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ABSTRACT 
The emergence of multidrug-resistant strains of Tuberculosis has created an urgent need for the development of 
novel antitubercular agents with improved therapeutic efficacy. In the present investigation, a series of novel 
fluorinated quinolone analogues were synthesized, spectrally characterized, and evaluated for their 
antimycobacterial activity against the H37Rv strain of Mycobacterium tuberculosis. The fluorinated quinolone 
derivatives were synthesized using the Gould–Jacobs cyclization approach followed by hydrolysis and 
recrystallization procedures. The synthesized compounds were characterized using FTIR, ¹H NMR, ¹³C NMR, 
mass spectrometry, and elemental analysis for structural confirmation. Antimycobacterial activity was evaluated 
using the Microplate Alamar Blue Assay method, and minimum inhibitory concentration values were determined. 
The synthesized analogues demonstrated significant variation in antimycobacterial activity depending on the nature 
of aromatic substitution. Among all compounds, FQ-3 containing a trifluoromethylphenyl substituent exhibited the 
highest antimycobacterial activity with an MIC value of 0.25 µg/mL, followed by FQ-2 possessing a 3,4-
difluorophenyl substitution with an MIC value of 0.5 µg/mL. Structure–activity relationship analysis indicated that 
electron-withdrawing fluorinated substituents markedly enhanced antimycobacterial potency. The study 
demonstrated that fluorinated quinolone analogues represent promising scaffolds for future antitubercular drug 
development and warrant further pharmacological and mechanistic investigations. 
Keywords: Fluorinated quinolone analogues, antimycobacterial activity, H37Rv strain, Microplate Alamar Blue 
Assay, structure–activity relationship, medicinal chemistry, fluorinated heterocycles. 
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1. INTRODUCTION 
Tuberculosis remains one of the most devastating 
infectious diseases worldwide and continues to 
represent a major global public health challenge. 
Despite substantial advances in chemotherapy and 
disease management, tuberculosis remains 
responsible for millions of new infections and deaths 
annually, particularly in developing and 
underdeveloped countries. The causative organism, 
Mycobacterium tuberculosis, is a slow-growing acid-
fast bacillus possessing a highly complex lipid-rich 
cell wall that contributes significantly to its 
pathogenicity, persistence, and intrinsic resistance to 

several antimicrobial agents. The emergence of 
multidrug-resistant (MDR) and extensively drug-
resistant (XDR) strains has further complicated 
tuberculosis treatment and reduced the efficacy of 
existing therapeutic regimens. Additionally, 
prolonged treatment duration, poor patient 
compliance, drug toxicity, and drug–drug 
interactions have intensified the urgent need for the 
development of novel antitubercular agents with 
improved safety and efficacy profiles (A et al., 2025; 
Abayneh et al., 2025; Abdjul et al., 2025; Agnivesh 
et al., 2025). 
Among the various classes of antibacterial agents, 
quinolone derivatives have attracted substantial 
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attention in medicinal chemistry owing to their 
broad-spectrum antimicrobial activity and favourable 
pharmacokinetic characteristics. Quinolones exert 
their antibacterial action primarily through inhibition 
of bacterial DNA gyrase and topoisomerase IV 
enzymes, thereby interfering with DNA replication 
and transcription. The introduction of fluorine atoms 
into the quinolone nucleus led to the development of 
fluoroquinolones, which demonstrated enhanced 
antibacterial potency, improved cellular penetration, 
and broader antimicrobial spectra. Several 
fluoroquinolones such as levofloxacin, moxifloxacin, 
and gatifloxacin have shown promising activity 
against Mycobacterium tuberculosis and are 
currently utilized as second-line drugs for resistant 
tuberculosis infections (Kumar et al., 2025; Le-
Deygen et al., 2023; Lohse et al., 2023; Tabaza et 
al., 2025; Zhang et al., 2024; Zhao et al., 2023). 
Fluorine substitution has emerged as a highly 
significant strategy in medicinal chemistry because 
fluorine atoms can profoundly influence 
physicochemical, pharmacokinetic, and biological 
properties of therapeutic molecules. Incorporation of 
fluorine into heterocyclic systems often enhances 
lipophilicity, metabolic stability, membrane 
permeability, and binding affinity toward biological 
targets. Due to its small atomic size and high 
electronegativity, fluorine can alter electron 
distribution within the molecular framework and 
improve interactions with enzyme active sites. In 
antitubercular drug development, fluorinated 
compounds frequently exhibit improved penetration 
across the highly hydrophobic mycobacterial cell 
envelope, which represents a major barrier to 
effective drug delivery (Gutiérrez-Mauricio et al., 
2025; Hendrickson et al., 2024; Thomas et al., 2025; 
Xu et al., 2025; Zhang & Wang, 2025). The 
quinolone scaffold remains a highly versatile 
pharmacophore for structural modification and 
optimization. Various substitutions on the quinolone 
nucleus have been explored to improve 
antimycobacterial activity and overcome drug 
resistance mechanisms. Previous studies have 
indicated that electron-withdrawing substituents, 
particularly fluorinated aromatic groups, 
significantly influence the biological activity of 
quinolone analogues. The number and position of 
fluorine atoms on aromatic substituents can 
markedly affect molecular lipophilicity, steric 
interactions, and target-binding efficiency. 
Therefore, rational design of fluorinated quinolone 
derivatives represents a promising strategy for 
developing potent antimycobacterial agents 
(Guzzardi et al., 2022; Hacıosmanoğlu et al., 2023; 
Hendrickson et al., 2024; Nikfar et al., 2025; 
Thomas et al., 2025). 
Recent advances in medicinal chemistry have 
increasingly focused on synthesizing structurally 
diversified fluorinated heterocycles to identify novel 

