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ABSTRACT

Chalcones are versatile scaffolds in medicinal chemistry, owing to their reactive o,p-unsaturated carbonyl group and
potential to form diverse nitrogen-containing heterocycles with significant pharmacological properties. In this study, thirty
novel derivatives including indazolopyridines, cyanopyridines, and triazolopyridines—were synthesized from ten 2-
acetylpyridine-based chalcones and evaluated for their anti-tubercular potential. The transformation of chalcones into these
heterocycles involved nucleophilic cyclization followed by aromatization, exploiting the electrophilic B-carbon of the
enone system. Molecular docking studies demonstrated favorable interactions with DprEl, a critical enzyme in
Mycobacterium tuberculosis cell wall biosynthesis, indicating potential inhibitory efficacy. In silico ADME analysis
confirmed drug-like properties, including high gastrointestinal absorption, solubility, and Lipinski compliance. Structural
characterization was achieved through IR, '"H NMR, *C NMR, and mass spectrometry. Luciferase reporter assay revealed
potent antitubercular activity of several pyridine derivatives, notably 17, I8, P1, and C8, exhibiting over 95% inhibition
against M. tuberculosis H37Rv. SAR analysis indicated that conjugated, donor—acceptor-rich scaffolds with strong
luminescence also enhanced target affinity, suggesting promising theranostic potential..
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INTRODUCTION

According to the most recent WHO report on tuberculosis
(TB) cases, TB has surpassed HIV/AIDS as the greatest
infectious disease-related cause of death, indicating that it
continues to pose an alarming situation to world health
[1,2]. As per the recent studies, 1.25 million people died
from tuberculosis in 2023 alone, and 10.8 million cases
were reported globally  (https://www.who.int/news-
room/fact-sheets/detail/tuberculosis). Rather than a real
increase in transmission, the backlog of undiagnosed cases
and enhanced post-pandemic diagnostic skills are primarily
responsible for the rise in TB incidence [3]. Among various
strains of Mycobacterium tuberculosis (Mtb), extensively
drug-resistant (XDR) and multidrug-resistant (MDR)
strains significantly reduce the effectiveness of current
treatment approaches [4,5]. Drug-sensitive TB (DS-TB)
cases have responded well to the conventional first-line
treatment, which consists of rifampicin (RIF), isoniazid
(INH), pyrazinamide (PZA), and ethambutol (EMB).
However, chronic, XDR, and MDR TB cases are more
complicated, and less proven and new medications like
Bedaquiline (BDQ), fluoroquinolones, and linezolid are
needed to treat MDR-TB and rifampicin-resistant TB
(MDR/RR-TB). The development of completely drug-

resistant TB (TDR-TB), which is resistant to every
medication currently on the market, emphasizes the critical
need for innovative treatment approaches. By rationally
designing and developing novel anti-TB drugs with
enhanced efficacy, decreased toxicity, and decreased
resistance plays a crucial role in tackling these issues.
Enzyme targeting drug discovery is an advanced approach
which modulates the crucial activities of biological
processes of Mycobacterium strains. DprE1 known as
decaprenyl phosphoryl-B-d-ribose-2!-epimerase, is a
critical flavoenzyme in Mtb that plays a vital role in cell
wall biosynthesis by catalyzing a key step in the production
of arabinolactan and lipoarabinomannan. Inhibition of
DprEl enzyme may remain as a new strategy to discover
novel antitubercular drugs.

Chalcones are naturally occurring bioactive compounds
with various biological activities. Chalcones are necessary
building blocks for the synthesis of semisynthetic and
synthetic flavonoids and other heterocyclic compounds [6—
8]. Chalcones have been found to possess potent
antitubercular activity when they are cyclized. They have
known to Inhibit InhA, a crucial enzyme in the fatty acid
production pathway that produces mycolic acids [9,10].
Chalcones cause disruption of bacterial cell wall integrity
which leads to death of Mycobacterium species.
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Indazolo pyridines derivatives of chalcones have shown a
great deal of biological activity, such as antibacterial and
antitubercular qualities, which makes them appealing
candidates for additional medicinal chemistry research [11].
Because of their improved lipophilicity, bioavailability and
binding affinities, cyanopyridines of chalcones are also a
good choice for the development of anti-TB medications.
The therapeutic potential of cyanopyridines has been
further enhanced by hybrid compounds that combine them
with different pharmacophores and exhibit synergistic
effects. Triazole based compounds have drawn interest
because of their resistance to enzymatic degradation and
metabolic stability. 1,2,4-triazoles help to improve
hydrogen bonding interactions with active site residues and
increases potency, bioavailability and target binding. These
substances interfere with the biosynthesis of bacterial cell
wall and energy metabolism of Mycobacterium strains by
inhibiting important mycobacterial enzymes such as ATP
synthase, mycolic acid synthase, and enoyl-ACP reductase
[12-14].

The present study emphasizes in silico drug design,
molecular docking with DprEl and evaluation of anti TB
activity against resistant strain of Mtb H37Rv of newly
synthesized chalcones and their cyclized derivatives such as
indazolo pyridines, cyanopyridines, and triazolopyridines.

Materials and Methods

ACD/ChemSketch software was used to draw the structures
of the designed molecules. Molecular docking studies were
performed using Schrodinger Glide software. Molecular
properties such as log P, solubility, total polar surface arca
(TPSA), hydrogen bond acceptors (HBA), hydrogen bond
donors (HBD), rotatable bonds (RB), Solubility (LogS),
Lipinski rule violations, and synthetic accessibility were
calculated using the SwissADME online drug design
software. Melting points were determined using a capillary
melting point apparatus. Infrared spectra (v/cm) were
recorded on a Bruker Alpha fourier-transform infrared
spectroscopy. 'H NMR spectra were recorded in the
specified solvent on a Bruker AMX 400 MHz
spectrophotometer, with TMS as an internal standard. Mass
spectra were obtained using a Hewlett-Packard 5988
spectrophotometer. All chemicals used in this study were
procured from Sigma-Aldrich.

Virtual screening studies

Preparation of the macromolecule

The x-ray crystal structure of Mycobacterium tuberculosis
DprEl in complex with CT319 (PDB code: 4FDO), belongs
to oxidoreductase classification with 2.40A° resolution
obtained from Mycobacterium tuberculosis. This protein

composed of chain A (oxidoreductase DprEl) with 481
amino acid residues without mutations, and co-crystal FAD,
and 0T5 molecules. This protein imported into maestro
workplace, pre-processed, optimized, and minimized by
using the OPLS4 force field with default parameters [15].

Ligand preparation

The 2D chemical structures of molecules drawn in
ACD/Chemsketch software and loaded into the Maestro
workspace in .MOL format. Ligands underwent meticulous
preparation for subsequent docking studies using Ligprep in
Maestro. The Ligprep protocol involved energy
minimization employing the OPLS 4 force field, with
default settings applied for ionization states (considering
possible states at the target pH of 7.0+2.0 using Epik),
desalting, and retention of specified chiralities.

Molecular docking studies

The ligand docking Glide module was chosen from the
Maestro tasks for conducting comprehensive docking
studies of ligands [16,17]. Initially, the glide grid zip file
and ligand outmaegz zip files were imported from the
working directory. Subsequently, in the settings tab, the
standard precision (SP) descriptor was selected to execute
ligand docking, employing default parameters such as
scaling of van der Waals radii (scaling factor: 0.80), partial
charge cutoff (0.15), inclusion of Epik state penalties in the
docking score, sampling of nitrogen inversions, sampling of
ring conformations, and limiting the output to at most 1
pose per ligand (with a provision for up to 10 poses). The
ligand docking outcomes were organized and indexed based
on their interactions with amino acid residues within the
binding pocket, with the ranking determined by the
minimum binding energy to the maximum.

QSAR studies

QSAR is a mathematical relationship in the form of an
equation between the biological activity and measurable
physiochemical parameters [I18]. QSAR’s general
mathematical form is represented by the following
equation.

Biological Activity log (1/C) = f (Physicochemical
Property)

To build a QSAR equation the following standard drugs
ICs0 values mentioned in the Table 1 were taken and these
ICs0 values are converted into pICso by using the formula 6-
LOG(ICs0). LogP, MR, TPSA, HBA, HBD, and RB
physicochemical properties were used to build a QSAR
equation. The various trials were tried by MLR model to get
good QSAR equation by using BuildQSAR software.

Table 1. ICso, pICso, and selected physicochemical descriptors of anti-tubercular drugs used for QSAR model

development.
Name I1C50 pIC50 LogP | MR TPSA | HBA | HBD | RB
Rifampin 1.9 5.721246 | 3.05 | 234.22 | 220.15 | 14 6 5
Ethambutol | 57.6 4239578 | 0.6 58.11 | 64.52 4 4 9

IJDDT, Volume 16 Issue 10s, 2026

Page: 693



Design, Synthesis, and Biological Evaluation of Luminescent Chalcone-based novel Pyridine derivatives Targeting
DprE1l enzyme against H37Rv strain of Mycobacterium Tuberculosis..

