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ABSTRACT

Chalcones were used as starting materials in the present research to
create a new series of unique amino pyrimidine derivatives.
Corresponding chalcones were synthesised from 6-chloropyridine-3-
carbaldehyde. Synthesized compounds were assessed for their antioxidant
and anticancer properties. Compounds 4b, 4e, and 4f demonstrated
strong antioxidant capacity, whereas synthetic chemicals 4e and 4g had a
GI50 of less than 10 pg/ml, according to the anticancer evaluation against
human breast cancer line MCF-7. Novel generated pyrimidines (4a-4j)
were analysed using GC-MS, 'H and C NMR, IR, as well as melting
In silico ADME analysis of the synthetic substances (4a-4j)
revealed that they are extremely effective for use as oral medicines.

> Synthesis of novel pyrimidines from chalcones.
» Evaluation of novel compounds for anticancer properties and

» Compounds 4e and 4g exhibited potential activity towards cell of
humans strain for breast tumors MCF-7, whereas chemicals 4b, 4e,
and 4g showed excellent antioxidant activity.

Characterisation by NMR, GCMS, IR

chalcones points.
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biological processes®®. Pyrimidine derivatives have
also been reported to possess a wide range of
biological properties” in the therapeutic industry,
including anticancer®-15, antihistamine,
antinociceptive, antilipase®, antifilarial®®,
antiparasitic 2°, antioxidant %, antituberculosis %,
antihypertensive?, antimicrobial®*%,
anticonvulsant?®, antiallergic %, antipyretic %, anti-
inflammatory ~ 2°, antifungal %, antiviral®,

of the Creative
which
distribution, and

the

y-nc/4.0/)

antibacterial®?, antimalarial®, antiHIV34,

INTRODUCTION:

Nature contains heterocyclic molecules, some of
which are essential to biological functions . The
heterocyclic

“aromatic organic

antiulcer®,  insecticide %,  antineoplastic¥,
antiepileptic®, analgesic® and anthelmintic®.
Sildenafil “(viagra), formycin A%, sulfadiazine*,
pyrimethamine*?, roscovitine*, indiplon, and
zaleplon” are a few commercially available
medications that are produced from pyrimidine.*

chemical

pyrimidine and its derivatives have long” been used
in medicine?. Pyrimidine is a crucial heterocyclic
compound with six members3# that is a member of
the alkaloid family®. “As vitamins, nucleic acid,
purine, cytosine, uracil, thymine, folic acid, and
coenzymes, it plays an important part in several
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For instance, “thiourea reacts with chalcones in the
presence of NaOH to form 4,6-disubstituted

Step 1
[e]
0 20 % NaOH
] Ny” 'H Ethanol SV
-, + e | >
Cl N

o

0-5°C CI”°N

R
(0] (2a-2j) (3a-3j)
Step 2
o
I\/ N Guamidine Nitrtae CI\Q\/\,(@L\
CI” >N Base N=N R
(3a-3)) R NH,  (4a-4j)
pyrimidine2-yl  thiol derivatives®®, guanidine

hydrochloride condenses with chalcones in the
presence of NaOH to form 2- amino-4,6-
disubstituted  pyrimidines®, and  substituted
pyrimidin-2(1H)-ones have been synthesized from
chalcones” *° . These are the main methods used to
synthesize pyrimidines from chalcones®.

We have created a number of unique amino
pyrimidine derivatives based on the
aforementioned results and ongoing work. The anti-
oxidant and anticancer properties of each of these
compounds have been tested against human cancer
cell lines.

MATERIALS AND METHODS:

Loba Chemical and TCI, respectively, provided all
of the raw materials, which were used exactly as
they were. Before being used, every solvent was
meticulously distilled. “Thin layer chromatography
(Merck, silica gel 60 F254) was used to” track the
reactions. TLC was shown using a bright box. The
product was described using FTIR, 1H, *C NMR,
mass spectrometry. A Perkin Elmer FTIR
spectrometer has been utilized to get infrared
spectra from KBr pellets. Nuclear magnetic
resonance (NMR) spectrum were acquired using a
BRUKER 500MHz spectrophotometer, with TMS
serving as a standard. The GCMS data were
collected with a Shimadzu TQ 8040d instrument.
Melting temperatures for every substance freshly
produced chemical were determined by using an
open capillary approach.

Experimental:
The primary approach for producing the
molecules (4a-4j) % (scheme -1):

a, B-unsaturated ketones (3a-3j) were prepared as
per reported procedure®® and further reacted with
guanidine nitrate as per reported procedure as
follows:

50% aqueous KOH (2.2 mmoles) has been added
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dropwise to stirred solution of chalcone (one
mmole) in 20 milliliters of ethanol after guanidine
nitrate (1.5 mmol) has been charged at 30 degrees
Celsius. After heating the reaction mixture to 80—85
degrees Celsius, it was agitated until the reaction
has been finished. Thin layer chromatography has
been utilised to monitor the reaction, and eluent has
been a 70:30 mixture of hexane and ethyl acetate.
Reaction gets complete after 5-6 hrs. Product was
isolated by removal of solvent and further
purification by column chromatography with an
eluent of 80% hexane and 20% ethyl acetate. Pure
product obtained in 60-77% yield as a white solid.

Scheme |I: The synthesis pathway of the
pyrimidine derivatives from chalcones.