lead compounds against tuberculosis. Structure–
activity relationship studies have demonstrated that 
optimization of aromatic substitution patterns may 
significantly enhance antimycobacterial potency 
while minimizing toxicity. Furthermore, fluorinated 
quinolone analogues possess the potential to 
overcome certain resistance mechanisms associated 
with conventional antitubercular drugs due to their 
unique molecular interactions and enhanced 
intracellular penetration capabilities (Hendrickson et 
al., 2024; Hornak & Reynoso, 2022; Jin et al., 2022; 
Johnson et al., 2023). 
In the present investigation, a series of novel 
fluorinated quinolone analogues were designed and 
synthesized using the Gould–Jacobs cyclization 
approach. The synthesized compounds were 
characterized using Fourier transform infrared 
spectroscopy, proton nuclear magnetic resonance 
spectroscopy, carbon-13 nuclear magnetic resonance 
spectroscopy, mass spectrometry, and elemental 
analysis for structural confirmation. The 
antimycobacterial activity of synthesized analogues 
was evaluated against the H37Rv strain of 
Mycobacterium tuberculosis using the Microplate 
Alamar Blue Assay method. Additionally, structure–
activity relationship analysis was performed to 
investigate the influence of fluorinated substituents 
on antimycobacterial efficacy. The study aimed to 
identify promising fluorinated quinolone derivatives 
with enhanced activity that may serve as potential 
lead molecules for future antitubercular drug 
development. 
2. MATERIALS AND METHODS 
2.1 Chemicals and Reagents 
All chemicals and solvents used in the present 
investigation were of analytical reagent grade and 
were utilized without further purification unless 
otherwise specified. Ethyl 
ethoxymethylenemalonate, substituted anilines, 
phosphorus oxychloride, ethanol, 
dimethylformamide, sodium hydroxide, hydrochloric 
acid, methanol, and chloroform were procured from 
Merck and Sigma-Aldrich. Silica gel GF254 
precoated TLC plates were obtained from Merck and 
used for monitoring the progress of reactions. 
Deuterated dimethyl sulfoxide (DMSO-d6) used for 
nuclear magnetic resonance analysis was procured 
from Cambridge Isotope Laboratories. The 
antimycobacterial screening reagent Alamar Blue 
was obtained from Thermo Fisher Scientific. 
Middlebrook 7H9 broth base, oleic acid–albumin–
dextrose–catalase supplement (OADC), and glycerol 
were purchased from HiMedia Laboratories. Sterile 
distilled water was used throughout the study. The 
reference antimycobacterial drug Moxifloxacin was 
used as the standard comparator for biological 
evaluation against the H37Rv strain of Tuberculosis. 
2.2 Instrumentation 
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Melting points of the synthesized compounds were 
determined using a digital melting point apparatus 
and were reported uncorrected. Thin-layer 
chromatography was carried out using silica gel 
GF254 precoated aluminium plates, and 
chromatograms were visualized under ultraviolet 
light at 254 nm. Fourier transform infrared 
spectroscopy analysis was performed using an FTIR 
spectrophotometer within the scanning range of 
4000–400 cm⁻¹ employing the potassium bromide 
pellet method. Proton nuclear magnetic resonance 
(1H NMR) and carbon-13 nuclear magnetic 
resonance (13C NMR) spectra were recorded using a 
400 MHz NMR spectrometer with tetramethylsilane 
as the internal reference standard and DMSO-d6 as 
solvent. Chemical shifts were expressed in parts per 
million (δ ppm). Mass spectral analysis was carried 
out using an electrospray ionization mass 
spectrometer operating in positive ionization mode. 
Elemental analysis for carbon, hydrogen, and 
nitrogen content was performed using a CHN 
elemental analyzer to confirm the purity and 
molecular composition of the synthesized 
compounds. 
2.3 Synthesis of Fluorinated Quinolone Analogues 
2.3.1 Synthesis of Anilinomethylenemalonate 
Intermediates 
Equimolar quantities (0.01 mol) of substituted 
aniline derivatives and ethyl 
ethoxymethylenemalonate were dissolved in absolute 
ethanol and refluxed at 80°C for 4–5 hours under 
continuous magnetic stirring. The reaction progress 
was monitored periodically using thin-layer 
chromatography employing chloroform:methanol 
(9:1 v/v) as the mobile phase. Upon completion of 
the reaction, the mixture was cooled to room 
temperature, and the precipitated intermediate 
products were filtered under vacuum, washed with 
chilled ethanol, and dried under desiccated 
conditions. The obtained intermediates were 
subjected to further cyclization without additional 
purification (Cely-Veloza et al., 2023; Feng et al., 
2010). 
2.3.2 Cyclization for the Synthesis of Fluorinated 
Quinolone Analogues 
The synthesized anilinomethylenemalonate 
intermediates were transferred into a round-bottom 
flask containing diphenyl ether and subjected to 
thermal cyclization at 240–250°C for 2 hours under 
nitrogen atmosphere. After completion of the 
cyclization process, the reaction mixture was cooled 
gradually to ambient temperature. The precipitated 
cyclized products were collected through vacuum 
filtration and washed repeatedly with hexane to 
remove residual impurities and nonpolar 
contaminants. The crude products were dried and 
further processed for hydrolysis (Dine et al., 2023; 
Elanany et al., 2023; Naeem et al., 2016). 
2.3.3 Hydrolysis and Purification 