Rifabutin 354 4450997 | 3.65 | 244.97 | 209.04 | 14 5 5
PAS 72.6 4.139063 | 0.43 | 39.83 | 83.55 3 3 1
Rifapentine | 26.7 4.573489 | 4.06 | 251.34 | 220.15 | 14 6 6
Isoniazid 0.12 6.921 035 |35.13 | 68.01 3 2 2

In silico ADME Studies

In silico online data base Swiss ADME tool was used to get
ADME properties like log P, molar refractivity, TPSA,
HBA, HBD, RB, GI absorption, BBB permeability, log Kp,
solubility, synthetic accessibility, etc. by providing
synthesized molecular structures in SMILES notation.
General procedure for the synthesis of chalcones (Ci-
Cu)

Equimolar (0.005M) quantities of different aldehydes
(3,4,5-trimethoxy benzaldehyde, 2-nitro benzaldehyde,
pyridine-2-carbaldehyde, 2-methoxy benzaldehyde, 2-
hydroxy-3-methoxy benzaldehyde, anthracene-9-
carbaldehyde, naphthalene-2-carbaldehyde, piperazine-2-
carbaldehyde, furan-2-carbaldehyde, and pyrrole-2-
carbaldehyde) and 2-acetyl pyridine were taken in different
tubes of parallel synthesizer (12 station). To this mixture in
all tubes Iml of methanol was added to ensure the
solubility. Then 0.5ml of 10% KOH solution (not exceeding
0.001M) was added and stirred with a glass rod until it gets
clear solution. The obtained mixture of all test tubes were
tested for alkalinity and heated in parallel synthesizer for 2-
3 hours at 60°C. Then the solutions are cooled, the obtained
mixtures were dried and recrystallized from ethanol. The
completion of the reaction of all products were monitored
by TLC by using ethyl acetate: n-hexane (7:3) as mobile
phase [19,20].

General procedure for synthesis of indazolopyridines
(I1-I10)

0.0025M of chalcones (C'-Cio) were taken in 10 parallel
synthesizer tubes, 1-2 drops of acetone were added to all
tubes to dissolve the chalcone, a mixture of 0.3265g of

K2COs; and 0.0025M of hydrazine hydrate was added then
stirred to get a clear solution. Then this mixture was stirred
about 1-2hrs at 50°C. Then reaction mixtures were cooled
then 0.002 M of ethyl acetoacetate was added to all tubes
then stirred at room temperature about lhr. The solid
obtained cooled in ice cold water then purified by
recrystallized from ethanol. Purity of the compounds was
assessed by TLC using toluene and n-hexane (1:1) as
mobile phasen [21,22].

General procedure for synthesis of triazolo pyridines
(T1-Tho):

An equimolar (0.0025M) mixture of chalcones (C1-Cio) and
sodium azide were taken in individual parallel synthesizer
tubes. These mixtures were dissolved using 1-2 drops of
methanol.0.0025 M of cupric oxide was added to all tubes
as a catalyst then stirred well for 2-3 hrs. The obtained
solids were dried and recrystallized from methanol. The
completion of the reaction was monitored by TLC using
ethyl acetate: n-hexane (1:1) as mobile phase [23,24].
General procedure for synthesis of cyanopyridines
derivatives (P1-P1o):

0.0025 M of chalcones (Ci-Cio) and 0.0025 M of
malononitrile were taken in ten different parallel
synthesizer tubes. To these tubes 0.0025 M of ammonium
acetate was added and stirred well with a magnetic stirrer
for about 3-4hrs. The obtained solids were dried and
recrystallized with methanol. The completion of the
reaction was monitored by TLC using toluene: n-hexane
(6:4) as mobile phase [25].
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Antitubercular screening

Luciferase Reporter Phage (LRP) Assay

The Luciferase Reporter Phage test detects live Mtb by
measuring bioluminescence generated from luciferase-
expressing bacteriophages. Light emission occurs only in
metabolically active cells, allowing differentiation between
drug-sensitive (no light) and drug-resistant (light-
producing) strains. In a modified LRP assay, synthesized
indazoles, triazolo pyridines and cyanopyridines (100
pg/mL) were tested in G7H9 broth with M. tuberculosis
H37Rv. DMSO (1%) was used as a control, and samples
were incubated at 37°C for 72 hours. After adding CaCl.
and mycobacteriophage phAETRC202, luminescence was
measured as post-incubation with D-luciferin. The
percentage RLU decrease was calculated, and compounds
that reduced RLU by >50% were considered active against
drug-resistant M. tuberculosis [26].

Results and Discussions

Molecular Docking studies

Docking score of the designed molecules with active site of
the enzyme DprE1 which is essential for cell wall synthesis
180

observed in screening by Schrodinger Glide software
represented in Table 2. After protein preparation, the
binding site was selected by making grid surrounding
cocrystal 0T5. The resulting grid coordinates were
determined as follows: X = 38.43, Y = 12.82, Z = 12.35,
with grid dimensions of 30 A° x 30 A° x 30 A°. The
structural quality of the 4FDO protein was evaluated using
a Ramachandran plot to assess the backbone dihedral angles
(¢ and ) of its amino acid residues. As shown in Figure 1,
the majority of residues were located in the most favored
regions, indicating that the protein adopts a stable and stereo
chemically reliable conformation. Only a small fraction of
residues appeared in the additionally allowed or generously
allowed regions, while very few, if any, were in disallowed
regions. This distribution suggests that the 4FDO protein
structure is geometrically sound and suitable for
downstream computational analyses, such as molecular
docking and molecular dynamics simulations. The high
proportion of residues in the favored regions reflects proper
folding and minimal steric clashes within the protein
backbone, which is critical for maintaining the structural
integrity of the active site and ensuring accurate predictions
of ligand-binding interactions

150
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Figure 1. Ramachandran plot of the 4FDO protein structure showing the distribution of backbone dihedral angles
(@, v)-
Table 2. Docking scores, Glide energies, and key binding interactions of compounds with the DprEl enzyme.
Docking score Glide energy .

Compound Code (kcal/mol) (kcal/mol) Interactions
Cocrystal 57339440 -8.04 -45.76 LYS418
Is -7.90 -50.37 HIS132, LYS418
L -7.84 -53.56 HIS132,LYS418
Cs -7.51 -39.74 ALAS3
Ce -7.45 -46.99 ASN385, LYS418
I -7.42 -46.11 TYR60, HIS132, LYS418
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Is -7.38 -48.29 ASN385, LYS418

L4 -7.33 -44.49 TRP16, HIS132, LYS418
Cio -7.29 -34.48 GLYS55, GLYS57

Cz -7.25 -36.22 GLY117, ASN385

T -7.24 -49.72 GLY117, HIS132, LYS418
Ci -7.22 -45.87 LYS418

Io -7.17 -39.08 TYR415

Lo -7.15 -39.04 TYR415,LYS418

Cs -6.98 -40.40 ASN385,LYS418

G -6.97 -35.15 LEUS6

I -6.93 -42.37 HIS132, TYR415, LYS418
Tho -6.86 -41.48 HIS132, VAL365, ASN385, LYS418
b -6.80 4520 E%l;lg,gTYRw, GLY117, GLY321,
P; -6.70 -40.24 TYR60, LYS418

Ti -6.69 -45.09 HIS132, LYS418

Is -6.66 -42.88 TRP16, TYR415, LYS418
Py -6.53 -39.01 TYR60, HIS132, LYS418
P4 -6.48 -43.04 TRP16, TYR60, LYS418
Cs -6.40 -36.46 ASN385, LYS418

Pio -6.37 -39.22 TYR60, HIS132, LYS418
Gy -6.33 -37.65 LYS418

P> -6.32 -43.28 LYS418

Ts -6.16 -44.53 LEU317,LEU363,CYS387,LYS418
T4 -6.11 -42.78 LEU317,LYS418

T7 -6.10 -45.49 LEU317,LYS418

P: -6.07 -46.00 GLY117

T2 -6.06 -41.94 HIS132, LYS418

Co -5.99 -29.98 ASN385

Isoniazid_3767 -5.80 -27.48 GLYS55

T3 -5.80 -40.00 TYR60, LEU317, LYS418
Ty -5.61 -37.54 GLY117, HIS132

P7 -5.59 -40.83 LYS418

Ps -5.55 -39.58 HIS132, LYS418

Ps -5.52 -43.42 LYS418

Ts -5.27 -38.06 LEU317,LYS418

Ps -3.93 -29.28 No interactions
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The molecular docking analysis of various compounds
against the DprEl revealed several candidates with
promising binding affinities when compared to the co-
crystallized ligand (CID_57339440) and the standard drug
isoniazid. The co-crystal ligand exhibited a docking score
of -8.04 and Glide energy of -45.76, interacting with
LYS418 akey residue frequently involved in binding across
multiple compounds. Among the tested series, compounds
I5 (-7.90), I (-7.84), and Cs (-7.51) showed docking scores
close to the co-crystal, with I; exhibiting the most favorable
Glide energy (-53.56), indicating strong binding. These
compounds frequently interacted with critical residues such
as HIS132, LYS418, and ASN385, enhancing binding
stability shown in Figure 2. In contrast, isoniazid showed
the weakest docking score (-5.80) and Glide energy (-
27.48), forming minimal interactions (only with GLYS55),

