and much more expensive than 

the first line-drugs (Pablos-Méndez et al., 2002). Treatment schedules for MDR-TB can run 

for two years compared to the six months of treatment with first line-drugs. If second line-drugs 

are prescribed or taken incorrectly, further resistance can develop, leading to extensively drug-

resistant TB (XDR-TB). XDR-TB is defined as MDR-TB plus resistance to at least one of the 

fluoroquinolones and one of the injectable aminoglycosides used in MDR-TB treatment (WHO, 

2019). A new consolidated guidance on the second-line drugs for the treatment of drug 

resistant TB was published by WHO in 2019. 
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Table 2.1: Second line-drugs for drug resistant TB as of March 2019 (WHO, 2019). 

Group A Group B Group C 

Levofloxacin or moxifloxacin Clofazimine Ethambutol 

Bedaquiline Cycloserine or terizidone Delamanid 

Linezolid  Pyrrazinamide 

  Imipenem-cilastatin 

/meropenem 

  Amikacin/streptomycin 

  Ethionamide/prothionamide 

  p-amino salicylic acid 

 

 

2.6.3.1 Fluoroquinolones 

The anti-TB activity of fluoroquinolones [levofloxacin (Lfx), moxifloxacin (Mfx), and gatifloxacin 

(Gfx)] has been under investigations since the 1980s. Treatment with later generation 

fluoroquinolones (defined as high dose of Lfx, Mfx, Gfx), has been shown to significantly 

improve treatment outcomes in adults with rifampicin resistant or multi drug resistant TB 

(Lowther & Bryskier, 2002). This group of second line drugs is therefore considered to be the 

most important component of the MDR-TB treatment regimen. The benefits of their use 

outweigh the potential risks. However, ciprofloxacin and ofloxacin have been phased out from 

the TB regimen because they are poorly tolerated when used in combination with 

pyrazinamide (Berning, 2001). Fluoroquinolones have an in vitro MIC of 0.1 to 4mcg/ml and 

resistance to TB may occur spontaneously or acquired when agents are used inappropriately 

(Berning, 2001). Their most common drug-drug interactions during TB therapy is the 

malabsorption of multivalent cations (Devasia et al., 2009, Berning, 2001). Fluoroquinolones 

are eliminated renally or hepatically and the serum half-lives vary from moderate to long (6-
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12 hours) (Rodvold &Neuhauser, 2001). They are most effective when the peak concentration 

(Cmax) to MIC ratio is maximised (Rodvold &Neuhauser, 2001). An increased risk of central 

nervous system effects with concomitant cytoserine has been noted (Lowther &Bryskier, 2002, 

Devasia et al., 2009). 

 

Figure 2.3: Structures of Fluoroquinolones 

 

2.6.3.2 Aminoglycosides 

The aminoglycosides: streptomycin, amikacin, kanamycin, and the cyclic polypeptide 

capreomycin are the second line injectable drugs. They are used in second line therapy for 

patients who developed MDR-TB (Via et al., 2010). Streptomycin is a first-in-class 

aminoglycoside and the first effective drug in TB treatment. It is derived from Streptomyces 

griseus and lacks the 2-deoxystretamine moiety present in most aminoglycosides (Sharma et 

al., 2015). Unfortunately, when used for a long period of time, considerable side effects such 

as deafness and impairment of kidney function occur (Sacks et al., 2001). Furthermore, the 

role of streptomycin and amikacin have been eclipsed by toxicity and inconvenient route of 
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administration (Sacks et al., 2001). It is important to mention that amikacin and kanamycin are 

important anti-TB drugs for category-II TB patients (patients who failed, relapsed, or defaulted 

previous TB treatment) (Sharma et al., 2015, Sacks et al., 2001). Aminoglycosides inhibit 

bacterial protein synthesis by binding to the cytosolic membrane-associated bacterial 

ribosomal subunit. This leads to inaccurate mRNA translation and biosynthesis of proteins 

(Sharma et al., 2015). 

 

 

Figure 2.4: Structures of Aminoglycosides 
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2.6.3.3 Thioamides 

The thioamide drugs, ethionamide and prothionamide are structurally similar to isoniazid, and 

are interchangeable in chemotherapy regimens. Although their precise mechanism of action 

remains unknown, it is believed that they inhibit mycolic acid biosynthesis (Vale et al., 2013). 

They form a covalent adduct (which are tight-bonding inhibitors of Mtb) with nicotinamide 

adenine dinucleotide (NAD). These adducts bind to the InhA, thus inhibiting its activity (Wang 

et al., 2007). Though they are well tolerated, they cause side effects such as central nervous 

system (CNS) toxicity, gastrointestinal intolerance, and hepatitis (Vale et al., 2013). 

 

 

Figure 2.5: Structure of ethionamide and prothionamide 
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2.6.3.4 Add-on drugs 

 

 

 

Figure 2.6: Structures of add on drugs 
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2.6.3.4.1. Cycloserine 

Discovered in 1954, cycloserine is a cyclic analogue of d-alanine─ which is important for the 

synthesis of peptidoglycan, an important cell wall building block (Alghamdi et al., 2019). 

Cycloserine competitively inhibits alanine racemase and d-alanine-d-alanine ligase, two 

crucial enzymes in the cytosolic stages of peptidoglycan synthesis. The first enzyme is a 

pyridoxal 5'-phosphate dependent enzyme which converts L- alanine to D- alanine, while the 

second one joins two of these D-alanine residues together by catalysing the formation of the 

ATP-dependent D-alanine-D-alanine dipeptide bond between the resulting d-alanine molecules 

(Li et al., 2019, Alghamdi et al., 2019). Recently WHO recommended cycloserine to be 

included in the starting line-up as part of the regimen for all MDR-TB patients who do not 

qualify for the shorter MDR-TB regimen. However, its role in treatment of XDR-TB is unclear 

(Li et al., 2019, Alghamdi et al., 2019). Furthermore, its potential for therapeutic intervention 

in chronic pulmonary TB was reported. However, neurological toxicity associated with it  

limited it use (Li et al., 2019). 

2.6.3.4.2 p-Aminosalicylic Acid 

p-Aminosalicylic acid was discovered in 1944 and initially used as a first line antimycobacterial 

agent (Momekov et al., 2015). With the introduction of more potent drugs, p-aminosalicylic 

acid was relegated to a second-line treatment for XDR-TB and for management of complicated 

forms of MDR-TB (Minato et al., 2015). Its benefits are limited and it is extremely toxic with 

side effects including nausea, vomiting, abnormal cramping, and diarrhoea (de Kock et al., 

2014). It is an antisalicylate compound which acts by interfering with the metabolism of salicylic 

acid, (a precursor of mycobactin and carboxymycobactin which are important for the growth 

of Mtb in macrophages) by preventing its conversion to carboxymycobactin and mycobactin 

(Patole et al., 2006). 
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2.6.3.4.3 Linezolid 

Linezolid belongs to the oxazolidinone class of antibiotics. It inhibits protein synthesis at an 

early stage of translation by binding to 23s rRNA in the 50s subunit of bacterial ribosome (Tato 

et al., 2006, Lyu et al., 2011). It is the first oxazolidinone compound developed and approved 

for clinical use in infections caused by aerobic Gram-positive bacteria (Schecter et al., 2010, 

Fortún et al., 2005). It is used against bacteria resistant to first-line antimicrobials and has 

been suggested as an alternative treatment for MDR-TB (Tato et al., 2006). It has shown good 

activity both in vitro and in animal studies (Zurenko et al., 1997). Linezolid is well absorbed 

and easily distributed to well-perfused regions of the body (MacGowan, 2003), but its 

tolerability and safety are limited by the dose and duration. For example, long-term use as 

required during TB treatment may lead to occurrence of reversible myelosuppression, 

peripheral and optic neuropathy, hyperlactatemia, and metabolic acidosis (Schecter et al., 

2010). 

2.6.3.4.4 Clofazimine 

Clofazimine is a fat soluble riminophenazine dye that was originally developed in 1954 by 

Berry and co-workers as an anti-tubercular drug but proved ineffective against TB in animal 

models (Tang et al., 2015, Dalcolmo et al., 2017). It was later used successfully for the 

treatment of leprosy and known as the Bangladesh regimen (Sotgiu et al., 2017). With 

increasing prevalence of MDR strains of Mtb, clofazimine has been repurposed for the 

treatment of TB (Xu et al., 2012). It has shown good activity against drug resistant strains of 

Mtb both in vitro and in vivo and has been part of WHO group 5 and now part of WHO group 

C TB regimen. Unfortunately, the knowledge on it efficacy and safety is sparse (Lange et al., 

2019, Dalcolmo et al., 2017). It has a half-life of about 70 days and works by inhibiting bacterial 

proliferation by binding to the guanine bases of bacterial DNA, thus blocking the template 

function of the DNA (Tang et al., 2015). 
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2.6.3.4.5 Bedaquiline 

On the 28th of December 2012, the Food and Drug Administration (FDA) approved bedaquiline 

as part of combination therapy (Deoghare, 2013). It is the first anti-TB drug to be approved 

since 1998; the first TB drug with a novel mechanism of action in 40 years and the first to be 

introduced for the treatment of MDR-TB (WHO, 2019, Deoghare, 2013). Bedaquiline is a 

bactericidal diarylquinoline drug that interferes with the function of ATP synthase, an enzyme 

required by Mtb to produce energy (Ghajavand et al., 2019). It has a half-life of approximately 

24-30 hours and terminal half-life of approximately 4-5 hours depending on its plasma 

concentration (Deoghare, 2013). Nausea, joint and chest pains, QT prolongation and 

headaches are some of the side effects that have been put forward for this compound 

(Ghajavand et al., 2019, Deoghare, 2013). 

