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Abstract: This study included the preparation of several hexagonal rings derived from pyrimidines. Alpha-
beta-unsaturated compounds were prepared by reacting 4-methyl thiazole-5-carbaldehyde with acetophenone
substitutes. This step was considered the nucleus for the preparation of hexagonal rings. Then, the alpha-beta-
unsaturated compounds were treated with several reagents to obtain pyrimidine derivatives in equal molar
ratios. They reacted with urea to form 2-oxopyrimidine and with thiourea to form 2-thiopyrimidine. In the final
step, they were reacted with cyanoguanidine to form 2-cyanamide pyrimidine. The catalyst in all cases was
sodium hydroxide, and the solvent was ethanol. Physical and spectroscopic techniques, including infrared and
nuclear magnetic resonance spectroscopy of protons and carbons, were used to confirm the compounds’
structures. Thin-layer chromatography (TLC) was used to monitor the reaction progress and determine
melting points and purity. Two bacterial isolates, one Gram-positive (Staphylococcus aureus) and one Gram-
negative (Escherichia coli), were used to study the effects of several of the produced chemicals on their growth.
Several synthesized compounds had strong inhibitory efficacy against the examined microorganisms, while
the antibiotic amoxicillin was a control. Furthermore, the prepared compounds (MC7, MC15, and MC19)
were tested for their ability to inhibit the growth of human breast cancer cells (MCF-7) in vitro. These cells
were treated with six concentrations (50, 100, 200, and 400) ug/ml. The results showed a dose-dependent
cellular response, where the survival rate of cancer cells decreased with increasing concentration (P<0.0001).
In contrast, normal cells were affected to a lesser extent, indicating the possibility of the compounds' selectivity
against cancer cells.
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1. Introduction

A major worldwide health issue that affects
many individuals is cancer. In 2020, there were

biological activity are heterocyclic or made up of
a heterocyclic ring. Complex structures of these

around 10 million cancer-related deaths and 19.3
million new instances of cancer, making it the
world's top cause of death [1]. Lung cancer
accounted for 18% (1.8 million) of these cases,
and colorectal, liver, stomach, and breast cancers
in women accounted for 9.4%, 8.3%, 7.7%, and
6.9% of subsequent deaths, respectively. The
number of new cancer cases worldwide is
predicted to increase by 47% between 2020 and
2040, underscoring the need for innovative
treatment agents to fight this illness [1].
Heterocycles provide an alluring chance to
find new compounds for cancer treatment,
particularly heterocyclic clusters. According to
science, almost 85% of all molecules with

compounds are frequently based on heterocyclic
rings that include nitrogen. These specifics
highlight the crucial role that heterocyclic rings
play in drug design and ongoing discovery. The
most prevalent of these substances are nitrogen-
containing heterocyclic compounds, which are
found in vitamins, hormones, and antibiotics [2].
The US Food and Drug Administration database
indicates that nitrogen-containing heterocyclic
rings make up 60% of exclusive medicines (small
molecules), underscoring the  structural
significance of these chemicals in medication
discovery and design [3, 4]. Because of their
stability and functional effectiveness in human
anatomy, as well as proof that nitrogen atoms
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easily form hydrogen bonds with DNA, nitrogen
heterocyclization is common in physiologically
active chemicals. Nitrogen-based heterocyclic
compounds' affinity for DNA through hydrogen
bonding is largely responsible for their
anticancer properties [5]. According to the
majority of medications that have received FDA
approval, they include a pyrimidine core with a
variety of alterations. Additionally, in cancer
research, pyridine and its derivatives show
promise as anticancer drugs. Pyrimidine They are
heterocyclic compounds similar to pyridine,
consisting of two nitrogen atoms and four carbon
atoms in the ring, and are in the form of 1,3-
hexacyclic heterocyclic diazines. Pyrimidines

are found in genetic materials and natural goods
[6]. Carcinogenesis is one of the many biological
processes that have been connected to pyrimidine
substructures. The potential therapeutic effects of
pyrimidines and their derivatives in a number of
malignant  diseases, including idiopathic
respiratory fibrosis, myeloid leukemia, and
breast cancer, have drawn much attention in
recent medical research [6, 7]. Sorafenib is one
of the authorized medications that contain
pyrimidine molecules.