@ _ 2 ' _/\ : ®

reflecting its limited affinity for this target site. Compounds
from the "I" and "T" series consistently formed multiple
interactions with catalytic residues like HIS132, TYRG60,
and TRP16, suggesting their potential as strong inhibitors.
Notably, LYS418 emerged as a common interaction point,

reinforcing its relevance in ligand binding. Overall, many
of the designed compounds, particularly from the I-series
(e.g., 11, Is, Ir), surpassed the docking efficiency of both the
co-crystal and isoniazid, highlighting their potential as
promising leads for further antitubercular development.
Overall, in molecular docking studies of indazoles, triazoles
and cyanopyridines derivatives had indicated that indazoles
have better binding score with DprElenzyme.
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Figure 2. Docking interactions of ligands with the DprE1 enzyme: (a) co-crystal ligand (CID: 57339440), (b) IS5, (¢)
11, (d) C8, (e) C6, and (f) Isoniazid.
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QSAR studies

The descriptors LogP, MR, and HBA among the selected
descriptors exhibited high R? value (0.910) in correlation
with biological activity of the standards mentioned in Table
2 and the following QSAR equation was identified. Y1 =+

8.6028 (= 10.8160) X1 - 0.5834 (+ 0.6125) X2 + 8.3557 (+
8.4565) X4 - 0.8443 (= 6.1328). The above equation
obtained is utilized to calculate the pIC50 values of the
designed compounds represented in Table 3. Correlation
analysis by MLR model of the above generated QSAR
equation showed in Figure 3.

Table 3. Predicted biological activity data of the selected compounds using the MLR model.

Compound | pICs0 | Compound | pICso | Compound | pICso | Compound | pICso
Code Code Code Code
Ci 14.043 | 1 3.6062 | 1! 2091 | ! 11237
G 7787 |1 5326 | 12 13.152 | P2 16.235
Cs 5781 | B 4586 | 1 72748 | B3 6.056
C4 6383 | 1 8537 | 14 13.813 | F4 10.959
Cs 12442 | 15 q710 | 15 14452 | P 6.781
Cs 1642 |16 2702 | T 1488 | Po 8.762
Cr 5837 | 7 2n |V 417 | P 8.310
Cs 5305 |1 4545 | T 10.234 | P8 3.773
G 6082 | 4371 | T 11.447 | P 13.927
Cio 6927 | 10 772 | Tho 6.6039 | 10 7.349
Correlation Analysis
[[©___Untitied Dataset3.bas —&— Bestfitline ]
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Figure 3. Correlation plot between observed and calculated biological activities of the standard compounds.

The designed molecules demonstrated significantly
enhanced predicted biological activity compared to
standard anti-tubercular drugs. Notably, compounds T1
(pICso = 22.091), P2 (pICso = 16.235), C1 (pICso = 14.043),
T5 (pICso = 14.452), T4 (pICso = 13.813), and P9 (pICso =
13.927) exhibited exceptionally high predicted potency,
with pICso values far exceeding that of Isoniazid, the most

potent standard drug (pICse = 6.921). In addition,
moderately active compounds such as P1 (pICso = 11.237),
T2 (pICso = 13.152), and P4 (pICso = 10.959) also

demonstrated superior predicted activity compared to
conventional treatments, making them promising
candidates for further investigation. However, some
molecules, including C6, 16, T6, and 17, showed negative
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pICso values, indicating poor or negligible predicted
biological activity and thus are not suitable for further
development. Overall, the majority of the designed
molecules exhibited higher predicted potency than standard
drugs, suggesting their potential for greater therapeutic
efficacy.

ADME studies

Swiss ADME studies of all the synthesized compounds viz.,
chalcones, indazoles, triazoles and cyanopyridines (Ci-Cio,
Ii-Lo, T1-T10 and P1-P10) shown in Table 4 [27]. The ADME
profiling of the designed compounds reveals favorable
drug-like properties across the majority of the series. Most
compounds exhibit acceptable molecular weights (ranging
between ~110-450 Da) and Log P values within drug-like
ranges, suggesting good membrane permeability and
bioavailability. All compounds comply with Lipinski’s

Rule of Five, indicating a lower likelihood of oral
bioavailability issues. High gastrointestinal (GI) absorption
was predicted for all compounds, with several also showing
blood-brain barrier (BBB) permeability, particularly
among the "I" and "C" series molecules. Solubility varied
across the series: many compounds were categorized as
moderately or poorly soluble based on Log S values, though
a few, notably T8, C8, and C9, were classified as soluble,
which is favorable for oral formulations. Importantly, all
designed molecules demonstrated reasonable synthetic
accessibility scores (ranging from 2.4-3.4), indicating they
can be synthesized without significant synthetic challenges.
Overall, the ADME profiles suggest that the majority of the
designed compounds possess promising drug-like
characteristics, warranting further optimization focusing
particularly on improving solubility for a few candidates.