2.6.3.4.6 Delamanid 

Delamanid is highly bound to plasma proteins with a large volume of distribution. Unlike the 

first-line drugs which should be taken on empty stomach, delamanid must be taken with food 

since it is absorbed better with food (Skripconoka et al., 2013). It has a half-life of 30-38 hours 

after food discontinuation (Ryan & Lo, 2014). Its metabolism occurs primarily by albumin in 

the plasma (Xavier &Lakshmanan, 2014, Ryan & Lo, 2014). QT prolongation is its most severe 

side effect, besides minor  effects such as headaches, dizziness, and nausea (Esposito et al., 

2015). In 2014, it received its first approval for the treatment of MDR-TB by the European 

Union (EU) (Ryan &Lo, 2014). Delamanid is a nitro-dihydro imidazooxazole derivative that has 

shown potent in vitro and in vivo activity against drug-resistant strains of Mtb and without 

activity against Gram- positive/negative bacteria.(Ryan & Lo, 2014, Gler et al., 2012). It acts 

by inhibiting the synthesis of the Mtb cell wall components. It requires biotransformation via 

the mycobacterial F420 enzyme system, including the deazaflavin dependent nitro reductase 

(Rv3547), to mediate it antimycobacterial activity. Upon activation, the radical intermediate 

desnitro-imidazooxazole is thought to mediate anti-Mtb actions via inhibition of methoxy-

mycolic and keto-mycolic synthesis leading to depletion of Mtb cell wall components and 
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destruction of the mycobacteria (Xavier & Lakshmanan, 2014). This disruption of cell wall 

metabolism facilitates drug penetration and could therefore allow effective treatment to be 

delivered over a shorter time-frame (Ryan & Lo, 2014). 

2.7. Decaprenylphosphoryl-β-d-ribose 2’-epimerase (DprE1) 

Since the discovery of Mtb, several components involved in cell wall formation have been 

validated as prominent drug targets (Duncan &Barry III, 2004). The cell wall forms a formidable 

barrier, protecting Mtb from the action of most antibiotics. It is an interface between the 

intracellular and extracellular environments of Mtb. It performs several fundamental processes 

like defining the structure, protection, transport, virulence and most importantly the 

pathogenicity of Mtb (Chikhale et al., 2018). DprE1 is localised in the periplasmic space of the 

Mtb’s cell wall, making it vulnerable and more accessible to drugs. It has been validated as 

the target for several new TB drug candidates (Brecik et al., 2015). DprE1 is a flavoprotein 

and a subunit of the enzyme Decaprenylphosphoryl D-ribose (DPR) epimerase which plays a 

vital role in cell wall synthesis. This enzyme produces Decaprenylphosphoryl arabinose 

(DPA), a unique sugar donor for the formation of lipoarabinomannan and arabinogalactan. 

Lipoarabinomannan is composed of D-arabinofuranose and mannopyranosyl residues which 

play an important role in the synthesis of Mtb cell wall polysaccharides (arabinogalactan and 

lipoarabinomannan) (Chikhale et al., 2018, Brecik et al., 2015). The discovery of DprE1 as a 

target of benzothiazinone (BTZ) and its analogues gave an insight in to these agents' 

mechanism of action (Lv et al., 2017). Since then, several groups have reported active 

compounds targeting the DprE1 enzyme (Mikusova et al., 2014). It is inhibited by compounds 

as diverse as dinitrobenzamides, benzoquinoxalines, substituted nitro triazoles, and the 

benzothiazole derivatives (TCA), among others (Brecik et al., 2015). DprE1 oxidises the FAD 

dependent of DPR to Decaprenylphosphoryl-2-ketoribose (DPX), reducing the flavin to 

FADH2, which gets oxidised again and participates in the next cycle. When observed that the 

cofactor can be re-oxidised by manaquinone (a naturally occurring electron acceptor in Mtb), 
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it was clear that the enzyme could be an oxidoreductase instead of a purely oxidase (Chikhale 

et al., 2018). 

 

Figure 2.7: Representation of DprE1 crystal structure with substrate binding domain and the 

FAD binding domain. Figure reproduced from Chikhale et al., 2018 for free  through creative 

commons license agreement https://s100.copyright.com/AppDispatchServlet 

2.8. Nitro-containing anti-TB drugs 

Recent research endeavours have highlighted nitro-containing anti-TB compounds as a new 

compound class exhibiting potent inhibitory activity against Mtb through a mode of action 

(MoA) that differs from that exhibited by anti-tubercular agents in clinics (Nepali et al., 2018). 

Most notably, this compound class have been validated to demonstrate anti-tubercular activity 

by acting as suicide inhibitors of DprE1 (Christophe et al., 2009). Among the new chemical 

entities that have been found to have excellent activity against MDR/XDR-TB as covalent or 

non-covalent inhibitors of DprE1 enzyme are nitrobenzothiazinones (BTZs) (Shi et al., 2018). 

The nitro-aromatic group is specifically bio-reduced by Mtb to the corresponding reactive 

nitrosoarene (Shalini et al., 2010). The BTZs are the most advanced DprE1 inhibitors (Lv et 

al., 2017). One BTZ derivative that has received great attention and is currently in clinical 

development is PBTZ169, a piperazinobenzothiazinone derivative of BTZ043. PBTZ169 has 
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some advantages over BTZ043: the absence of chiral centres, greater solubility through 

protonation of the tertiary amines of the piperazine ring, and better pharmacodynamics (Lv et 

al., 2017). PBTZ169 was found to have excellent in vitro activity against the H37Rv strain of 

Mtb and has additive effects with many therapeutic agents (bedaquiline and clofazimine) 

(Zhang et al., 2017, Shi et al., 2018). Figure 2.8 below shows the structure of selected nitro-

containing compounds reported as DprE1 inhibitors. Leads in this compound class have 

interesting attributes: they are pro-drugs activated only by Mtb, they are active against all 

forms and stages of Mtb, and in some cases they show low nanomolar (˂10 nM) activity 

against Mtb (Chikhale et al., 2018). However, they also suffer from poor drug-like properties 

such as short half-life, poor aqueous solubility (Zhang et al., 2019). 

 

Figure 2.8: Structures of nitro-containing compounds with anti-tubercular activity. 
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Thus, to circumvent poor drug-like properties associated with nitro-containing leads, we herein 

propose the construction of new nitro-containing compounds based on quinolone scaffold. It 

is noteworthy to mention that more than 70 % of newly approved anti-bacterial are constructed 

around the quinolone scaffold (Butler &Cooper, 2011), which suggests that the quinolone 

scaffold has potentially good drug-like properties. Moreover, quinolone derivatives represent 

an important class of organic molecules that have been known to possess a broad spectrum 

of pharmacological properties, and have attracted attention from synthetic chemists as well as 

medicinal chemists (Kumar et al., 2011, Marganakop et al., 2012). Not only do they possess 

a wide range of pharmacological activities, they enjoy synthetic tractability as there are several 

established protocols for the synthesis of this chemical core (Marella et al., 2013). Substituted 

quinolones have been reported as new structural class of anti-TB agents which act by novel 

mechanisms, which are different from those of the currently used drugs (Marganakop et al., 

2012).  
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CHAPTER 3: Article 

Chapter 3 is a manuscript to be submitted to Bioorganic Chemistry. The manuscript contains 

the background, aim, syntheses, in vitro anti-tubercular activity of all compounds synthesised. 

This manuscript is prepared according to author’s guidelines from the journal homepage at 

http://www.elsevier.com/journals/bioorganic-chemistry/0045-2068/guide-for-authors. 

Supporting data for chapter 3 are found in appendix A.   
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Abstract 

The potent anti-tubercular activity of nitro compounds and the broad spectrum of 

pharmacological properties of the quinolones has elicited an interest in us to construct a new 

class of nitro-containing compounds around the quinolone template with the aim of identifying 

novel compounds with the potential to be anti-tubercular agents. Thus, we report herein the 

synthesis of new 6-nitroquinolone-3-carboxamide derivatives and evaluation of their anti-

tubercular activity. Among the 22 target compounds evaluated for anti-tubercular activity, 12 

were active against Mtb, exhibiting activity in the range <0.244-31.865 µM, with compound 25 

being the most active in the series. The SAR was found to be influenced by the nature of 

substituents at positions N1 (R2) and C3 (R3) of the quinolone scaffold. The activity data 

suggest that the nature of substituents on C3 have a stronger influence on the SARs compared 

to N1 substituents (R2), with a fluorobenzyl and chlorobenzyl moiety at position N1 being the 

most favoured when R3 is an aliphatic amine. 
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1 Introduction 

Mycobacterium Tuberculosis (Mtb) is a species of pathogenic bacterium in the family 

Mycobacteriaceace and a causative agent of tuberculosis (TB) (Willey et al., 2008). TB is a 

prehistoric disease that has been one of the major scourges of humankind since times known 

to us (Chikhale et al., 2018). When Dr Robert Koch identified Mtb as the causative agent of 

TB in 1882, his discovery was the most important step taken towards the control and 

elimination of this deadly disease (Churchyard et al., 2017). However, today TB still remains 

a major global health problem with one third of the world’s population infected. Globally, an 

estimated 10 million people fell ill with TB in 2018 and approximately 1.5 million people died 

from it (WHO, 2019, Cho, 2018). The current increase in the prevalence of drug resistant Mtb 

is due to noncompliance to TB treatment and the AIDS (Acquired Immunodeficiency 

Syndrome) pandemic. Studies show that a close association exist between HIV (Human 

Immunodeficiency Virus) and TB. The probability of developing TB is higher in people living 

with HIV than in people who are HIV negative (Shah et al., 2017, Islam et al., 2017b) due to 

their compromised immune system. Worldwide in 2018, an estimated 3.4% of new cases and 

18% of previously treated cases of TB were multidrug resistant (MDR-TB) and extensively 

drug-resistant (XDR-TB). Overall, there was an estimated 484 000 incident cases of MDR -

TB and about 214 000 deaths in 2018 (WHO, 2019). Thus, the occurrence of drug resistance 

to the first line drugs (rifampicin, isoniazid, ethambutol and pyrazinamide) and increasing 

spreads of MDR-TB has worsened the management and treatment of MDR-TB, leading to the 

use of second line-drugs (aminoglycosides, fluoroquinolones, thioamides, bedaquiline, and 

delamanid) (Sharma et al., 2015). Moreover, the emergence of XDR-TB indicates not only the 

need for new diagnostic markers (WHO, 2019) and amendments to the second line treatment 

regimens (Tiberi et al., 2018), but emphasizes the need for new compounds exhibiting anti-

tubercular activity through a mode of action that differs from currently deployed drugs (Kale et 

al., 2013). 
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Nitro-containing compounds have been highlighted as a new chemical class exhibiting potent 

inhibitory activity against Mtb through a mode of action not observed with anti-tubercular 

agents currently deployed in clinics (Nepali et al., 2018) see figure 3.1 below. Notably, this 

compound class have been validated to demonstrate anti-tubercular activity by acting as 

suicide inhibitors of Decaprenylphosphoryl-β-D-ribose 2’- epimerase (DprE1) (Christophe et 

al., 2009). DprE1 is a flavoprotein and a sub unit of the enzyme Decaprenylphosphoryl D-

ribose (DPR) epimerase which plays a vital role in Mtb cell wall synthesis (Chikhale et al., 