The current study aims to prepare a number
of pyrimidine compounds and evaluate their anti-
cancer and anti-bacterial activity.

2. Experimental part

2.1. Material. Fluka, Aldrich, and BDH
supplied all of the compounds utilized in this
investigation, and none of them required
additional purification.

2.2. Devices used. Melting points were
determined with a 9300 thermoelectric melting
apparatus. Spectra were recorded on a Shimadzu
FT-IR 8400S spectrometer at (400-4000) cm™
using a KBr disc for bromine. '"H-NMR and '3C-
NMR spectra were recorded on Bruker
instruments operating at 400 MHz. TLC was
performed using 0.2 mm thick Fluka silica gel
plates activated with Fluorine G silica gel, and
the plates were visualized using UV light. The
media used in the study were sterilized with a
steam sterilizer from RAIBBA (Spain)
developed for the research laboratory at Tikrit
University. The plates wused in the
microbiological study were incubated using a
Heraeus D-63450 incubator (Germany) at the
same facility.

2.3. Preparation of Chalcone derivatives
(MCi-MCGs)

Dissolve 0.01 mol (1.2 g) of 4-methylthiazole-5-
carbaldehyde in 20 mL of ethanol. Add 5 mL of
20% alcoholic sodium hydroxide solution and
stir for 10 minutes. Subsequently, add 0.01 mol
of the substituted acetophenone to the reaction

mixture and maintain the mixture at 20—40 °C for
3 hours [8, 9]. After completion, pour the
reaction mixture onto crushed ice to induce
precipitation. Keep the mixture in a refrigerator
overnight. Filter the precipitate, and then
recrystallize it from ethanol (see Table 1).

2.4. Preparation of pyrimidines

derivatives (MCs-MC20)
In a 100-mL round-bottom flask, 0.004 mol of
the synthesized chalcone derivatives [MCI1—
MCS5] were dissolved in 10 mL of absolute
ethanol. To this solution, 0.004 mol of urea (0.24
g), thiourea (0.30 g), or cyanoguanidine (0.33 g),
each dissolved in 10 mL of ethanol, was added.
Subsequently, 10 mL of 10% aqueous sodium
hydroxide solution was introduced to increase
the alkalinity, thereby promoting the reaction
between the chalcone and urea (or thiourea) [10,
11]. The reaction mixture was stirred
continuously for 6 h.

After completion, the pH was adjusted to 7
by the dropwise addition of 10% hydrochloric
acid solution. The mixture was cooled and
poured onto crushed ice to induce precipitation.
The solid product was collected by filtration,
washed thoroughly with cold water, and
recrystallized from methanol (see Table 1).

Table 1. Some physical properties of the prepared compounds (MCi-MC2o)

Comp No. R Molecular Formula/ M.Wt Color M.P |Yield (%)
g/mol ‘0O
MC, Br Ci3H1oBrNOS 308.19 Light yellow | 91-93 78
MG, NO, Ci3HioN>OsS  274.29 Brown 160-162 81
MC; OCH3 C14Hi3sNO,S 259.32 Light yellow | 98-101 82
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MC, H Ci3HiINOS  229.30 Light yellow | 99-101 78
MCs Cl CisHioCINOS  263.74 Orange 97-99 80
MC, Br CisHi2BrN3OS  350.23 Dark Brown | 135-137 70
MC7 NOZ C14H12N403S 316.34 Dark Red 190-193 65
MCs OCH3 C15H15N302S 301.36 Read 149-152 71
MC, H CisHisN;OS  271.34 Dark Green | 140-142 62
MCio Cl CisH12CIN3OS  305.78 Dark yellow | 150-152 64
MC11 Br C14H12BI‘N3SQ 366.30 Light Yellow | 126-128 57
MC]z NOz C14H12N40zSz 332.40 Dark Brown 250-253 63
MCi3 OCHj3; CisHisN;0S,  317.43 Light Yellow | 183-185 64
MC14 H C]4H13N3SZ 287.40 Orange 117-119 59
MCis Cl CisH12CIN3S, 321.84 Orange 211-213 60
MCie Br CisHi2BrNsS  374.26 Yellow 130-132 62
MC17 NOz C15H12N6028 340.36 Dark Brown | 206-208 58
MCis OCH3; CiHisNsOS ~ 325.39 Dark Yellow | 131-133 63
MCo H CisHi3NsS — 295.36 Yellow 140-142 59
MCy Cl CisHioCINsS  329.81 Yellow 138-140 55