Table 4. Predicted ADME properties of the screened compounds obtained from SwissADME.
Compou | Mol. | Lo Molar TPS | HB | HB | R GI Lo | Solubilit | Lipinsk | Synthetic
nd Wt | g P | refractiv A A D B | absorpti | gS | yClass | i’srule | accessibil
Code ity on & of § ity
BBB
permea
nt
Py 3623 | 24 101.50 103. 6 1 5 | High& - Poorly Yes 3.27
8 6 28 No 6.7 | soluble
5
P2 3173 | 3.2 90.85 121. 5 1 3 | High& - | Moderat Yes 2.85
1 9 41 No 5.7 ely
8 soluble
P3 2733 | 23 79.82 88.4 4 1 2 | High& - Poorly Yes 2.78
0 3 8 No 6.0 | soluble
4
P4 3023 | 34 88.52 84.8 4 1 3 | High& - Poorly Yes 2.76
3 9 2 No 6.5 | soluble
3
Ps 3183 | 2.1 90.54 105. 5 2 3 | High& - | Moderat Yes 2.88
3 7 05 No 5.9 ely
5 soluble
Ps 450.5 | 6.1 117.04 75.5 3 1 2 | High& - Poorly Yes 3.15
3 4 9 No 9.7 | soluble
1
P7 3223 | 49 99.53 75.5 3 1 2 | High& - Poorly Yes 2.93
6 0 9 No 8.0 | soluble
7
Ps 2803 | 1.6 87.29 99.6 5 3 2 | High& - | Moderat Yes 3.35
4 0 5 No 4.8 ely
8 soluble
P9 262.2 | 2.8 74.29 88.7 4 1 2 | High& - | Moderat Yes 3.09
7 7 3 No 5.6 ely
3 soluble
Pio 261.2 | 24 79.52 87.6 4 2 2 | High& - | Moderat Yes 3.20
9 6 2 No 4.8 ely
3 soluble
L 361.2 | 2.7 104.24 69.2 5 1 5 | High& - Poorly Yes 3.10
9 3 6 Yes 7.9 | soluble
1
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I 288.3 | 1.9 93.58 87.3 4 1 3 | High& - Poorly Yes 2.61
0 4 9 No 6.9 | soluble
3
I 236.2 | 2.2 82.56 54.4 3 1 2 | High& - Poorly Yes 2.48
8 5 6 Yes 7.2 | soluble
0
I4 3333 | 23 91.25 50.8 3 1 3 | High& - Poorly Yes 2.53
4 8 0 Yes 7.6 | soluble
9
Is 3173 | 2.3 93.28 71.0 4 2 3 High & - Poorly Yes 2.64
4 4 3 Yes 7.1 | soluble
1
Is 3734 | 3.1 119.23 41.5 2 1 2 | High& - Poorly Yes 3.40
4 0 7 Yes 9.8 | soluble
3
I 3233 | 24 102.27 41.5 2 1 2 | High& - Poorly Yes 2.64
9 5 7 Yes 9.2 | soluble
3
Is 141.1 | 1.7 90.03 65.6 4 3 2 | High& - Poorly Yes 2.99
8 9 3 No 6.0 | soluble
4
Io 110.1 | 1.9 77.03 54.7 3 1 2 | High& - Poorly Yes 2.84
6 0 1 Yes 6.7 | soluble
9
Lo 1402 | 14 79.11 533 2 2 2 | High& - Poorly Yes 2.46
0 6 6 Yes 6.7 | soluble
9
T 276.2 | 1.9 88.96 99.2 7 1 6 | High& - Moderat Yes 3.17
9 0 2 No 34 ely
4 soluble
T2 260.2 | 1.1 78.31 117. 6 1 4 | High& - Moderat Yes 2.70
4 1 35 No 33 ely
0 soluble
T3 251.2 | 0.6 67.28 84.4 5 1 3 | High& - Moderat Yes 2.83
5 5 2 No 2.6 ely
4 soluble
T4 296.3 | 2.0 75.98 80.7 5 1 4 | High& - Moderat Yes 2.67
3 0 6 No 33 ely
2 soluble
Ts 296.2 | 1.2 78.00 100. 6 2 4 | High& - Moderat Yes 2.78
9 4 99 No 3.6 ely
3 soluble
Ts 3503 | 1.5 104.50 71.5 4 1 3 | High& - Poorly Yes 3.02
7 7 3 Yes 5.3 | soluble
4
T7 3223 | 1.2 86.99 71.5 4 1 3 | High& - Poorly Yes 2.81
2 5 3 Yes 4.4 | soluble
0
Ts 258.2 | 0.5 74.76 95.5 6 3 3 | High& - soluble Yes 3.15
9 3 9 No 1.2
9
To 240.2 | 0.7 61.75 84.6 5 1 3 | High& - Moderat Yes 2.81
2 6 7 No 2.6 ely
5 soluble
Tio 2392 | 1.3 63.84 87.3 4 2 3 | High& - Moderat Yes 2.81
4 1 2 No 24 ely
8 soluble
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Ci 3134 | 2.8 87.53 57.6 5 0 7 | High& - Moderat Yes 2.63
2 1 5 Yes 3.7 ely
0 soluble
C 2542 | 2.0 72.87 75.7 4 0 4 | High & - soluble Yes 2.77
4 6 8 Yes 33
7
Cs 210.2 | 2.0 61.84 42.8 3 0 3 | High& - Moderat Yes 2.61
3 5 5 Yes 2.7 ely
1 soluble
Cq 2392 | 2.7 70.54 39.1 3 0 4 | High& - Moderat Yes 2.51
6 1 9 Yes 3.6 ely
6 soluble
Cs 2552 | 2.5 72.56 59.4 4 1 4 | High & - Moderat Yes 2.58
6 8 2 Yes 3.2 ely
5 soluble
Cs 3133 | 2.8 97.96 29.9 2 0 3 | High& - Moderat Yes 3.25
8 9 6 Yes 5.1 ely
8 soluble
Cy 2592 | 2.9 81.00 29.9 2 0 3 | High& - Moderat Yes 2.94
9 7 6 Yes 4.2 ely
5 soluble
Cs 2172 | 1.5 69.31 54.0 4 2 3 | High& - soluble Yes 3.00
7 3 2 No 1.3
2
Co 199.2 | 1.7 56.31 56.3 3 0 3 | High& - soluble Yes 2.61
0 1 1 Yes 2.7
1
Cio 1982 | 1.3 58.39 45.7 2 1 3 | High& - soluble Yes 2.58
2 1 5 Yes 3.7
9

Chemistry

The synthesized compounds (C1-Cio) in step 1 are sterically
(E) isomers with o, B-unsaturated carbonyl moiety and
characterized as  1,3-diaryl-2-propen-1-ones.  These
compounds possess electrophilic reactive moieties attached
to C=C-C=0 system and facilitated the synthesis of
heterocyclic derivatives such as indazoles, triazoles and
cyanopyridines compounds through 1, 2-addition at
carbonyl group or 1,4-conjugate addition and cyclization.

1-pyridin-2-yl-4-(3,4,5-trimethoxyphenyl)but-2-en-1-
one (C1)

Formula C20H1sN4Os, Yield: 82%, m.p. 290°C, R value
0.72; IR (KBr, Vmax,cm™): 3055.45 (C-H), 1580.21 (C=C),
1598.12 (C=N) pyridine ring, 1720.31 (C=0), 1654.91
(aC=C), 3060.38 (CH), 1554.36 (C=C benzene ring),
3022.44 (C-H), 1250.14 (C-O Methoxy group); 'H NMR
(500 MHz, CDCIs) 6 2.95 (m, 2H, -CH2), 3.69 (9H, S, -
OCHs3 groups), 6.12, 7.35 (t, 1H, -CH=), 6.35-6.54 (m, 2H,
aromatic), 7.55-9.09 (4H, d(2), t(2) Pyridine ring); MS m/z
313.347.

3-(2-nitrophenyl)-1-pyridin-2-ylprop-2-en-1-one (Cz)

Formula C17H11NsO3, Yield 79%, m.p 276°C, Rrvalue 0.79;
IR (KBr,Vmacem™): 3050.63 (C-H), 154539 (C=C),
1587.34 (C=N) pyridine ring, 1720.64 (C=0), 1465.74 (o
C=C), 3065.59 (C-H), 1560.63 (C=C benzene ring),
1350.71 (C-N nitro group); 'H NMR (500 MHz, CDCl3) &

6.65-6.85 (2H, d(2) prop-2-ene-1-one bridge), 7.35-9.10
(8H, m, benzene and pyridine ring); MS m/z 254.2408.

1,3-dipyridin-2-ylprop-2-en-1-one (Cs)

Formula CisH11Ns, Yield 81%, m.p 256°C, Rrvalue 0.76;
IR (KBr, Vmx, Cml) 3087.69 (C-H), 1566.89 (C=C),
1612.42 (C=N) pyridine ring, 1722.81 (C=0), 1633.13 (a
C=C), 3088.47 (C-H), 1567.53 (C=C), 1480.50 (C=N)
pyridine ring; '"H NMR (500 MHz, CDCl3) § 7.22-7.49 (2H,
d(2) prop-2-ene-1-one bridge), 7.65-9.05 (8H, m, pyridine
ring); MS m\z 210.2313.

3-(2-methoxyphenyl)-1-pyridin-2-ylprop-2-en-1-one
(Cq)

Formula Ci1sH14N4O, Yield: 79%, m.p 267°C, Revalue 0.74;
IR (KBr, Vmax, Cm™): 3096.48 (C-H), 1569.54 (C=C),
1615.15 (C=N) pyridine ring, 1719.49 (C=0), 1623.10 (a
C=C), 3065.67 (C-H), 1542.69 (C=C benzene ring) 2840.51
(C-H), 1250.91 (C-O methoxy group); 'H NMR (500 MHz,
CDCls) & 3.55 (3H, 1S, -OCHs3), 6.48-6.63 (2H, d(2) and
prop-2-ene-1-one bridge), 6.95-8.95 (8H, m, benzene and
pyridine); MS m\z 239.39236.

3-(2-hydroxy-3-methoxyphenyl)-1-pyridin-2-ylprop-2-
en-1-one (Cs):

Formula CisH13NOs, Yield 83%, m.p 285°C, Rrvalue 0.85;
IR (KBr, Vmax, Cm™'): 3077.39 (C-H), 1553.29 (C=C),
1616.61 (C=N Pyridine), 1580.45 (C=C), 1480.91 (C=N)
pyridine ring, 1708.62 (C=0), 1646.72 (a. C=C), 3087.69
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(C-H), 1542.31 (C=C benzene ring), 3500.58 (O-H),
2835.81 (C-H), 1250.91 (C-O); 'H NMR (500 MHz, CDCl3)
8 3.24 (3H, S, -OCH3), 5.15 (1H, S, -OH), 6.22-6.45 (2H,
d(2) prop-2-1-one bridge), 6.81-8.75 (7H, m, pyridine, and
aromatic); MS m\z 255.26862.

1-pyridin-2-yl-3-(1,4,5,8-tetrahydrophenanthren-9-
yl)prop-2-en-1-one (Ce)

Formula C2»H15NO, Yield 85%, m.p 286°C, Rsvalue 0.84;
IR (KBr, Vmax, Cm™'): 3064.17 (C-H), 1546.75 (C=C),
1602.19 (C=N) pyridine ring 1707.96 (C=0), 1623.46 (a
C=C), 3025.36 (C-H), 1590.16 (C=C phenanthrene ring);
'H NMR (500 MHz, CDCl3) § 6.47-6.84 (2H, d(2) prop-2-
ene-1-one bridge), 7.45-8.83 (12H, m, phenanthrene and
pyridine ring); MS m/z 309.36.