2018, Brecik et al., 2015). The discovery of DprE1 as a target of nitrobenzothiazinones (BTZs) 

gave an insight into these agents’ mechanism of action (Mikusova et al., 2014) and has since 

inspired the investigation of other nitro-based compounds as DprE1 inhibitors and potential 

anti-tubercular agents (Makarov et al., 2014). In addition to BTZs, other nitro based DprE1 

inhibitors reported so far includes: nitrobenzamides (Shirude et al., 2013, Chikhale et al., 

2018), dinitrobenzamides (Crellin et al., 2011), nitroquinaxoline (Magnet et al., 2010), 

trinitroxanthone (Trefzer et al., 2010), dinitrooxadiazole (Roh et al., 2017), dinitrotetrazole 

(Roh et al., 2017), dinitrothiazole (Venugopala et al., 2019, Gjorgjieva et al., 2018), 

nitrotriazole (Riccardi et al., 2013). Nitro-based DprE1 inhibitors are pro-drugs activated only 

once inside Mtb, and hence the risk of cell toxicity is low (Zhang et al., 2017). Moreover, these 

compounds are active against drug susceptible and resistant forms of Mtb, replicating and 

slow growing stages of Mtb, and in some cases they show low nanomolar (˂10 nM) activity 

against Mtb (Chikhale et al., 2018). However, they also suffer from poor drug-like properties 

such as short half-life and poor aqueous solubility (Zhang et al., 2019). So far, only BTZ043 

and PBTZ169 (see figure 3.1) have progressed into the early phases of clinical development 

(Shi et al., 2018, Shalini et al., 2010). Due to high failure rates during clinical development 

(Keshavjee &Farmer, 2012), it is pertinent to investigate other nitro-based compounds to 

eventually populate the development pipeline. To this effect, our group decided to investigate 

nitroquinolones as potential DprE1 inhibitors. 
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Figure 3.1: Nitro-containing compounds with anti-tubercular activity 

 

Quinolones represent an important class of organic molecules that have been known to 

possess a broad spectrum of pharmacological properties, and have attracted attention in 

medicinal chemistry (Marganakop et al., 2012, Kumar et al., 2011). Quinolones possess a 

wide range of pharmacological activities and they also enjoy synthetic tractability as there are 

several established protocols for the synthesis of this scaffold (Marella et al., 2013).  

We previously identified 6-nitroquinolone-3-carboxylate esters with anti-tubercular activity as 

DprE1 inhibitors (Beteck et al., 2020). These compounds, however, were not soluble in 

screening media and were screened as suspensions. As a result, proper structure-activity 
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relationships could not be established for the said compounds. In this study we generated less 

lipophilic amide derivatives wherein previous compounds were substituted with polar moieties 

of different chain lengths and ring sizes at position 3 of the quinolone scaffold. Analogues 

wherein the benzenoid ring of the quinolone template was substituted at position 8 by either –

CF3, -NO2, -CN, -F where also synthesised, but only the analogue bearing –CF3 was soluble 

in screening media and hence its data is reported herewith. All compounds in this study 

selected for screening were soluble in screening media. 

 

2   Results and Discussion 

2.1 Chemistry 

The target compounds were obtained following a 3-step synthetic route presented in scheme 

1. The first step (a) is the condensation of diethyl ethoxymethylenemalonate (1) with the 

appropriate nitroaniline (2) followed by intramolecular cyclisation at higher temperatures of 

245-250 ̊ C to obtain intermediate 3 in 60%-90% yields. The second step (b) is the nucleophilic 

substitution of benzyl halides by 3b. Intermediate 3b was treated with potassium carbonate 

(K2CO3) to effect deprotonation of the secondary amine and enhance its nucleophilicity for 

subsequent nucleophilic attack of primary benzyl halides. Intermediates 4a-f were obtained in 

50%-70% yields using this step. Compound 3a and other related analogues bearing a 

substituent (F, CN, NO2, OCH3, CF3) at position 8 of the quinolone ring failed to undergo 

nucleophilic substitution with organohalides. This could be due to steric hindrance and/or 

electron-withdrawing effect(s) of these substituents. In the final step (c), 4a-f were subjected 

to aminolysis wherein they were treated with hydrophilic amines under reflux to obtain amide 

derivatives 5-25 in 50-70% overall yields. Aminolysis of 3a through this procedure was not 

successful.  

Reactions were monitored using thin layer chromatography (TLC) and the synthesised 

quinolones were characterized using 1H NMR, 13C NMR and high-resolution mass 
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spectrometry (HRMS). In the 1H NMR spectra, the signals of the respective protons of the 

prepared derivatives were verified on the basis of their chemical shifts, multiplicities and 

coupling constants. The signals appearing at ca 9.73-9.79 ppm of all the compounds (except 

5-8, because they are hydroxamates) is indicative of the presence of an amide proton (-

CONH-). In 5-8, the signal at ca 11.47 ppm is assignable to the OH of the hydroxamate moiety. 

The signal appearing at ca 5.95 - 6.3 ppm of all the synthesized compounds is assignable to 

the methylene protons of the benzyl moiety, this is evidence of successful N-alkylation of the 

secondary amine at position 1 by benzyl-halides. For the 13C NMR spectra, the signals 

appearing at ca 174-176 (ketones) and 161-163 (amides) ppm of all the compounds are 

indicative of the two carbonyl carbons present in all compounds. The signal at ca 38-39.33 

ppm of all the compounds substituted with aliphatic amines indicates the first methylene 

carbon of the amide moiety at R3. This signal is evidence of the successful conversion of an 

ester to an amide. This signal is absent in compound 5-8 since they contain a hydroxamate at 

R3. Lastly the signal appearing at ca 55-56 ppm of all the compounds is indicative of the 

methylene carbon of the benzyl moiety at R2 and is also evidence of the successful N-

alkylation of the secondary amine by benzyl halides. The calculated molecular mass of all 

compounds (except for compound 8) matched appropriately to the expected. The IR spectra 

showed signals indicative of the presence desire functional groups. 
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Scheme 1: Synthesis of target compoundsa 

 

aReagents and conditions; (a) (i) ethanol, reflux, 12 hours, (ii) diphenylether, 245-250 ˚C, 10 

minutes. (b) benzylhalide, DMF, K2CO3, reflux, 12 hours. (c) amine, reflux 24 hours. 

2.2 Pharmacology 

All target compounds (3a, 5-25) were screened in-vitro for inhibitory activity against the gfp 

reporter strain of Mtb using middlebrook 7H9 media supplemented with casitone, glucose and 

tyloxpol. Rifampicin, a first line anti-tubercular agent was included in the assay as a reference. 

The anti-tubercular activity is reported as the minimum inhibitory concentration required to 

inhibit 90% (MIC90) of bacteria population. The MIC90 was evaluated at day 14 following 

incubation of Mtb with target compounds. No precipitation was observed during screening and 

compounds were soluble in screening media. The anti-tubercular activity data is summarised 

in Table 1. Thirteen out of the 22 compounds evaluated were active against Mtb, exhibiting 

activity in the range <0.244-31.865 µM. Twelve out of the 13 active compounds exhibit MIC90 

values < 10 µg/ml, which gives a high hit rate of > 50% for this compound set.  
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Different substituents were appended at position 1 (R2) and 3 (R3) of the quinolone ring to 

enable structure-activity relationship (SAR) analysis for the series. The activity data suggest 

that the nature of the R3 showed a stronger influence on the SAR than R1. R3 includes 

hydroxamate, N-(2-hydroxyethyl) ethylenediaminyl 2-methoxyethylaminyl, 2-(2-aminoethoxy) 

ethanolyl and 4-(2-aminoethyl) morpholinyl. With the exception of compound 10 (MIC90: 31.8 

µM), all compounds wherein R3 is a hydroxamate or 4-(2-aminoethyl) morpholinyl were 

inactive irrespective of the nature of R1; for example, compound 5,7,8 and 11 were all inactive 

(MIC90 > 125 µM). Four out of five compounds wherein R3 is a 2-(2-aminoethoxy)ethanolyl 

moiety were active; the active compounds (12, 14-16) demonstrated good to moderate activity 

in the range of 8 to 16 µM. Apart from compound 19 (MIC90 > 125 µM), the subseries wherein 

R3 is a N-(2-hydroxyethyl)ethylenediaminyl as seen in compounds 17, 18 and 20 elicited 

potent activity in the range of 0.9 to 3.7 µM. R3 in compounds 21-25 is 2-methoxyethylaminyl 

moiety; two compounds in this subseries exhibited sub micromolar activity, with compound 25 

(MIC90 < 0.244 µM) being the most active compound in this study. Overall, this study indicates 

that an aliphatic chain at position 3 promotes antitubercular activity better than a cyclic chain 

or hydroxylamide at this position. This observation is evident when comparing compounds 6 

(MIC90; 125 µM), 10 (MIC90; 31 µM), 12 (MIC90; 16 µM) and 21 (MIC90 ; 0.6 µM) ─ these 

compounds all bear a 3-Cl-benzyl moiety as R2 ,but differ Only in the nature of R3. 

The structure-activity relationship analysis suggests that the influence of substituents at 

position 1 on anti-tubercular activity depends on the substituents at position 3 of the quinolone 

ring, see table.1 below. Furthermore, the compound activity also depends on the position 

(meta or para) of the groups attached to the benzyl substituent at position 1 of quinolone core. 

The 4-fluorobenzyl substituted compounds showed better activity than compounds with a 3-

fluorobenzyl unit substituted at position 1. This is evident when comparing compounds 13 

(MIC 90,>125 µM) and 16 (MIC90, 8.077µM), 18 (MIC90, 3.703µM) and 20 (MIC90 0.919µM), 

and 22 (MIC90, 1.844µM) and 25 (MIC90, <0.244µM). Taking R2 and R3 together, this study 

suggests that R3 substituents showing optimal activity could be maintained, while R2 could be 
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modified further to improve on anti-tubercular activity and/or modulate other needed drug-like 

properties during lead development.  

Theoretical evaluation of the drug-likeness of the synthesised compounds suggests that the 

compounds are likely to possess good physico-chemical properties. The synthesised 

compounds exhibited optimal lipophilicity with clogP values ranging from 0.72-3.67 and were 

all soluble in screening media. It is noteworthy to mention that early in vitro studies have shown 

statistically significant improvements in safety outcomes when compounds have cLogP < 3. 

