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Pyridine, a fundamental heterocyclic scaffold, is a key structural component in numerous 
biologically active molecules, including alkaloids, vitamins B3 and B6, coenzymes, and other 
natural products. Its significance in medicinal chemistry arises from its versatile 
physicochemical properties, such as its capacity to form hydrogen bonds, its high water 
solubility, and its chemical stability. In this study, a series of substituted pyridine-based 
analogues (3a-h) were synthesized and their structural elucidation was performed using 
various spectroscopic techniques. These derivatives incorporate an azomethine 
functionality within the pyridine core. The structural characterization of the newly 
synthesized compounds was achieved through spectroscopic analyses, including mass 
spectrometry, 1H NMR, 13C NMR, infrared (IR) spectroscopy, and complementary analytical 
methods such as solubility and melting point determination. The biological evaluation of the 
derivatives 3a-h was carried out to assess their in vitro cytotoxic activity against the human 
colon cancer cell line HCT-15 and the breast cancer cell line MCF-7 using the sulforhodamine 
B (SRB) assay. The results indicated that the synthesized compounds exhibited an anticancer 
activity ranging from moderate to promising. Furthermore, the compounds were subjected 
to preliminary antituberculosis (anti-TB) screening against Mycobacterium bovis, a 
representative strain of Mycobacterium tuberculosis, at varying concentrations. 
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1. Introduction 
 

Cyclic organic compounds that have at least one 
heteroatom are known as heterocyclic compounds [1]. The 
most common heteroatoms in these compounds are nitrogen, 
oxygen, and sulfur, but heterocyclic rings with additional 
heteroatoms are also well known [2,3]. A carbocyclic compound 
is an organic compound that is cyclic and has all its carbon 
atoms arranged in rings [4-6]. Due to their ability to treat a 
variety of diseases, heterocyclic compounds are considered one 
of the essential classes of organic compounds and are utilized 
in many biological fields [7]. Over the past several decades, 
numerous chemically synthesized compounds have been used 
to develop anticancer drugs. More than 75% of materials used 
in clinical settings today are heterocyclic derivatives, which are 
compounds made up of at least two distinct elements [8-11]. 
These compounds have attracted a great deal of attention in the 
development of pharmacologically active molecules and 
advanced organic materials [12,13]. Multidrug-resistant 
bacterial infections are becoming more common at an alarming 
rate, and doctors are now increasingly relying on Vancomycin® 

as an antibiotic for serious infections resistant to conventional 
agents. This suggests that new classes of antimicrobial agents 
must be developed [14-16]. Researchers and medicinal 
chemists are always interested in heterocyclic compounds 
containing sulfur, nitrogen and / or oxygen such as pyrazole 
and thiophene due to their numerous biological and pharma-
cological uses [17]. 

Pyridine is a member of a very important class of hetero-
cyclic compounds that have a significant impact on medicine 
[18]. Due to its numerous incorporations of medicinal 
compounds, it has become a versatile heterocyclic compound 
with a wide range of biological activities (Figure 1). Trig-
onelline, alkaloids, coenzymes, natural antibiotics such as 
pyridomycin, vitamin B3 and B6 contain the pyridine nucleus, a 
key heterocyclic scaffold [19]. Furthermore, the aqueous 
solubility, metabolic stability, and lipophilicity of the target 
drug can all be changed by pyridine nuclei. As a result, the 
creation of novel derivatives based on pyridines has garnered 
significant interest in the treatment of various diseases [20].  
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Figure 1. Pyridine-based drug molecules. 

In this study, we report the synthesis of a series of novel 
pyridine-based Schiff bases derived from substituted pyridine 
cores, considering the pivotal role of pyridine as a biologically 
active scaffold with broad-spectrum pharmacological potential. 
Synthesized compounds were evaluated for their anti-
tuberculosis (anti-TB) and anticancer activities using in vitro 
assays. Structural characterization was performed using 
electrospray ionization mass spectrometry (ESI-MS), nuclear 
magnetic resonance (1H NMR, 13C NMR) and Fourier-transform 
infrared (FT-IR) spectroscopy. 
 
2. Experimental 
 
2.1. Materials and instrumentations 
 

Merck, Aldrich, and S.D. Fine Chemical Limited, Mumbai, 
provided all the chemicals and solvents. Before use, all solvents 
were dried and distilled. Thin-layer chromatography, utilizing 
pre-coated aluminum sheets with GF254 silica gel and a 0.2 mm 
layer thickness (E. Merck) and solvent systems of toluene: 
methyl acetate: methanol (5:4:1, v:v:v) as used to monitor the 
reactions. The melting points of the synthesized compounds 
were determined using a Veego VMP-MP melting point 
apparatus. Infrared spectra were recorded on a Shimadzu FTIR-
8400S spectrometer. Nuclear magnetic resonance (1H NMR, 13C 
NMR) spectra were acquired at the Sophisticated Analytical 
Instrumentation Facility (SAIF), Punjab University, Chandigarh, 
using a Bruker Avance-II 400 NMR spectrometer operating at 
400 MHz, with tetramethylsilane (TMS) as an internal reference 
in dimethylsulfoxide (DMSO-d6). Chemical shifts are reported in 
δ units (ppm). Ultraviolet (UV) spectral analysis was performed 
using a Shimadzu 1700 UV-vis spectrophotometer. Time-of-
flight mass spectrometry with electrospray ionization (LC-MS 
Spectrometer Model Q-ToF Micro Waters) spectra were 
recorded at 70 eV. 
 

2.2. Synthesis 
 

General procedure for the synthesis of pyridine-based 
azomethine derivatives 3a-h: In the round bottom flask 
substituted 3-aminopyridine (0.0304 mol) and 4 mL of water 
were mixed together and in the resulting suspension 
substituted ortho hydroxybenzaldehydes (a: 2-hydroxybenz-
aldehyde, b: 2-hydroxy-4-nitrobenzaldehyde, c: 4-formyl-3-
hydroxybenzamide, d: 2-hydroxy-5-methoxy-4-methylbenz-
aldehyde, e: 4-chloro-2-hydroxybenzaldehyde, f: 2-hydroxy-4-
methylbenzaldehyde, g: 2-hydroxy-3-nitrobenzaldehyde, h: 2-
chloro-6-hydroxybenzaldehyde) in ethyl alcohol (0.0306 mol) 
with stirring. The reaction was carried out over 2 hours at 30-
32 °C. After completing the reaction, the mixture was stirred for 
20 min excess and the solid product formed was filtered off and 
washed with water. The crude azomethine compound was 
recrystallized with ethanol to obtain a pure compound (Figure 
2). 