3-naphthalen-1-yl-1-pyridin-2-ylprop-2-en-1-one (C~)
Formula CisHi13NO, Yield 87%, m.p 285°C, R¢ value 0.85;
IR (KBr, Vmx, Cm™): 3058.29 (C-H), 1535.57 (C=C),
1607.48 (C=N) pyridine ring, 1722.47 (C=0), 1643.56(a
C=0C), 3046.36 (C-H), 1600.42 (C=C naphthalene ring); 'H
NMR (500 MHz, CDCl;) 6 6.62-6.70 (2H, d(2) prop-2-ene-
1-one bridge), 7.05-8.76 (10H, m, naphthalene and pyridine
ring); MS m/z 259.30192.

3-piperazin-2-yl-1-pyridin-2-ylprop-2-en-1-one (Cs)
Formula C12H15N30O, Yield 85%, m.p 286°C, Rrvalue 0.86;
IR (KBr, Vma, Cm™): 3085.53 (C-H), 1567.46(C=C),
1537.58 (C=N) pyridine ring, 1704.58 (C=0), 1632.36 (a
C=C), 3200.57 (N-H), 3049.46 (C-H), 1200.24 (C-N
piperazine ring); 'H NMR (500 MHz, CDCl3) & 2.51-3.59
(7H, d(3), t(3), m(1) piperazine), 6.19-6.78 (2H, d(2) prop-
2-ene-1-one bridge), 7.65-8.33 (4H, d(2), t(2) pyridine
ring); MS m/z 217.267.

3-furan-2-yl-1-pyridin-2-ylprop-2-en-1-one (Co)
Formula C12H9NOz, Yield 86%, m.p 285°C, Revalue 0.84;
IR (KBr, Vmax, Cm™): 3091.31 (C-H), 1574.58 (C=C),
1614.14(C=N) pyridine ring, 1719.96 (C=0), 1632.54 (a
C=C), 3100.61 (C-H), 1564.32 (C=C), 1200.74 (C-O furan
ring); 'H NMR (500 MHz, CDCl3) & 76.62-6.75 (2H, d(2)
prop-2-ene-1-one bridge), 7.05-9.02 (7H, m, oxole, and
pyridine ring); MS m/z 199.205

1-pyridin-2-yl-3-(1H-pyrrol-2-yl)prop-2-en-1-one (Cio)
Formula Ci2H10N20, Yield 85%, m.p 286°C, Rrvalue 0.86;
IR (KBr, Vmax, Cm™): 3073.38 (C-H), 1544.86 (C=C),
1567.45(C=N) pyridine ring, 1714.45 (C=0), 1643.27 (a
C=C), 3350.57 (N-H), 1553.57 (C=C), 1300.57 (C-N
pyridine ring); '"H NMR (500 MHz, CDCl3) § 5.72-6.36 (3H,
d(2), t(1) and azole ring), 6.65-691 (2H, t(1), m(1) but-2-
ene-one bridge), 7.72-8.35 (4H, d(2), t(2) pyridine ring),;
MS m/z 198.220

5-pyridin-2-yl-7-(2,3,4-trimethoxyphenyl)-1H-indazole
(I

Formula C21H19N303, Yield 86%, m.p 284°C, Revalue 0.85;
IR (KBr, Vmax, Cm™): 3065.73 (C-H), 1532.67 (C=C),
1578.56 (C=N) pyridine ring, 3397.37 (N-H), 3100.58 (C-
H), 1553.57 (C=C), 1590.36 (C-N indazole ring), 3000.46

(C-H), 2840.16 (C-H), 1550.85 (C=C), 1250.35 (C-0O),
1450.57 (C-H trimethoxy benzene); 'H NMR (500 MHz,
CDCl) 6 3.73 (9H, S, -OCHs), 6.18-8.66 (9H, m, pyridine
and aromatic rings), 12.22 (1H, d, -NH of indazole); MS
m/z 361.398.

7-(4-nitrophenyl)-5-pyridin-2-yl-1H-indazole (1)
Formula Ci1sH12N40O2, Yield 85%, m.p 285°C, Rrvalue 0.86;
IR (KBr, Vmax, Cm™'): 3087.90 (C-H), 1554.64 (C=C),
1564.79 (C=N), 1350.24 pyridine ring, 3368.58 (N-H),
3100.13 (C-H), 1600.68 (C=C), 1350.58 (C-N indazole
ring), 3050.47 (C-H), 1570.36 (C=C), 1300.57 (C-N nitro
benzene); '"H NMR (500 MHz, CDCls)  7.45-8.65 (11H, d,
t, m pyridine and aromatic ring), 11.88 (1H, d, -NH of
indazole ring); MS m/z 316.313

5,7-dipyridin-2-yl-1H-indazole (I)

Formula Ci7H12N4, Yield 86%, m.p 286°C, R¢value 0.85;
IR (KBr, Vmx, Cm™): 3015.68 (C-H), 1532.59 (C=C),
1587.46 (C=N), 1543.57 pyridine ring, 3256.58 (N-H),
3100.24 (C-H), 1600.57 (C=C), 1350.58 (C-N indazole
ring), 3000.85 (C-H), 1590.96 (C=C) 1480.53 (C=N
pyridine ring); 'H NMR (500 MHz, CDCl3) & 7.25-8.60
(11H, d, t, m, pyridine and aromatic ring), 12.02 (1H, s, -
NH of indazole); MS m/z 272.303

7-(4-methoxyphenyl)-5-pyridin-2-yl-1H-indazole (14)
Formula C19H15N30, Yield 85%, m.p 285°C, Rrvalue 0.86;
IR (KBr, Vmsx, Cm): 3062.35 (C-H), 1521.24 (C=C),
1597.57 (C=N), 1350.47 pyridine ring, 3369.25 (N-H),
3100.36 (C-H), 1643.26 (C=C), 1350.96 (C-N indazole
ring), 3062.63 (C-H), 2840.37 (C-H), 1596.26 (C=C),
1250.48 (C-0), 1450.34 (C-H methoxy benzene); 'H NMR
(500 MHz, CDCl3) & 3.29 (3H, S, -OCHz3), 6.38-8.60 (11H,
d, t, m pyridine and aromatic ring), 11.67 (1H, d, -NH of
indazole); MS m/z 301.341

2-methoxy-4-(5-pyridin-2-yl-1H-indazol-7-yl)phenol
(Is)

Formula Ci9H15NsOs, Yield :85%, m.p 285°C, Rr value
0.86; IR (KBr, Vinax, Cm™): 3020.57 (C-H), 1462.58 (C=C),
1596.32 (C=N), 1350.75 pyridine ring , 1593.75 (N-H),
3032.87 (C-H), 1532.86(C=C), 1350.54 (C-N indazole
ring), 3073.24 (C-H), 2840.57 (C-H), 1550.36 (C=C),
1250.58 (C-0), 1450.25 (C-H methoxy benzene); 'H NMR
(500 MHz, CDCls) 6 3.55 (3H, S, -OCHs3), 5.14 (1H, S, -
OH), 6.86-8.58 (10H, d, t, m pyridine ring and aromatic
ring), 12.9 (1H, d, -NH of indazole ring); MS m/z 317.341

7-(anthracen-10-yl)-5-(pyridin-2-yl)-1H-indazole (Is)
Formula C26H17N3, Yield 86%, m.p 284°C, Rrvalue 0.85;
IR (KBr, Vmax, Cm™): 3052.75 (C-H), 1495.47 (C=C),
1589.25 (C=N), 1350.24 pyridine ring, 1594.85 (N-H),
3124.36 (C-H), 1657.87 (C=C), 1350.56 (C-N indazole
ring), 3100.32 (C-H), 1620.76 (C=C phenanthrene ring); 'H
NMR (500 MHz, CDCls) 6 7.05-8.39 (16H d, t, m pyridine
and anthracene ring), 12.13 (1H, d, -NH of indazole ring);
MS m/z 371.43

7-naphthalen-1-yl-5-pyridin-2-yl-1H-indazole (I7)

IJDDT, Volume 16 Issue 10s, 2026

Page: 702



Design, Synthesis, and Biological Evaluation of Luminescent Chalcone-based novel Pyridine derivatives Targeting
DprE1l enzyme against H37Rv strain of Mycobacterium Tuberculosis..