This is a  promising finding as  for a long period of time, the mean value of cLogP for approved 

drugs has been consistent at 2.3-2.6 (Freeman-Cook et al., 2013). Moreover, the target 

compounds followed the Lipinski’s rule of 5 with molecular weight less than 500 Daltons and 

lipophilicity expressed as clogP less than 5 (Lipinski, 2004), giving them the potential to 

circumvent poor drug-like properties associated with current nitro containing drugs. 

Lipophilicity and molecular weight are often increased during hit and lead optimization. Thus, 

compounds with lower molecular weight and lipophilicity are more likely to maintain drug-

likeness during hit and lead optimization which often involves structural incrementation 

(Lipinski, 2004, Krämer et al., 2016). 
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Table1: In vitro anti-tubercular activity, clogP and structure of target compounds. 

     

Entry clog Pa R2 R3 MIC90 (µM) 
b 

Day 14 

3a 0.72 - - 1.844 

5 2.67 3-Br-benzyl ---OH >125 

6 2.51 3-Cl-benzyl ---OH 125 

7 1.94 3-F-benzyl ---OH >125 

8 1.23 3-CN-benzyl ---OH >125 

9 3.67 3-Br-benzyl 

 

>125 

10 3.51 3-Cl-benzyl 

 

31.865 

11 2.94 3-F-benzyl 

 

>125 

12 2.62 3-Cl-benzyl ---CH2CH2OCH2CH2OH 16.043 

13 2.05 3-F-benzyl ---CH2CH2OCH2CH2OH >125 

14 1.34 3-CN-benzyl ---CH2CH2OCH2CH2OH 14.996 

15 1.34 4-CN-benzyl ---CH2CH2OCH2CH2OH 14.01 

16 2.05 4-F-benzyl ---CH2CH2OCH2CH2OH 8.077 

17 1.18 3-CN-benzyl ---CH2CH2NHCH2CH2OH 3.687 

18 1.89 3-F-benzyl ---CH2CH2NHCH2CH2OH 3.703 

19 1.18 4-CN-benzyl ---CH2CH2NHCH2CH2OH >125 

20 1.89 4-F-benzyl ---CH2CH2NHCH2CH2OH 0.919 
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21 3.32 3-Cl-benzyl ---CH2CH2OCH3 0.675 

22 2.75 3-F-benzyl ---CH2CH2OCH3 >125 

23 2.04 3-CN-benzyl ---CH2CH2OCH3 >125 

24 2.04 4-CN-benzyl ---CH2CH2OCH3 >125 

25 2.75 4-F-benzyl ---CH2CH2OCH3 <0.244 

RF - - - 0.01 

a cLog P values calculated with chem draw professionals, bMIC90 = determined in vitro against gfp Mtb strain, RF 

= rifampicin. 

 

 

3   Materials and Methods 

3.1 General Information 

The Chemicals and solvents used in this study were purchased from various chemical 

vendors: Sigma-Aldrich (Pty) Ltd. (Johannesburg, South Africa), Merck (Pty) Ltd. 

(Johannesburg, South Africa) and were used without purification. The progress of the 

reactions was monitored by thin layer chromatography (TLC) using Merck 60F254 silica gel 

plates (Merck, Johannesburg, South Africa) supported on aluminium and the plates were 

visualized under ultraviolet (UV254 and 366 nm) light or stained with iodine vapour. 1H and 

13C NMR spectra were recorded on Bruker Biospin 600 MHz spectrometer, and the chemical 

shifts are given in values referenced to deuterated DMSO-d6 and are reported in parts per 

million (ppm). Chemical shifts for deuterated DMSO-d6 appear at 2.5 ppm for 1H and 39.5 ppm 

for 13C-NMR. Proton coupling patterns are abbreviated as follows: s (singlet), d (doublet), t 

(triplet), q (quartet), and m (multiplet). Coupling constants (J) are reported in Hz. The High-

resolution mass spectra (HRMS) were recorded by means of a Bruker micrOTOF-Q II mass 

spectrometer using atmospheric pressure chemical ionisation (APCI) in positive ion mode. 
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3.2 General Synthetic Procedure for the Nitro-quinolone derivatives 

Target compounds were obtained through three general procedures executed in a linear 

sequence as depicted in scheme 1: 

(a) To a round bottom flask containing 20 mL of ethanol, commercially available nitro-aniline 

was added, followed by diethylethoxymethylenemalonate (1. equiv). The flask was stirred 

under reflux for 12 hours. After completion as indicated by TLC, the mixture was cooled to 

room temperature and the ensuing precipitate filtered, dried and later poured into boiling (250 

0C) diphenylether in a 2-neck round bottom flask and heated at 245-250 ˚C for ten minutes. 

The cooled mixture was washed with petroleum ether to obtain 3a-3b. 

(b)  Compound 3b was dissolved in DMF, before treatment with potassium carbonate (K2CO3, 

2. equiv), and different benzylhalides (1. equiv). The reaction mixture was stirred under reflux 

for 15 hours. After reaction completion as indicated by TLC analysis, the reaction mixture was 

evaporated to dryness and deionized water poured in and stirred for 10 minutes. The resultant 

precipitate was filtered and dried to obtain compound 4a-f in 80%-90% yields. 

(c) A gram of 4a-f was then treated with the appropriate amine (5. equiv) in a round bottom 

flask containing chloroform (20 mL) followed by 1,8-diazabicyclo [5.4.0] undec-7-ene (DBU) 

(0.2 equiv). The resultant mixture was refluxed for 2-3 days. After reaction completion, 20mL 

of chloroform was added and the mixture washed with deionised water (20 mL × 4) in a 

separating funnel. The organic phase was then evaporated to dryness to obtain a crude which 

was recrystallized from methanol to afford the corresponding target compounds 5-25 in 70-

80% yields. 
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Ethyl 6-nitro-4-oxo-8-(trifluoromethyl)-1,4-dihydroquinolone-3-carboxylate, 3a. 

Yellow powder yield 70% (3.5g), mp 274-276 0C. HRMS (m/z, APCI) calculated for 

C13H9F3N2O5: 331.0408 [M+1], found: 331.0556. IR (ATR) Vmax cm-1: 3195.48 (N-H stretch), 

3085.47 (Ar-H stretch), 298.19 (C-H stretch), 1713.13 (C=O stretch), 1633.83 (C=O stretch). 

 

1-(3-bromobenzyl)-N-hydroxy-6-nitro-4-oxo-1,4-dihydroquinolone-3-carboxamide, 5.  

Yellow powder, yield 57% (0.57g), mp 236 0C .1H NMR (600 MHz, DMSO, d6) δ 11.47 (s, 1H, 

OH), 9.38 (s, 1H, Ar-H), 9.16 (s, 1H, Ar-H), 9.01 (d, J = 2.7 Hz, 1H, Ar-H), 8.50 (dd, J = 9.4, 

2.7 Hz, 1H, Ar-H), 7.94 (d, J = 9.4 Hz, 1H, Ar-H), 7.57 (s, 1H, NH), 7.51 (d, J = 8.0 Hz, 1H, Ar-

H), 7.30 (t, J = 7.9 Hz, 1H, Ar-H), 7.19 (d, J = 7.8 Hz, 1H, Ar-H), 5.87 (s, 2H, Ar-CH2). 13C NMR 

(151 MHz, DMSO, d6) δ 174.05, 160.91, 149.48, 143.48, 142.13, 137.69, 130.67, 130.52, 

128.98, 126.52, 126.29, 124.98, 121.83, 121.78, 119.38, 112.17, 55.05. HRMS (m/z, APCI) 

calculated for C17H12BrN3O5: 418.0033 [M+1], found: 418.0026. IR (ATR) Vmax cm-1: 3205.91 

(O-H stretch), 3083.7 (Ar-H stretch), 1653.73 (C=O stretch), 1603.99 (C=O stretch). 

 

1-(3-chlorobenzyl)-N-hydroxy-6-nitro-4-oxo-1,4-dihydroquinolone-3-carboxamide, 6. 

Yellow powder, yield 59% (0.50g), mp 263-265 0C. 1H NMR (600 MHz, DMSO, d6) δ 11.47 (s, 

1H, OH), 9.37 (s, 1H, Ar-H), 9.17 (s, 1H, Ar-H), 9.02 (d, J = 2.7 Hz, 1H, Ar-H), 8.50 (dd, J = 

9.4, 2.7 Hz, 1H, Ar-H), 7.94 (d, J = 9.4 Hz, 1H, Ar-H), 7.42 (s, 1H, NH), 7.39 – 7.35 (m, 2H, 

Ar-H), 7.16 (d, J = 6.3 Hz, 1H, Ar-H), 5.87 (s, 2H, CH2). 13C NMR (151 MHz, DMSO, d6) δ 

174.78, 161.64, 150.22, 144.21, 142.87, 138.20, 133.86, 131.14, 128.33, 127.24, 127.03, 

126.85, 125.35, 122.56, 120.12, 112.90, 55.86. HRMS (m/z, APCI) calculated for 

C17H12ClN3O5 374.0490 [M+1], found: 374.0490. IR (ATR) Vmax cm-1: 3215.14 (O-H stretch), 

3056.31 (Ar-H stretch), 1650.97 (C=O stretch), 1601.63 (C=O stretch). 
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1-(3-fluorobenzyl)-N-hydroxy 6-nitro-4-oxo-1,4-dihydroquinolone-3-carboxamide, 7. 

Yellow powder, yield 61% (0.61g), mp 245-246. 1H NMR (600 MHz, DMSO, d6) δ 11.47 (s, 

1H, OH), 9.38 (s, 1H, Ar-H), 9.17 (s, 1H, Ar-H), 9.00 (dd, J = 14.5, 2.7 Hz, 1H, Ar-H), 8.49 (dd, 

J = 9.4, 2.7 Hz, 1H, Ar-H), 7.93 (d, J = 9.4 Hz, 1H, Ar-H), 7.43 – 7.36 (m, 1H, Ar-H), 7.19 – 

7.11 (m, 2H, Ar-H, NH), 7.05 (d, J = 7.8 Hz, 1H, Ar-H), 5.85 (d, J = 38.9 Hz, 2H, Ar-CH2). 13C 

NMR (151 MHz, DMSO, d6) δ 174.37, 161.39 (d, J = 244 Hz), 161.22, 149.79, 143.77, 142.48, 

138.12 (d, J = 15 Hz), 130.94 (d, J = 8.2 Hz), 126.78 (d, J = 26 Hz), 122.31, 122.13, 119.73, 

114.83 (d, J = 7.2 Hz), 113.62, 113.47, 112.49, 55.57. HRMS (m/z, APCI) calculated for 

C17H12FN3O5: 358.0834 [M+1], found: 358.0838. IR (ATR) Vmax cm-1: 3224.49 (O-H stretch), 

3056.47(Ar-H stretch),1763.70 (C=O stretch), 1655.15 (C=O stretch). 