2.5. Biological activity study. This study
employed two different forms of harmful
bacteria: Gram-negative Escherichia coli, and
Gram-positive Staphylococcus aureus. Because
of their  antibiotic resistance, these
microorganisms are vital to the medical industry.
These microorganisms were gathered from the
Department of Life Sciences' labs at the College
of Education for Pure Sciences. Mueller Hinton
agar, a culture medium used to assess the
biological activity of antibiotics and other
compounds having therapeutic applications, was
employed [12]. It is employed to quantify and
ascertain the MIC, or minimal inhibitory
concentration. (DMSO) solvent was used to
create chemical solutions for a few of the
compounds at concentrations of (0.1, 0.01,
0.001) mg/ml. The diffusion technique in a
Mueller Hinton agar nutrient medium was
employed to examine the susceptibility of the
bacterial isolates utilized in the study [13]. Since
increasing the inhibition diameter increases the
biological activity of the prepared compounds,
To demonstrate the sensitivity of the employed
derivatives, the data were read the next day. This
sensitivity is compared to the inhibition diameter
of antibiotics and is reliant on the apparent
inhibition diameter in the dishes around the holes
utilized [14].

2.6. MTT Cytotoxicity Assay. In this
study, the effects of the compounds (MC7, MCis,
and MC9) on HdFn model cells, as well as MCF-
7 breast cancer cells, were evaluated at different
concentrations (400, 200, 100, and 50 pg/ml).
Initially, the cells involved in the study were
cultured and placed in an incubator containing
carbon dioxide at 37°C. Subsequently, the
concentrations of the compounds that affected
the cancer cells were reduced to several known
concentrations (50, 100, 200, and 400 pg/ml).
Subsequently, each dose of the prepared
concentration of the compounds (MC7, MCis,
MCi9) was added to the MCF-7 cells. These
cultured cells were allowed to incubate for a
sufficient period at 37°C in the presence of 5%
carbon dioxide. Next, 10 uL of MTT suspension
was added to the test tubes and incubated again
at 37°C with 5% atmospheric carbon dioxide.
The intermediate solutions were then discarded,
and one solution was added to each test tube to
dissolve the formazan crystals. After the
complete incubation period in a humidified
environment, the absorbance of the samples was
recorded at 575 nm using a Bio-rad reader, an
ELISA machine made in Germany, and statistical
analysis was performed using a GraphPad Prism
[15, 16].

3. Results and discussion

The Scheme 1
preparations of pyrimidine derivatives by
reacting urea with chalcone to produce 2-

shows the series of oxopyrimidine, reacting thiourea with chalcone

to produce 2-thiopyrimidine, and reacting
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cyanoguanidine with chalcone to form 2-
pyrimidine cyanamide. These reactions occurred

in equal molar ratios.

o
O )’I\
_H,N NH, HIN i" [MC4-MC ol
EtOH.abs N AN
NaOH
\\———S
o R
S
TS P
S HN N
< )]\ | [MC,-MC ;5]
R H,N NH, ~N S
NaOH [EtOH.abs [MC,-MCs] EtOH.abs N\
NaOH S
o CH; ®
o . N-CN
N-CN
P HN N [MC6-MC30l
+ S H,N NH, ~ |
N=—/ EtOH.abs N,
R NaOH \\___s
R
R =Br,NO,,OCH;,H,Cl

Scheme 1. Route of prepared compounds (MCi-MC2o)