Formula C22HisN3, Yield 84%, m.p 286°C, Rrvalue 0.86;
IR (KBr, Vmax, Cm™'): 3025.65 (C-H), 1571.54 (C=C),
1582.45 (C=N)pyridine ring,3356.24 (N-H), 3132.35 (C-
H), 1642.59 (C=C), 1350.32 (C-N indazole ring), 3132.83
(C-H), 1620.62 (C=C naphthalene ring); 'H NMR (500
MHz, CDCl3) 6 6.90-8.62 (14H, d, t, m pyridine and
naphthalene ring), 12.11 (1H, d, -NH of indazole ring); MS
m/z 321.374

7-piperazin-2-yl-5-pyridin-2-yl-1H-indazole (Is)
Formula Ci6HisN3, Yield 86%, m.p 285°C, Rrvalue 0.85;
IR (KBr, Vmx, Cml): 3056.38 (C-H), 1567.58(C=C),
1562.70 (C=N)pyridine ring, 3345.76 (N-H), 3125.46 (C-
H), 1679.76 (C=C), 1350.28 (C-N indazole ring), 3300.59
(N-H), 2900.45 (C-H), 1200.73 (C-N piperazine ring); 'H
NMR (500 MHz, CDCls) & 2.0-4.14 (9H, m, piperazine
ring), 6.96-8.63 (7H, d, t, m pyridine and aromatic ring)
12.60 (1H, d, -NH of indazole ring); MS m/z 279.339

7-furan-2-yl-5-pyridin-2-yl-1H-indazole (Is)

Formula Ci6H11N30, Yield 84%, m.p 284°C, Rrvalue 0.84;
IR (KBr, Vmax, Cm™): 3092.89 (C-H), 1489.77 (C=C),
1602.85 (C=N), 1350.67pyridine ring, 1569.17 (N-H),
3139.25 (C-H), 16 (C=C), 1350.27 (C-N indazole ring),
1693.76 (C=C), 1220.36 (C-O furan ring); 'H NMR (500
MHz, CDCI) § 6.22-6.49 (3H, d(2), t(1) furan ring), 7.08-
8.68 (7H, d, t, m pyridine and aromatic ring), 11.74 (1H, S,
-NH of indazole ring); MS m/z 261.278

5-pyridin-2-yl-7-(1H-pyrrol-2-yl)-1H-indazole (I10)
Formula Ci6Hi12Na, Yield 86%, m.p 286°C, Rrvalue 0.86;
IR (KBr, Vmax, Cm™): 3048.67 (C-H), 1597.20 (C=C),
1592.88 (C=N)pyridine ring, 1598.97 (N-H), 3049.89 (C-
H), 1589.28 (C=C), 1350.71 (C-N indazole ring), 3303.94
(N-H), 3179.08 (C-H), 1600.30 (C=C), 1300.95 (C-H
pyrrole ring); 'H NMR (500 MHz, CDCl3) 8 5.04 (1H, d, -
NH pyrrole ring), 6.12-6.56 (3H, d, t, pyrrole ring), 7.47-
8.70 (7H, d, t, m pyridine and aromatic ring), 11.10 (1H, d,
-NH indazole ring); MS m/z 260.293.

pyridin-2-yl(5-(2,3,4-trimethoxyphenyl)-2H-1,2,3-
triazol-4-yl)methanone (T1)

Formula C17H16N4O4, Yield 84%, m.p 285°C, Rrvalue 0.84;
IR (KBr, Vma, Cm™): 3063.94(C-H), 1538.41 (C=C),
1642.66 (C=N) pyridine ring, 1756.79(C=0), 3346.19 (N-
H), 1642.94 (C=N), 1100.11 (N-N triazole), 3179.99 (C-H),
2840.42 (C-H), 1550.83 (C=C), 1250.28 (C-0), 1450.63
(C-H trimethoxy benzene); 'H NMR (500 MHz, CDCl3) &
3.83 (9H, S, -OCHa), 6.12-8.69 (6H, d, t, m pyridine and
aromatic ring), 11.58 (1H, S, -NH triazole); MS m/z
340.333.

[5-(4-nitrophenyl)-2H-1,2,3-triazol-4-yl]| (pyridin-2-
y)methanone (T>)

Formula C14HoNsOs3, Yield 86%, m.p 286°C, Revalue 0.86;
IR (KBr, Vmx, Cm™): 3073.85 (C-H), 1590.76 (C=C),
1623.82 (C=N) pyridine ring), 1720.21 (C=0), 3350.56(N-
H), 1645.97 (C=N), 980.42 (N-N triazole ring), 1623.75
(C=C), 1300.68 (C-N nitro benzene); 'H NMR (500 MHz,

CDCls) 6 7.45-8.66 (8H, d, t, m pyridine and aromatic ring)
11.25 (1H, S, -NH triazole ring); MS m/z 295.252

pyridin-2-yl(5-pyridin-2-yl-2H-1,2,3-triazol-4-
y)methanone (T3)

Formula Ci3HoN;sO, Yield 86%, m.p 284°C, Revalue 0.86;
IR (KBr, Vmx, Cm): 3062.34 (C-H), 1590.89 (C=C),
1642.61 (C=N) pyridine ring, 1759.23 (C=0), 3317.95 (N-
H), 1600.70 (C=N), 1000.44 (N-N triazole ring), 3000.87
(C-H), 1590.59 (C=C), 1480.32 (C=N pyridine ring); 'H
NMR (500 MHz, CDCls) 6 7.04-9.07 (8H, d, t, m pyridine
and aromatic ring) 10.81 (1H, S, -NH triazole ring); MS m/z
251.243

[5-(4-methoxyphenyl)-2H-1,2,3-triazol-4-yl]| (pyridin-2-
yDmethanone (T4)

Formula Ci16H16N4Os, Yield 84%, m.p 286°C, Rrvalue 0.85;
IR (KBr, Vmas, Cm™): 3062.77 (C-H), 1590.90 (C=C),
1582.28 (C=N) pyridine ring , 1731.66 (C=0), 3300.53 (N-
H), 1600.35 (C=N), 1100.80 (N-N triazole ring), 2830.47
(C-H), 1250.63 (C-O methoxy benzene); 'H NMR (500
MHz, CDCl3) 6 3.70 (3H, S, -OCH3), 6.83-8.95 (8H, d, t, m
pyridine and aromatic ring), 6 11.37 (1H, S, -NH triazole
ring); MS m/z 296.323

(5-(4-hydroxy-3-methoxyphenyl)-2H-1,2,3-triazol-4-
yD(pyridin-2-yl)methanone (Ts)

Formula C15H12N403, Yield 86%, m.p 284°C, Rrvalue 0.84;
IR (KBr, Vmx, Cm™): 3021.26 (C-H), 1590.92 (C=C),
1521.74 (C=N pyridine ring), 1762.38 (C=0), 3300.60 (N-
H), 1600.99 (C=N), 1110.49 (N-N triazole ring), 3500.72
(O-H), 2830.58 (C-H), 1250.29 (C-O hydroxyl methoxy
benzene); 'H NMR (500 MHz, CDCl3) & 3.69 (3H, S, -
OCHs), 5.26 (1H, S, -OH), 6.82-8.78 (7H, d, t, m pyridine
and aromatic ring), 10.84 (1H, S, -NH triazole ring); MS
m/z 296.280

(5-anthracen-9-yl-2H-1,2,3-triazol-4-yl)(pyridin-2-
y)methanone (Ts)

Formula C12H1aN4O, Yield 84%, m.p 286°C, Rrvalue 0.86;
IR (KBr, Vmax, Cm™'): 3021.60 (C-H), 1590.99 (C=C),
1637.49 (C=N) pyridine ring, 1742.72 (C=0), 3356.58 (N-
H), 1600.29 (C=N triazole ring), 985.84 (N-N triazole ring),
3100.36 (C-H), 1520.68 (C=C phenanthrene ring); '"H NMR
(500 MHz, CDCl3) 6 7.29-9.10 (13H, d, t, m pyridine and
anthracene ring), 11.29 (1H, S, -NH triazole ring); MS m/z
350.372.