 

1-(3-cyanobenzyl)-N-hydroxy-6-nitro-4-oxo-1,4-dihydroquinolone-3-carboxamide, 8. 

Yellow powder, yield 50% (0.5g), mp 250 0C. 1H NMR (600 MHz, DMSO, d6) δ 11.49 (s, 1H, 

OH), 9.66 (s, 1H, Ar-H), 9.20 (s, 1H, Ar-H), 9.02 (d, J = 2.7 Hz, 1H, Ar-H), 8.48 (dd, J = 9.4, 

2.7 Hz, 1H, Ar-H), 7.94 (d, J = 9.4 Hz, 1H, Ar-H), 7.59 (d, J = 7.8 Hz, 1H, Ar-H), 7.51 (s, 1H, 

NH), 7.38 (t, J = 7.7 Hz, 1H, Ar-H), 7.31 (d, J = 7.8 Hz, 1H, Ar-H), 5.80 (s, 2H, CH2)..13C NMR 

(151 MHz, DMSO, d6) δ 174.06, 161.00, 149.92, 149.65, 143.52, 142.20, 134.90 133.59, 

128.44, 126.72, 126.48, 126.30, 124.66, 122.75, 121.85 119.61, 112.00, 55.92. HRMS: 

molecular ion peak not found, probably unstable with the ionization method. IR (ATR) Vmax cm-

1: 3370.35 (O-H stretch), 3038.80 (Ar-H stretch), 2874.49 (C-H stretch), 2229.39 (C=N stretch 

), 1655.22 (C=O stretch). 

 

1(3-bromobenzyl)-N-(2-morpholinoethyl)-6-nitro-4-oxo-1.4-dihydroquinolone-3-

carboxamide, 9. 

Mustard powder, yield 55% (0.55 g), mp 50 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.76 (t, J = 

5.2 Hz, 1H, NH), 9.13 (s, 1H, Ar-H), 9.03 (d, J = 2.4 Hz, 1H, Ar-H), 8.49 (dd, J = 9.3, 2.4 Hz, 
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1H, Ar-H,), 7.94 (d, J = 9.3 Hz, 1H, Ar-H), 7.56 (s, 1H, Ar-H), 7.51 (d, J = 8.0 Hz, 1H, Ar-H), 

7.30 (t, J = 7.8 Hz, 1H, Ar-H), 7.19 (d, J = 7.7 Hz, 1H, Ar-H), 5.84 (s, 2H, Ar-CH2), 3.65 – 3.60 

(m, 4H, 2 × CH2), 3.49 (dd, J = 11.9, 6.0 Hz, 3H, morpholinyl-H), 2.45 (s, 5H, morpholinyl-H). 

13C NMR (151 MHz, DMSO, d6) δ 175.16, 162.65, 149.88, 143.42, 142.30, 137.67, 130.57, 

130.49, 128.98, 126.71, 126.37, 124.99, 121.74, 121.68, 119.27, 112.53, 65.80, 56.67, 54.96, 

52.73, 35.27. HRMS (m/z, APCI) calculated for C23H23BrN4O5: 515.0925 [M+1], found: 

515.0924. IR (ATR) Vmax cm-1: 3240.18 (N-H stretch), 3080.37(Ar-H stretch), 2957.76 (C-H 

stretch), 1698.05 (C=O stretch), 1683.20 (C=O stretch). 

 

1-(3-chlorobenzyl)-N-(2-morpholinoethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 10. 

Yellow powder, yield 54% (0.54g), mp 243-245 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.77 (t, J 

= 5.3 Hz, 1H, NH), 9.14 (s, 1H, Ar-H), 9.04 (d, J = 3.5 Hz, 1H, Ar-H), 8.52 – 8.46 (m, 1H, Ar-

H), 7.94 (d, J = 9.0 Hz, 1H, Ar-H), 7.42 (s, 1H, Ar-H), 7.39 – 7.34 (m, 2H, Ar-H), 7.16 (d, J = 

4.2 Hz, 1H, Ar-H), 5.85 (s, 2H, Ar-CH2), 3.62 (t, J = 4.3 Hz, 4H, 2× CH2), 3.49 (dd, J = 11.9, 

6.0 Hz, 3H, morpholinyl-H), 2.45 (s, 5H, morpholinyl-H). 13C NMR (151 MHz, DMSO, d6) δ 

174.76, 162.61, 149.91, 143.47, 142.27, 137.45, 133.15, 130.42, 127.61, 126.72, 126.40, 

126.14, 124.66, 121.81, 119.29, 112.51, 65.83, 56.69, 55.07, 52.75, 35.29. HRMS (m/z, APCI) 

calculated for C23H23ClN4O5: 471.1430 [M+1], found: 471.1425. IR (ATR) Vmax cm-1: 3244.81 

(N-H stretch), 3080.55 (Ar-H stretch), 2815.21 (C-H stretch), 1656.22 (C=O stretch), 1610.88 

(C=O stretch). 

 

1-(3-fluorobenzyl)-N-(2-morpholinoethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 11. 

Yellow powder, yield 60% (0.60g), mp 246 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.76 (t, J = 

5.3 Hz, 1H, NH), 9.13 (s, 1H, Ar-H), 9.03 (d, J = 2.3 Hz, 1H, Ar-H), 8.48 (dd, J = 9.3, 2.3 Hz, 

1H, Ar-H), 7.93 (d, J = 9.3 Hz, 1H, Ar-H), 7.39 (dd, J = 3.3, 7.7 Hz, 1H, Ar-H), 7.15 (dd, J = 
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8.5, 9.4 Hz, 2H, Ar-H), 7.05 (d, J = 7.7 Hz, 1H, Ar-H), 5.86 (s, 2H, Ar-CH2), 3.62 (t, J = 4.3 

Hz, 4H, 2× CH2), 3.49 (q, J = 6.0 Hz, 3H, morpholinyl-H), 2.44 (s, 5H, morpholinyl-H). 13C 

NMR (151 MHz, DMSO) δ 175.13, 163.05 (d, J = 13.7 Hz), 161.48, 161.48, 150.30, 143.82, 

142.70, 138.33, 130.99, 127.12, 126.74, 122.43, 122.19, 119.71, 114.91, 113.72, 113.57, 

112.94, 66.22, 57.10, 55.58, 53.15, 35.69. HRMS (m/z, APCI) calculated for C23H23FN4O5: 

455.1725 [M+1], found: 455.1724. IR(ATR) Vmax cm-1: 3234.51 (N-H stretch), 3054.69 (Ar-H 

stretch), 2921.24 (C-H stretch), 1655.36 (C=O stretch), 1610.35 (C=O stretch). 

 

1-(3-chlorobenzyl)-N-(2-(2-hydroxyethoxy) ethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 12. 

Mustard powder, yield 50% (0.5g), mp 50 0C. 1H NMR (600 MHz, DMSO, d6) δ 10.19 (t, J = 

5.3 Hz, 1H, NH), 9.56 (s, 1H, Ar-H), 9.45 (d, J = 2.5 Hz, 1H, Ar-H), 8.91 (dd, J = 9.4, 2.5 Hz, 

1H, Ar-H), 8.36 (d, J = 9.4 Hz, 1H, Ar-H), 7.80 (dd, J = 9.9, 4.3 Hz, 3H, Ar-H), 7.58 (d, J = 4.0 

Hz, 1H, Ar-H), 6.27 (s, 2H,Ar-CH2), 5.00 (t, J = 5.4 Hz, 1H, OH), 4.02 – 3.89 (m, 9H, NH, 4× 

CH2).13C NMR (151 MHz, DMSO, d6) δ 175.72, 163.70, 150.93, 144.42, 143.22, 138.38, 

134.10, 131.36, 128.55, 127.64, 127.37, 127.10, 125.60, 122.72, 120.27, 113.37, 72.68, 

69.65, 60.74, 56.05, 39.17. HRMS (m/z, APCI) calculated for C21H20ClN4O5: 446.1113 [M+1], 

found: 446.1076. IR (ATR) Vmax cm-1: 3204.01 (N-H stretch), 3124.60 (O-H stretch), 3000.72 

(Ar-H stretch), 2901.03 (C-H stretch), 1771.98 (C=O stretch), 1698.40 (C=O stretch). 

 

1-(3-fluorobenzyl)-N-(2-(2-hydroxyethoxy) ethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 13. 

Yellow powder, yield 52% (0.52g), mp 198-200 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.76 (t, J 

= 5.5 Hz, 1H, NH), 9.13 (s, 1H, Ar-H), 9.00 (d, J = 2.8 Hz, 1H, Ar-H), 8.46 (dd, J = 9.4, 2.8 Hz, 

1H, Ar-H), 7.91 (d, J = 9.4 Hz, 1H, Ar-H), 7.40 – 7.35 (m, 1H, Ar-H), 7.18 – 7.09 (m, 2H, Ar-

H), 7.03 (d, J = 7.8 Hz, 1H, Ar-H), 5.85 (s, 2H, Ar-CH2), 4.60 (t, J = 5.2 Hz, 1H, OH), 3.57 – 

3.45 (m, 8H, 4× CH2). 13C NMR (151 MHz, DMSO, d6) δ 175.50, 163.84 (d, JCF = 244 Hz), 
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161.80, 150.74, 144.17, 143.39, 138.90 (d, JCF = 25 Hz), 131.74 (d, J = 8.3 Hz), 127.79 (d, JCF 

= 8 Hz), 123.12, 122.87, 120.48, 115.63, 115.49, 114.43 (d, JCF = 5 Hz), 113.48, 72.85, 69.82, 

60.89, 56.32, 39.33. HRMS (m/z, APCI) calculated for C21H20FN3O6: 430.1409 [M+1], found: 

430.1373. IR (ATR) Vmax cm-1: 3384.88 (O-H stretch), 3195.40 (N-H stretch), 3059.15 (Ar-H 

stretch), 2916.73 (C-H stretch), 1659.41 (C=O stretch), 1610.89 (C=O stretch). 