RESULTS AND DISCUSSION:

Chemistry:

a, B-unsaturated ketones, also called as chalcone
(3a-3j), were produced by reaction of 6-
Chloropyridine-3-carbaldehyde (1) with various
substituted acetophenones (2), as reported in the
literature®®. Chaconne compounds were reacted
with guanidine nitrate /aq.KOH in a ethanol
solution at reflux for 4-6 hours, until the reaction
finished, which was recorded by thin layer
chromatography. Pure amino pyrimidines were
isolated by removal of solvents followed by
column chromatography.

Spectroscopic tools like GCMS, 'H NMR,*C
NMR, and FTIR have been utilised to verify
structure of the newly formed pyrimidines Detail
information on spectral data is provided in
following chapter and chromatograms are provided
in supplementary data file.

The *H NMR® supports the synthesis of amino
pyrimidines, as predicted by a singlet in the 6 7.0 -
9.0 ppm region for the pyrimidine ring proton
(integration of 1H). a broad singlet in the 6 4.0 -
7.0 ppm region for the amino group protons
(integration of 2H), which disappear upon D20
exchange, three signals of three H in the 6 7.0 -
9.0 ppm region for the 6-chloropyridin-3-yl ring,
and signals in the 3 6.5 - 8.0 ppm region for the
phenyl ring protons, sowing splitting due to both
proton-proton.

'H NMR spectroscopy of every compound
confirms the number of different types of protons
in a molecule, and the integration of the signals
directly correlates with the relative number of these
protons, and it's consistent with the molecular
formula. The 3C NMR® showed all carbons are in
agreement with structure of the compounds.
Compound 4c showed Carbon C2 (bearing -NH2)
at 8=165.6 ppm, very electron-deficient due to two
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adjacent N atoms and the amine group, C4
(bearing pyridyl) at & 162.4 ppm attached to N
atom and the pyridyl group. Pyridine carbons
observed at §124.3, 137.2,148.4 ppm and Carbon
connected to Cl at 153.2 due to deshielding effect
of ClI group. Phenyl carbon attached to F atom
observed at 163.5. Observed splitting resonance in
carbon-connected fluorine atoms and carbons at
ortho, meta, para positions.

Mass of produced compounds has been validated
by GCMS. Mass spectra of bromine containing
substance such as compound 4d exhibited a unique
order of twin signals of almost equally strong split
by distance of m/z 2 (i.e. 360 [M]+, 362 [M+2] +
ions) .

Freshly synthesized compounds had their IR
spectra®! measured between 4000 and 400 cm-1. All
compounds showed N-H Stretching of amine group
typically shows two medium-intensity bands in
region of ~3300-3500 cm™'.Vibrations from C=N
bonds within the pyrimidine and pyridine rings
appears in the ~1500-1650 cm™ region.

All the spectroscopic data are acceptable and
reliable for the entire pyrazolines chemicals
generated.

Scheme I: Synthetic method for Pyrimidines

derivatives from 6-chloropyridine-based
chalcones.
Physical and Spectroscopic descriptions of

prepared pyrimidine Compounds (4a-4j)

4-(6-chloropyridin-3-yl)-6-(3,4-difluorophenyl)
pyrimidin-2-amine (4a):

White color, “yield of 65%, MP: 138-140°C, 'H
NMR ( DMSO) at 500MHz: & 6.96 (s, 2H of NH,
D20 exchangeable ), 7.6 (g, 1H of Bz ring), 7.7
(d,2H of Bz ring) 7.89 (s, 1H, of Pyrimidine ring),
8.14 (m, 2H,, Ar-H), 8.3 (t, 1H”, pyridine), 8.6 (dd,
1H, pyridine), 9.23(s, 1H,, Py-H);®*CNMR
(CDCI3) at 125 MHz:
8;102.4,116.45/116.6,118.21/118.35,124.56/124.59,
124.6/124.64,124.8,132.57,135.03/135.05/135.07/1
35.1,138.4,149.1,150.4/150.5,152,4,162.3/162.4,16
4.3, Theoretical m/z of CysHeCIF2N4 is 318 and
practical value found is 318 with single CI pattern
and also mol mass is even number, it indicated even
number of Nitrogen atoms that is 4.

4-(6-chloropyridin-3-yl)-6-[4-(trifluoromethoxy)
phenyl] pyrimidin-2-amine (4b):

Off “white color solid with Yield: 79%; MP: 141-
143°C; H NMR ( DMSO) at 500MHz : & 6.95 (s,
2H of NH,, D20 exchangeable), 7.53 (d , 2H of Bz
ring) , 7.72 (d ,1H of Pyridine ring) 7.88 (s, 1H,of
Pyrimidine ring), 836 (m, 2H, Ar-H),
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8.61(dd,1H,pyridine),9.23(s,1H,Py-H) ¥C NMR
(125 MHz”, DMSO):
3;102.7,119.5,121.43/121.54,124.8,129.6,132.67,13
6.63,138.4,149.1,150.5,152.4,162.2,164.4/164.43.
Theoretical m/z of CyH10CIF3N40:366.03, and
practical value obtained is 366 with pattern of 1 ClI
atom.