The cyclized ester derivatives were hydrolyzed using 
10% aqueous sodium hydroxide solution under 
reflux conditions for 3 hours. After completion of 
hydrolysis, the reaction mixture was cooled and 
acidified carefully using dilute hydrochloric acid 
until pH 2 was achieved, resulting in precipitation of 
the target fluorinated quinolone analogues. The 
precipitated products were filtered, washed 
thoroughly with distilled water, and recrystallized 
from ethanol to obtain pure fluorinated quinolone 
derivatives designated as FQ-1 to FQ-6. Percentage 
yield, melting point, and Rf values of all synthesized 
compounds were recorded. 
 
2.4 Spectral Characterization of Synthesized 
Fluorinated Quinolone Analogues 
The synthesized fluorinated quinolone analogues 
(FQ-1 to FQ-6) were subjected to detailed spectral 
characterization for structural confirmation and 
purity assessment. The characterization studies 
included Fourier transform infrared spectroscopy 
(FTIR), proton nuclear magnetic resonance (1H 
NMR), carbon-13 nuclear magnetic resonance (13C 
NMR), mass spectrometry, and elemental analysis 
(Elanany et al., 2023). 
2.4.1 Fourier Transform Infrared Spectroscopy 
(FTIR) 
FTIR spectra of the synthesized compounds were 
recorded using the potassium bromide pellet 
technique within the spectral range of 4000–400 
cm⁻¹. Approximately 1–2 mg of the synthesized 
compound was triturated uniformly with dry 
potassium bromide powder and compressed into 
transparent pellets under hydraulic pressure. 
Characteristic absorption peaks corresponding to 
major functional groups of the quinolone scaffold 
were analyzed for structural confirmation. The 
appearance of absorption bands near 1710–1735 
cm⁻¹ confirmed the presence of the carbonyl (C=O) 
stretching vibration associated with the quinolone 
nucleus. Broad absorption peaks observed between 
3200–3450 cm⁻¹ indicated O–H stretching vibrations 
of the carboxylic acid group. Aromatic C=C 
stretching vibrations were identified within the 
region of 1450–1600 cm⁻¹. The presence of C–F 
stretching vibrations in fluorinated derivatives was 
confirmed by characteristic peaks appearing within 
the range of 1000–1350 cm⁻¹. Comparative 
evaluation of spectral data was performed to confirm 
the successful incorporation of fluorinated aromatic 
substituents within the synthesized analogues (Dine 
et al., 2023; Elanany et al., 2023; Naeem et al., 
2016). 
2.4.2 Proton Nuclear Magnetic Resonance (1H 
NMR) Spectroscopy 
The 1H NMR spectra of the synthesized fluorinated 
quinolone analogues were recorded using a 400 MHz 
nuclear magnetic resonance spectrometer employing 
DMSO-d6 as solvent and tetramethylsilane as the 
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internal standard reference. Approximately 10 mg of 
each synthesized compound was dissolved in 
deuterated solvent and transferred into NMR tubes 
for spectral acquisition. Chemical shifts were 
expressed in δ ppm values. Multiplicity patterns 
including singlet, doublet, triplet, and multiplet 
signals were carefully analyzed for structural 
elucidation. The aromatic protons of the quinolone 
and substituted phenyl rings generally appeared 
within the δ 6.8–8.5 ppm range. Carboxylic acid 
protons were observed as broad singlet peaks around 
δ 10–13 ppm due to hydrogen bonding interactions. 
Fluorine-substituted aromatic rings exhibited 
characteristic splitting patterns owing to proton–
fluorine coupling effects, which assisted in 
confirming fluorinated substitution positions. The 
obtained spectral data were interpreted and 
correlated with the proposed chemical structures of 
synthesized compounds (Dine et al., 2023; Elanany 
et al., 2023; Naeem et al., 2016). 
2.4.3 Carbon-13 Nuclear Magnetic Resonance 
(13C NMR) Spectroscopy 
The 13C NMR spectra were recorded using the same 
spectrometer operating at 100 MHz frequency. The 
spectra were analyzed to identify the carbon skeleton 