 

1-(cyanobenzyl)-N-(2-(hydroxyethoxy) ethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 14. 

Mustard powder, yield 55% (0.55g), mp 234 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.79 (t, J = 

5.4 Hz, 1H, NH), 9.16 (s, 1H, Ar-H), 9.02 (d, J = 4.3 Hz, 1H, Ar-H), 8.47 (dd, J = 9.4, 4.3 Hz, 

1H, Ar-H), 7.88 (t, J = 11.5 Hz, 1H, Ar-H), 7.83 (s, 1H, Ar-H), 7.78 (dd, J = 7.9, 6.5 Hz, 1H, Ar-

H), 7.62 – 7.48 (m, 2H, Ar-H), 5.90 (s, 2H, Ar-CH2), 4.62 (t, J = 5.4 Hz, 1H, OH), 3.62 – 3.44 

(m, 8H, 4× CH2).13C NMR (151 MHz, DMSO, d6) δ 175.18, 163.09, 150.45, 143.72, 142.54, 

136.95, 131.71, 131.20, 130.16, 129.99, 127.10, 126.74, 122.06, 119.61, 118.27, 112.82, 

111.74, 72.05, 69.03, 60.09, 55.35, 38.52. HRMS (m/z, APCI) calculated for C22H20N4O6: 

437.1456 [M+1], found: 437.1422. IR (ATR) Vmax cm-1: 3190.88 (O-H stretch), 3057.57 (Ar-H 

stretch), 2929 (C-H stretch), 2227.07 (C=N stretch), 1654.99 (C=O stretch), 1608.84 (C=O 

stretch). 

 

1-(4-cyanobenzyl)-N-(2-(2-hydroxyethoxy) ethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 15. 

Mustard powder, yield 53% (0.53g), mp 240-242 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.74 (t, 

J = 5.5 Hz, 1H, NH), 9.14 (s, 1H, Ar-H), 9.04 (d, J = 2.7 Hz, 1H, Ar-H), 8.46 (dd, J = 9.4, 2.7 

Hz, 1H, Ar-H), 7.87 (d, J = 9.4 Hz, 1H, Ar-H), 7.83 – 7.80 (m, 2H, Ar-H), 7.44 (d, J = 8.4 Hz, 

2H, Ar-H), 5.95 (s, 2H, Ar-CH2), 4.51 (s, 1H, OH), 3.60 (t, J = 5.6 Hz, 2H, CH2), 3.54 (dd, J = 

7.8, 5.3 Hz, 4H, 2× CH2), 3.50 (dd, J = 5.5, 5.6 Hz, 2H, CH2). 13C NMR (151 MHz, DMSO, d6) 
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δ 174.81, 162.73, 150.09, 143.56, 142.32, 140.62, 132.38, 127.04, 126.77, 126.43, 121.83, 

119.28, 117.94, 112.66, 110.43, 71.79, 68.76, 59.88, 55.38, 39.30. HRMS (m/z, APCI) 

calculated for C22H20N4O6: 437.1456 [M+1], found: 437.1416. IR (ATR) Vmax cm-1: 3525.44 (N-

H stretch), 3245.71 (O-H stretch), 3055.31 (Ar-H stretch), 2864.73 (C-H stretch), 2228.30 

(C=N stretch), 1655.37 (C=O stretch), 1609.55 (C=O stretch). 

 

1-(4-fluorobenzyl)-N-(2-(2-hydroxyethoxy) ethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 16. 

Yellow powder, yield 55% (0.55g), mp 193-194 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.78 (t, J 

= 5.5 Hz, 1H, NH), 9.15 (s, 1H, Ar-H), 9.02 (d, J = 2.7 Hz, 1H, Ar-H), 8.48 (dd, J = 9.4, 2.7 Hz, 

1H, Ar-H), 7.98 (d, J = 9.4 Hz, 1H, Ar-H), 7.34 (dd, J = 8.6, 5.4 Hz, 2H, Ar-H), 7.19 (t, J = 8.8 

Hz, 2H, Ar-H), 5.83 (s, 2H, Ar-CH2), 4.61 (t, J = 5.4 Hz, 1H, OH), 3.60 – 3.47 (m, 8H, 4× CH2). 

13C NMR (151 MHz, DMSO, d6) δ 175.80, 163.86 (d, JCF = 240 Hz), 161.59, 150.97, 144.53, 

143.35, 132.17 (d, JCF= 3.0 Hz), 129.56 (d, JCF = 8.3 Hz), 127.77, 127.45, 116.47 (d, JCF = 

21.7 Hz), 116.54, 116.40, 113.41, 72.85, 69.82, 60.89, 56.13, 39.32. HRMS (m/z, APCI) 

calculated for C21H20FN3O6: 430.1409 [M+1], found: 430.1389. IR (ATR) Vmax cm-1: 3403.74 

(O-H stretch), 3299.53 (N-H stretch), 3042.47 (Ar-H stretch), 2890.23 (C-H stretch), 1660.78 

(C=O stretch), 1610.17 (C=O stretch). 

 

1-(3-cynobenzyl)-N-(2-(2-hydroxyethyl) amino) ethyl)-6-nitro-4-oxo-1,4-

dihydroquinolone-3-carboxamide, 17. 

Mustard powder, yield 50% (0.50g), mp 51 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.76 (d, J = 

5.5 Hz, 1H, NH), 9.14 – 9.01 (m, 2H, Ar-H), 8.47 (d, J = 7.5 Hz, 1H, Ar-H), 7.84 (dd, J = 7.5, 

8.4 Hz, 3H, Ar-H), 7.57 (s, 2H, Ar-H), 5.89 (s, 2H, Ar-CH2-), 4.49 (s, 1H, OH), 3.46 (d, J = 4.5 

Hz, 2H, CH2), 3.43 (d, J = 4.5 Hz, 2H, CH2), 2.73 (s, 2H, CH2), 2.63 (s, 2H, CH2). 13C NMR 

(151 MHz, DMSO, d6) δ 175.16, 163.02, 150.36, 143.71, 142.55, 136.98, 131.74, 131.23, 

130.18, 130.02, 127.11, 126.72, 122.09, 119.59, 118.30, 113.02, 111.77, 60.29, 55.35, 51.32, 
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48.43, 39.80. HRMS (m/z, APCI) calculated for C22H21N5O5: 436.1615 [M+1], found: 436.1609. 

IR (ATR) Vmax cm-1: 3226.80 (O-H stretch), 3046.23 (Ar-H stretch), 2839.12 (C-H stretch), 

2225.26 (C=N stretch), 1654.25 (C=O stretch), 1608.51 (C-H stretch). 

1-(3-fluorobenzyl)-N-(2-(2-hydroethyl) amino) ethyl-6-nitro-4-oxo-1,4-dihydroquinolone-

3-carboxamide,18. 

Mustard powder, yield 51% (0.51g), mp 191 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.75 (t, J = 

5.5 Hz, 1H, NH), 9.14 (s, 1H, Ar-H), 9.01 (d, J = 2.7 Hz, 1H, Ar-H), 8.48 (dd, J = 9.4, 2.7 Hz, 

1H, Ar-H), 7.93 (t, J = 10.0 Hz, 1H, Ar-H), 7.39 (td, J = 8.0, 6.3 Hz, 1H, Ar-H), 7.20 – 7.10 (m, 

2H, Ar-H), 7.05 (t, J = 8.1 Hz, 1H, Ar-H), 5.85 (s, 2H, Ar-CH2), 4.47 (s, 1H, OH), 3.50 – 3.40 

(m, 5H, NH, 2× CH2), 2.75 – 2.60 (m, 4H, 2× CH2). 13C NMR (151 MHz, DMSO, d6) δ 175.03, 

162.99 (d, JCF = 239 Hz), 161.39, 150.23, 143.71, 142.59, 138.12 (d, JCF = 15 Hz), 130.95 (d, 

JCF = 8.4 Hz), 126.98(d, JCF = 7.4 Hz), 122.32, 122.08, 119.64, 114.83 (d, JCF = 25 Hz), 114.69, 

113.63 (d, JCF = 25 Hz), 112.88, 60.28, 55.50, 51.32, 48.41, 38.82. HRMS (m/z, APCI) 

calculated for C21H21FN4O5: 429.1569 [M+1], found: 429.1569. IR (ATR) Vmax cm-1: 3244.57 

(O-H stretch), 3054.94 (Ar-H stretch), 2840.71 (C-H stretch), 1772.21 (C=O stretch), 1658.89 

(C=O stretch). 

 

1-(4-cynobenzyl)-N-(2-(2-hydroxyethyl) amino) ethyl)-6-nitro-4-oxo-1,4-

dihydroquinolone-3-carboxamide, 19. 

Yellow powder, yield 61% (0.61g), mp 238-239 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.71 (t, J 

= 5.5 Hz, 1H, NH), 9.16 – 9.11 (m, 1H, Ar-H), 9.04 (t, J = 5.8 Hz, 1H, Ar-H), 8.45 (dd, J = 9.4, 

2.8 Hz, 1H, Ar-H), 7.87 (dd, J = 9.4, 5.5 Hz, 1H, Ar-H), 7.81 (d, J = 8.4 Hz, 2H, Ar-H), 7.44 (t, 

J = 8.0 Hz, 2H, Ar-H), 5.94 (s, 2H, Ar-CH2), 4.36 (s, 1H, OH), 3.52 – 3.37 (m, 5H, NH, 2× CH2), 

2.77 – 2.73 (m, 2H, CH2), 2.67 – 2.62 (m, 2H, CH2). 13C NMR (151 MHz, DMSO, d6) δ 175.06, 

162.91, 150.28, 143.82, 142.60, 140.93, 132.66, 127.32, 127.05, 126.68, 122.12, 118.22, 

113.13, 110.71, 60.35, 55.65, 51.32, 48.42, 38.91. HRMS (m/z, APCI) calculated for 

C22H21N5O5: 436.1615 [M+1], found: 436.1625. IR (ATR) Vmax cm-1: 3220.88 (O-H stretch), 
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3047.22 (Ar-H stretch), 2836.25 (C-H stretch), 2228.99 (C=N stretch), 1658.05 (C=O stretch), 

1612.79 (C=O stretch). 