4-(6-chloropyridin-3-yl)-6-(4-fluorophenyl)
pyrimidin-2-amine (4c):

whitish colour solid; melting point 106-108°C;
yield 75%; 'H NMR ( CDCI3) at 500MHz : & 5.13
(s, 2H of NH2, D20 exchangeable), 7.10 (t, 2H of
Bz ring) , “7.32 (s ,1H of Pyrimidine ring) 7.39 (d,
1H,of Pyridine ring), 8.0 (s, 2H, Bz ring),
8.27(d,1H,pyridine),8.97(s,1H,Py-H)**C NMR (125
MHz, CDCIl13)” )
103.4,115.8/116,124.3,129.1/129.2,132.2,133.2/133
.3,137.2,148.4,153.2,162.4,163.5,163.5/165.5,165.6
. Theoretical m/z of CisH10CIFN4: 300.05, found:
300.05 with single Cl pattern

4-(4-bromophenyl)-6-(6-chloropyridin-3-yl)-1,2-

dihydropyrimidin-2-amine (4d):

Off white color solid with Yield: 72%; MP: 189-
191°C; “H NMR ( DMSO) at 500MHz : § 6.94 (s
, 2H of NH, D20 exchangeable), 7.7 (d , 1H of
Pyridine ring) , 7.74 (d ,2H of Bz ring) 7.8 (s,
1H,of Pyrimidine ring), 8.2 (d, 2H, Bz ring),
8.6(d,1H,pyridine),9.22(s,1H,Py-H)"*3C NMR (125
MHz, DMSO0):8
102.42,124.83/124.88,129.55,132.12/132.68,136.6

2,138.41,149.11,152.39,162.23,164.42,164.61.

Theoretical m/z of CisH1oBrCINs: 359.96, and
practical value obtained is 360 with pattern of 1Br
and 1 Cl atom.

4-(3-bromophenyl)-6-(6-chloropyridin-3-yl)-1,2-
dihydropyrimidin-2-amine (4e):

white solid with MP: 218-220°C; yield 73%;

'H NMR ( DMSO) at 500MHz: & 6.98 (s, 2H of
NH2), 7.5 (t, 1H of Bz ring), 7.71 (q,2H of Bz ring)
7.9 (s, 1H, of Pyrimidine ring), 8.46 (s, 1H, Bz

ring), 8.25(d,1H, pyridine), 8.62(d,1H,
pyridine),9.24(s,1H, Py-H)*C NMR (125 MHz,
DMSO): 3

102.65,122.73,124.79,126.5,130.06,131.28,132.61,
133.8,138.44,139.74,149.17,152.44,162.34,164/164
.39.; Theoretical m/z of CisH1oBrCIN4: 359.96,
and practical value obtained is 360 with pattern of
1Br and 1 CI atom.

6-(6-chloropyridin-3-yl)-4-(3-fluorophenyl)-1,2-
dihydropyrimidin-2-amine (4f):

off white. yield of 79%; “MP :216-218°C; 'H
NMR ( DMSO) at 500MHz : & 6.96 (s , 2H of
NHy), 7.37 (t, 1H of Bz ring) , 7.6 (t ,1H of Bz ring)
7.7 (d, 1H,of Bz ring), 7.89 (s, 1H, pyrimidine
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ring), 8.05 (d,1H,Bz ring), 8.08(dd,1H,pyridine),
8.62(dd,1H,pyridine),9.24(s,1H,Py-H)*C  NMR
(125 MHz, DMSO0)” )
102.7,114/114.19,117.85/118,123.56/123.58,124.83
,131.13/131.19,132.63,138.43,139.97/140.03,149.1
4,152.43,162.06/162.31,163.99,164.33,164.35,164.
41.; Theoretical m/z of CisH1oCIFN4 is 300.05,
found: 300 with single Cl pattern

4-(3-chlorophenyl)-6-(6-chloropyridin-3-yl)-1,2-
dihydropyrimidin-2-amine (4g):

Solid light yellow; yield 74%; “melting point 214-
216°C; ;'H NMR ( DMSO) at 500MHz : & 6.98 (s
, 2H of NHy), 7.6 (m, 2H of Bz ring) , 7.7 (d ,1H of
pyridine ring) 7.9 (s, 1H,of pyrimidine ring), 8.2 (d,

1H, Bz ring), 832 (t1H,Bz ring),
8.63(d,1H,pyridine),9.24(s, 1H,Py-H)*C NMR (125
MHz”, CDCls)

o

102.67,124.81,126.12,127.2,130.9/131,132.62,134.
18,138.44,139.55,149.16,152.44,162.35,164.16/164
4.

Theoretical m/z of C1sH10CI2N4: 316.02 found: 316
with 2 Cl pattern
4-(6-chloropyridin-3-yl)-6-(2,4-dichlorophenyl)
pyrimidin-2-amine (4h)

Solid light yellow; yield 76%; “melting point 211-
213°C; 'H NMR ( DMSO) at 500MHz : § 7.04 (s ,
2H of NHy), 7.47(s, 1H of Bz ring) , 7.67 (m ,1H of
pyridine ring and 2H of Bz ring) 7.78 (s, 1H,of
pyrimidine ring),
8.51(d,1H,pyridine),9.24(s,1H,Py-H)”

13C NMR (125 MHz, DMSO)

)
106.74,124.94,128.04,129.9,132.43,132.68/132.77,
134.97,137.06,138.38,148.99,152.49,161.45,164.27
,165.73.