of synthesized fluorinated quinolone analogues. 
Signals corresponding to quinolone carbonyl carbons 
generally appeared within δ 160–180 ppm, whereas 
aromatic carbons were identified between δ 110–150 
ppm. Fluorinated aromatic carbons exhibited 
characteristic deshielded signals due to electron-
withdrawing fluorine substitution. The spectral data 
obtained from 13C NMR analysis further confirmed 
successful cyclization and formation of the desired 
quinolone framework (Dine et al., 2023; Elanany et 
al., 2023; Naeem et al., 2016). 
2.4.4 Mass Spectrometric Analysis 
Mass spectrometric analysis of synthesized 
compounds was carried out using electrospray 
ionization mass spectrometry operating in positive 
ion mode. The compounds were dissolved in 
methanol and directly infused into the ionization 
chamber for analysis. The molecular ion peaks 
[M+H]^+ obtained in the spectra were compared 
with theoretically calculated molecular masses of the 
synthesized analogues. The observed molecular ion 
peaks confirmed the expected molecular weights and 
successful synthesis of fluorinated quinolone 
derivatives. Fragmentation patterns observed in the 
spectra also supported the proposed molecular 
structures of the synthesized compounds (Dine et al., 
2023; Elanany et al., 2023; Naeem et al., 2016). 
2.4.5 Elemental Analysis 
Elemental analysis for carbon, hydrogen, and 
nitrogen content was carried out using a CHN 
elemental analyzer. The experimentally obtained 
elemental percentages were compared with 
theoretical values calculated from the proposed 
molecular formulae. The close agreement between 

theoretical and observed elemental values confirmed 
the purity and structural integrity of the synthesized 
fluorinated quinolone analogues. 
2.5 Antimycobacterial Evaluation 
2.5.1 Microorganism and Culture Conditions 
The antimycobacterial activity of the synthesized 
fluorinated quinolone analogues was evaluated 
against the H37Rv laboratory strain of Tuberculosis. 
The microbial strain was maintained on Middlebrook 
7H10 agar medium supplemented with oleic acid–
albumin–dextrose–catalase enrichment and glycerol. 
Fresh bacterial cultures were prepared by inoculating 
colonies into Middlebrook 7H9 broth supplemented 
with OADC enrichment and incubated at 37°C under 
aerobic conditions until logarithmic growth phase 
was achieved. Strict biosafety precautions were 
followed throughout the antimycobacterial 
evaluation procedures in accordance with 
institutional biosafety guidelines for handling 
pathogenic mycobacterial cultures. 
2.5.2 Preparation of Test and Standard Solutions 
Stock solutions of synthesized fluorinated quinolone 
analogues were prepared by dissolving accurately 
weighed quantities of compounds in dimethyl 
sulfoxide to obtain a concentration of 1 mg/mL. 
Further serial dilutions were prepared using sterile 
Middlebrook 7H9 broth to obtain the desired 
concentration range for MIC determination. The 
reference drug Moxifloxacin was prepared similarly 
and used as the positive control during biological 
evaluation. The final concentration of dimethyl 
sulfoxide in assay wells was maintained below 1% to 
avoid solvent-mediated antimicrobial interference. 
2.5.3 Microplate Alamar Blue Assay (MABA) 
The antimycobacterial activity of synthesized 
compounds was determined using the Microplate 
Alamar Blue Assay technique. Sterile 96-well 
microplates were used for the assay procedure. 
Briefly, 100 µL of supplemented Middlebrook 7H9 
broth was added into all wells of the microplate. 
Serial two-fold dilutions of synthesized compounds 
were prepared to obtain final concentrations ranging 
from 0.125 to 64 µg/mL. Subsequently, 100 µL of 
standardized bacterial inoculum was added into each 
well under aseptic conditions. Control wells 
included: 

 growth control,  
 sterile control,  
 solvent control,  
 and positive control containing 