 

1-(4-fluorobenzyl)-N-(2(2-hydroxyethyl) amino) ethyl)-6-nitro-4-oxo-1,4-

dihydroquinolone-3-carboxamide, 20. 

Yellow powder, yield 50% (0.50g) mp 50.8-50.9 0C. 1H NMR (600 MHz, DMSO) δ 9.75 (s, 

1H, NH), 9.17 – 9.10 (m, 1H, Ar-H), 9.02 (s, 1H, Ar-H), 8.48 (d, J = 9.2 Hz, 1H, Ar-H), 7.98 (t, 

J = 8.5 Hz, 1H, Ar-H), 7.33 (s, 3H, Ar-H), 7.19 (t, J = 8.3 Hz, 3H, Ar-H), 5.83 (s, 2H, Ar-CH2), 

4.47 (s, 1H, OH), 3.46 (d, J = 15.7 Hz, 3H, NH, CH2), 2.72 (t, J = 5.7 Hz, 2H, CH2), 2.64 – 

2.60 (m, 2H, CH2). 13C NMR (151 MHz, DMSO, d6) δ 174.96, 162.94, 150.08, 143.69, 

142.54, 131.06 128.75 (d, JCF = 8.0 Hz), 126.97, 126.61, 122.06, 119.72, 115.74, 115.60, 

112.81, 60.27, 55.30, 51.31, 48.40, 38.81. HRMS (m/z, APCI) calculated for C21H21FN4O5: 

429.1569 [M+1], found: 429.1544. IR (ATR) Vmax cm-1: 3043.47 (Ar-H stretch), 2918.49 (C-H 

stretch), 2839.21 (C-H stretch), 1655.96 (C=O stretch), 1610.71 (C=O stretch). 

 

1-(3-chlorobenzyl)-N-(2-methoxyethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 21. 

Mustard powder, yield 60% (0.60g) mp 194-196 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.78 (t, 

J = 5.3 Hz, 1H, NH), 9.15 (s, 1H, Ar-H), 9.01 (t, J = 5.3 Hz, 1H, Ar-H), 8.49 (dd, J = 9.4, 2.8 

Hz, 1H, Ar-H), 7.93 (d, J = 9.4 Hz, 1H, Ar-H), 7.45 – 7.33 (m, 3H, Ar-H), 7.15 (dd, J = 7.6, 4.9 

Hz, 1H, Ar-H), 5.86 (s, 2H, Ar-CH2), 3.59 – 3.46 (m, 4H, 2 × CH2), 3.31 (s, 3H, CH3). 13C NMR 

(151 MHz, DMSO, d6) δ 175.72, 163.67, 150.96, 144.35, 143.19, 138.40, 134.11, 131.36, 

128.54, 127.61, 127.39, 127.08, 125.57, 122.71, 120.28, 113.29, 71.17, 58.24, 55.94, 38.87. 

HRMS (m/z, APCI) calculated for C20H18ClN3O5: 416.1008 [M+1], found: 416.1028. IR (ATR) 

Vmax cm-1: 3084.41 (N-H stretch), 3056.77 (Ar-H stretch), 2879.66 (C-H stretch), 1656.23 (C=O 

stretch), 1610.60 (C=O stretch). 
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1-(3-fluorobenzyl)-N-(2-methoxyethyl) 6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 22. 

Yellow powder, yield 65% (0.65g) mp 237-239 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.78 (t, J 

= 5.1 Hz, 1H, NH), 9.14 (d, J = 4.6 Hz, 1H, Ar-H), 9.02 (d, J = 2.5 Hz, 1H, Ar-H), 8.48 (dd, J = 

9.3, 2.5 Hz, 1H, Ar-H), 7.90 (dd, J = 2.5, 9.4 Hz, 1H, Ar-H), 7.39 (dd, J = 10.2, 7.7 Hz, 1H, Ar-

H), 7.22 – 7.09 (m, 2H, Ar-H), 7.05 (d, J = 7.7 Hz, 1H, Ar-H), 5.87 (s, 2H, Ar-CH2), 3.51 (dt, J 

= 7.0, 5.1 Hz, 4H, 2 × CH2), 3.31 (s, 3H, CH3). 13C NMR (151 MHz, DMSO, d6) δ 174.81, 

162.75 (d, JCF = 242 Hz), 161.11, 150.05, 143.47, 142.31, 137.83 (d, JCF = 7.3 Hz), 130.66 (d, 

JCF = 8.3 Hz), 126.71, 126.44, 122.04, 121.79, 119.40, 114.55 (d, JCF = 24 Hz), 113.35 (d, JCF 

= 15 Hz), 112.37, 70.27, 57.63, 55.24, 37.98. HRMS (m/z, APCI) calculated for C20H18FN3O5: 

400.1303 [M+1], found: 400.1324. IR (ATR) Vmax cm-1: 3239.65 (N-H stretch), 3059.86 (Ar-H 

stretch), 2930.21 (C-H stretch), 1665.89 (C=O stretch), 1613.55 (C=O stretch). 

 

1-(3-cyanobenzyl)-N-(2-methoxyethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 23. 

Mustard powder, yield 55% (0.55g), mp 348-350 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.94 (t, 

J = 5.2 Hz, 1H. NH), 9.85 (t, J = 5.3 Hz, 1H, Ar-H), 9.27 (t, J = 3.7 Hz, 1H, Ar-H), 9.14 – 9.12 

(m, 1H, Ar-H), 8.26 (dd, J = 9.2, 2.4 Hz, 1H, Ar-H), 7.92 – 7.88 (m, 1H, Ar-H), 7.84 (s, 1H, Ar-

H), 7.77 (dd, J = 4.6, 3.2 Hz, 1H, Ar-H), 7.56 (dd, J = 9.2, 5.5 Hz, 1H, Ar-H), 5.88 (s, 2H, Ar-

CH2), 3.70 – 3.52 (m, 4H, 2 × CH2), 3.33 (s, 3H, CH3). 13C NMR (151 MHz, DMSO, d6) δ 

175.26, 175.21, 163.06, 148.77, 143.43, 139.02, 137.02, 136.84, 136.71, 130.89, 129.99, 

129.71, 127.01, 121.66, 119.94, 119.81, 117.95, 70.40, 70.36, 57.62, 37.97. HRMS (m/z, 

APCI) calculated for C21H18N4O5: 407.1350 [M+1], found: 407.1349. IR (ATR) Vmax cm-1: 

3213.77 (N-H stretch), 3038.80 (Ar-H stretch), 2874.49 (C-H stretch), 2229.39 (C=N stretch), 

1655.22 (C=O stretch), 1608.88 (C=O stretch). 
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1-(4-cyanobenzyl)-N-(2- methoxyethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 24. 

Yellow powder, yield 60% (0.60g), mp 257 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.73 (t, J = 

5.1 Hz, 1H, NH), 9.14 (s, 1H, Ar-H), 9.04 (d, J = 2.6 Hz, 1H, Ar-H), 8.50 – 8.40 (m, 1H, Ar-H), 

7.84 (dd, J = 5.4, 8.8 Hz, 3H, Ar-H), 7.45 (t, J = 10.2 Hz, 2H, Ar-H), 5.95 (s, 2H, Ar-CH2), 3.57 

– 3.49 (m, 4H, 2 × CH2), 3.32 (s, 3H, CH3). 13C NMR (151 MHz, DMSO, d6) δ 175.11, 162.91, 

150.37, 143.85, 142.60, 140.90, 132.66, 127.32, 127.04, 126.71, 122.11, 119.56, 118.22, 

112.90, 110.71, 70.57, 57.89, 55.67, 38.29. HRMS (m/s, APCL) calculated for C21H20FN3O6: 

407.1350 [M+1], found: 407.1339. IR (ATR) Vmax cm-1: 3240.71 (N-H, stretch), 3056.34 (Ar-H 

stretch), 2932.14 (C-H stretch), 2227.21 (C=N stretch), 1663.15 (C=O stretch), 1610.46(C=O 

stretch). 

 

1-(4-fluorobenzyl)-N-(2-methoxyethyl)-6-nitro-4-oxo-1,4-dihydroquinolone-3-

carboxamide, 25. 

Yellow powder, yield 60% (0.60g), mp 50 0C. 1H NMR (600 MHz, DMSO, d6) δ 9.78 (t, J = 5.4 

Hz, 1H, NH), 9.19 – 9.11 (m, 1H, Ar-H), 9.02 (d, J = 2.7 Hz, 1H, Ar-H), 8.48 (dd, J = 9.4, 2.7 

Hz, 1H, Ar-H), 7.98 (t, J = 9.9 Hz, 1H, Ar-H), 7.38 – 7.29 (m, 2H, Ar-H), 7.24 – 7.14 (m, 2H, 

Ar-H), 5.82 (s, 2H, Ar-CH2), 3.55 – 3.47 (m, 4H, 2 × CH2), 3.31 (s, 3H, CH3). 13C NMR (151 

MHz, DMSO, d6) δ 175.43, 163.03 (d, JCF = 243 Hz), 161.20, 150.59, 144.15, 142.96, 131.77, 

129.75 (d, J = 8.3Hz), 127.38, 127.07, 122.48, 120.17, 116.74(d, JCF = 22 Hz), 112.99, 70.96, 

58.32, 55.74, 38.66. HRMS (m/z, APCI) calculated for C20H18FN3O5: 400.1303, [M+1] found: 

400.1306. IR (ATR) Vmax cm-1: 3246.88 (N-H stretch), 3077.70 (Ar-H stretch), 2960.02 (C-H 

stretch), 2896.91 (C-H stretch), 1664.22 (C=O stretch), 1613.24 (C=O stretch). 
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3.3 In vitro antimycobacterial assay 

The in vitro anti-tubercular evaluation was done following the procedure by (Beteck et al., 

2019). Briefly, a 10 mL culture of Mtb pMSp12: GFP was grown to an optical density (0D600) 

of 0.6-0.7. The cultures were grown in a middlebrook 7H9 medium supplemented with 0.03% 

casitone, 0.4 % glucose, and 0.05% tyloxapol and diluted at 1:500, prior to inoculation. The 

compounds to be tested were then reconstituted to a concentration of 10 mM in DMSO. A two-

fold serial dilution of the test compounds were plated in 96 well plates and 50 µL of the diluted 

Mtb was then added to each well. Rifampicin (2 × MIC) was used as a minimum growth control 

for assay and 5% DMSO as the maximum growth control. The microtitre plates were sealed 

in a secondary container and incubated at 37 0C with 5% CO2 and humidification. 