Theoretical m/z of C1sHgClsN4: 349.98 found: 450
with 3 Cl pattern

6-(6-chloropyridin-3-yl)-4-(2,4-difluorophenyl)-
1,2-dihydropyrimidin-2-amine (4i)

Pale yellow powder, “yield 70% with melting point
197-199°C, 'H NMR ( DMSO) at 500MHz: & 7.01
(s, 2H of NHy), 7.27(t, 1H of Bz ring), 7.42 (t,1H of
Bz ring) 7.53 (s, 1H of pyrimidine ring), 7.68(d,

1H of pyridine ring),8.0(d, 1H of Bz
ring),8.51(d,1H, pyridine),9.1(s,1H, Py-H)”
BCNMR (CDCI3) at 125 MHz:

8;105.07,105.28/105.49,106.05/106.11,112.46/112.
49,112.63/112.66,122.86/122.92/122.95,124.92,132
.56,132.62/132.66,148.93,152.43,159.98/160.08,16
1.92,162.0/162.02/162.1,162.68/162.78,164.36/164
.67.

Theoretical m/z of CisHoCIF2N4: 318.04, found:
318 with single Cl atom.
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6-(6-chloropyridin-3-yl)-4-(2,5-dichlorophenyl)-

1,2-dihydropyrimidin-2-amine (4j):

whitish colour solid; melting point 216-218°C;
yield 73%; 'H NMR ( DMSO) at 500MHz : & 7.06
(s, 2H of NHy), 7.5(t, 1H of pyrimidine ring) , 7.58
(m ,3H of Bz ring and 1H of pyridine ring)
),8.51(d,1H,pyridine),9.1(s,1H,Py-H)

3c NMR (125 MHz, CDCls) )
106.67,124.94,130.36,130.94,130.96,132.2,132.37,

132.39,138.39,139.67,149.01,152.52,161.58,164.22
,165.38. Theoretical m/z of CisHgClIsNa: 349.98,
found: 350 with three CI pattern

Biological investigation:

Anticancer capabilities:

To ascertain the cancer-prevention qualities of
medications, the Anti-tumor Medicines Medication
Screening Service “(ACDSF) at ACTREC, Tata
Memorial” Center, Kharghar, Navi Mumbali,
carried out in vitro investigations. Anticancer
efficacy of recently synthesized pyrimidines was
assessed against MCF-7 cells by utilising
Sulforhodamine B (SRB) assay®® The SRB
evaluation procedure is provided in a separate file.
Table 1 illustrates the exceptional anticancer
activity of compounds 4e and 4g against MCF-7
breast cancer cell line.

Table 1 shows that compounds 4e and 4g had G150
values of < 10ug/milliliters. A growth chart
showing the percentage of control growth vs
concentration (pug/ml) for female breast carcinoma
cell types (MCF-7) is shown in Figure 1. The
effects of the generated chemicals 4e and 4g, the
positive medication used as a therapy agent,
Adriamycin, and the negative control substance
(DMSO) on a breast cancer cell line (MCF-7) are
depicted in Figure 2.

Table 1: In vitro anticancer evaluation of produced
yrimidines against the MCF-7 cancer cell line
compou | Drug Compoun | Drug
nd concentration | d concentrations
s (ug/mL) (ug/mL)
Glso Glso
4a >80 4f >80
4b >80 49 <10
4c >80 4h >80
4d >80 4i >80
de <10 4j >80
ADR* <10

*Adriamycin- a positive control drug
“GI50 = Concentration of drug causing 50%
inhibition of cell growth”
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Growth Curve: Human Breast Cancer Cell influence. And favourable control drugs, Adriamycin, on
——

. 4 breast tumor cell lines (MCF-7).
Line 5
MCF-7 Antioxidant function:

According to the cited article, the DPPH radical
o~ 1500 —e—4  scavenging assay has been used to assess the
% 1000 | o b antioxidant ability of pyrazolines.%® Every
o assessment was performed several times at 517 nm,
oo 20.0 and the degree of suppression was determined
© o0  ®eo—eo—° —o—4  employing the standard deviation and mean.
‘g 500 © 50 100 Results were evaluated using vitamin C and
O : Vitamin E as positive controls. When examined
X Drug Concentration (jg/ml) with positive controls, the substances tested have

comparatively high radical scavenging capacity.
Chemicals 4b, 4e, and 4g had the highest
antioxidant properties between those examined. On
the other hand, all the remaining substances
demonstrated excellent antioxidant action. Table 2
outlines the antioxidant investigation findings,
whereas Figure 3 graphically displays them.

Figure 1: Progression curve for Malignancy of the woman's
breast tumor cell line (MCF-7) % control growth vs dosage
(pg/mL) of novel pyrimidines

3

(DR):
Figure 2: Effectiveness of created substances 4e, 4g, Negative

(ControD=

Table 2: In vitro antioxidant power of produced amino pyrimidines (4a-4j)

Inhibition (%) * Antioxidant test
Compound Concentration (pg/mL) 1Cs
12.5 25 50 100 (ng/mL)