2-((E)-(4-(Allyloxy)-5-methylpyridin-3-ylimino) methyl) phe-
nol (3a): Color: Brown. Yield: 83%. M.p.: 140-142 °C. FT-IR 
(KBr, ν, cm-1): 3265-3675 (O-H, broad band), 1572-1644 (C=N), 
1450-1490 (C=C). 1H NMR (400 MHz, DMSO-d6, δ, ppm): 3.38-
3.37 ( d, 2H, -CH2-), 3.67-3.63 (s, 3H, -CH3), 5.16-5.06 (d, 2H, -
CH2), 6.04-5.96 (s, 1H, OH), 6.97-6.94 (t, 1H, C=CH), 7.23-7.21 
(s, 1H, ArH), 7.60-7.53 (s, 3H, ArH), 8.02-8.00 (s, 2H, Py-H), 
10.92-10.90 (s, 1H, N=CH). 13C NMR (100 MHz, DMSO-d6, δ, 
ppm): 39.52, 56.55, 77.05, 110.20, 116.52, 116.83, 129.25, 
130.21, 131.04, 137.45, 130.00, 143.45, 149.00, 161.33. MS 
(ESI, m/z) calculated for C16H16N2O2:268.31; found: 269.12. 

2-((E)-(4-(Allyloxy)-5-methylpyridin-3-ylimino) methyl)-5-
nitrophenol (3b): Color: Yellow. Yield: 88%. M.p.: 136-138 °C. 
FT-IR (KBr, ν, cm-1): 3280-3682 (O-H, broad band), 1582-1655 
(C=N), 1435-1482 (C=C), 1320 (NO2). 1H NMR (400 MHz, 
DMSO-d6, δ, ppm): 3.43-3.41 (d, 2H, CH2), 3.89-3.90 (s, 3H, CH3), 
5.10-5.14 (d, 2H, CH2), 6.00-5.90 (s, 1H, OH), 6.85-6.83 (t, 1H, 
C=CH), 7.37-7.26 (s, 1H, Ar H), 7.95-7.90 (s, 2H, Ar H), 8.35-8.34  
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Figure 2. Synthesis of pyridine-based azomethine derivatives 3a-h. 

(s, 2H, Py-H), 12.10-12.09 (s, 1H, N=CH). 13C NMR (100 MHz, 
DMSO-d6, δ, ppm): 39.51, 36.49, 76.00, 77.05, 77.39, 116.50, 
116.93, 122.47, 123.97, 125.00, 131.46, 136.72, 137.44, 143.45, 
149.41, 149.97, 153.57. MS (ESI, m/z) Calculated for 
C16H15N3O4: 313.31; found: 314.11. 

4-((E)-(4-(Allyloxy)-5-methylpyridin-3-ylimino) methyl)-3-
hydroxybenzamide (3c): Color: White. Yield: 92%. M.p.: 138-140 
°C. FT-IR (KBr, ν, cm-1): 3210-3590 (O-H, broad band), 1580-
1645 (C=N), 1420-1490 (C=C), 1688 (C=O). 1H NMR (400 MHz, 
DMSO-d6, δ, ppm): 3.43-3.32 (s, 2H, CH2), 3.91-3.83 (s, 3H, CH3), 
5.16-5.08 (d, 2H, CH2), 6.04-5.96 (s, 1H, OH), 7.19-7.00 (s, 2H, 
NH2), 7.19-7.16 (t, 1H, C=CH), 8.11-8.06 (s, 3H, Ar H), 8.19-8.15 
(s, 2H, Py H), 10.73-10.71 (s, 1H, N=CH). 13C NMR (100 MHz, 
DMSO-d6, δ, ppm): 39.51, 55.92, 111.90, 115.03, 115.96, 122.37, 
129.40, 130.32, 135.92, 137.92, 137.43, 139.43, 144.27, 144.64, 
153.00, 167.12. MS (ESI, m/z) Calculated for C17H17N3O3: 
311.34; found: 312.13. 

2-((E)-(4-(allyloxy)-5-methylpyridin-3-ylimino) methyl)-4-
methoxy-5-methylphenol (3d): Color: Creamy. Yield: 81%. M.p.: 
138-140 °C. FT-IR (KBr, ν, cm-1): 3220-3570 (O-H, broad band), 
1530-1610 (C=N), 1450-1498 (C=C), 1090 (O-CH3). 1H NMR 
(400 MHz, DMSO-d6, δ, ppm): 2.30-2.26 (s, 3H, CH3), 3.39-3.34 
(s, 3H, CH3), 3.90-3.82 (s, 3H, OCH3), 3.94-3.90 (d, 2H, =CH2), 
5.17-5.06 (s, 2H, CH), 6.04-5.99 (s, 1H, OH), 6.95-6.94 (t, 1H, 
=CH) δ 7.19-7.17 (s, 2H, ArH), 7.59-7.26 (s, 2H, Py), 12.06-12.07 
(s, 1H, N=CH). 13C NMR (100 MHz, DMSO-d6, δ, ppm): 19.95, 
39.40, 55.94, 56.08, 113.00, 115.50, 120.02, 129.07, 130.16, 
133.76, 137.42, 137.45, 137.99. 142.03, 149.61, 153.91. MS 
(ESI, m/z) Calculated for C18H20N2O3: 312.14; found: 313.15. 

