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Abstract: Synthesis of aminopyrimidine derivatives was carried out by microwave synthesis. This
microwave-assisted heating is an eco-friendly method. Aminopyrimidines were modified by using
substituted benzaldehydes, acetophenones, and uracil during synthesis. Compounds were screened
pharmacologically against the cancer cell lines. To synthesize the uracil substituted amino pyrimidines
involving aldol condensation. The Invitro cytotoxicity studies against the cancer cell lines using MTT
assay and the antimicrobial resistance using the bacterial and fungal strains. Aminopyrimidines were
synthesized by condensation of chalcones and guanidine and further substituted with uracil. These
aminopyrimidine derivatives were analyzed by FT-IR, 1H NMR, and MASS spectra. Compounds were
evaluated for cytotoxicity studies against the HeLa and Vero cancer cell lines using an MTT assay.
Antibacterial and antifungal activity by cup plate and two-fold serial dilution method was done.
Substituted amino pyrimidines were synthesized by microwave-assisted heating and yielded in the
range of 33-56%. Melting point, solubility, and spectral analysis were carried out. All the compounds
exhibited no cytotoxicity. The compounds C7, C9, and C12 were viable the most at the concentration
of 625pug/ml against HeLa and Vero cell lines. The compound C10 showed the highest zone of
inhibition against the bacteria Mycobacterium phlei, Bacillus cereus, and Escherichia coli by both cup
plate and serial dilution methods. It exhibited more inhibition against the fungi Aspergillus niger than
the bacteria. The compounds with nitro substituted were found to be more effective than any other
substitution. The aminopyrimidine derivatives synthesized by microwave procedure were evaluated for
antimicrobial screening. It resulted in similar inhibition as ciprofloxacin. This work would serve the
researchers for the eco-friendly method of synthesis and screening drugs for antimicrobial activity.
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1. Introduction

The strategy of designing new drug moieties from the combination of existing drugs or
the modification of the nucleus of the drug is a boon currently. It is a kind of recognition of
active pharmacophore units. It is a method to develop the hybrid molecules by using moieties
that have been evaluated already for their physicochemical and pharmacokinetic properties,
mechanisms, and toxicity studies. This method is possible to ease the elucidation of the
structural requirements, target-ligand interactions, and many more. Nitrogen-containing hetero
compounds were designed as a hybrid molecule in this study. To synthesize these derivatives,
time and solvents hindered productivity. Microwave-assisted organic synthesis was adopted as
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an emerging technique to overcome these drawbacks. It works based on microwave irradiation
of the substances for synthesis. This method is an approach to focusing on green chemistry. It
IS a non-conventional method to increase the yield and efficacy of the compounds [1-4].

Pyrimidines (CsHsNz), a nitrogen-containing heteroaromatic compound, have a six-
membered nucleus. It contains n-electron-deficient nitrogen atoms at the 1 and 3 positions of
the benzene. Normally, it undergoes nucleophilic addition or substitution reactions.
Pyrimidines were known as the m-diazine, obtained from the breakdown of uric acid by
Scheele in 1776. In 1818, the first derivative of pyrimidine was isolated by Brugnetalli called
the alloxan [5]. Pinner was the one who synthesized the unsubstituted pyrimidine and explained
the structural similarities with an aromatic nucleus in 1885 [6]. Pyrimidine is found naturally
in the vitamins like riboflavin, folic acid, thiamine, nucleic acids, nucleotides, coenzymes,
purines, pterins, and alkaloids obtained from tea, coffee, cocoa [7-9]. Many drug molecules
such as Brodiprim [10], Iclaprim [11-13], Trimethoprim [14], Amicetin, Plicaetin [15], 5-
iododeoxyuridine [16], etc. are the promising anti-folate [17,18], anti-bacterial [19, 20], anti-
fungal [21, 22] and antiviral [23-25] agents containing pyrimidine nucleus. Owing to the
developing drug resistance among various microorganisms, researchers focus on the alterations
in the nucleus. Based on the modification of pyrimidines, amino pyrimidines were designed to
improve the growing antimicrobial resistance that was synthesized by microwave-assisted
organic synthesis procedure.