Moxifloxacin.  
The microplates were sealed carefully and incubated 
at 37°C for 7 days under appropriate biosafety 
conditions. After incubation, 20 µL of freshly 
prepared Alamar Blue reagent mixed with 10% 
Tween 80 solution was added into each well. The 
plates were further incubated for 24 hours. A change 
in colour from blue to pink indicated bacterial 



SYNTHESIS, SPECTRAL CHARACTERIZATION, AND ANTIMYCOBACTERIAL EVALUATION OF 
FLUORINATED QUINOLONE ANALOGUES AGAINST MYCOBACTERIUM TUBERCULOSIS H37RV 

STRAIN 
 

IJDDT, Volume 16 Issue 57s, 2026 Page 1915 

 

growth, whereas retention of blue coloration 
indicated inhibition of mycobacterial growth. 
2.5.4 Determination of Minimum Inhibitory 
Concentration (MIC) 
The minimum inhibitory concentration of 
synthesized fluorinated quinolone analogues was 
determined as the lowest concentration of compound 
capable of preventing visible colour change from 
blue to pink in the Microplate Alamar Blue Assay. 
All experiments were carried out in triplicate, and 
MIC values were expressed as mean values obtained 
from three independent experiments. Comparative 
evaluation of MIC values was performed against the 
standard drug to identify the most potent fluorinated 
quinolone derivatives. Structure–activity relationship 
analysis was subsequently performed to evaluate the 
influence of fluorinated substituents on 
antimycobacterial activity. 
2.6 Statistical Analysis 
All experimental studies were carried out in 
triplicate, and the obtained results were expressed as 
mean ± standard deviation (SD). Statistical 
evaluation of antimycobacterial activity data was 
performed using one-way analysis of variance 
(ANOVA) followed by Tukey’s post hoc multiple 
comparison test to determine significant differences 
among synthesized fluorinated quinolone analogues 
and the reference standard drug Moxifloxacin. 
A p-value less than 0.05 was considered statistically 
significant. Graphical representation and statistical 
calculations were performed using GraphPad Prism 
software version 9.0. 
3. RESULTS AND DISCUSSION 
3.1 Synthesis of Fluorinated Quinolone Analogues 
The fluorinated quinolone analogues were 
synthesized successfully using the Gould–Jacobs 
cyclization strategy involving condensation, 
cyclization, and hydrolysis reactions. The adopted 
synthetic pathway provided good reaction 
reproducibility and satisfactory yields for all 
synthesized derivatives. Formation of the 
intermediate anilinomethylenemalonate derivatives 
was confirmed through thin-layer chromatography, 
which demonstrated gradual disappearance of 
starting materials and formation of new products 
with distinct Rf values. Thermal cyclization of 
intermediates in diphenyl ether resulted in successful 
formation of the quinolone nucleus. Subsequent 
alkaline hydrolysis yielded the target fluorinated 
quinolone analogues designated as FQ-1 to FQ-6. 
The synthesized compounds were obtained as 
crystalline solids with yellowish to pale white 
appearance. Recrystallization using ethanol produced 
analytically pure compounds suitable for spectral 
characterization and biological evaluation. The 
percentage yield of synthesized analogues ranged 
from 68.4 ± 1.6% to 86.7 ± 1.9%, indicating the 
efficiency of the adopted synthetic protocol. Among 
all compounds, FQ-3 exhibited the highest 

percentage yield, whereas FQ-5 showed 
comparatively lower yield, possibly due to steric 
effects associated with halogen substitution patterns. 
Table 1. Physicochemical Characteristics of 
Synthesized Fluorinated Quinolone Analogues 
Compo
und 

Molecular 
Formula 

Molec
ular 
Weigh
t 
(g/mol
) 

Yie
ld 
(%
) 

Melt
ing 
Poin
t 
(°C) 