2-((E)-(4-(Allyloxy)-5-methylpyridin-3-ylimino) methyl)-5-
chlorophenol (3e): Color: Brown. Yield: 89%. M.p.: 144-146 °C. 
FT-IR (KBr, ν, cm-1): 3200-3650 (O-H, broad band), 1570-1650 
(C=N), 1430-1480 (C=C), 680 (C-Cl). 1H NMR (400 MHz, DMSO-
d6, δ, ppm): 2.52-2.51 (s, 3H, CH3), 3.39-3.90 (d, 2H, CH2), 5.14-
5.06 (d, 2H, CH2), 6.01-5.96 (s, 1H, OH), 6.89-6.90 (t, 1H, C=CH), 
7.15-7.14 (s, 1H, ArH), 7.63-7.61 (s, 2H, ArH), 8.04-8.01 (s, 2H, 
PyH), 10.55-10.54 (s, 1H, N=CH). 13C NMR (100 MHz, DMSO-d6, 
δ, ppm): 38.44, 54.88, 55.00, 111.03, 116.64, 125.16, 128.77, 
129.20, 135.55, 136.66, 137.15, 139.90. 143.53, 150.15, 154.00. 
MS (ESI, m/z) Calculated for C16H15ClN2O2: 302.76; found: 
303.09. 

2-((E)-(4-(Allyloxy)-5-methylpyridin-3-ylimino) methyl)-5-
methylphenol (3f): Color: Creamy. Yield: 87%. M.p.: 142-144 °C. 
FT-IR (KBr, ν, cm-1): 3264- 3670 (O-H, broad band), 1560-1644 
(C=N), 1400-1470 (C=C). 1H NMR (400 MHz, DMSO-d6, δ, ppm): 
2.61-2.51 (s, 3H, CH3), 3.30-3.04 (d, 2H, CH2), 3.95-3.74 (s, 3H, 
CH3), 5.16-5.10 (d, 2H, CH2), 6.01-5.97 (s, 1H, OH), 6.97-6.96 (t, 
1H, C=CH), 7.23-7.22 (s, 1H, Ar H), 7.35-7.32 (s, 1H, Ar H), 7.79-
7.70 (s, 1H, ArH), 7.42-7.34 (s, 2H, PyH), 11.38-11.37 (s, 1H, 
N=CH). 13C NMR (100 MHz, DMSO-d6, δ, ppm): 39.56, 55.90, 
115.40, 115.53, 115.60, 115.90, 128.69, 130.30, 131.11, 131.31, 
136.51, 137.47, 138.23, 142.95, 148.88, 149.88. MS (ESI, m/z) 
Calculated for C17H18N2O2: 282.137; found: 283.149. 

2-((E)-(4-(Allyloxy)-5-methylpyridin-3-ylimino) methyl)-6-
nitrophenol (3g): Color: Yellow. Yield: 86%. M.p.: 136-138 °C. 
FT-IR (KBr, ν, cm-1): 3260-3672 (O-H, broad band), 1575-1641 
(C=N), 1424-1477 (C=C), 1084 (O-CH2). 1H NMR (400 MHz, 
DMSO-d6, δ, ppm): 2.51-2.53 (s, 3H, CH3), 3.37-3.77 (d, 2H, CH2), 
5.10-5.17 (d, 2H, CH2), 6.11-6.88 (s, 1H, OH), 6.92-6.98 (t, 1H, 
C=CH), 7.18-7.20 (s, 1H, Ar H), 7.65-7.68 (s, 2H, ArH), 8.04-8.09 
(s, 2H, PyH), 10.58-10.56 (s, 1H, N=CH). 13C NMR (100 MHz, 
DMSO-d6, δ, ppm): 38.55, 54.89, 55.14 111.13, 116.68, 125.20, 
1287.78, 129.45, 135.65, 136.70, 137.19, 139.80. 143.51, 
150.19, 154.20. MS (ESI, m/z) Calculated for C16H15N3O4: 
313.106; found 314.11 [M+]. 

2-((E)-(4-(Allyloxy)-5-methylpyridin-3-ylimino) methyl)-3-
chlorophenol (3h): Color: Yellow. Yield: 81%. M.p.: 140-142 °C. 
FT-IR (KBr, ν, cm-1): 3260-3672 (O-H, broad band), 1575 -1641 
(C=N), 1424-1477 (C=C), 1084 (O-CH2). 1H NMR (400 MHz, 
DMSO-d6, δ, ppm): 2.57-2.52 (s, 3H, CH3), 3.37-3.35 (d, 2H, CH2), 
5.11-5.09 (d, 2H, CH2), 6.11-5.99 (s, 1H, OH), 6.99-6.97 (t, 1H, 
C=CH), 7.16-7.13 (s, 3H, ArH), 7.61-7.60 (s, 2H, Py H), 10.50-
10.49 (s, 1H, N=CH). 13C NMR (100 MHz, DMSO-d6, δ, ppm): 
38.10, 54.16, 55.88, 111.30, 116.89, 125.80, 128.67, 129.39, 
135.59, 136.55, 137.27, 139.89. 143.03, 150.55, 154.35. MS 
(ESI, m/z) Calculated for C16H15ClN2O2: 302.082; found: 303.09. 
 
2.3. In vitro cancer activity  
 

All newly synthesized compounds were evaluated for their 
in vitro anticancer and antimycobacterial activity. In vitro tests 
for drugs anticancer activity evaluation were performed at the 
Anticancer Drug Screening Facility (ACDSF) at the Tata 
Memorial Center for Cancer Treatment, Research and 
Education (ACTREC), Navi Mumbai, India. 

In vitro anticancer activity carried out using the SRB assay 
against the Colon cancer Cellline HCT-15 and the breast cancer 
cellline MCF7. Cytotoxicity activity was evaluated using the 
sulforhodamine B (SRB) assay and the experimental 
compounds investigated were solubilized in the appropriate 
solvent to prepare a stock of 1×10-2 concentration [21]. At the 
time of the experiment, four 10-fold serial dilutions were made 
using complete medium. Aliquots of 10 μL of these different 
dilutions of compounds were added to the appropriate 
microtiter wells that already contain 90 μL of medium, resulting 
in the final concentrations of compounds required [22]. After 
the addition of compounds, the plates were incubated under 
standard conditions for 48 hours and the assay was completed 
by the addition of cold trichloroacetic acid (TCA). Cells were 
fixed in-situ by the gentle addition of 50 μL of cold 30% (w/v) 
TCA (final concentration, 10% trichloroacetic acid) and 
incubated for 60 minutes at 4 °C. The supernatant was 
discarded; the plates were washed five times with tap water 
and air-dried. Sulforhodamine B solution (50 μL) at 0.4% (w/v) 
in 1% acetic acid to each of the wells and the plates were 
incubated for 20 minutes at room temperature. After staining, 
the unbound dye was recovered and the residual dye was 
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removed by washing five times with 1% acetic acid. Plates were 
air-dried. The bound stain was subsequently eluted with a 10 
mM trizma base, and the absorbance was read on an Elisa plate 
reader at a wavelength of 540 nm with a reference wavelength 
of 690 nm [23].  