2. Materials and Methods

2.1. Chemistry.

In this study, the substituted amino-pyrimidines were synthesized by microwave
irradiation. The reaction involved aldol condensation. All the chemicals for the synthesis were
brought an analytical grade from SIGMA ALDRICH. The purity of the amino-pyrimidine
derivatives was assessed by performing single spot Thin Layer Chromatography (TLC) on
silica gel 60F 254 [E-MERK] plates using chloroform and benzene as the solvent system. The
melting point was determined using the Sigma melting point apparatus for all the synthesized
compounds. All the synthesized compounds were analyzed spectrally by FT-IR, *H NMR, and
MASS using ABB Boomem FT-IR, JOEL GSX400 NMR, and QP5000 Shimadzu
spectrophotometer. All the compounds were biologically evaluated for antimicrobial activity
against gram-positive, gram-negative, and fungi. Also, they were assayed for cytotoxicity
studies on the Vero cell line by MTT assay methods.

2.2. Synthesis.

All the compounds were synthesized using microwave irradiation by the scheme 1
method. The general procedure for the synthesis of aminopyrimidine derivatives was carried
out by the three-step synthesis procedure involving chalcones and aminopyrimidine as the
intermediate. The last step was carried out by the conventional method.

The first step involved the addition of 0.01mol substituted acetophenones, which were
treated with 0.01mol aromatic aldehydes in a 100ml Erlenmeyer flask, and the reaction mixture
was cooled to 0-5°C. Then 5ml of an aqueous solution of 70% sodium hydroxide was added
slowly with stirring. The flask was irradiated for 2minutes at 450 Watts in the microwave. The
reaction mixture was cooled in ice-cold water and neutralized with dilute hydrochloric acid.
The solids of chalcones (A1-As) obtained were separately collected, dried, and recrystallized
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from ethanol. The completion of the reaction was monitored by TLC using benzene and
chloroform solvents as the mobile phase [26-30].
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About 0.01 mole of the compounds (A1-As), 0.01 mole of guanidine nitrate, and add
6.8g of zinc chloride were mixed in a 100ml Erlenmeyer flask. The reaction mixture was
irradiated at 160 Watts for 3 minutes. The reaction mixture was poured over crushed ice and
then filtered, dried, and recrystallized from ethanol. The completion of the reaction to produce
aminopyrimidine was monitored by TLC. Finally, the compounds (B1-Bs) and 0.01 mole of
uracil in 10ml DMF were heated in the water bath for 30 minutes, cooled, and poured into ice-
cooled water. The aminopyrimidine derivatives (C1-C15) precipitate was obtained (Table.1).
It was then filtered, washed, and recrystallized from ethanol. The completion of the reaction
was monitored by TLC [31-33].

Compounds C; - Cy5

(Scheme 1)

Table 1. Compounds C1 to C15 and their molecular properties.
Molecular M.W

Name R1 R2 IUPAC Name
formula gm/mol
) (4E)-4-(4-(4-methoxyphenyl)-6-phenylpyrimidin-2-ylimino)-5-
1 4-OCHs | NH2 ] CaH2oNsO2 400.43 amino-3,4-dihydropyrimidin-2(1H)-one
Cc2 4-F NH2 C21H17NsOF 388.4 (4E)-4-(4-(4-fluorophenyl)-6-phenylpyrimidin-2-ylimino)-5-
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Molecular M.W