(5-(naphthalen-1-yl)-2H-1,2,3-triazol-4-yl)(pyridin-2-
y)methanone (T7)

Formula CisH12N4O, Yield 86%, m.p 284°C, Rrvalue 0.85;
IR (KBr, Vma, Cm™): 3072.89(C-H), 1590.51 (C=C),
1596.94 (C=N) pyridine ring, 1763.31 (C=0), 3300.86 (N-
H), 1600.40 (C=N), 1021.69 (N-N triazole ring), 3320.73
(N-H), 2900.55 (C-H), 1200.25 (C-N naphthalene ring); 'H
NMR (500 MHz, CDCl3) 6 7.27-9.12 (11H, d ,t, m pyridine
and naphthalene ring), 10.69 (1H, S, -NH triazole ring); MS
m/z 300.314

00.....
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[S5-(piperazin-2-yl)-2H-1,2,3-triazol-4-yl]|(pyridin-2-
y)methanone (Ts)

Formula Ci12H14N6O, Yield 84%,m.p 286°C, Rrvalue 0.84;
IR (KBr, Vmx, Cm): 3014.45 (C-H), 1590.62 (C=C),
1532.91 (C=N), 1350.39 pyridine ring, 1700.48 (C=0),
3300 (N-H), 1631.76(C=N), 1055.30 (N-N triazole ring),
3319.86 (N-H), 2900.52 (C-H), 1050.67 (C-N piperazine
ring); 'H NMR (500 MHz, CDCl:) & 2.24-4.54 (9H, m,
piperazine ring), 7.85-8.82 (4H, m, pyridine ring), 11.58
(1H, S, -NH triazole ring); MS m/z 258.279
(5-furan-2-yl-2H-1,2,3-triazol-4-yl)(pyridin-2-
y)methanone (Ts)

Formula C12HgN4O», Yield 86%, m.p 284°C, Revalue 0.86;
IR (KBr, Vmax, Cm™): 3092.93 (C-H), 1590.22 (C=C),
1521.78 (C=N)pyridine ring, 1752.57 (C=0), 3300.33 (N-
H), 1627.46 (C=N), 1120.64 (N-N triazole ring), 3100.96
(C-H), 1600.24 (C=C), 1200.43 (C-O furan ring); 'H NMR
(500 MHz, CDCls) 6 6.3-7.4 (3H, d, t, oxole ring), 7.73-8.93
(4H, t, m, pyridine ring), 11.44 (1H, S, -NH triazole ring);
MS m/z 240.217
Pyridin-2-yl[5-(1H-pyrrol-2-yl)-2H-1,2,3-triazol-4-
yljmethanone (T10)

Formula C12H9NsO, Yield :84%, m.p 286°C, Rrvalue 0.84;
IR (KBr, Vmax, Cm™): 3032.71 (C-H), 1590.41 (C=C),
1632.41 (C=N) pyridine ring, 1784.96 (C=0), 3300.27 (N-
H), 1645.50 (C=N), 990.96 (N-N triazole ring), 3268.67 (N-
H), 3100.37 (C-H), 1600.76 (C=C), 1300.64 (C-N pyrrole
ring); 'H NMR (500 MHz, CDCl3) & 5.12-6.68 (4H, d, t,
pyrrole ring), 7.77-9.13 (4H, d(2), t(2) pyridine ring), 11.52
(1H, S, -NH triazole ring); MS m/z 239.232.
6'-amino-4'-(3,4,5-trimethoxyphenyl)-2,3'-bipyridine-
5'-carbonitrile (P1)

Formula C20H18N4Os3, Yield 84%, m.p 286°C, Rrvalue 0.84;
IR (KBr, Vmax, Cm™): 3082.86 (C-H), 1572.46 (C=C),
1613.74 (C=N) pyridine ring, 3400.24 (N-H), 2240.97
(C=N), 3100.86 (C-H), 1650.24 (C=N), 1450.86 (C=C
amino pyridine ring), 3000.85 (C-H), 2840.47 (C-H),
1550.52 (C=C), 1250.26 (C-O), 1450.85 (C-H trimethoxy
ring); 'H NMR (500 MHz, CDCls) & 3.43 (9H, S, -OCH3),
445 (2H, S, -NH»), 6.84-8.69 (6H, t, m pyridine and
aromatic ring), 9.44 (1H, S, 2-amino-3-cyano pyridine
ring); MS m/z 362.381
6'-amino-4'-(4-nitrophenyl)-2,3'-bipyridine-5'-
carbonitrile (P2)

Formula C17H11N502, Yield 85%, m.p 285°C, Revalue 0.86;
IR (KBr, Vmx, Cm™): 3012.86 (C-H), 1488.26 (C=C),
1591.76 (C=N), 1350.36 pyridine ring, 3367.85 (N-H),
2246.26(C=N), 3100.85 (C-H), 1643.97(C=N), 1450.47
(C=C amino pyridine ring), 3050.47 (C-H), 1540.86 (C=C),
1300.77 (C-N nitro benzene); 'H NMR (500 MHz, CDCl;3)
64.22 (2H, S, -NH>»), 7.74-8.64 (4H, d(4) nitro benzene and
pyridine ring); 9.43 (1H, S, 2-amino-3-cyano pyridine
ring); MS m/z 317.301.
6'-amino-2,3':4',3""-terpyridine-5'-carbonitrile (P3)
Formula Ci6H11Ns, Yield 86%, m.p 284°C, Rrvalue 0.84; IR
(KBT, Vimax, Cm™): 3016.25 (C-H), 1481.36 (C=C), 1622.37
(C=N) pyridine ring, 3400.86 (N-H), 2251.35 (C=N),
3100.85 (C-H), 1623.26 (C=N), 1450.86 (C=C amino
pyridine ring), 3000.86 (C-H), 1590.26 (C=C), 1480.26
(C=N pyridine ring); 'H NMR (500 MHz, CDCI3) & 4.38

(2H, S, -NH>), 7.31-8.81 (8H, m, pyridine rings), 9.15 (1H,
S, 2-amino-3-cyano pyridine ring); MS m/z 273.292
6'-amino-4'-(4-methoxyphenyl)-2,3'-bipyridine-5'-
carbonitrile (Ps)

Formula CisH14N4O, Yield 84%, m.p 286°C, Rrvalue 0.86;
IR (KBr, Vmax, Cm™'): 3028.36 (C-H), 1561.78 (C=C),
1590.97 (C=N) pyridine ring, 3400.89 (N-H),
2235.75(C=N), 3100.24 (C-H), 1650.13 (C=N), 1450.67
(C=C aminopyridine ring); 3000.26 (C-H), 2840.47 (C-H),
1550.37 (C=C), 1250.47 (C-0), 1450.18 (C-H methoxy
benzene); 'H NMR (500 MHz, CDCl3) & 3.55 (3H, S, -
OCHs), 4.20 (2H, S, -NH>), 6.66-8.34 (8H, m, pyridine and
aromatic ring), 9.48 (1H, S, 2-amino-3-cyano pyridine
ring); MS m/z 302.329
6'-amino-4'-(4-hydroxy-3-methoxyphenyl)-2,3'-
bipyridine-5'-carbonitrile (Ps)

Formula Ci1sH14N4Oz, Yield 86%, m.p 284°C, Rrvalue 0.85;
IR (KBr, Vmax, Cm™): 3075.36 (C-H), 1466.46 (C=C),
1634.86 (C=N) pyridine ring, 3400.24 (N-H), 2250.64
(C=N), 3160.64 (C-H), 1650.74 (C=N), 1469.65(C=C
aminopyridine ring)3200.63 (O-H), 2840.78 (C-H),
1250.63 (C-O), 1450.75 (C-H), 3000.64 (C-H), 1550
.54(C=C hydroxyl methoxy benzene); 'H NMR (500 MHz,
CDCh) 6 3.34 (3H, S, -OCHs), 4.15 (2H, S, -NH>), 5.25
(1H, S, -OH), 6.87-7.80 (7H, m, pyridine and aromatic
ring), 9.26 (1H, S, 2-amino-3-cyano pyridine ring); MS m/z
318.329

2-amino-4-(anthracen-10-yl)-5-(pyridin-2-
yDnicotinonitrile (Ps)

Formula C2sHi6N4, Yield 84%, m.p 286°C, R value 0.86;
IR (KBr, Vmax, Cm™'): 3075.66 (C-H), 1489.84 (C=C),
1631.26 (C=N) pyridine ring, 3400.85 (N-H), 2258.85
(C=N), 3154.73 (C-H), 1621.25 (C=N), 1497.75(C=C),
1250.75 aminopyridine ring), 3100.85 (C-H), 1620.36
(C=C phenanthrene ring); 'H NMR (500 MHz, CDCl3) &
4.58 (2H, S, -NH2), 7.22-8.67 (13H, m, pyridine and
anthracene ring), 9.10 (1H, S, 2-amino-3-cyano pyridine
ring); MS m/z 372.42.
2-amino-4-(naphthalen-1-yl)-5-(pyridin-2-
yDnicotinonitrile (P7)

Formula C21H14Na, Yield 86%, m.p 285°C, Rrvalue 0.84;
IR (KBr, Vmax, Cm™): 3086.76 (C-H), 1592.75 (C=C),
1623.85 (C=N) pyridine ring), 3400.63 (N-H), 2632.76
(C=N), 3100.64 (C-H), 1650.69 (C=N), 1475.87 (C=C
amino pyridine ring), 3300.84 (N-H), 2900.25 (C-H),
1200.37 (C-N piperazine ring); 'H NMR (500 MHz, CDCls)
0 4.44 (2H, S, -NH»), 7.14-8.65 (11H, m, pyridine and
naphthalene ring), 9.54 (1H, S, 2-amino-3-cyano-pyridine
ring); MS m/z 322.362
2-amino-4-(piperazin-1-yl)-5-(pyridin-2-
yDnicotinonitrile (Ps)