4a 49.42+0.171 61.20£0.023 73.31+0.122 81.40+0.122 14.98+0.043
4b 52.19+0.039 64.35+0.027 77.21+0.105 86.31+0.034 13.92+0.019
4c 44.52+0.110 58.64+0.054 74.21+0.022 79.47+0.071 16.85+0.022
4d 50.67+0.103 62.19+0.034 72.75+0.027 78.28+0.020 14.49+0.016
4e 53.69+0.039 66.17+0.114 79.87+0.073 88.20+0.112 13.43+0.007
4f 52.62+0.052 63.38+£0.043 77.48+0.121 87.19+0.109 14.04+0.031
49 54.35+0.029 65.22+0.062 78.87+0.034 88.67+0.033 13.43+0.005
4h 50.70+0.043 62.57+£0.071 74.58+0.036 84.46+0.022 14.46+0.051
4i 49.73+0.122 59.64+0.102 69.60+0.108 79.14+0.044 15.09+0.005
4j 50.32+0.104 61.68+0.024 76.48+0.084 83.90+0.073 14.82+0.058
Ascorbic acid 67.90+0.042 73.88+£0.012 82.67+0.042 88.41+0.014 10.46+0.013
a-Tocopherol 56.82+0.025 67.66+0.141 77.14+0.033 86.91+0.042 12.56+0.012

* “Mean = S.D. (n=3)”
*All “calculations related to ICso are conducted with graphpad prism (http://www.graphpad.com/scientific-
software/prism/)”
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generated pyrimidines(4a-4j).
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Figure 3 displays the antioxidant properties of generated
pyrazolines, including resistance percentage versus dosage
(ng/mL) and value of IC50 (pg/mL).

Predictions for
pharmacokinetics, and ADME:

physicochemistry,

The physical and chemical characteristics,
pharmacokinetic, and characteristics of ADME
were computed from the computational thinking
investigations using the SwissADME internet
appplication®’, and the findings are shown in Table
4. The expected studies indicated that all the
generated pyrazolines have good physicochemical
capabilities; yet, all the produced pyrazolines did
not breach the five-point rule by Lipinski.

The generated pyrazolines had molecular mass
ranging from 317.75-378.65 g/mol and TPSA
figures ranging from 4556 to 64.02 A. The
Absorption percentage (% Abs) is calculated
applying formula (% Abs=109 - [0.345 x TPSA]).
The % absorption of all produced pyrazolines
ranged from 86.91 to 93.28%, indicating very
strong  bioavailability. ~ The  computational
evaluation of all the generated pyrazolines revealed
favourable pharmacokinetic features, indicating
good bioavailability when consumed.

Table 4: Several in-silico physicochemical and pharmacokinetic features for maximum absorption after consumption of the

Entr | MW? H-bond H-bond | MLogP¢ Lipinski TPSA' % ABSY Rotatable | Bioavailabili

y acceptors® donors® violations® bonds ty

Rule | <500 <10 <5 <4.15 0 <160 100% <10 score

4a 35981 |5 0 1.73 0 64.02 869131 |5 0.55

4b 33574 |5 0 3.14 0 45.56 932818 | 3 0.55

4c 37865 |3 0 2.99 0 45.56 932818 | 3 0.55

4d 37865 | 3 0 2.99 0 45.56 932818 | 3 0.55

4e 317.75 | 4 0 2.75 0 4556 932818 | 3 0.55

4f 33420 |3 0 2.87 0 45.56 932818 | 3 0.55

4g 33574 |5 0 3.14 0 45.56 932818 | 3 0.55

4h 317.75 | 4 0 2.75 0 4556 932818 | 3 0.55

4i 368.64 | 3 0 3.37 0 45.56 932818 | 3 0.55

4j 368.64 | 3 0 3.37 0 45.56 932818 | 3 0.55
Chemical “Weight b. Quantity of Hydrogen using preADMET online program
Bond Acceptors ¢. Amount of Hydrogen Bond (http://preadmet.bmdrc.org/) . Toxicological

Donors d. Estimated Lipophilicity (MLog Po/w)
e. Deviation from Lipinski's Rule. Topological
polar contact area g. % of absorption (% Abs =
109 - [0.345 x TPSA])”.

Computational toxicology forecasting

investigation indicated that all of produced
pyrazolines are mutagenic. The pyrimidines 4b, 4c,
4d, 4de, 49, and 4h were anticipated to be
carcinogenic in rats, but none of the

Produced compounds are carcinogenic in mice. The
projections also revealed that all of the generated

pyrimidines provide a medium risk of
In computational toxicity studies, were conducted cardiotoxicity (Table 5).
Table 5: Typical in-silico toxicity forecasts for generated Pyrazolines (4a-4j).
Sr. | Compounds | Structure Ames test | Carcino Carcino Rat | hERG
No | code Mouse inhibition
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1 4a Z F| Mutagen Negative Positive Medium risk
N = F
N N
NH,
2 4b Z K Mutagen Negative Negative Medium risk
N = ForF
\
3 4c Z " | Mutagen Negative Positive Medium risk
Nao = ‘
N N
L
4 4d Z * | Mutagen Negative Negative Medium risk
Nao = ‘
5 4e 7 Mutagen Negative Negative Medium risk
AN = Br
NY‘N
6 | 4f Z Mutagen Negative Positive Medium risk
Naw = ‘ .
NYN
7 49 A | Mutagen Negative Negative Medium risk
A = i cl
N: N
T
8 | 4h NF | ¢ | Mutagen Negative Negative Medium risk
Na. = ‘
N N
T
9 4i OF F | Mutagen Negative Positive Medium risk
N ‘ =
\'N ‘N
NH,
10 | 4j A | ¢ Mutagen Negative Negative Medium risk
M =z cl
Nx. N
NH;

* Carcino: potential for cancer; hERG: human
ether-a-gogo-related gene.