Name R1 R2 IUPAC Name

formula gm/mol

amino-3,4-dihydropyrimidin-2(1H)-one

(4E)-4-(4-(4-chlorophenyl)-6-phenylpyrimidin-2-ylimino)-5-

c3 4-Cl NH2 CaHirCINGO 404.85 amino-3,4-dihydropyrimidin-2(1H)-one
) (4E)-4-(4-phenyl-6-p-tolylpyrimidin-2-ylimino)-5-amino-3,4-
C4 4-CHs NH2 C22H20N6sO 384.43 dihydropyrimidin-2(1H)-one
345. (4E)-4-(4-(3,4,5-trimethoxyphenyl)-6-phenylpyrimidin-2-
C5 O’C7H NH2 C24H24N604 460.69 ylimino)-5-
s amino-3,4-dihydropyrimidin-2(1H)-one
) (4E)-4-(4-(4-fluorophenyl)-6-phenylpyrimidin-2-ylimino)-3,4-
cé 4-F NOZ | CarHisFNeOs 41838 dihydro-5-nitropyrimidin-2(1H)-one
(4E)-4-(4-(4-chlorophenyl)-6-phenylpyrimidin-2-ylimino)-3,4-
C7 4-Cl NO2 C21H15CIN6O3 434.84 dihydro-5-nitropyrimidin-2(1H)-one
345. (4E)-4-(4-(3,4,5-trimethoxyphenyl)-6-phenylpyrimidin-2-
C8 OlC’H NO2 C24H22N6O6 490.47 ylimino)-3,4-
$ dihydro-5-nitropyrimidin-2(1H)-one
i (4E)-4-(4-phenyl-6-p-tolylpyrimidin-2-ylimino)-3,4-dihydro-5
C9 4-CHs NO2 C22H18N6O3 414.42 “nitropyrimidin-2(1H)-one
) (4E)-4-(4-(4-methoxyphenyl)-6-phenylpyrimidin-2-ylimino)-
C10 4OCH: | NO2 | CaHisNeOs 430.42 3,4-dihydro-5-nitropyrimidin-2(1H)-one
3,4,5- (4E)-4-(4-(3,4,5-trimethoxyphenyl)-6-phenylpyrimidin-2-
Cl1 | ocHs H CahzsNsO4 445471\ limino)-3,4-dihydropyrimidin-2(1H)-one
i (4E)-4-(4-(4-chlorophenyl)-6-phenylpyrimidin-2-ylimino)-3,4-
C12 4-Cl H C21H16CIOs 389.84 dihydropyrimidin-2(1H)-one
(4E)-4-(4-(4-methoxyphenyl)-6-phenylpyrimidin-2-ylimino)-
C13 4-OCHs H C22H19N502 385.42 3,4-
dihydropyrimidin-2(1H)-one
i (4E)-4-(4-phenyl-6-p-tolylpyrimidin-2-ylimino)-3,4-
Cl4 4-CHs H C22H19NsO 369.42 dihydropyrimidin-2(1H)-one
ci5 4F H CotH16FNSO 37338 (4E)-4-(4-(4-fluorophenyl)-6-phenylpyrimidin-2-ylimino)-3,4-