3.1. Characterization of Chalcone
derivatives (MCi-MCs). Studying of the
infrared spectrum (FT-IR) showed that the
stretching of the aromatic (CH) bond was
responsible for the observation of an absorption
band in the 3052-3072 cm ™ region. The carbonyl
group and the double bond that emerged in the
region 1600-1616 cm™ alternated, which is why
a rise in the wavenumber of the ketone carbonyl
group (C=0) was also seen in the range 1663-
1669 cm™. As a result, the double bond's
wavenumber decreases due to a decrease in its

force constant.  Additionally, the spectrum
displayed a signal in the 3139-3174 cm™! range,
which was caused by the olefin (=CH) bond
stretching. In addition to the existence of two
absorption bands in the 2920-2946 and 2825-—
2861 cm™ ranges, which are ascribed to the
aliphatic (CH) bond's symmetric and asymmetric
stretching, respectively.  Additionally, an
absorption band that stretched the aromatic bond
(C=C) was seen, extending in the ranges of
(1581-1508 & 1481-1460) cm™ [17, 18] (see
Table 2 and Fig. 1).

Table 2. FT-IR absorption results for Chalcone derivatives (MCi-MCs)

Com IR (KBr) cm’!
NoP R v(C-H) | V(C-H) v(C-H) veeo V€O vC=0) .
) Arom. Aliph. Olph. Olph. | Arom.
2920 1508
MC, Br 3064 2850 3153 1664 1600 1460 |V (C-Br) 609
v(NO2)
MC, NO2 3072 2920 3159 1663 1616 1581 asy. (1531)
2850 1481
sym. (1352)
vC-0-C
MC: OCHs 3052 2% 3161 1667 1604 = 1270 | Agy: 1347
2825 1468
sym: 1264
2944 1566
MC4 H 3061 2861 3174 1665 1609 1470 ---
2938 1545
MCs Cl 3067 2851 3139 1669 1612 1462 v (C-C1)759
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The 'H-NMR spectrum of compound MC;
was recorded in DMSO-ds. A singlet at 88.15
ppm was assigned to the proton of the N=CH
group in the thiazole ring. Multiplet signals in the
range 07.27-7.71 ppm corresponded to the
aromatic protons. A doublet at 66.92 and 6.89
ppm was attributed to the HC= proton adjacent to

the thiazole ring, while another doublet at 66.79
and 6.77 ppm was assigned to the O=C-CH
proton a- to the carbonyl group. Finally, a singlet
at 63.52 ppm was attributed to the methyl (CHs)
group. The '"H-NMR spectrum is shown in Fig.
2.
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Fig. 1. FT-IR spectrum of the compound (MC1)
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The *C-NMR spectrum of compound MC1
was recorded in DMSO-ds. A signal at 5189.00
ppm was assigned to the carbonyl carbon (C=0),
while a signal at 6161.85 ppm corresponded to
the C=N carbon in the thiazole ring. The carbon
of the =CH group adjacent to the thiazole ring
appeared at 6142.00 ppm, and the O=C-CH
carbon a- to the carbonyl group was observed at
0121.09 ppm. Signals in the range 8123.09—
150.47 ppm were attributed to aromatic ring
carbons. The *C-NMR spectrum is shown in Fig.
3.

3.2.  Characterization of 2-Oxo
pyrimidine derivatives (MCg-MCio). The IR
spectrum exhibited a new absorption band in the

Fig. 2. 'H-NMR spectrum

of the compound (MC)

range 3278-3235 cm™', attributed to N-H
stretching vibrations. The olefinic (C=C)
absorption band of the chalcones (MC1-MC5),
previously observed at 1616-1600 cm™,
disappeared. Instead, a medium-intensity band
corresponding to the carbonyl group (C=0) of
the pyrimidine ring appeared in the range 1684—
1677 cm™. An absorption band assigned to the
C=N group was observed at 1627-1619 cm™.
Additional bands at 1589-1547 cm™ and 1485—
1465 cm™ corresponded to C=C stretching
vibrations of the aromatic ring. Aliphatic C-H
stretching vibrations were detected at 2954-2920
cm™! and 2883-2843 cm™!, while aromatic C—H
(Ar—CH) stretching was observed at 3048-3068
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cm™' [19-21]. The spectral data are summarized in Fig. 4.
in Table 3, and representative spectra are shown
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Fig. 3. 3C-NMR spectrum of the compound (MC1)