CONCLUSION:

In this research work, we employed 6-chloro-
pyridine-based chalcones to create an entirely novel
category of pyrimidine analogues. All generated
pyrimidines were evaluated for antitumor
properties in culture towards MCF-7 cell line.
According to research, a couple of compounds are
extremely successful against the female breast
tumor line of cells, MCF-7. Substances 4e and 4g
exhibit significant anticancer action, with Glsg
values below 10 pg/mL. Chemicals 4b, 4e, and 4g
demonstrate antioxidant action comparable to
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vitamin E and vitamin C, resulting in interesting
options for future research. In summary, generated
pyrimidines have the potential for further
exploration as oral chemotherapy medication, as
demonstrated using simulated physicochemical,
pharmacokinetic parameters, and ADME analysis.

ACKNOWLEDGEMENT:

The author is grateful for the support provided by
UPL R and T Center, Dr. P V Kini, Dr. Rahul Bhoi,
Mr. V V Savadi, Mr. Tushar Bhagwat, and Mr.
Vijay More.

FUNDING:
The authors affirm that no funding, money, or other



Journal of Molecular Science

assistance was obtained to prepare this work.

Competing Interest:
The writers have nothing to report about their
relevant financial or non-financial interests.

Author Contributions:

Each author contributed to the design and
conceptualization of the study. Both [Sharad
Sankhe] and [Vilas Mukadam] prepared the
materials, collected the data, and conducted the
analysis. [Vilas Mukadam] wrote the original draft
of the book, and all contributors provided feedback
on earlier iterations. The final manuscript was read
and approved by all writers.

Ethics approval:
Not Applicable

Consent to participate:
Not Applicable

Consent to publish:
Not Applicable

Data Availability statement:
The authors attest that the information underlying
the study's conclusions is accessible upon request.

REFERENCES:

. Abbas A, Review, Der Pharma Chem 9,141(2017).

Kumar S, Narasimhan B Chem Cent J 12,38 (2018);

https://doi.org/10.1186/s13065-018-0406-5

G. Phadnaik, N. J. Siddiqui, M. Idrees, IJRBAT, V, 1171

(2017)

5. M. Kumar, M. Aanandhi, Drug Invent. Today, 14, 95.
(2020)

6. S. Saleem, Z. Nazli, N. Saleem, M. Bashir, S. Hussain, B.
Parveen, Pharma Chem.,10, 110. (2018)

7.  A. Abbass, E. Zimam, Int. J. ChemTech Res. 9, 206.
(2016)

8. L. Wang, Nucleosides, Nucleotides Nucleic Acids,35,578.
(2016) ;https://doi.org/10.1080/15257770.2015.1125001.

9. S. Bag, R. Jayaraman, U. Dutta, R. Chowdhury, R.
Mondal, D. Maiti, Angew. Chem. Int. Ed.,56, 12538.
(2017);

10. https://doi.org/ 10.1002/anie.201706360.

11. J. Alam, O. Alam, N. Shrivastava, J. Naim, P. Alam, Int. J.
Pharmacol. Pharm. Sci. 2,55 (2015)

12.  E. Nassar, Y. El Badry, A. Eltoukhy, Med. Chem., 06, 224
(2016) https://doi.org/10.4172/2161-0444.1000350.

13. K. Brown, J. Spinelli, J. Asara, A. Toker, Cancer Discov,7,
391(2017) https://doi.org/10.1158/2159-8290.CD16-0611.

14. A. Hassan, M. Mady, H. Awad, T. Hafez, Chin. Chem.
Lett., 28, 388(2017); https://doi.org/10.1016/j.cclet.2016.
10.022.

15. H. Khalaf, H. Tolan, M. Radwan, A. Mohamed, H.
Awad, W. El-Sayed, Nucleosides, Nucleotides Nucleic
Acids 2020, 39, 1036 (2020);

16. https://doi.org/10.1080/ 15257770.2020.1748649.

17. K. Titi, S. Makharza, F. Al-battah, R. Abu-ElHalawa, T.
Kaimari, Hebron Univ. Res. J. A, 8, 15(2019)

18. V. Banda, D. Jitender, K. Santhosh, R. Sambasiva, K.
Chavva, P. Rajesh, R. Venkateswara, N. Banda, J.
Heterocycl. Chem,55, 2538 (2018);

19. https://doi.org/10.1002/jhet.3307.

20. S.Rahaman, Y. Pasad, P. Kumar, B. Kumar, Saudi Pharm.

o

Journal of Molecular Science

Volume 35 Issue 1, Year of Publication 2025, Page 65-73

72

21.

22.

23.

24,

25.

27.

28.

29.

30.

3L

51.

52.
53.

54.

Dol-17.4687/1000-9035.2025.009

J, 17,
08.001.
A. Waheed, M. Alorainy, A. Alghasham, S. Khan, M.
Raza, Int. J. Health Sci, 2, 39(2008)

S. Fandakli, N. Kahri, T. Cel, S. Karaog, N. Yayli, Turk.
J. Chem, 42, 520(2018)

N. Pathan, A. Rahatgaonkar, M. Chorghade, Catal.
Commun, 12, 1170(2011) https://doi.org/10.1016/j.catcom.
2011.03.040.

M. El Kouni, Comparative Biochemistry and Physiology.
Part B Bio Chem and Mol. Biol, 213, 55(2017).
https://doi.org/10.1016/j.cbpb.2017.07.001.