Fluorescence readings (excitation 485 nM; emission 520 nM) obtained for the individual wells 

were measured using a plate reader (FLUOstar OPTIMA, BMG LABTECH) at day 14. The raw 

fluorescence data was analyzed using the CDD Vault from Collaborative Drug Discovery, in 

which data was normalized to the minimum and maximum inhibition controls to generate a 

dose response curve (% inhibition). Using the Levenberg-Marquardt damped least squares 

method, the minimum inhibitory concentration (MIC) was calculated. The lowest concentration 

of drug/test compound that inhibited growth of more than 90% of the bacterial population was 

considered the MIC90 (Beteck et al., 2019). 
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4 Conclusion 

The synthesised 6-nitroquinolone-3-carboxamides showed potent anti-tubercular activity 

against the gfp strain of Mtb, exhibiting activity ranging from <0.244-31.865 µM. The 

compounds are likely to possess good physico-chemical properties as they showed optimal 

calculated lipophilicity for drug molecules, with clogP values ranging from 0.72 - 3.67. These 

results are encouraging and suggests that this new class of compounds is worth further 

exploring for potential anti-mycobacterial drugs. The SAR highlights that the compound’s anti-

tubercular activity depended on the substituents at R3 regardless of R2 substituents. This 

observation suggests that R2 could be derivatised further to generate compounds with superior 

activity. Aliphatic amines at R3 were mostly favoured over cyclic amines and hydroxamates. 

Moreover, the SARs favoured the fluorobenzyl moiety at R2, with the fluoride atom influencing 

the activity more when at the para position of the benzyl unit. Compound 25 was the most 

active of them all (MIC90 < 0.244 µM). Furthermore, analogues of compound 3a did not 

dissolve in DMSO, thus denying us structural activity analysis around the benzenoid ring of 

the quinolone template. Compound 3a showed encouraging anti-tubercular activity (MIC90 

1.84 µM), low molecular weight (330 Da) and is also worth further exploring. 
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Brecik, M., Centárová, I., Mukherjee, R., Kolly, G. l. S., Huszár, S., Bobovská, A., 

Kilacsková, E. k., Mokošová, V., et al. 2015. Dpre1 is a vulnerable tuberculosis drug target 

due to its cell wall localization. ACS Chemical biology, 10, 1631-1636. 

Chikhale, R. V., Barmade, M. A., Murumkar, P. R. & Yadav, M. R. 2018. Overview of the 

development of dpre1 inhibitors for combating the menace of tuberculosis. Journal of 

medicinal chemistry, 61, 8563-8593. 

Cho, K. S. 2018. Tuberculosis control in the republic of korea. Epidemiology and health, 40, 

71-84. 

Christophe, T., Jackson, M., Jeon, H. K., Fenistein, D., Contreras-Dominguez, M., Kim, J., 

Genovesio, A., Carralot, J.-P., et al. 2009. High content screening identifies decaprenyl-

phosphoribose 2′ epimerase as a target for intracellular antimycobacterial inhibitors. PLoS 

pathogens, 5, e1000645. 

Churchyard, G., Kim, P., Shah, N. S., Rustomjee, R., Gandhi, N., Mathema, B., Dowdy, D., 

Kasmar, A., et al. 2017. What we know about tuberculosis transmission: An overview. J 

Infect Dis, 216, S629-S635. 

Crellin, P. K., Brammananth, R. & Coppel, R. L. 2011. Decaprenylphosphoryl-β-d-ribose 2′-

epimerase, the target of benzothiazinones and dinitrobenzamides, is an essential enzyme in 

mycobacterium smegmatis. PloS one, 6. 

Freeman-Cook, K. D., Hoffman, R. L. & Johnson, T. W. 2013. Lipophilic efficiency: The most 

important efficiency metric in medicinal chemistry. Future medicinal chemistry, 5, 113-115. 



87 
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CHAPTER 4 

SUMMARY AND CONCLUSION 

 

Tuberculosis continues to be a menace to the world with one third of the world’s population 

infected (WHO, 2019, WHO, 2018). Dr Koch’s discovery was the most important step towards 

the control and elimination of this deadly diseases (Koch et al., 1932); enabling the invention 

of anti-TB drugs in the 1950s and also making TB treatment possible (Chikhale et al., 2018). 

The steep decline in TB cases during the 1960s and 1970s led the world into believing that 

the disease was completely curable and controllable (Chikhale et al., 2018). However, lately 

there has been a steady yearly increase in the number of TB cases because of the AIDS 

pandemic and the emergence of drug resistant strains (Hameed et al., 2014, Chikhale et al., 

2018). The emergency of MDR-TB strains are precipitated by non-compliance to the drug 

regimen by patients (Tiberi et al., 2018). 

Globally, an estimated 10 million people fell ill with TB in 2018. In the same year TB accounted 

for an estimated 1.2 million deaths among HIV negative people, and an additional 251000 

deaths among HIV positive people (WHO, 2019). Among these an estimated 3.4% and 18% 

of previously treated cases had MDR-TB/XDR-TB. Overall, 484000 incident cases and 

214000 deaths were estimated for MDR-TB. The highest burden is in men who accounted for 

57% of all TB cases in 2018. Women accounted for 32%, children below the age of 15 years 

accounted for 11% with 8.6% for people living with HIV (WHO, 2019). 

TB treatment still largely depend on chemotherapy which was discovered 40-60 years ago. 

The current chemotherapy for drug susceptible TB consists of the four-drug regimen: 

isoniazid, rifampicin, ethambutol and pyrazinamide for a minimum of 6 months. The regimen 

is effective if taken as prescribed and has shown high efficacy in achieving cure rates around 

90-95% both in treatment under the oversight of TB control programmes and trial conditions. 
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However, because of the long treatment period, side effects, and severe adverse events like 

hepatotoxicity, patients find it hard to take their medication daily for over 6 months as 

prescribed (Tiberi et al., 2018). Thus, all these problems with compliance, tolerability, and sub-

optimal drug levels may lead to resistant (Tiberi et al., 2018). 

In March 2019, WHO consolidated new guidance on the second-line drugs for the treatment 

of MDR-TB (WHO, 2019, Deoghare, 2013). Among these drugs, two new drugs were added; 

delamanid and bedaquiline (Skripconoka et al., 2013, Deoghare, 2013) ─ making them the 

first anti-TB drugs to be approved since 1998, the first TB drugs with novel mechanism of 

action after 40 years, and the first to be introduced for the treatment of MDR-TB (WHO, 2019, 

Deoghare, 2013). Despite current advances in TB chemotherapy there are now undeniable 

signs that resistance to the second-line regimen is emerging. Therefore, further resistance 

leads to extensively drug- resistance TB (XDR-TB) defined as MDR-TB  plus resistance to at 

least one of the fluoroquinolones and one injectable aminoglycosides used in MDR-TB 

treatment (WHO, 2019). Therefore, the emergence of XDR/MDR/RR-TB indicates great need 

to explore the unknown mechanism of resistance in Mtb for developing shorter and more 

tolerable regimens that will increase  compliance, reduce loss to follow up, and treat both 

susceptible and MDR/XDR-TB (WHO, 2019, Tiberi et al., 2018). 

The aim of this study was to synthesise and evaluate the in vitro activity of a series of 6-

nitroquinolone-3-carboxamide derivatives against gfp reporter strain of Mtb. Nitro-containing 

compounds have been report to exhibit potent inhibitory activity against Mtb through a novel 

mode of action (Nepali et al., 2018), (Chikhale et al., 2018, Brecik et al., 2015). Nitro-based 

DprE1 inhibitors are pro-drugs activated only once inside Mtb, and hence the risk of cell toxicity 

is low (Zhang et al., 2017). Moreover, these compounds are active against drug susceptible 

and resistant forms of Mtb, replicating and slow growing stages of Mtb, and in some cases 

they show low nanomolar (˂10 nM) activity against Mtb (Chikhale et al., 2018). However, they 

also suffer from poor drug-like properties such as short half-life, poor aqueous solubility 

(Zhang et al., 2019). So far, only BTZ043 and PBTZ169 have progressed into the early phases 
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of clinical development (Shi et al., 2018, Shalini et al., 2010). Due to high failure rates during 

clinical development (Keshavjee &Farmer, 2012), it is pertinent to investigate other nitro-

based compounds to eventually populate the development pipeline. To this effect, our group 

decided to investigate nitroquinolones as potential DprE1 inhibitors. 

All target compounds (3a, 5-25) were screened in-vitro for inhibitory activity against the gfp 

reporter strain of Mtb. Rifampicin, a first line anti-tubercular agent was included in the assay 

as a reference. The anti-Mtb activity is reported as the minimum inhibitory concentration 

required to inhibit 90% (MIC90) of bacteria population. The MIC90 values of the studied 

compounds indicated that 3 sub-series out of the 5 sub-series are inhibitors of Mtb. The 

structures of these compounds were characterised using 1H and 13C NMR, IR and HRMS. The 

cLogP values of the compounds ranged from 0.72 - 3.67, thus the compounds are less 

lipophilic and ideal for lead development. 

Target compounds were obtained by appending different substituents at position 1 (R2) and 

position 3 (R3) of the quinolone ring (see figure 4.1) to enable structure activity relationship 

analysis for this set of compounds. 

 

Figure 4.1: general structure of compounds 

 

The nature of R3 had a stronger influence on the structure activity relationship compared to 

R2. This was indicated by compounds 5-9, 11 which had no activity regardless of the nature 

of R1. Furthermore, aliphatic chains at position 3 promoted better antimycobacterial activity 

than cyclic or hydroxamate as seen with compounds 12,14,15,16,17,18,20,21, and 25. These 
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compounds were more active than compounds 5-9, 11. Compound 25 was the most active in 

this study, with an MIC90 of <0.244 µM. Moreover, the activity favoured the 4-fluorobenzyl 

substituents at R2 compared to 3-fluorobenzyl substituents at the same position. This was 

seen with compounds 16, 20, and 25 where R2 had a fluorine atom at para position. 

In conclusion, the synthesised compounds exhibited varied antimycobacterial activity against 

the gfp reporter strain of Mtb in the range of <0.244-31.865 µM. These results are encouraging 

and suggest that this new class of compounds is worth further exploring in search of potential 

antimycobacterial drugs.  
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Compound 13: 
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