Percent growth was calculated on a plate-by-plate basis for 
test wells relative to control wells. Percent growth was 
expressed as the ratio of the average absorbance of the test well 
to the average absorbance of the control wells ×100. Using the 
six absorbance measurements [time zero (Tz), control growth 
(C), and test growth in the presence of drug at the four 
concentration levels (Ti)], the percentage growth was 
calculated at each of the investigated compounds concentration 
levels. The dose response parameters were calculated for each 
test article. Growth inhibition of 50% (GI50) was calculated from 
[(Ti-Tz)/(C-Tz)] × 100 = GI50, which is the compounds 
concentration resulting in a 50% reduction in the net protein 
increase (as measured by SRB staining) in control cells during 
compounds incubation. The concentration of the investigated 
compounds that resulted in total growth inhibition (TGI) was 
calculated from Ti = Tz. The LC50 (concentration of investigated 
compounds resulting in a 50% reduction in the measured 
protein at the end of the drug treatment as compared to that at 
the beginning) indicating a net loss of cells following treatment 
is calculated from [24] (Ti-Tz)/Tz] × 100 = LC50 values were 
calculated for each of these three parameters if the level of 
activity was reached; however, if the effect was not reached or 
was exceeded, the values for that parameter were expressed as 
greater or less than the maximum or minimum concentration 
tested [25]. 
 
2.4. Antituberculosis activity 
 

Preparation of inoculum: The isolates grown in Lowenstein 
Jensen medium (LJ) were subcultured in Middle Brook 7H9 
broth supple maintained with OADC (oleic acid, albumin, 
dextrose, and catalase) at 37 °C for 14-21 days. The 
antimycobacterial activities of the pyridine derivatives were 
evaluated against the M. bovis strain by maintaining them in 
Middle Brook 7H9 medium for approximately 14-21 days. The 
bacterial suspension was homogenized by vortex shakeup and 
the turbidity was adjusted in agreement with tube which is the 
scales of McFarland no 1 (3.2×106 cfu/mL). The inoculum was 
prepared by diluting the bacterial suspension in the pro portion 
of 1:20 in Middle Brook 7H9 broth medium. This diluted 
suspension (100 μL) was used to inoculate each well of the plate 
[26].  

The Mycobacterium bovis stains were collected from the 
City Hospital Ahmedabad, Gujrat, India. The Resazurin 
microtiter assay (REMA) was used to test the antimycobacterial 
activity of the pyridine derivatives. Resazurin ® was used as a 
marker of cellular viability or growth inhibition in 96 
microplates (wells) to perform the susceptibility test. Middle 
Brook 7H9 broth supplemented with OADC was used to dilute 
working solutions of the compounds tested, resulting in final 
sample concentrations ranging from 1, 2, 5, 10 mg/mL. As a 
positive control, Rifampicin® was dissolved in DMSO, and as a 
negative control, drug-free media containing strain suspen-
sions were used. All testing wells and drug/extract-free control 
wells received 100 microliters of Middle Brook 7H9 broth and 
the test inoculum [27,28]. The first well of each row was then 
filled with 100 microliters of testing compounds solutions, from 
which two-fold dilution series were created using the 
microplate column. Each concentration of the extract was 
tested twice. After that, each microplate was sealed with 
parafilm and incubated for five to seven days at 37 °C in a 
standard atmosphere. 25 μL of resazurin 0.02% w/v was added 
to each well after the incubation period, and then the wells were 
re-incubated for 24 hours at 37 °C to develop color. All 
synthesized derivatives of pyridine were tested for their 

antimycobacterial activity against the M. bovis strain by 
maintaining on Middle Brook 7H9 at concentration 1, 2, 5, 10 m 
/mL compared to standard Isoniazid [29].  
 
3. Results and discussion 
 
3.1. Synthesis 
 

Our work planned to synthesize of pyridine based 
azomethine derivatives 3a-h derivatives via the reaction of 
substituted 3-aminopyridine with substituted ortho-hydroxy 
benzaldehydes in ethyl alcohol, as described in Scheme 1 on 
treatment substituted 3-aminopyridine in water with in ethanol 
furnished the corresponding azomethine derivatives with loss 
of water molecules. The analytical analysis and spectral data 
evidenced the structure of compound 3a-h. The IR spectra of 
compounds 3a-h revealed an absorption band at 3260-3672 
cm−1 due to the OH group, bands at 1575-1641 cm-1 corres-
ponding to C=N groups, 1424-1477 cm-1 due to C=C aromatic, 
O-CH=CH2 group attached to pyridine shows an IR band about 
1084 cm-1. 1H NMR spectrum compounds 3a-h showed singlet 
signals at δ 3.38-3.37 ppm appear due to -CH2=C-, δ 3.67-3.63 
ppm appear doublet, due to -CH3, δ 6.04-5.96 ppm singlet 
appear due to -OH, δ 6.97-6.94 ppm due to C=CH, δ 7.23-7.53 
ppm peak due to aromatic protons, δ 10.92-10.90 ppm due to 
N=CH, groups, δ 8.02-8.00 ppm peak due to pyridine ring.  13C 
NMR spectra of compounds 3a-h exhibited characteristic 
signals corresponding to various functional groups. A reso-
nance at δ 56.55 ppm was attributed to the CH2-O moiety, while 
the signal at δ 39.52 ppm corresponded to the two methyl 
groups. The signals observed at δ 110.20, 116.52, 116.83, and 
129.25 ppm were assigned to the carbons of the pyridine ring. 
Furthermore, singlet signals at δ 137.45, 130.00, 143.45, and 
149.00 ppm were associated with aromatic nuclei, indicating 
the presence of conjugated systems within the synthesized 
compounds. 
 