dihydro pyrimidin2(1H)-one

(4E)-4-(4-(4-methoxyphenyl)-6-phenylpyrimidin-2-ylimino)-5-amino-3,4-dihydropyrimidin-
2(1H)-one (Cy) yield: 33%, mp: 118-120°C, IR (KBR, cm™) v 1258 (C-NH), 1303 (C-N
bending), 1360 (C-OCHjs Ar. ), 1437 (C-H bending), 1449 (C-N str. ), 1563 (NH), 1644 (C=C),
1889 (C=0), 2938 (C-H str. ), 3289 (CH, Ar); H NMR (500 MHz, DMSO) & ppm 8.1 (s, 2H,
C-NH), 11.1 (d, 2H, NHy), 7.1-7.7 (s, 11H, aromatic hydrogen), 3.1 (m, 3H, OCH3); MS: m/z
406.44 (M").
(4E)-4-(4-(4-fluorophenyl)-6-phenylpyrimidin-2-ylimino)-5-amino-3,4-dihydropyrimidin-
2(1H)-one (C>) yield: 56%, mp: 122-124°C, IR (KBR, cm™) v 1156 (C-F), 1227 (C-NH), 1227
(C-N bending), 1227 (C=0), 1359 (C-N str. ), 1404 (C-H bending), 1514 (NH), 1604 (C=C),
3057 (C-H str.), 3196 (CH, Ar); *H NMR (500 MHz, DMSO) & ppm 6.7-7.8 (s, 11H, aromatic
hydrogen), 8.2 (s, 2H, C-NH), 11.1 (d, 2H, NH,); MS: m/z 421.41 (M").
(4E)-4-(4-(4-chlorophenyl)-6-phenylpyrimidin-2-ylimino)-5-amino-3,4-dihydropyrimidin-
2(1H)-one (Cs) yield: 43%, mp: 114-116°C, IR (KBR, cm™) v 696 (C-Cl), 1219 (C-NH), 1359
(C-N bending), 1396 (C=0), 1448 (C-H bending), 1458 (C-N str. ), 1596 (NH), 1685 (C=C),
3064 (C-H str.), 3312 (CH, Ar); *H NMR (500 MHz, DMSO) & ppm 6.8-7.8 (s, 11H, aromatic
hydrogen), 8.3 (s, 2H, C-NH), 11.1 (d, 2H, NH,); MS: m/z 421.41 (M").
(4E)-4-(4-phenyl-6-p-tolylpyrimidin-2-ylimino)-5-amino-3,4-dihydropyrimidin-2(1H)-one
(Ca) yield: 50%, mp: 132-134°C, IR (KBR, cm™) v 1274 (C-NH>), 1361 (C-N bending), 1431
(C-CHs), 1449 (C-H bending), 1495 (C=0), 1495 (C-N str. ), 1513 (NH), 1686 (C=C), 3187
(CH, Ar), 3486 (C-H str. ); *H NMR (500 MHz, DMSO) & ppm 2.5 (m, 3H, CHs), 7.0-7.7 (s,
11H, aromatic hydrogen), 8.0 (s, 2H, C-NH), 11.1 (d, 2H, NH); MS: m/z 410.86 (M").
(4E)-4-(4-(3,4,5-trimethoxyphenyl)-6-phenylpyrimidin-2-ylimino)-5-amino-3,4-
dihydropyrimidin-2(1H)-one (Cs) yield: 62%, mp: 142-144°C, IR (KBR, cm™) v 1234 (C-
NH>), 1315 (C-OCHzs), 1366 (C-N bending), 1408 (C=0), 1422 (C-H bending), 1457 (C-N
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str.), 1588 (NH), 1673 (C=C), 3058 (CH, Ar), 3201 (C-H str.); *H NMR (500 MHz, DMSO)
d ppm 3.1 (m, 9H, OCH3), 6.8-7.8 (s, 9H, aromatic hydrogen), 8.1 (s, 2H, C-NH), 11.2 (d, 2H,
NH>); MS: m/z 440.88 (M™).
(4E)-4-(4-(4-fluorophenyl)-6-phenylpyrimidin-2-ylimino)-3,4-dihydro-5-nitropyrimidin-
2(1H)-one (Cs) yield: 38%, mp: 122-124°C, IR (KBR, cm™) v 1013 (C-F), 1227 (C-N bending),
1227 (C-H bending), 1359 (C=0), 1457 (C-N str. ), 1570 (NH), 1680 (C=C), 3199 (CH, Ar),
3326 (C-NO2), 3495 (C-H str.); *H NMR (500 MHz, DMSO) & ppm 6.72-7.8 (s, 11H, aromatic
hydrogen), 8.2 (s, 2H, C-NH); MS: m/z 455.85 (M").
(4E)-4-(4-(4-chlorophenyl)-6-phenylpyrimidin-2-ylimino)-3,4-dihydro-5-nitropyrimidin-
2(1H)-one (C7) yield: 55%, mp: 140-142°C, IR (KBR, cm™)v 768 (C-Cl), 1324 (C-N bending),
1358 (C-H bending), 1419 (C=0), 1491 (C-N str. ), 1567 (NH), 1684 (C=C), 3092 (CH, Ar),
3313 (C-NOy), 3493 (C-H str. ); tH NMR (500 MHz, DMSO) & ppm 6.5-7.8(s, 11H, aromatic
hydrogen), 8.2 (s, 2H, C-NH); MS: m/z 455.85 (M").
(4E)-4-(4-(3,4,5-trimethoxyphenyl)-6-phenylpyrimidin-2-ylimino)-3,4-dihydro-5-
nitropyrimidin-2(1H)-one (Cs) yield: 38%, mp: 122-124°C, IR (KBR, cm™?) v 1311 (C-N