S. Kumari, S. Paliwal, R. Chauhan, Curr. Bioact. Compd.
2018,14,39(2018) https://doi.org/10.2174/
1573407212666161101152735.

L.Castafio, V. Cuartas, A. Bernal, A. Insuasty, J. Guzman,
O. Vidal, V. Rubio, G. Puerto, P. Lukéac, V. Vimberg, G.
Balikova-Novtona, L. Vannucci, J. Janata, J. Quiroga, R.
Abonia, M. Nogueras, J. Cobo, B. Insuasty, Eur. J. Med.
Chem., 176(2019)

P. Patil, Y. Satkar, D. More, Synth. Commun, 50,
3804(2020)
https://doi.org/10.1080/00397911.2020.1811987.

B. Dhorajiya, R. Bhuva, B. Dholakiya, Chem. Sci. J, 7,
126(2016) https://doi.org/10.4172/2150-3494.1000126.

M. Hassan, O. Farouk, J. Heterocycl. Chem. 2017, 54,
3133(2017) https://doi.org/10.1002/jhet.2927.

J. Shen, X. Meng, Catal. Commun. 2020, 138, 105846
(2020)
https:// doi.org/10.1016/j.catcom.2019.105846.

H. Sagir, P. Rai, S. Neha, P. Singh, S. Tiwari, I. Siddiqui,
RSC Adv, 6, 73924 (2016) https://doi.org/10.1039/
C6RA07085J.

M. Radwan, F. Alminderej, H. Awad, Molecules 2020, 25,
255 (2020) https://doi.org/10.3390/molecules25020255.

D. Mahapatra, R. Shivhare, P. Kumar, Asian J. Pharm.
Res. 8, 6 (2018) https://doi.org/10.5958/2231-5691.2018.
00002.3. .

R. Mistry, K. Desai, E-J. Chem, 2, 30 (2005)

A.Mukhlus, M. Al-Rawi, J. Tomma, A.AlDujaili, Ibn AL-
Haitham J. Pure Appl. Sci, 24, 2(2020)

S. Khan, A. Asiri, S. Elroby, Asian J. Chem, 26,
7283.(2014) https://doi.org/10.14233/ajchem.2014.16600.
K. Singh, T. Kaur, MedChemComm 20186, 7, 749(2016)
https://doi. org/10.1039/C6MD00084C.

D. Kang, Z. Huo, G. Wu, J. Xu, P. Zhan, X. Liu, Expert
Opin. Ther. Pat. 2017, 27, 383(2017)
https://doi.org/10.1080/13543776. 2017.1303046.

S. Roy, S. Ganai, Biochem. Anal. Biochem., 5, 2161(2016)
https://doi.org/10.4172/2161-1009.1000278.

S. Cherukupalli, R. Karpoormath, B. Chandrasekaran,
Girish, A. Hampannavar, N. Thapliyal, V. N. Palakollu,
Eur. J. Med. Chem., 126, 298 (2017)
https://doi.org/10.1016/j. ejmech.2016.11.019
Rani, Isha, Navgeet Kaur, Anju Goyal, and Manish
Sharma, Anti-Cancer Agents in Medicinal Chemistry-Anti-
Cancer Agents, 23, 525(2023) .
https://doi.org/10.2174/1871520622666220701113204
A. Abu-Hashem, S. Al-Hussain, M. Zaki, Molecules, 25,
220. (2020) https://doi.org/10.3390/ molecules25010220.
B.Sahoo, M. Rajeswari, P. Jnyanaranjan, S. Binayani,
Indian J.  Pharm. Educ. Res. 51, s700(2017)
https://doi.org/10. 5530/ijper.51.4s.101
S. Cherukupalli, G. Hampannavar, S. Chinnam, B.
Chandrasekaran, N. Sayyad, F. Kayamba, R. Reddy Aleti,
R. Karpoormath, Bioorg. Med. Chem., 26, 309(2018).
https://doi. org/10.1016/j.bmc.2017.10.012.

Y. Sui, D. Li, J. Wang, R. R. Y. Bheemanaboina, M. F.
Ansari, L. L. Gan, C. H. Zhou, Bioorg. Med. Chem. Lett.,
30, 126982 (2020).
https://doi.org/10.1016/j.bmcl.2020.126982.

K. Singh, H. Kaur, K. Chibale, J. Balzarini, Eur. J. Med.
Chem, 66, 314 (2013)
https://doi.org/10.1016/j.ejmech.2013.05.046.

255(2009)  https://doi.org/10.1016/j.jsps.2009.


https://doi.org/10.1186/s13065-018-0406-5
https://doi.org/10.1080/15257770.2015.1125001
https://doi.org/10.1016/j.cbpb.2017.07.001
https://doi.org/10.4172/2150-3494.1000126
https://doi.org/10.1002/jhet.2927
https://doi.org/10.3390/molecules25020255
https://doi.org/10.14233/ajchem.2014.16600
https://doi.org/10.4172/2161-1009.1000278
https://doi.org/10.%205530/ijper.51.4s.101
https://doi.org/10.1016/j.bmcl.2020.126982
https://doi.org/10.1016/j.ejmech.2013.05.046

Journal of Molecular Science

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

F. Abdelrazek, S. Gomha, H. Abdel-aziz, M. Farghaly, P.
Metz, A. Abdel-Shafy, J. Heterocycl. Chem,57,
1759(2020) https://doi.org/10.1002/jhet.3901.