Table 3. FT-IR absorption results for 2-Oxo pyrimidine derivatives (MCs-MCio)

Comp IR (KBr) cm™!
"I R v(C-H) v(N- v(C-H) _ —_mn V(C=0)
No. Arom. H) | Aliph. VIC=N) v(C=0) Arom. Others
2923 1553
MCs Br | 3048 | 3235 2865 1621 1684 1471 v (C-Br) 616
2920 1589 | v(NO2) asy. (1541)
MC; | NO2 | 3068 | 3263 2348 1622 1679 1485 sym. (1352)
2921 1547 v C-O-C Asy: 1332
MCs | OCHs @ 3054 | 3278 2853 1621 1682 1481 sym: 1271
2951 1572
MCy H 3066 3247 2843 1619 1677 1465 -
2954 1583
MCio Cl 3058 | 3261 2883 1627 1679 1485 v (C-Cl)746
100
%T 3
97.54 ’\//W
95
92.5-
90{ 4 K g
87.5% f g i | 4 i d
85 ' J g/ ;B g
82.5- f v g8 ‘
7 ) ; 7 £
80 g ¢
77.5 -
3500 3000 2500 2000 1750 1500 1250 1000 750 500
MC7 1/cm

Fig. 4. FT-IR spectrum of the compound (MC>)

The 'H-NMR spectrum of compound §7.77-8.08 ppm corresponded to aromatic
(MC7) (DMSO-ds) showed a singlet at 88.37 protons, while a singlet at 87.00 ppm was
ppm, assigned to the (N=CH) proton of the attributed to the (NH) proton. A triplet at 63.69—
thiazole ring. Multiplet signals in the range 3.74 ppm was assigned to the aliphatic (CH)
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proton, and a doublet at 62.38 and 2.41 ppm was
attributed to the two protons of the (CH2) group.
Finally, a singlet at 61.99 ppm corresponded to
the protons of the (CHs) group. The spectrum is
shown in Fig. 5.

The '"*C-NMR spectrum of compound
(MC7) (DMSO-ds) showed a signal at 6166.98
ppm assigned to the (C=N) carbon of the

pyrimidine ring, and a signal at 6164.46 ppm
corresponding to the (C=0O) carbon. The (C=N)
carbon in the thiazole ring appeared at 6156.04
ppm. Signals for aromatic carbons were observed
in the range & 129.08-140.72 ppm. The (CH)
carbon resonated at 056.51 ppm, the (CH-:)
carbon at 651.74 ppm, and the (CHs) carbon at
015.99 ppm. The spectrum is presented in Fig. 6.
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Fig. 5. 'TH-NMR spectrum of the compound (MC7)
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3.3.  Characterization of  2-thio
pyrimidine derivatives (MC11-MCis). The IR
spectrum displayed an absorption band for the
C=N group at 1630-1622 cm™', along with a new
band at 3254-3210 cm™ attributed to N-H
stretching vibrations. The olefinic C=C band of
the chalcones (MC1—MCs), previously observed
at 1616-1600 cm™!, was absent. A medium-
intensity band in the range 1087-1097 cm™
corresponded to the C=S group of the pyrimidine