bending), 1325 (C-OCHjs Ar. ), 1424 (C-H bending), 1460 (C=0), 1489 (C-N str. ), 1595 (NH),
1667 (C=C), 3093 (CH, Ar), 3494 (C-H str. ), 3586 (C-NO2); *H NMR (500 MHz, DMSO) §
ppm 3.1 (m, 9H, OCHj3), 6.6-7.8 (s, 9H, aromatic hydrogen), 8.2 (s, 2H, C-NH); MS: m/z
445.30 (MY).
(4E)-4-(4-phenyl-6-p-tolylpyrimidin-2-ylimino)-3,4-dihydro-5-nitropyrimidin-2(1H)-one (Co)
yield: 44%, mp: 164-166°C, IR (KBR, cm™) v 2918 (CH, Ar), 1360 (C-N bending), 1420 (C-
H bending), 1447 (C=0), 1495 (C-N str. ), 1511 (C-CHj3), 1567 (NH), 1682 (C=C), 3208 (C-
H str. ); TH NMR (500 MHz, DMSO) § ppm 2.6 (m, 3H, CHzs), 6.7-7.8 (s, 11H, aromatic
hydrogen), 8.3 (s, 2H, C-NH); MS: m/z 489.75 (M").
(4E)-4-(4-(4-methoxyphenyl)-6-phenylpyrimidin-2-ylimino)-3,4-dihydro-5-nitropyrimidin-
2(1H)-one (C1o) yield: 42%, mp: 126-128°C, IR (KBR, cm™) v 1286 (C-OCHjs Ar. ), 1308 (C-
N bending), 1480 (C=0), 1419 (C-H bending), 1510 (C-N str. ), 1553 (NH), 1676 (C=C), 3187
(CH, Ar), 3328 (C-H str. ), 3516 (C-NO); *H NMR (500 MHz, DMSO) § ppm 3.0 (m, 3H,
OCHzs), 6.7-7.8 (s, 11H, aromatic hydrogen), 8.1 (s, 2H, C-NH); MS: m/z 392.41 (M").
(4E)-4-(4-(3,4,5-trimethoxyphenyl)-6-phenylpyrimidin-2-ylimino)-3,4-dihydropyrimidin-
2(1H)-one (C11) yield: 38%, mp: 156-158°C, IR (KBR, cm™) v 1282 (C-OCHjs Ar. ), 1318
(C=0), 1366 (C-N bending), 1418 (C-H bending), 1453 (C-N str. ), 1588 (NH), 1676 (C=C),
2835 (CH, Ar), 2936 (C-H str. ); TH NMR (500 MHz, DMSO) & ppm 3.1 (m, 9H, OCH3), 6.6-
7.8 (s, 10H, aromatic hydrogen), 8.3 (s, 2H, C-NH); MS: m/z 437.41 (M™).
(4E)-4-(4-(4-chlorophenyl)-6-phenylpyrimidin-2-ylimino)-3,4-dihydropyrimidin-2(1H)-one
(C12) yield: 40%, mp: 118-120°C, IR (KBR, cm™) v 768 (C-Cl), 1387 (C-N bending), 1419 (C-
H bending), 1449 (C=0), 1491 (C-N str. ), 1596 (NH), 1676 (C=C), 2917 (CH, Ar), 3313 (C-
H str. ); TH NMR (500 MHz, DMSO) & ppm 6.6-7.9 (s, 12H, aromatic hydrogen), 8.0 (s, 2H,
C-NH); MS: m/z 452.46 (M").
(4E)-4-(4-(4-methoxyphenyl)-6-phenylpyrimidin-2-ylimino)-3,4-dihydropyrimidin-2(1H)-
one (Cus) yield: 54%, mp: 132-134°C, IR (KBR, cm™) v 1235 (C-OCHs Ar. ), 1303 (C-N
bending), 1390 (C-H bending), 1416 (C=0), 1453 (C-N str. ), 1566 (NH), 1644 (C=C), 2938
(CH, Ar), 3098 (C-H str. ); *H NMR (500 MHz, DMSO) & ppm 3.0 (m, 3H, OCHz), 6.8-7.6 (s,
12H, aromatic hydrogen), 8.4 (s, 2H, C-NH); MS: m/z 385.42 (M").
(4E)-4-(4-phenyl-6-p-tolylpyrimidin-2-ylimino)-3,4-dihydropyrimidin-2(1H)-one (Cu4) yield:
60%, mp: 114-116°C, IR (KBR, cm™) v 1389 (C-N bending), 1418 (C-H bending), 1448
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(C=0), 1496 (C-N str. ), 1518 (C-CHa), 1567 (NH), 1674 (C=C), 2918 (CH, Ar), 3354 (C-H
str. ); *H NMR (500 MHz, DMSO) & ppm 2.4 (m, 3H, CH3), 6.9-7.8 (s, 12H, aromatic
hydrogen), 8.5 (s, 2H, C-NH); MS: m/z 369.42 (M").
(4E)-4-(4-(4-fluorophenyl)-6-phenylpyrimidin-2-ylimino)-3,4-dihydropyrimidin-2(1H)-one
(C1s) yield: 52%, mp: 124-126°C, IR (KBR, cm™) v 1027 (C-F), 1362 (C-H bending), 1389 (C-
N bending), 1418 (C=0), 1449 (C-N str. ), 1569 (NH), 1671 (C=C), 3084 (CH, Ar), 3310 (C-
H str. ); TH NMR (500 MHz, DMSO) & ppm 6.9-7.8 (s, 12H, aromatic hydrogen), 8.4 (s, 2H,
C-NH); MS: m/z 373.38 (M").