3.2. In vitro anticancer activity 
 

The anticancer activity of pyridine derivatives against the 
human colon cancer cell line HCT-15 using the sulforhodamine 
B assay assay at four different concentration levels. All results 
against human colon cancer cell line HCT-15 are available also 
in experimental values (Table 1). One of the biggest obstacles to 
cancer treatment is overcoming multidrug resistance (MDR) 
[30]. In this regard, compounds linked to Schiff bases have 
attracted a lot of attention in recent decades. Schiff bases are a 
promising field of study for potential colon cancer treatments 
because research indicates that they can have a significant 
anticancer effect on colon cancer cells, possibly inhibiting their 
growth and inducing apoptosis through various mechanisms 
[31]. However, more research is required to fully understand 
their efficacy and safety in humans. Rajput et al. reported that 
imine-based phenolic monoterpenoid derivatives show 
excellent effects on the HCT-15 colon cancer cell line with a 
remarkable GI50 value [32]. The 3d derivative has the lowest 
GI50 values, which are comparable with the standard drug 
molecule Adriamycin. Colon cancer cell growth inhibited by 
compounds containing imine and hydrazine linkages by 
blocking active infected sites. The results obtained show that 
seven derivatives based on pyridine have mild potency against 
the MCF-7 cell line. The total growths of inhibition at the 50% 
concentration level for compound 3d show excellent inhibition 
at each concentration. The GI50 for compound 3d is 22.5 µg/mL, 
which is comparable to the slandered drug molecule 
Adriamycin ®. The remaining all compounds show negligible 
inhibition against HCT-15 cell line shown in Table 2. 
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Table 1. Cytotoxicity effects (% control growth) of compounds 3a-h against the human colon cancer cell line HCT-15. 
Compounds Drug concentrations (µg/mL) 

10 20 40 80 
3a 114.0 124.8 126.5 120.9 
3b 113.6 124.8 131.2 131.7 
3c 120.2 118.9 128.0 131.9 
3d 66.9 45.0 31.0 27.7 
3e 128.1 123.3 111.8 99.8 
3f 114.0 124.8 126.5 120.8 
3g 113.6 124.8 125.1 131.9 
3h 110.2 111.4 114.3 118.5 
Adriamycin 5.5 2.0 1.4 0.7 
 
Table 2. GI50, TGI, and LC50 of compounds 3a-h against the human colon cancer cell line HCT-15 *. 
Compounds LC50 (μM) TGI (μM)  GI50 (μM) 
3a NE NE >80 
3b NE NE >80 
3c >80 >80 >80 
3d >80 >80 22.5 
3e >80 >80 >80 
3f >80 >80 >80 
3g >80 >80 >80 
3h >80 >80 >80 
Adriamycin <10 <10 <10 
* GI50: Median growth inhibition; TGI: Total growth inhibition, LC50: Median lethal concentration, NE: No effect. 

 
Table 3. Cytotoxicity effects (% control growth) of compounds 3a-h against the human breast cancer cell line MCF-7. 
Compounds Drug concentrations (µg/mL) 

10 20 40 80 
3a 98.73 104.73 104.77 102.40 
3b 96.93 104.07 104.50 95.43 
3c 46.57 49.47 48.83 43.63 
3d 103.33 114.37 113.00 109.70 
3e 99.10 105.13 102.97 102.73 
3f 114.00 124.08 126.50 120.90 
3g 111.07 124.77 125.10 131.90 
3h 128.07 123.33 111.80 99.83 
Adriamycin 5.47 2.03 1.53 0.77 

 
Table 4. GI50, TGI, and LC50 of compounds 3a-h against the human breast cancer cell line MCF-7 *.  
Compounds LC50 (μM) TGI (μM)  GI50 (μM) 
3a NE >80 >80 
3b NE >80 >80 
3c NE >80 <10 
3d NE >80 >80 
3e NE >80 >80 
3f NE >80 >80 
3g NE >80 >80 
3h NE >80 >80 
Adriamycin <10 <10 <10 
* GI50: Median growth inhibition; TGI: Total growth inhibition, LC50: Median lethal concentration, NE: No effect 

 
The anticancer activity of the pyridine derivatives 

evaluated against the human breast cancer cell line MCF-7 was 
evaluated using a sulphorodamine blue assay at four different 
concentration levels. All results against breast cancer cell line 
MCF-7 are available in triplicate experimental values (Table 3). 
Earlier research demonstrated that functionalized imine 
compounds show moderate to excellent against human breast 
cancer cell line MCF-7 [33]. Faraj and co-workers reported two 
novel quinazoline syntheses and characterizations [33]. The 
anticancer activity of the Schiff bases against the human breast 
cancer cell line MCF-7 was examined. With an IC50 value of 
6.246×10-6 and 5.910×10-6 mol/L, respectively, the Schiff base 
1 and the Schiff base 2 showed a notable antiproliferative effect 
[34]. One of the biggest obstacles to cancer treatment is 
overcoming multidrug resistance (MDR). In this regard, 
compounds linked to Schiff bases have attracted a lot of 
attention in recent decades. Schiff bases are a promising field of 
study for potential colon cancer treatments because research 
indicates that they can have a significant anticancer effect on 
colon cancer cells, possibly inhibiting their growth and inducing 
apoptosis through various mechanisms. However, more 
research is required to fully understand their efficacy and safety 
in humans. Rajput et al. reported that imine based phenolic 
monoterpenoid derivatives shows excellent effects on the MCF-

7 breast cancer cell line with remarkable effect. The results 
obtained show that the seven derivatives have mild potency 
against MCF-7 cell line [35]. The results obtained show that the 
seven derivatives have mild potency against MCF-7 cell line. 
The total growths of inhibition at 50% concentration level for 
compound 3c show excellent inhibition at each concentration. 
The GI50 for compound 3c is 10 µg/mL, which is comparable to 
the slandered drug molecule Adriamycin ®. The remaining 
compound shows negligible inhibition against the MCF-7 cell 
line shown in Table 4. 
 