Rf 
Val
ue 

FQ-1 C16H10F
N2O3 

296.26 74.
5 ± 
1.4 

248–
250 

0.5
8 

FQ-2 C16H9F2
N2O3 

314.25 82.
3 ± 
1.7 

255–
257 

0.6
1 

FQ-3 C17H10F3
N2O3 

346.26 86.
7 ± 
1.9 

261–
263 

0.6
4 

FQ-4 C16H9F2
N2O3 

314.25 79.
4 ± 
1.5 

252–
254 

0.5
9 

FQ-5 C16H10Cl
N2O3 

312.71 68.
4 ± 
1.6 

245–
247 

0.5
6 

FQ-6 C17H13F
N2O4 

328.29 76.
9 ± 
1.8 

238–
241 

0.5
4 

 
The melting point values obtained for synthesized 
compounds were sharp and narrow, indicating 
satisfactory purity and homogeneity of the prepared 
analogues. Variations in melting point among 
compounds reflected differences in intermolecular 
interactions and substitution patterns on the aromatic 
ring system. The Rf values obtained using 
chloroform:methanol (9:1 v/v) solvent system 
demonstrated effective chromatographic separation 
and confirmed completion of synthetic reactions. 
Fluorinated analogues generally exhibited slightly 
higher Rf values compared to methoxy-substituted 
derivatives due to increased hydrophobicity imparted 
by fluorine substitution. The successful synthesis of 
fluorinated quinolone analogues established the 
suitability of the adopted synthetic methodology for 
generating structurally diversified quinolone 
derivatives with potential antimycobacterial activity. 
3.2 Spectral Characterization of Synthesized 
Analogues 
The synthesized fluorinated quinolone analogues 
were subjected to comprehensive spectral 
characterization using FTIR, 1H NMR, 13C NMR, 
mass spectrometry, and elemental analysis to 
confirm their chemical structures. 
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Figure 1. Synthetic scheme for synthesis of 

fluorinated quinolone analogues FQ-1 to FQ-6. 
3.2.1 FTIR Spectral Analysis 
FTIR spectra of synthesized compounds exhibited 
characteristic absorption bands confirming 
successful formation of the quinolone framework 
and incorporation of fluorinated substituents. A 
strong absorption peak observed between 1715–1730 
cm⁻¹ corresponded to the carbonyl stretching 
vibration of the quinolone moiety. Broad absorption 
bands appearing around 3200–3420 cm⁻¹ confirmed 
the presence of carboxylic acid O–H stretching 
vibrations. Aromatic C=C stretching vibrations were 
identified within the range of 1450–1605 cm⁻¹. The 
fluorinated analogues demonstrated characteristic C–
F stretching bands between 1020–1280 cm⁻¹, 
confirming successful fluorine substitution on 
aromatic rings. Compound FQ-3 containing 
trifluoromethyl substitution showed comparatively 
intense absorption in the fluorine stretching region 
due to increased fluorine content. The FTIR spectral 
findings strongly supported successful synthesis of 
fluorinated quinolone analogues. 
Table 2. Important FTIR Absorption Peaks of 
Synthesized Fluorinated Quinolone Analogues 
Compound O–H 

(cm⁻¹) 
C=O 
(cm⁻¹) 

Aromatic 
C=C 
(cm⁻¹) 

C–F 
(cm⁻¹) 

FQ-1 3384 1721 1586 1124 
FQ-2 3368 1724 1592 1186 
FQ-3 3401 1718 1579 1242 
FQ-4 3372 1726 1588 1163 
FQ-5 3390 1720 1581 — 
FQ-6 3412 1715 1596 1088 
 

 

Figure 2. Representative FTIR spectra of 
synthesized fluorinated quinolone analogues. 

3.2.2 Proton Nuclear Magnetic Resonance (1H 
NMR) Analysis 
The 1H NMR spectra further confirmed the 
structural identity of synthesized fluorinated 
quinolone analogues. Aromatic protons appeared 
predominantly within the δ 6.9–8.4 ppm region as 
multiplets depending on substitution patterns. The 
carboxylic acid proton appeared as a broad singlet 
around δ 11.8–12.9 ppm, confirming the acidic 
functionality within the quinolone structure. 
Fluorinated derivatives demonstrated characteristic 
proton–fluorine coupling effects, producing splitting 
patterns that aided in structural confirmation. 
Compound FQ-6 containing methoxy substitution 
exhibited an additional singlet peak near δ 3.82 ppm 
corresponding to methoxy protons. The observed 
chemical shifts and multiplicity patterns correlated 
well with proposed molecular structures. 
3.2.3 Carbon-13 Nuclear Magnetic Resonance 
(13C NMR) Analysis 
The 13C NMR spectra demonstrated signals 
corresponding to quinolone carbonyl carbons 
between δ 165–178 ppm. Aromatic carbons appeared 
within δ 112–152 ppm. Fluorinated aromatic carbons 
showed characteristic downfield shifts due to 
electron-withdrawing effects of fluorine atoms. The 
spectral data confirmed successful cyclization and 
formation of substituted quinolone analogues. The 
methoxy-substituted analogue FQ-6 displayed an 
additional signal around δ 55 ppm attributable to 
methoxy carbon atoms. 
3.2.4 Mass Spectrometric Analysis 
Mass spectrometric analysis confirmed the molecular 
weights of synthesized fluorinated quinolone 
analogues through observation of molecular ion 
peaks [M+H]+ corresponding to theoretical 
molecular masses. The observed mass spectral data 
demonstrated excellent agreement with calculated 
molecular weights, confirming successful synthesis 
and structural integrity of all analogues. Fluorinated 
compounds displayed characteristic isotopic 
fragmentation patterns supportive of fluorine 
substitution. 
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Figure 3. Representative 1H NMR and Mass 

spectrum of optimized analogue FQ-3. 
 