2.3. Cytotoxicity using MTT assay.

In determining cytotoxicity, cell viability is assessed most commonly through the use
of vital dyes (formazan dyes), protease biomarkers, or measuring ATP content used methods.
This study used the MTT method (Formazan dye method) to assess cytotoxicity. In vitro
cytotoxicity assay was carried out using a Vero [34] cell line cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) containing 10% of serum at a humidified condition of 37° C in the
presence of carbon dioxide. The monolayer cell culture was trypsinized using TPVG (Trypsin-
phosphate-versene-glucose) solution, and the cell count was adjusted to 1.0 x 10° cells/ml using
a medium containing 10% newborn calf serum. About 0.1ml of the diluted cell suspension was
loaded in 96-well microplates and allowed to stand overnight to make the attachment at the
bottom of the good microplates. The drug suspension with the concentrations of 250.0ug/ml,
125.0pg/ml, and 625.0pg/ml was added to the microtiter plates. The plates were incubated at
37° C for 72 hours. The tetrazolium dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) solution of 50ul was added to each well and incubated for 3 hours. A purple
color precipitates by the reduction of MTT to formazan by mitochondrial reductase. Finally,
spectrophotometric analysis at a wavelength of 540nm was carried out for the reduced MTT
using a microplate reader (ELISA Reader, Bio-Rad Mark Microplate Spectrophotometer). The
higher the medium'’s color intensity, the higher the number of viable cells. Thus exhibiting non-
cytotoxicity [34-38]. The percentage growth inhibition was calculated using the formula:

Percentage of growth inhibition = 100 — [mean O.D. of individual test group / mean O.D. of
the controlled group] x 100

2.4. Pharmacological studies.

All the synthesized compounds (Ci1 to Cis) were screened in vitro to determine
antibacterial activity against bacterial strains of gram-positive Mycobacterium phlei, Bacillus
cereus, gram-negative Escherichia coli, and its antifungal activity against the fungal strain of
Aspergillus niger. The MIC values in terms of pg/ml were obtained through the cup plate
method and two-fold serial dilution method. Ciprofloxacin was used as a reference drug for
antibacterial activity and antifungal activity.

2.4.1. Evaluation of microbial activity using cup plate method.

Under aseptic conditions, the sterile nutrient agar plates were prepared by pouring the
agar into the petri dish. All the test organisms were spread on the agar plates (on a volume of
0.1ml). The plates were made holes (5mm in diameter) using a sterile bore. Synthesized
compounds, standard drugs, and DMSO solvent control were added into the holes separately
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in all the Petri dishes. The plates were allowed to diffuse through the solution into the medium.
Finally, the plates containing the bacteria were incubated at 37°C for 24 hours, and the fungi
containing plates at 28°C for 48 hours [39 — 43].

2.4.2. Evaluation of microbial activity using two-fold serial dilution method.

All the test organisms were inoculated with the same medium volume in a series of test
tubes. A decreasing concentration (500, 250, 125 pg/ml) of the test drug compounds was added
to the test tubes and left behind in a single test tube to serve as a positive control. The cultured
tubes were incubated at an optimal temperature of 37°C for 24 hours (bacteria) and 27°C for
48 hours (fungi). Later the tubes were visually inspected to confirm the growth of
microorganisms with the indication of turbidity formation. The test tubes with turbidity indicate
the presence of microorganisms and show the inhibition activity, which remains clear in the
absence of turbidity [44, 45].

3. Results and Discussion

3.1. Chemistry.

This study synthesized the substituted amino pyrimidines involving three-step synthesis
as mentioned in the scheme.1. The first two steps were done by the microwave irradiation
method, and the last step was done by the conventional method. The synthesis was initiated by
treating substituted acetophenones with aromatic aldehydes to obtain chalcones (A1-As). Then
the chalcones (A1-As) with guanidine nitrate in the presence of zinc chloride. This step yielded
aminopyrimidine compounds (B1-Bs). These aminopyrimides (B:-B5) were finally heated in
the water bath with uracil to get substituted amino pyrimidines (C1-Cis) as the final product.
The synthesized compounds were confirmed by performing TLC (Thin Layer
Chromatography) using aluminum plates coated with silica gel 60F 254 with solvents benzene
and chloroform in the ratio of 1:4. The yield of the product (Table.2) and the R¢ values (Table
2) were calculated. Compounds C5 and C14 yielded a maximum of 62 and 60%. Other
compounds yielded in the range of 33-56%. The melting point of all the compounds was
determined (Table 3). The solubility of the compounds in different solvents was also
determined (Table.3). The compounds were freely soluble in DMF solvent and insoluble in
water, ethyl acetate, and glacial acetic acid.

Table 2. The yield obtained by the microwave-assisted heating method, and the product confirmation by thin-
layer chromatography.

Solvent Ratio .
Compound No. Benzene Chioroform Rr Values Yield %
C1 20 80 0.54 33
C2 20 80 0.43 56
C3 20 80 0.64 43
C4 20 80 0.58 50
C5 20 80 0.46 62
C6 20 80 0.65 38
C7 20 80 0.48 55
C8 20 80 0.56 38
C9 20 80 0.65 44
C10 20 80 0.58 42
C11 20 80 0.78 38
C12 20 80 0.52 40
C13 20 80 0.42 54
Cl14 20 80 0.45 60
Ci15 20 80 0.64 52
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Table 3. Solubility and melting point of the synthesized compounds.