3.3. Antituberculosis activity 
 

Most recent studies have shown that pyridine compounds 
and their derivatives have a wide range of pharmacological 
activities. Our understanding of how to create more potent 
pyridine-based medications to treat tuberculosis has advanced 
greatly as a result of the consideration of MIC values, structural 
alterations, such as the addition of particular substitutes 
[36,37]. A pyridine-based drug called isoniazid is used to treat 
tuberculosis (TB). It is prescribed as first-line therapy and is 
one of the primary medications used to treat tuberculosis [38].  
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Table 5. In vitro antimycobacterial activity of compounds 3a-h against M. Bovis. 
Compound % Inhibition against M. Bovis (1 mg/mL) 
3a 13.85 
3b 6.48 
3c 81.58 
3d 22.19 
3e 6.48 
3f 6.37 
3g 7.82 
3h 6.28 
Isoniazid 94.24 
 

The obtained results show (Table 5) that pyridine based 
seven derivatives shows mild anti-TB against to M. bovis. The 
three-active site in a compound 3c is responsible for enhancing 
the % of inhibition at each concentration. The % inhibition of 
compound 3c is 81.58 which is comparable with a slandered 
isoniazid molecule. In compound 3c that has the highest 
percentage of inhibition at all concentrations is due to the effect 
of the amide functional group. Previous research showed the 
prolonged effect of the amide group on TB stains [39]. The % of 
inhibition for each compound against M. Bovis is showing 
considerable effect. In other compounds such as compound 3a, 
3c, and 3d that have a progressive mode of inhibition against M. 
Bovis. The remaining compounds show negligible inhibition at 
all concentrations. The observed antimycobacterial activity 
against M. Bovis was unaffected by the type of substituent (R) or 
pyridine-based azomethine scaffolds. 
 
4. Conclusions 
 

Some new pyridine-based heterocyclic compounds 3a-h 
containing azomethine functional group were reported. These 
recently synthesized compounds were thoroughly described by 
spectrum analyses that perfectly matched the designated 
structures. Several of the compounds produced were tested 
using the sulforhodamine B assay against the human breast 
cancer cell line MCF-7, the human colon cancer cell line HCT-15, 
and antimycobacterial activity against the strain of M. bovis. On 
comparison of the newly produced compounds to the reference 
molecule, it was discovered that most of them exhibited 
antimycobacterial and anticancer activity. 
 
Acknowledgements 
 
The authors express their gratitude towards all the colleagues and 
contributors for their continuous support throughout this study. Sanjay 
Kotalwar also thanks the Principal and Head, Department of Chemistry of 
Deogiri College Aurangabad and the Principal and Head, Department of 
Chemistry Lal Bahadur Shastri Senior College, Partur, District-Jalna for 
cooperation in this work. 
 
Disclosure statement  
 
Conflict of interest: The authors declare that they have no conflict of interest. 
Ethical approval: All ethical guidelines have been adhered to. 
Sample availability: Samples of the compounds are available from the author. 
 
CRediT authorship contribution statement   
 
Conceptualization: Vasant Bhagwan Jagrut; Methodology: Sanjay Kotalwar; 
Software: Gautam Prabhakar Sadawarte; Validation: Sanjay Kotalwar; Formal 
Analysis: Amol Diliprao Kale; Investigation: Sanjay Kotalwar; Resources: 
Rajendra Prahlad Phase; Data Curation: Gautam Prabhakar Sadawarte; 
Writing - Original Draft: Sanjay Kotalwar; Writing and editing: Vasant 
Bhagwan Jagrut; Funding acquisition: Sanjay Kotalwar; Supervision: Vasant 
Bhagwan Jagrut. 
 
ORCID  and Email  
 
Sanjay Shriramrao Kotalwar  

 kotalwar.sn@gmail.com  

 https://orcid.org/0009-0002-5303-547X  

Gautam Prabhakar Sadawarte 
 gautamsadawarte@gmail.com  

 https://orcid.org/0000-0003-2002-0052  
Rajendra Prahlad Phase 

 rpphase@gmail.com  

 https://orcid.org/0009-0000-4829-7649  
Amol Diliprao Kale 

 kaleamo009@gmail.com  

 https://orcid.org/0009-0004-5535-1964  
Vasant Bhagwan Jagrut 

 jagrutvb@gmail.com  

 https://orcid.org/0000-0002-3328-1991  
 
References 
 
[1].  Rusu, A.; Moga, I.; Uncu, L.; Hancu, G. The Role of Five-Membered 

Heterocycles in the Molecular Structure of Antibacterial Drugs Used in 
Therapy. Pharmaceutics 2023, 15 (11), 2554. 

[2].  Kabir, E.; Uzzaman, M. A review on biological and medicinal impact of 
heterocyclic compounds. Results Chem. 2022, 4, 100606. 

[3].  Sadawarte, G.; Jagatap, S.; Patil, M.; Jagrut, V.; Rajput, J. D. Synthesis of 
substituted pyridine based sulphonamides as an antidiabetic agent. 
Eur. J. Chem. 2021, 12 (3), 279–283. 

[4].  Negishi, E.; Copéret, C.; Ma, S.; Liou, S.; Liu, F. Cyclic Carbopalladation. 
A Versatile Synthetic Methodology for the Construction of Cyclic 
Organic Compounds. Chem. Rev. 1996, 96 (1), 365–394. 

[5].  Sadawarte, G. P.; Rajput, J. D.; Kale, A. D.; Jagrut, V. B. Synthesis and 
Biological Evaluation of Five- and Six-Membered Heterocycles as an 
Anti-Diabetic Agent: An Overview. J. Chem. Rev. 2024, 6(3), 331-352. 
https://www.jchemrev.com/article_197127.html 

[6].  de Meijere, A.; Kozhushkov, S. I.; Schill, H. Three-Membered-Ring-
Based Molecular Architectures. Chem. Rev. 2006, 106 (12), 4926–
4996. 

[7].  Kumar, N.; Goel, N. Heterocyclic Compounds: Importance in 
Anticancer Drug Discovery. ACAMC. 2022, 22 (19), 3196–3207. 