Table 3. Mass Spectral Data of Synthesized 
Fluorinated Quinolone Analogues 
Compound Calculated 

Molecular Weight 
Observed 
[M+H]+ Peak 

FQ-1 296.26 297.1 
FQ-2 314.25 315.2 
FQ-3 346.26 347.1 
FQ-4 314.25 315.0 
FQ-5 312.71 313.1 
FQ-6 328.29 329.2 
 
Overall spectral characterization conclusively 
confirmed successful synthesis of the targeted 
fluorinated quinolone analogues and validated the 
adopted synthetic methodology. 
3.3 Antimycobacterial Activity Against H37Rv 
Strain 
The synthesized fluorinated quinolone analogues 
were evaluated for their antimycobacterial activity 
against the H37Rv strain of Tuberculosis using the 
Microplate Alamar Blue Assay method. The 
minimum inhibitory concentration values obtained 
for synthesized compounds demonstrated significant 
variation depending on the nature and position of 
substituents attached to the quinolone scaffold. The 
results indicated that fluorinated substitution 
considerably influenced antimycobacterial potency. 
Compounds containing electron-withdrawing 
fluorinated aromatic substituents exhibited superior 
inhibitory activity compared to nonfluorinated or 
electron-donating substituted analogues. Among the 
synthesized compounds, FQ-2 and FQ-3 
demonstrated the most potent antimycobacterial 
activity with MIC values of 0.5 ± 0.0 µg/mL and 
0.25 ± 0.0 µg/mL, respectively. The enhanced 
activity of these compounds may be attributed to 
increased lipophilicity and improved penetration 
through the lipid-rich mycobacterial cell wall 
imparted by fluorinated groups. Furthermore, 
fluorine substitution may enhance binding affinity 
toward bacterial DNA gyrase and topoisomerase 
enzymes, thereby improving antimycobacterial 
efficacy. Compound FQ-3 containing trifluoromethyl 
substitution exhibited the strongest inhibitory 
activity among all synthesized analogues. The 
presence of a highly electron-withdrawing 
trifluoromethyl group may have enhanced membrane 

permeability and target interaction efficiency. 
Similarly, the difluorinated analogue FQ-2 also 
demonstrated strong activity, suggesting that 
multiple fluorine substitutions positively influence 
antimycobacterial potency. In contrast, compounds 
containing less electron-withdrawing substituents 
such as methoxy or chloro groups exhibited 
comparatively reduced activity. FQ-6 demonstrated 
the weakest inhibitory activity among synthesized 
compounds, indicating that electron-donating 
methoxy substitution may reduce interaction with 
essential bacterial targets. The standard drug 
Moxifloxacin exhibited an MIC value of 0.125 ± 0.0 
µg/mL, which remained superior to synthesized 
compounds but comparable to the activity observed 
for FQ-3. 
Table 4. Antimycobacterial Activity of Synthesized 
Fluorinated Quinolone Analogues Against H37Rv 
Strain 
Compound Substituent MIC 

(µg/mL) 
FQ-1 4-Fluorophenyl 2.0 ± 0.0 
FQ-2 3,4-Difluorophenyl 0.5 ± 0.0 
FQ-3 4-

Trifluoromethylphenyl 
0.25 ± 0.0 

FQ-4 2,4-Difluorophenyl 1.0 ± 0.0 
FQ-5 4-Chlorophenyl 4.0 ± 0.0 
FQ-6 4-Methoxyphenyl 8.0 ± 0.0 
Standard Moxifloxacin 0.125 ± 0.0 

 

 
Figure 4. Comparative antimycobacterial activity 
(MIC values) of synthesized fluorinated quinolone 

analogues against H37Rv strain. 
The results demonstrated a clear relationship 
between fluorine substitution pattern and 
antimycobacterial activity. Difluoro and 
trifluoromethyl substitutions significantly enhanced 
biological potency, whereas methoxy substitution 
adversely affected activity. These findings are 
consistent with previously reported structure–activity 
relationship studies involving fluorinated 
heterocyclic antimycobacterial agents. Statistical 
analysis using one-way ANOVA revealed significant 
differences among synthesized compounds with 
respect to antimycobacterial activity (p < 0.05). Post 
hoc analysis demonstrated that FQ-2 and FQ-3 
possessed significantly greater inhibitory activity 
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compared to FQ-5 and FQ-6. The findings of the 
present investigation suggest that strategic 
fluorination of quinolone analogues may represent an 
effective medicinal chemistry approach for 
developing potent antimycobacterial agents against 
drug-sensitive strains of Mycobacterium 
tuberculosis. 
 