Formula CisHi6Ne, Yield 84%, m.p 284°C, Rrvalue 0.86;
IR (KBr, Vmax, Cm™'): 3076.58 (C-H), 1470.57 (C=C),
1597.61 (C=N)pyridine ring, 3400.46 (N-H), 2233.14
(C=N), 3000.58 (C-H), 1650.68 (C=N), 1447.58 (C=C
amino pyridine ring), 3300.47 (N-H), 2900.26(C-H),
1100.64 (C-N piperazine ring); 'H NMR (500 MHz, CDCls)
$ 2.26-3.42 (9H, t, m piperazine ring), 4.56 (2H, S, -NH>),
7.20-8.24 (4H, d, t pyridine ring), 9.35 (1H, S, 2-amino-3-
cyano pyridine ring); MS m/z 280.327
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2-amino-4-(furan-2-yl)-5-(pyridin-2-yl)nicotinonitrile
(Ps)

Formula CisH10N4O, Yield 86%, m.p 286°C, Rrvalue 0.84;
IR (KBr, Vmax, Cm™): 3075.68 (C-H), 1582.15 (C=C),
1622.65 (C=N)pyridine ring, 3400.54 (N-H), 2212.24
(C=N), 3100.46 (C-H), 1650.75 (C=N), 1467.25 (C=C
amino pyridine ring), 3100.86 (C-H), 1600.90 (C=C),
1220.13(C-0O); '"H NMR (500 MHz, CDCls) 8 4.08 (2H, S, -
NH>), 6.30-6.84 (3H, d, t, furan ring), 7.12-8.42 (4H, m,
pyridine ring), 8.95 (1H, S, 2-amino-3-cyano pyridine ring);
MS m/z 262.266
2-amino-5-(pyridin-2-yl)-4-(1H-pyrrol-2-
yDnicotinonitrile (P10)

Formula CisHiiNs, Yield 84%, m.p 286°C, Rt value 0.86;
IR (KBr, Vmax, Cm™'): 3021.57 (C-H), 1498.47 (C=C),

1638.46 (C=N) pyridine ring, 3400.58 (N-H), 2241.58
(C=N), 3100.86 (C-H), 1650.25 (C=N), 1429.57 (C=C
aminopyridine ring), 3400.86 (N-H), 3100.57 (C-H),
1600.74 (C=C), 1300.68 (C-N pyrrole ring); 'H NMR (500
MHz, CDCl3) 6 4.00 (2H, S, -NH2), 5.05-6.24 (4H, d, t,
pyrrole ring), 7.31-8.25 (4H, d, t pyridine ring), 9.05 (1H,
S, 2-amino-3-cyano pyridine ring); MS m/z 261.281.

Pyridine-based compounds Cs, I7, Is, P1, and T3 (which
showed higher % inhibition in against TB) distinct
fluorescence intensities when exposed to UV illumination
(384 nm) depicted in Figure 4. The variation in emission
brightness reflects differences in molecular structure and
electronic environment, highlighting the potential of these
derivatives for luminescence-based biological and
analytical applications.

Figure 4. Luminescence of pyridine derivatives under UV light (365 nm

P4 also showed high inhibition levels between 85-95%,
suggesting robust anti-TB efficacy. Moderate inhibition
(around 70-85%) was observed with compounds such as
Ti, Ta, Ts, L4, Io, and Ps. On the other hand, the remaining
molecules showed lower inhibitory activity (below 70%),

Antitubercular activity by Luciferase reporter assay
method

Observations of Luciferase reporter assay which had been
performed to evaluate in vitro antitubercular activity against
drug resistant M. tuberculosis H37Rv strain of indicated
that several designed compounds exhibit strong inhibitory
effects shown in Table 5, and Figure 5. Compounds such
as 17 (98.82%), P1 (97.42%), Is (97.38%), and Cs (95.54%),
demonstrated excellent activity with greater than 95%
inhibition, indicating potent bactericidal potential. Other
promising candidates like Ci, Cs, T2, T3, To, 11, I3, Is, I10, and

indicating limited effectiveness. Overall, several
compounds outperformed typical activity thresholds,
marking them as excellent leads for further development.
Particularly, the "I" and "P" series compounds like I7, Is, and
P: emerge as highly promising candidates for future
optimization and evaluation.

Table 5. Relative luminescence units (RLU) and percentage inhibition of compounds against Mycobacterium

tuberculosis H37Rv.

Compound RLU % Compound RLU %

code Values Inhibition code Values Inhibition
Ci 53 91.82 Ti 156 74.23

C 1165 0.89 T2 58 90.86

Cs 654 28.58 T3 48 94.14

Cs 846 19.37 Ta 182 80.83

Cs 65 90.47 Ts 139 78.21
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Co 340 37.43 Te 228 67.31
Cy 754 32.22 T7 473 51.24
Cs 46 95.54 Ts 878 18.41
Co 608 21.33 Ty 92 87.26
Cio 561 48.12 Tio 263 64.31
L 63 91.86 P 40 97.42
I 978 17.83 P> 240 63.01
I 165 85.43 P3 346 37.11
L4 180 81.24 P4 86 88.93
Is 245 28.23 Ps 186 81.36
Is 87 88.91 Ps 686 24.21
I 24 98.82 Py 492 53.33
Is 39 97.38 Ps 983 16.34
Iy 136 78.36 Py 340 37.42
Lo 64 90.52 Pio 1045 9.21

% Inhibition of Pyridine Derivatives Against *Mycobacterium tuberculosis* H37Rv

100

60

% Inhibition

40

20
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Figure 5. % inhibition of pyridine derivatives against Mycobacterium tuberculosis H37TRv

Structure—Activity Relationship (SAR) with RLU-
Activity—Luminescence Correlation

The SAR analysis of the synthesized indazolopyridine,
cyanopyridine, triazolopyridine, and chalcone derivatives
against Mycobacterium tuberculosis H37Rv revealed a
clear correlation between their RLU values, % inhibition,
molecular  features, and predicted luminescence.
Compounds exhibiting low RLU values demonstrated high
inhibition, confirming efficient antimycobacterial action.
Among the indazolopyridines, naphthalene derivative I7
(RLU = 24, 98.82%) and piperazine derivative Ig (39,
97.38%) showed superior activity, attributed to their rigid
fused aromatic systems and electron-donating substituents,
which favor n—m interactions, intramolecular charge transfer
(ICT), and bright blue-green luminescence. The nitro
derivative I» (978, 17.83%) displayed reduced activity due

to fluorescence quenching and weak target interaction. In
the cyanopyridine series, 3,4,5-trimethoxy substituted
derivative P1 (40, 97.42%) exhibited strong donor—acceptor
(D—A) characteristics conducive to both ICT fluorescence
and enzyme binding. Triazolopyridines T3 (48, 94.14%)
and T2 (58, 90.86%) were potent due to their conjugated
heteroaromatic donors that stabilize m—m* transitions,
whereas Ts (878, 18.41%) lost activity through
photoinduced electron transfer (PET). Chalcones Cs (46,
95.54%) and Ci (53, 91.82%) displayed strong inhibition
and enhanced luminescence owing to o,B-unsaturated
conjugation and donor-rich substituents.

Overall, the compounds with high conjugation, planarity,
and donor—acceptor balance exhibited both strong
antimycobacterial potency and predicted luminescent
properties. The integrated docking and QSAR data
supported these findings, establishing that molecular
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features governing charge delocalization and fluorescence
also enhance target affinity, indicating the potential of these
scaffolds as theranostic agents combining bioactivity with
optical traceability.

Conclusion

In this study, an integrated computational and experimental
approach was employed to evaluate the anti-tubercular
potential of novel cyanopyridine, triazole, indazole, and
chalcone derivatives derived from 2-acetyl pyridinyl prop-
2-en-1-one. Molecular docking studies against the DprE1
enzyme revealed several compounds, including Ti, Ts, Ci,
I, and Is, with strong binding affinities and favorable
interactions with key active site residues, suggesting their
potential to inhibit enzymatic activity effectively. The
predicted biological activity using the MLR-based QSAR
model corroborated these findings, highlighting the same
compounds as highly potent inhibitors. ADME profiling
further indicated that most of the promising compounds
possess favorable pharmacokinetic properties, including
high gastrointestinal absorption, drug-likeness, and
synthetic accessibility, which support their suitability for
further development. Importantly, a clear inverse
correlation between RLU values and % inhibition was
observed across all series, affirming that efficient inhibitors
suppress luminescence from the reporter phage in vitro anti-
TB assay against M. tuberculosis H37Rv. Collectively,
these results identify a subset of molecules with a balanced
profile of potency, bioavailability, and structural novelty,
making them strong candidates for lead optimization. The
study underscores the value of combining in silico
modeling with experimental validation to accelerate anti-
TB drug discovery and offers promising scaffolds for the
development of novel therapeutics against multidrug-
resistant and extensively drug-resistant tuberculosis.
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