[8].  Hossain, M.; Habib, I.; Singha, K.; Kumar, A. FDA-approved heterocyclic 
molecules for cancer treatment: Synthesis, dosage, mechanism of 
action and their adverse effect. Heliyon 2024, 10 (1), e23172. 

[9].  Lee, M. M.; Chan, B. D.; Wong, W.; Leung, T.; Qu, Z.; Huang, J.; Zhu, L.; 
Lee, C.; Chen, S.; Tai, W. C. Synthesis and Evaluation of Novel 
Anticancer Compounds Derived from the Natural Product Brevilin A. 
ACS Omega 2020, 5 (24), 14586–14596. 

[10].  Dogra, A.; Kumar, J. Biosynthesis of anticancer phytochemical 
compounds and their chemistry. Front. Pharmacol. 2023, 14, 1136779 
https://doi.org/10.3389/fphar.2023.1136779. 

[11].  Singh, R. K. Key heterocyclic cores for smart anticancer drug–design 
part I; Bentham Science, 2022. 

[12].  Perdicaris, S.; Vlachogianni, T.; Valavanidis, A. Bioactive natural 
substances from marine sponges: New developments and prospects 
for future pharmaceuticals. Nat. Prod. Chem. Res. 2013, 1, 2329–6836 
https://doi.org/10.4172/2329–6836.1000114. 

[13].  Zhang, L.; Peng, X.; Damu, G. L.; Geng, R.; Zhou, C. Comprehensive 
Review in Current Developments of Imidazole-Based Medicinal 
Chemistry. Med. Res. Rev. 2013, 34 (2), 340–437. 

[14].  Perkins, H. Vancomycin and related antibiotics. Pharmacol. Ther. 
1982, 16 (2), 181–197. 

[15].  Okaiyeto, S. A.; Sutar, P. P.; Chen, C.; Ni, J.; Wang, J.; Mujumdar, A. S.; 
Zhang, J.; Xu, M.; Fang, X.; Zhang, C.; Xiao, H. Antibiotic resistant 
bacteria in food systems: Current status, resistance mechanisms, and 
mitigation strategies. Agric. Commun. 2024, 2 (1), 100027. 

[16].  Frieri, M.; Kumar, K.; Boutin, A. Antibiotic resistance. J. Infect. Public 
Health 2017, 10 (4), 369–378. 

[17].  Malak, S. A.; Rajput, J. D.; Sharif, M. Design, synthesis, spectral analysis, 
and biological evaluation of Schiff bases with a 1,3,4-thiadiazole 
moiety as an effective inhibitor against bacterial and fungal strains. 
Eur. J. Chem. 2023, 14 (4), 466–472. 

mailto:kotalwar.sn@gmail.com
https://orcid.org/0009-0002-5303-547X
mailto:gautamsadawarte@gmail.com
https://orcid.org/0000-0003-2002-0052
mailto:rpphase@gmail.com
https://orcid.org/0009-0000-4829-7649
mailto:kaleamo009@gmail.com
https://orcid.org/0009-0004-5535-1964
mailto:jagrutvb@gmail.com
https://orcid.org/0000-0002-3328-1991
https://www.jchemrev.com/article_197127.html
https://doi.org/10.3389/fphar.2023.1136779
https://doi.org/10.4172/2329%E2%80%936836.1000114


Kotalwar et al. / European Journal of Chemistry 16 (2) (2025) 129-135 135 
 

 
2025 – European Journal of Chemistry – CC BY NC – DOI: 10.5155/eurjchem.16.2.129-135.2621 

[18].  Sadawarte, G. P.; Rajput, J. D.; Kale, A. D.; Phase, R. P.; Jagrut, V. B. 
Synthesis, characterization, and biological activities of substituted 
pyridine-based azomethine scaffolds. Eur. J. Chem. 2024, 15 (3), 226–
231. 

[19].  Raslan, R. R.; Ammar, Y. A.; Fouad, S. A.; Hessein, S. A.; Shmiess, N. A.; 
Ragab, A. Evaluation of the anti-proliferative activity of 2-oxo-pyridine 
and 1′H-spiro-pyridine derivatives as a new class of EGFRWtand 
VEGFR-2 inhibitors with apoptotic inducers. RSC. Adv. 2023, 13 (15), 
10440–10458. 

[20].  Sahu, D.; Sreekanth, P. R.; Behera, P. K.; Pradhan, M. K.; Patnaik, A.; 
Salunkhe, S.; Cep, R. Advances in synthesis, medicinal properties and 
biomedical applications of pyridine derivatives: A comprehensive 
review. Eur. J. Med. Chem. Rep. 2024, 12, 100210. 

[21].  Vichai, V.; Kirtikara, K. Sulforhodamine B colorimetric assay for 
cytotoxicity screening. Nat. Protoc. 2006, 1 (3), 1112–1116. 

[22].  Sadawarte, G. P.; Halikar, N. K.; Kale, A. D.; Jagrut, V. B. Sodium Oxalate 
Mediate Synthesis and α-Amalyase Inhibition Assay of 5-Substituted-
3-Phenyl-2-Thioxoimidazolidin-4-Ones. Polycycl. Aromat. Compd. 
2023, 44 (1), 521–527. 

[23].  Rajini, A.; Nookaraju, M.; Reddy, I.; Venkatathri, N. Synthesis, 
characterization, antimicrobial and cytotoxicity studies of a novel 
titanium dodecylamino phosphate. J. Saudi Chem. Soc. 2017, 21, S77–
S85. 

[24].  Shaikh, A. L.; Shinde, A.; Chavan, A.; Patil, R.; Bobade, V.; Mhaske, P. C. 
Synthesis of new 3-(4-methyl-2-arylthiazol-5-yl)-5-aryl-1,2,4-
oxadiazole derivatives as potential cytotoxic and antimicrobial agents. 
Eur. J. Med. Chem. Rep. 2022, 6, 100092. 

[25].  Fricker, S. The application of sulforhodamine B as a colorimetric 
endpoint in a cytotoxicity assay. Toxicol. Vitro 1994, 8 (4), 821–822. 

