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Abstract

Tuberculosis (TB) is a contagious and an often severe airborne disease 
caused by Mycobacterium tuberculosis (Mtb). TB typically affects the lungs and is 
usually treated with a regimen of drugs taken for 6 months to 2 years, depending 
on the type of infection. There were an estimated 1.4 million TB deaths in 2015, 
and an additional 0.4 million deaths resulting from TB disease among people 
living with HIV. Although the number of TB deaths fell by 22% between 2000 
and 2015, TB remained one of the top 10 causes of death worldwide in 2015.

Quinoline nucleus occurs in several natural compounds and synthetic 
derivatives displaying a broad range of biological activity including anti-
tuberculosis. Many quinoline derivatives isolated from natural products were 
reported to exhibit moderate antitubercular activity. The quinoline ring was 
shown to confer anti-TB activity and confirms that quinoline-based scaffolds are 
promising leads for new TB drug developments. Many quinolines recognized as 
antimalarial agents showed activity as anti-TB drugs. Bedaquiline, a clinically 
important anti-TB drug, is the inspiration and model for designing novel 
antitubercular structures.

Keywords: Quinolines; Synthesis; Tuberculosis; Mycobacterium 
tuberculosis

synthesized one was the potent and inexpensive chloroquine (CQ), a 
7-chloroquinoline with an amino substituent at position 4 [4].

The quinoline alkaloids 4-methoxy-2-phenylquinoline (1), 
graveolinine (2), and kokusagine (3), isolated from lunasiaamara, 
displayed significant activity towards M. tuberculosis H37Rv with 
MICs of 16 μg/mL. The known quinoline alkaloids dictamnine (4) 
and γ-fagarine (5), isolated from roots of Zanthoxylumwutaiense, 
were reported to exhibit moderate antitubercularactivity (H37Rv 
strain) with MICs of 30 μg/mL (Figure 1) [5].

Synthetic Quinoline Derivatives
In 2004, Jain et al. reported a series of substituted quinolines 

with high anti-TB activity. Many of these compounds were initially 
synthesized as the precursors for targeted antimalarials. The 
most effective compound, 2,8-dicyclopentyl-4-methylquinoline 
exhibited activity against both drug-sensitive and drug-resistant M. 
tuberculosis. To optimize previously identified lead 4-(adamantan-
1-yl)-2-quinolinecarbohydrazide, two new series of 2-substituted 
quinolines containing 4-(adamantan-1-yl) group were synthesized. 
Four analogs of the 4-adamantan-1-yl-quinoline-2-carboxylic acid 
N´-alkylhydrazides exhibited promising anti-TB activity (99% 
inhibition) at 3.125 μg/mL. The most potent compound 4-adamantan-
1-yl-quinoline-2-carboxylic acid (2-chlorobenzylidene) hydrazide 
inhibited drug-sensitive M. tuberculosis H37Rv at 1.00 μg/mL (99% 
inhibition) and was equipotent to standard drug isoniazid. [6a,b].

On the other hand, synthetic fluoroquinolones (FQ) possessing 
broad-spectrum anti-mycobacterial activity as ciprofloxacin (6) and 
ofloxacin (7) were used as part of multi drug regimens to cure patients 
infected with M. tuberculosis and M. avium. Structural modifications 
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Introduction
Tuberculosis (TB) is a contagious and an often severe airborne 

disease caused by Mycobacterium tuberculosis (Mtb). TB typically 
affects the lungs and is usually treated with a regimen of drugs taken 
for 6 months to 2 years, depending on the type of infection.

In 2015, there were an estimated 480,000 new cases of Multidrug-
Resistant TB (MDR-TB) and an additional 100,000 people with 
Rifampicin-Resistant TB (RR-TB) who were also newly eligible for 
MDR-TB treatment. There were an estimated 1.4 million TB deaths 
in 2015, and an additional 0.4 million deaths resulting from TB 
disease among people living with HIV. Although the number of TB 
deaths fell by 22% between 2000 and 2015, TB remained one of the 
top 10 causes of death worldwide in 2015 [1].

Quinoline nucleus occurs in several natural compounds and 
synthetic derivatives displaying a broad range of biological activity, 
such as antimalarial, anti-bacterial, antifungal, antihelmintic, 
cardiotonic, anticonvulsant, anti-inflammatory, and analgesic activity 
[2]. Quinine, as a component of the bark of the cinchona (quina-
quina) tree, was used to treat malaria from as early as the 1600s in 
South America and was first isolated in 1820 in Europe [3]. The 
systematic modification of this alkaloid, which is a 4,6-substituted 
quinoline, led to diverse quinoline antimalarial drugs. The first 
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of FQ produced candidates as moxifloxacin (8) and analogs that are 
more efficacious than earlier FQ (Figure 2). Their bactericidal effects 
involve an interaction of the drugs with DNA-gyrase and DNA-
topoisomerase IV [7-10].