Fig. 6. >C-NMR spectrum of the compound (MC7)

ring. Additional bands at 1581-1548 cm™ and
1485-1460 cm™ were assigned to C=C
stretching vibrations of the aromatic ring.
Aliphatic C—H stretching bands appeared

at 2981-2953 cm™ and 2900-2842 cm™!, while
aromatic C—H (Ar—CH) stretching was observed
at 3043-3070 cm™. The spectral data are
summarized in Table 4, and representative
spectra are shown in Fig. 7.
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Table 4. FT-IR absorption results for 2-Thio pyrimidine derivatives (MC11-MCis)
Comp IR (KBr) cm!
" R v(C-H) v(C-H) v(N- _ _qy V(C=0C)
No. Aliph. Arom. H) VIC=N) v(C=S) Arom. Others
2981 1556
MCn Br 2900 3062 | 3232 | 1629 | 1093 1477 v (C-Br) 624
v(NO2) asy.
MCn  NO» | 229 3043 3254 1630 1097 0% (1507)
2842 1465
sym. (1338)
vC-O-C Asy:
MCiz | OCHs 2979 3070 | 3210 | 1620 | 1087 1581 1332
2891 1485
sym: 1272
2967 1548
MCy4 H 2859 3061 | 3243 | 1626 | 1089 1467 ---
2953 1567
MCis Cl 2871 3051 | 3235 | 1622 | 1102 1460 v (C-C1)753
100
%T ]
90
80%
70% § |
] ¢
] g
60i N
50— d
40:""x""x""""x""x""x""x""x""x
3500 3000 2500 2000 1750 1500 1250 1000 750 500
MC11 1/cm

Fig. 7. FT-IR spectrum of the compound (MCi11)
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'H-NMR (DMSO-ds). A singlet at & 9.14
ppm was assigned to the NH proton, while the
N=CH proton in the thiazole ring appeared as a
singlet at 6 8.66 ppm. Multiple signals in the
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range 0 7.12—7.63 ppm corresponded to aromatic
protons. A triplet at 6 3.77-3.82 ppm was
attributed to the aliphatic CH proton, and a
doublet at 6 2.75 and 2.78 ppm was assigned to
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the two protons of the CHa group. A singlet at 6
2.11 ppm corresponded to the CHs protons (Fig.
8).

BC-NMR (DMSO-ds). A signal at § 183.05
ppm was assigned to the C=S carbon, while the
C=N carbons in the pyrimidine and thiazole rings

appeared at & 160.01 ppm and & 155.58 ppm,
respectively. Aromatic carbons resonated in the
range 0 123.04-141.99 ppm. The CH carbon was
observed at & 52.57 ppm, the CH: carbon at 6
46.89 ppm, and the CHs carbon at 8 19.03 ppm

(Fig. 9).
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3.4. Characterization of 2-cyanamide
pyrimidine derivatives (MCi16-MC2). The FT-
IR spectra of compounds MC16-MC20 showed
the disappearance of the olefinic (C=C) and
carbonyl (C=0) bands characteristic of the
chalcones. N-H stretching vibrations were
observed in the range 3232-3359 cm™'. Aromatic
C-H (Ar—CH) stretching appeared at 3047-3080

Fig. 9. '>C-NMR spectrum of the compound (MC14)

cm!, while aliphatic C—H stretching bands were
detected at 2920-2966 cm™ and 2852-2891
cm™'. Aromatic C=C stretching was observed at
1579-1565 cm™ and 1484-1456 cm™. In
addition, C=N stretching vibrations appeared in
the range 2090-2131 cm™. The spectral data are
summarized in Table 5, and representative
spectra are shown in Fig. 10.

Table 5. FT-IR absorption results for 2-cyanamide pyrimidine derivatives (MCi6-MC20)

, IR (KBr) cm!
Comp. g (ch) v (C-H) v(C=C)| v(C-
No. Arom " (NH) Aliph. v (CN) v(C=N) Arom. N) Others
2953 1557
MCi6 Br 3047 | 3258 2862 2131 | 1628 1456 1223 | v (C-Br) 672
v (NO2)
MCy7  NO2 | 3059 3232 2966 2104 1620 1579 1232 asy.(1510)
2891 1481
sym. (1340)
v C-O-C Asy:
MCis OCHs 3080 @ 3234 2920 2096 1624 1566 1188 1354
2852 1475
sym: 1305
2940 1565
MCyo H 3069 | 3245 2859 2090 1626 1456 1195 ---
2937 1578
MCzo Cl 3075 | 3259 2861 2105 1627 1484 1203 | v (C-C1)801