[26].  Ramos, D. F.; Leitão, G. G.; Costa, F. d.; Abreu, L.; Villarreal, J. V.; Leitão, 
S. G.; Said y Fernández, S. L.; Silva, P. E. Investigation of the 
antimycobacterial activity of 36 plant extracts from the brazilian 
Atlantic Forest. Rev. Bras. Cienc. Farm. 2008, 44 (4), 669–674. 

[27].  Palomino, J.; Martin, A.; Camacho, M.; Guerra, H.; Swings, J.; Portaels, F. 
Resazurin Microtiter Assay Plate: Simple and Inexpensive Method for 
Detection of Drug Resistance in Mycobacterium tuberculosis. 
Antimicrob Agents Chemother. 2002, 46 (8), 2720–2722.  

[28].  Pavan, F. R.; Sato, D. N.; Higuchi, C. T.; Santos, A. C.; Vilegas, W.; Leite, 
C. Q. In vitro anti-Mycobacterium tuberculosis activity of some 

Brazilian "Cerrado" plants. Rev. bras. farmacogn. 2009, 19 (1b), 204–
206. 

[29].  Flournoy, D.; Twilley, J. Modified Middlebrook 7H9 broth for the rapid 
detection of mycobacteria. Clin. Lab. Sci. 2001, 14, 85–88. 

[30].  Duan, C.; Yu, M.; Xu, J.; Li, B.; Zhao, Y.; Kankala, R. K. Overcoming Cancer 
Multi-drug Resistance (MDR): Reasons, mechanisms, nanotherapeutic 
solutions, and challenges. Biomed. Pharmacother. 2023, 162, 114643. 

[31].  Tsacheva, I.; Todorova, Z.; Momekova, D.; Momekov, G.; Koseva, N. 
Pharmacological Activities of Schiff Bases and Their Derivatives with 
Low and High Molecular Phosphonates. Pharmaceuticals 2023, 16 (7), 
938. 

[32].  Rajput, J. D.; Bagul, S. D.; Hosamani, A. A.; Patil, M. M.; Bendre, R. S. 
Synthesis, characterizations, biological activities and docking studies 
of novel dihydroxy derivatives of natural phenolic monoterpenoids 
containing azomethine linkage. Res. Chem. Intermed. 2017, 43 (10), 
5377–5393. 

[33].  Bathula, R.; Mondal, P.; Raparla, R.; Satla, S. R. Evaluation of antitumor 
potential of synthesized novel 2-substituted 4-anilinoquinazolines as 
quinazoline-pyrrole hybrids in MCF-7 human breast cancer cell line 
and A-549 human lung adenocarcinoma cell lines. Futur. J. Pharm. Sci. 
2020, 6 (1), https://doi.org/10.1186/s43094–020–00059–5. 

[34].  Faraj, F. L.; Zahedifard, M.; Paydar, M.; Looi, C. Y.; Abdul Majid, N.; Ali, 
H. M.; Ahmad, N.; Gwaram, N. S.; Abdulla, M. A. Synthesis, 
Characterization, and Anticancer Activity of New Quinazoline 
Derivatives against MCF-7 Cells. Sci. World J. 2014, 2014, 1–15. 
https://doi.org/10.1155/2014/212096 

[35].  Samanta, S.; Kumar, S.; Aratikatla, E. K.; Ghorpade, S. R.; Singh, V. 
Recent developments of imidazo[1,2-a]pyridine analogues as 
antituberculosis agents. RSC. Med. Chem. 2023, 14 (4), 644–657. 

[36].  Chaudhari, K. S.; Patel, H. M.; Surana, S. J. Pyridines: Multidrug-
resistant tuberculosis (MDR-TB) inhibitors. Indian J. Tuberc. 2017, 64 
(2), 119–128. 

[37].  Quan, D. H.; Nagalingam, G.; Luck, I.; Proschogo, N.; Pillalamarri, V.; 
Addlagatta, A.; Martinez, E.; Sintchenko, V.; Rutledge, P. J.; Triccas, J. A. 
Bengamides display potent activity against drug-resistant 
Mycobacterium tuberculosis. Sci. Rep. 2019, 9 (1), 14396 
https://doi.org/10.1038/s41598–019–50748–2. 

 

 Copyright © 2025 by Authors. This work is published and licensed by Atlanta Publishing House LLC, Atlanta, GA, USA. The full terms of this 
license are available at https://www.eurjchem.com/index.php/eurjchem/terms and incorporate the Creative Commons Attribution-Non Commercial (CC BY NC) 
(International, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0). By accessing the work, you hereby accept the Terms. This is an open access 
article distributed under the terms and conditions of the CC BY NC License, which permits unrestricted non-commercial use, distribution, and reproduction in 
any medium, provided the original work is properly cited without any further permission from Atlanta Publishing House LLC (European Journal of Chemistry). 
No use, distribution, or reproduction is permitted which does not comply with these terms. Permissions for commercial use of this work beyond the scope of the 
License (https://www.eurjchem.com/index.php/eurjchem/terms) are administered by Atlanta Publishing House LLC (European Journal of Chemistry). 
 

https://doi.org/10.1186/s43094%E2%80%93020%E2%80%9300059%E2%80%935
https://doi.org/10.1155/2014/212096
https://doi.org/10.1038/s41598%E2%80%93019%E2%80%9350748%E2%80%932
https://www.eurjchem.com/index.php/eurjchem/terms
http://creativecommons.org/licenses/by-nc/4.0
https://www.eurjchem.com/index.php/eurjchem/terms

	1. Introduction
	2. Experimental
	2.1. Materials and instrumentations
	2.2. Synthesis
	2.3. In vitro cancer activity
	2.4. Antituberculosis activity

	3. Results and discussion
	3.1. Synthesis
	3.2. In vitro anticancer activity
	3.3. Antituberculosis activity

	4. Conclusions
	Acknowledgements
	Disclosure statement
	CRediT authorship contribution statement
	ORCID  and Email
	References

	PrintField10: 
	PrintField11: 
	PrintField12: 
	PrintField13: 
	PrintField14: 
	PrintField15: 
	PrintField16: 
	PrintField20: 
	PrintField21: 
	PrintField22: 
	PrintField23: 
	PrintField24: 
	PrintField25: 
	PrintField26: 