The quinoline ring was shown to confer anti-TB activity and 
confirms that quinoline-based scaffolds are promising leads for 
new TB drug developments [11]. Furthermore, ferrocene core is an 
attractive pharmacophore for drug design in the area of medicinal 
organometallic chemistry because of its unique properties such as 
stability, aromaticity, low toxicity and redox activity. In 2011 was 
reported the synthesis and antitubercular activity of a new series of 
derivatives where the ferrocene core is connected to heterocyclic 
moieties via a hydrazone linker. The quinoline-ferrocene hybrid 9 
showed potent activity in a concentration range comparable to the 
reference drug ethambutol. Based on these findings, was evaluated 
the antimycobacterial activity of Ferroquine (FQ, SSR97193, 10), 
a recognized antimalarial drug candidate because of its structural 
similarity to hybrid compound 9 (Figure 3). FQ also exhibited potent 
activity against M. tuberculosis, albeit its effect was more modest [12].

Bihalogenated 8-hydroxyquinolines (quinolin-8-ols) are a 
group of known drugs with antimicrobial activities. The commonly 
used ones include broxyquinoline, clioquinol, chlorquinaldol, and 

iodoquinol. The anti-tuberculosis activities of a monohalogenated 
8-hydroxyquinoline, cloxyquin (5-chloroquinolin-8-ol), against 
150 clinical M. tuberculosis isolates, including multidrug-resistant 
strains, were reported in 2007 [13]. Clioquinol (5-chloro-7-iodo-8-
hydoxyquinoline) was employed to prepare new Cu(II) complexes 
with anti-tuberculosis activity [14]. In recent years, drug repositioning 
has gained considerable attention in drug discovery and development 
[15].

Our research group reported the Friedländer synthesis of 
twelve new acridine derivatives and fused quinolines inspired 
in natural occurring antitubercular alkaloids and three terms 
exhibited inhibition activity against M. tuberculosis (Mtb) H37Rv. 
The cyclopenta[b]quinoline derivative 11 and the acridine derivative 
12 had remarkable MIC values against the rifampin resistant strain 
but only compound 11 exhibited bactericidal activity at 50 µg/mL 
(Figure 4) and its intracellular activity is similar to rifampin and it 
was not cytotoxic at low concentrations [16]. Moreover, a new series 
of polycyclic quinolines and acridine analogs have been synthesized 
and are under evaluation against M. tuberculosis (Mtb) H37Rv.

Bedaquiline, previously known as TMC207 (13), was developed by 
Johnson & Johnson pharmaceutical company. This Diarylquinoline 
(DARQ) was approved in 2012 by the United States FDA for the 
treatment of MDR-TB in adults. It acts by a novel mechanism by 
targeting proton pump of Adenosine Triphosphate (ATP) synthesis, 
leading to inadequate synthesis of ATP [17,18].
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Figure 1: Quinoline alkaloids isolated from Lunasiaamara and 
Zanthoxylumwutaiens.
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Figure 2: Synthetic fluoroquinolone derivatives.
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Figure 3: Quinoline-ferrocene hybrid 9 and Ferroquine (FQ).
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A quinoline moiety is its essential pharmacophoric feature and the 
bedaquiline performance inspired several authors for the design and 
synthesis of new drugs, as shown in (Figure 5). Several compounds 
showed MICs with low values. The most potent compounds 14 and 
15 exhibited MICs of 0.2 and 0.39 μg/mL, respectively [19].

The design concept of quinoline derivatives and the introduction 
of the ethambutol pharmacophore, a first line TB drug, in the 
expectation to improve its activity, possible by the incorporation of a 
different mode of action through a different target, led to the synthesis 
of substituted 4-amino-7-chloroquinolines which were active against 
M. tuberculosis [20]. At the same time, Chattopadhyaya et al. have 
divided DARQ molecule into four hemispheres and have synthesized 
new series of compounds based on North-East (NE) and South-East 
(SE) hemispheres and several 2,3,6-trisubstituted quinolines were 
found to be active. Docking calculations and analysis have shed light 
on their knowledge of pharmacophoric contribution from different 
hemispheres of DARQ and their importance [21,22].

More recently, taking in account 2-(quinolin-4-yloxy)acetamides 
described as potent in vitro inhibitors of Mycobacterium tuberculosis 
growth, new chemical modifications were carried out, yielding highly 
potent antitubercular agents with MIC values as low as 0.05 μM. In 
addition, the synthesized compounds 16 (Figure 6) showed potent 
and selective activity against drug-sensitive and drug-resistant Mtb 
strains as well as activity in a macrophage-infected model [23].

Conclusions
Natural occurring quinoline derivatives possess antitubercular 

activity. Several antimicrobial quinolones and antimalarial quinolines 
also demonstrated activity against M. tuberculosis. Bedaquiline, a 
diarylquinoline under clinical studies acts by a novel mechanism of 
action. Many authors inspired in bedaquiline have been preparing 
new series of quinoline derivatives which could exert their activity 
at the same target or not. The replacement of substituents or other 
functional groups attached at different regions of the DARQ led 
to promising candidates for the development of novel drugs for 
TB treatment. These results also encourage our research group 
to continue the developing of new quinoline derivatives as anti-
tuberculosis agents.
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