M. Alizadeh-Kouzehrash, A. Rahmati, Mol. Diversity, 24,
753(2020) https://doi.org/10.1007/s11030-019-09976-X.

A. Naglah, A. Askar, A. Hassan, T. Khatab, M. Al-Omar,
M. Bhat, Molecules, 25, 1431(2020). https://doi.
0rg/10.3390/molecules25061431.

F. Ragab, S.Abou-Seri, S. Abdel-Aziz, A. Alfayomy, M.
Aboelmagd, Eur. J. Med. Chem, 138, 140(2017)
https://doi.org/10.1016/j.ejmech.2017.06.026.

F. Ragab, Y. Nissan, E.Seif, A. Maher, R. Arafa, Bioorg.
Chem., 96, 103621(2020) https://doi.org/10.1016/j.
bioorg.2020.103621.

H. Park, Z. Ma, H. Zhu, S. Jiang, R. C. Robinson, S. A.
Endow, Sci. Rep. 7, 15121(2017) https://doi.org/10.1038/
$41598-017-14754-6.

Z. Czudor, M. Balogh, P. Banhegyi, S. Boros, N. Breza, J.
Dobos, M. Fabian, Z. Horvath, E. lllyés, P. Marko, A.
Sipos, C. Széntai-Kis, B. Szokol, Bioorg. Med. Chem.
Lett, 28, 769(2018)
https://doi.org/10.1016/j.bmcl.2018.01.002.

S. Gore, S. Baskaran, B. Koenig, Green Chem, 13,
1009(2011)

A. Agarwal, M. Sharma, M. Agrawal, D. Kishore, E-J.
Chem. 9, 1305(2012) https://doi.org/10.1155/2012/629414.
Ebraheem HA, Rafidain J Sci 24,120(2013)
https://doi.org/10.33899/rjs.2013.67577

Udupi RH, Pasha TY, Bhat AR, Indian J Heterocycl Chem
15:149(2005)

Ajani OO, ltuen RI, Falomo A, Pak J Sci Ind Res 54,(2011
Desai, Siddharth, et al. Indo American Journal of
Pharmaceutical Research, 2020

Azam MA, Kumar BR, Shalini S, Suresh B, Reddy TK,
Indian J Pharm Sci 70,672(2008)
https://doi.org/10.4103/0250-474X.45416PMID:
21394274; PMCID: PMC3038302

S Sankhe, \% Mukadam, Results in
Chemistry,9:101633(2024)
https://doi.org/10.1016/j.rechem.2024.101633

S Saleem, Z Nazli, N Saleem, M. Bashir, S Hussain, B
Parveen, Der Pharma Chemica, 10 110(2018).

Rehman, T. U., Khan, I. U., Ashraf, M., Tarazi, H., Riaz,
S., & Yar, M, Arch. Pharm. Chem. Life Sci., 350,
€1600304(2017) https://doi.org/10.1002/ardp.201600304
S. Kothari, M. Singhal, D. Vijayvergia, R. Was, and B. L.
Verma, J. Indian Chern. Soc., 77, July 2000

V. Vichai, K. Kirtikara. B. Sulforhodamine. Nature
protocols. 1: 1112.(2006)
https://doi.org/10.1038/nprot.2006

J. Kode, J. Kovvuri, B. Nagaraju, S. Jadhav, M. Barkume,
S. Sen, N.K. Kasinathan, P. Chaudhari, B.S. Mohanty, J.
Gour, D.K. Sigalapalli, Bioorg. Chem, 105,104447(2020)
https://doi.org/10.1016/j.bioorg.2020.104447

F. Kholiya, S. Chatterjee, G. Bhojani, S. Sen, M.
Barkume, N.K. Kasinathan, J. Kode, R. Meena. .
Carbohydrate polymers,240: 116282(2020)
https://doi.org/10.1016/j.carbpol.2020.116282.

P. Skehan, R. Storeng, D. Scudiero, A. Monks, J.
McMahon, D. Vistica, J.T. Warren. Journal of the National
Cancer Institute,82:1107(1990)
https://doi.org/10.1093/jnci/ 82.13.1107

Bhoi RT, Rajput JD, Bendre RS, Research on Chemical
Intermediates,1,22. (2022) https://doi.org/10.1007/s11164-
021-04601-9

Bojarska J, Remko M, Breza M, Madura ID, Kaczmarek
K, Zbaracki J, Wolf w m.. Molecules,25,1135(2020)
https://doi.org/10.3390/molecules25051135

Ames BN, Gumey EG, Miller JA, Bartsch H.,
Proceedings of the  National = Academy  of
Sciences,,69,3128(1972)
https://doi.org/10.1073/pnas.69.11.3128

Journal of Molecular Science

Volume 35 Issue 1, Year of Publication 2025, Page 65-73

73

Dol-17.4687/1000-9035.2025.009


https://doi.org/10.1002/jhet.3901
https://doi.org/10.1007/s11030-019-09976-x
https://doi.org/10.1016/j.bmcl.2018.01.002
https://doi.org/10.1016/j.rechem.2024.101633
https://doi.org/10.1016/j.carbpol.2020.116282