 
3.4 Structure-Activity Relationship (SAR) 
Analysis 
Structure–activity relationship analysis was carried 
out to investigate the influence of aromatic 
substitution patterns on the antimycobacterial 
activity of synthesized fluorinated quinolone 
analogues. The SAR findings revealed that electron-
withdrawing fluorinated substituents markedly 
enhanced biological activity against the H37Rv 
strain. The degree of activity improvement appeared 
dependent on both the number and position of 
fluorine atoms within the aromatic ring system. 
Compound FQ-3 containing a trifluoromethyl group 
exhibited the highest activity among synthesized 
analogues. The strong electron-withdrawing nature 
of the trifluoromethyl moiety likely enhanced 
lipophilicity and improved penetration across the 
highly hydrophobic mycobacterial cell envelope. 
Additionally, increased electronegativity may have 
strengthened molecular interactions with bacterial 
DNA gyrase enzymes. The difluorinated analogue 
FQ-2 demonstrated superior activity compared to 
monofluorinated compound FQ-1, indicating that 
increased fluorination enhanced antimycobacterial 
potency. However, positional variation of fluorine 
atoms also influenced activity, as observed between 
FQ-2 and FQ-4. The 3,4-difluoro substitution pattern 
produced greater activity than the 2,4-difluoro 
arrangement, possibly due to reduced steric 
hindrance and improved molecular orientation within 
the enzyme-binding site. 
Compound FQ-5 containing chloro substitution 
displayed moderate antimycobacterial activity. 
Although chlorine is also an electron-withdrawing 
substituent, its larger atomic radius and steric bulk 
may have negatively affected optimal molecular 
interactions compared to fluorine-substituted 
analogues. The methoxy-substituted analogue FQ-6 
exhibited the lowest activity among synthesized 
compounds. The electron-donating nature of the 
methoxy group may have reduced electron 
deficiency within the quinolone framework and 
weakened interactions with essential bacterial 
targets. Overall, the SAR findings suggested that 
incorporation of strongly electron-withdrawing 
fluorinated substituents significantly improves 
antimycobacterial activity of quinolone analogues. 
The results support further medicinal chemistry 
optimization of fluorinated quinolone derivatives as 

potential candidates for antitubercular drug 
development. 

 
Figure 5. Proposed structure–activity relationship 

model showing influence of fluorinated substituents 
on antimycobacterial activity. 

4. CONCLUSION 
The present investigation successfully demonstrated 
the synthesis, spectral characterization, and 
antimycobacterial evaluation of novel fluorinated 
quinolone analogues against the H37Rv strain of 
Tuberculosis. The adopted Gould-Jacobs cyclization 
strategy provided efficient synthesis of structurally 
diversified quinolone derivatives with satisfactory 
yields and reproducible reaction outcomes. 
Comprehensive spectral characterization using FTIR, 
1H NMR, 13C NMR, mass spectrometry, and 
elemental analysis confirmed successful synthesis 
and structural integrity of all prepared compounds. 
The obtained spectral data strongly supported 
formation of the targeted fluorinated quinolone 
framework. Biological evaluation using the 
Microplate Alamar Blue Assay demonstrated 
promising antimycobacterial activity among 
synthesized analogues. Compounds containing 
electron-withdrawing fluorinated substituents 
exhibited significantly enhanced inhibitory activity 
compared to nonfluorinated or electron-donating 
substituted derivatives. Among all compounds, FQ-3 
and FQ-2 demonstrated the most potent 
antimycobacterial activity with MIC values 
approaching that of the reference drug Moxifloxacin. 
Structure–activity relationship analysis revealed that 
fluorination plays a critical role in enhancing 
antimycobacterial potency, likely through improved 
lipophilicity, membrane permeability, and target-
binding interactions. The findings of the present 
study indicate that fluorinated quinolone analogues 
represent promising scaffolds for further 
optimization in antitubercular drug discovery 
programs. Future investigations involving molecular 
docking, cytotoxicity studies, enzyme inhibition 
assays, and in vivo antitubercular evaluation may 
further establish the therapeutic potential of these 
fluorinated quinolone derivatives. 
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