The '"H-NMR spectrum of (MCig) showed
that the proton of the (N=CH) group in the
thiazole ring was responsible for a single signal
at position 8.49 ppm, the protons of the benzene

ring were responsible for a multiple signal in the
range 7.25-7.69 ppm, the proton of the aliphatic
group (CH) was responsible for a triple signal in
the range 3.96-4.02 ppm, the protons of the

CHEMICAL PROBLEMS 2026 no. 2 (24)
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(OCHs) group were responsible for a single
signal at position 3.52 ppm, a double signal
appeared at positions 2.73 and 2.75 ppm,
responsible for the (CHz2) proton, the protons of

the (CH3) group were responsible for a single
signal at position 2.35 ppm, and the proton of the
(NH) group was responsible for a signal at
position 1.19 ppm, as shown in Fig. 11.
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Fig. 10. FT-IR spectrum of the compound (MC17)
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When examining the compound (MCis)
BC-NMR spectrum, a signal was detected at
position 169.97 ppm that was attributed to the
carbon of the (C=N) group in the pyrimidine ring,
at position 152.02 ppm that was attributed to the
carbon of the (C=N) group next to the (CN)
group, at position 149.97 ppm that was attributed
to the carbon of the (C=N) group in the thiazole
ring, and at positions 129.19-158.37 ppm that
were attributed to the carbons of the aromatic
benzene ring, at position 124.63 that was
attributed to the carbon of the (CN) group, at
position 60.88 ppm that was attributed to the
carbon of the (OCH3) group. Additionally, the
presence of a signal at site 52.28 ppm was caused
by the carbon of the aliphatic (CH) group, at site

Fig. 11. 'H-NMR spectrum of the compound (MC1s)

36.37 ppm by the carbon of the (CH2) group, and
at site 31.19 ppm by the carbon of the (CHs3)
group. As shown in Fig. 12.

3.5. Evaluation of the Biological Activity
of Prepared Compounds. The selected bacterial
strains are medically significant due to their
association with a wide range of infections and
their varying degrees of drug resistance. The
antibacterial activity of some synthesized
compounds was evaluated using the agar well
diffusion method, with inhibition zone diameters
measured to assess efficacy. The results indicate
that the compounds exhibit varying degrees of
inhibitory effects against both Gram-positive and
Gram-negative bacteria [22-25].
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Fig. 12. >*C-NMR spectrum of the compound (MCis)

Table 6. Biological effectiveness of prepared compounds and control treatments (inhibition in mm)

Comp. No. Escherichia coil Staphylococcus
aureus
Conc. mg/ml | 0.1 | 0.0 | 0.00 | 0.1 | 0.01 | 0.001
1 1

MC, 25 25 30 18 15 10
MC4 24 23 20 22 17 12
MCs 23 20 18 20 15 15
MC, 18 16 12 19 18 13
MCs 18 18 9 20 18 10
MCio 30 20 18 17 15 10
MCis 35 27 12 30 20 15
MCi4 32 26 21 24 18 13
MCis 20 20 18 27 18 12
MCie 16 15 9 32 23 15
MCso 18 18 15 15 12 10
Amoxicillin 24 16 10 20 10 10
Ciprofloxacin | 20 15 15 15 12 12
Amikasin 15 15 10 10 10 8

Fig. 13. Inhibitory activity of compounds (MCio, MC13, MCi4, MCi6) against Escherichia coli
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Standard antibiotics—amoxicillin,
amikacin, and ciprofloxacin—were used as
control samples due to their well-established
selectivity and broad inhibitory zones [26-30].
Among the tested compounds, MC13 showed the
highest inhibitory activity against Escherichia
coli, with a zone of inhibition measuring 35 mm.
Compounds (MCio and MCi4) also exhibited
significant activity against E. coli, with inhibition
zones of 32 mm and 30 mm, respectively.
Against  Staphylococcus  aureus, (MCis)

demonstrated the greatest inhibitory effect (32
mm), while MC13 showed good activity with a
30 mm inhibition zone.

Other compounds showed moderate to
good antibacterial activity. A direct relationship
was observed between compound concentration
and inhibition efficacy, with the highest
inhibition zones recorded at 0.1 mg/mL [31, 32].
Detailed results are presented in Table 7 and
Fig.s 13 and 14.

=

Fig. 14. Inhibitory activit of compounds

(MC4, MCs, MCi3, MCis) against Staphylococcus aureus
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Fig. 15. The effect of the compound (MC7) on MCF-7 cells and HdFn cells using the MTT assay

3.7. Results of the breast cancer
cytotoxicity test study (MCF-7). This study
evaluated the effect of the compounds (MCy,
MCis, and MCi9) on normal HdFn cells and
MCF-7 breast cancer cells at different
concentrations (50, 100, 200, and 400 pg/ml).
The results demonstrated a dose-dependent
cellular response, with cancer cell survival
decreasing with increasing concentration
(P<0.0001), while normal cells were less
affected, suggesting the compounds may possess

selectivity against cancer cells [33-35].

For compound (MC>), the average survival
of MCF-7 cells at 400 pug/ml was 42.05%,
demonstrating a strong effect at high
concentrations. Furthermore, as the
concentration decreased, the average survival
gradually increased, but the effect remained
greater on cancer cells compared to normal cells,
indicating a degree of selectivity, as shown in
Fig. s (15, 16).
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Fig. 16. The effectiveness of the compound (MC7) on MCF-7 cells and HdFn cells
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Fig. 17. The effect of the compound (MCis) on MCF-7 cells and HdFn cells using the MTT assay

McF7/MC_15

-

Fig. 18. The effectiveness of the compound (MCis) on MCF-7 cells and HdFn cells
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Fig. 19. The effect of the compound (MCi9) on MCF-7 cells and HdFn cells using the MTT assay

MCis had a clear effect on MCF-7 cells, concentration of 400 pg/ml compared to 73.03%
recording a 50.11% survival rate at a for HdFn cells, indicating a greater decrease in
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cancer cell viability at higher concentrations. As
the concentration was reduced, the mean survival
rate gradually increased, reflecting a dose-
dependent response, as shown in Fig. s 17 and 18.

MC 9 appeared to be more effective against
MCEF-7 cells, recording a 42.05% survival rate at
a concentration of 400 pg/ml, which is lower
than the rate recorded for MCis at the same

The results indicate that the two
compounds (MCi9 and MC7) showed a stronger
effect on cancer cells than (MCis), especially at
high concentrations. All compounds also

Fig. 20. The effectiveness of the compound (MCi9) on MCF-7 cells and HdFn cells

concentration, potentially indicating a stronger
effect. When the concentration was reduced to 50
pg/ml, the survival rate increased to 76.81% in
MCEF-7 cells. At the same time, it remained high
in HdFn cells, with a survival rate of 95.98%,
indicating a reduced toxic effect on normal cells
at lower doses (Fig. s 19 and 20).

HdFn/MC_19

e

possessed a certain degree of selectivity,
affecting MCF-7 cells to a greater extent than
HdFn cells, making them candidates for further
studies in the development of anticancer drugs.

4. Conclusions

Hexagonal pyrimidine rings  were
synthesized via the reaction of a,B-unsaturated
compounds with reagents containing various
functional groups. Spectroscopic analyses
confirmed the structural accuracy and purity of
the  synthesized compounds. Biological
evaluation revealed that most of these
compounds exhibit significant antibacterial
activity, effectively inhibiting bacterial growth.
Notably, some compounds demonstrated
superior activity compared to the standard

antibiotics used as controls. Specifically,
compound (MCi3) showed the highest inhibitory
effect against Escherichia coli, with an inhibition
zone of 35 mm, while compound (MCis) was
most effective against Staphylococcus aureus,
exhibiting an inhibition zone of 32 mm.
Additionally, several compounds showed
promising cytotoxic activity against cancer cells,
warranting further investigation to develop
potential therapeutic agents for cancer treatment.
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