Egmpound DMF | Water Acetone Chloroform Ethanol | Ethyl Acetate ilcz(t:ilsl Acid :;/(I) ellr;tlrlgc
C1 ++ + + + - 118-120
Cc2 ++ + + + 122-124
C3 ++ + + + 114-116
C4 ++ + + + 132-134
C5 ++ + + + 142-144
C6 ++ + + + 122-124
Cc7 ++ + + + 140-142
C8 ++ + + + 122-124
C9 ++ + + + 164-166
c10 ++ + + + 126-128
Cl1 ++ + + + 156-158
C12 ++ + + + 118-120
C13 ++ + + + 132-134
Cl4 ++ + + + 114-116
C15 ++ + + + 124-126

Table 3: ++ freely soluble, + soluble, - insoluble
3.2. Spectral analysis.

All the synthesized compounds were analyzed by FT-IR, 'H NMR, and MASS
spectroscopy. The Infrared (IR) spectra of the compounds (C1-C1s) resulted in absorption bands
for CH aromatic, NH, C=C, and C=0 in the range of 2918-3289 cm, 1513-1596 cm%, 1604-
1686 cm™, and 1227-1889 cm respectively. It appeared with bending absorption bands for C-
N and C-H bonds in the range of 1303-1389 cm™ and 1358-1449 cm™, respectively. C-N
stretching absorption bands appeared between 1359 -1510 cm™. C-H stretching appeared
between 2936 -3495cm™. For the compounds Cs, C7, and Cu1, the presence of chlorine was
confirmed by the absorption bands at 696, 768, and 768 cm™, respectively. The fluorine-
containing compounds C,, Cg, and C1s gave bands at 1156, 1013, and 1027 cm'%, respectively.
The C-CHs absorption bands for the compounds C4, Cg, and C14 appeared at 1431, 1511, and
1518 cm?, respectively. The aromatic methoxy group C-OCHs was observed at 360, 1315,
1325, 1286, 1282, and 1235 cm*for the compounds Ci, Cs, Cs, C1o, C11, and Cis, respectively.
The amine substituted compounds (C1-Cs) differed by showing absorption bands between
1219-1274 cm™. The nitro group-containing compounds Cs, C7, Cs, and C1o, exhibited bands
at 3326, 3313, 3586, and 3516 cm™, respectively.

The *H NMR spectra at 500 MHz and using DMSO solvent for all the compounds gave
a singlet peak for the aromatic protons between the range of & 6.6 — 7.9 ppm confirming the
aminopyrimidine moiety. A singlet peak was observed between ¢ 8.0-8.5 ppm for the NH group
in the uracil substitution. For the compounds Ci1-Cs containing amino group gave a peak
between & 11.1-11.2 ppm. The compounds Ci, Cs, Cg, Cio, C11, and C13 gave a multiplet peak
at 6 3.0-3.1 ppm. The other protons gave signals at their respective chemical shift values. The
MASS spectra exhibited a molecular ion peak (M*) equivalent to that of the molecular mass of
the compounds.

3.3. Cytotoxicity testing.

All the compounds were assayed by MTT assay to determine the cell viability using
Vero cell line (African Green monkey kidney cells). The results of the cytotoxicity studies were
tabulated in Table 4. All the compounds were found to be non-cytotoxic. The compounds C7,
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C9, and C12 exhibited the maximum viability at the concentration of 625ug/ml in the Vero cell
line. The percentage of growth inhibition on the Vero cell line was presented in Graph 1.

Cytotoxicity

250

200
150 /_\/\/\

2
E
8 —
= /\/\/
3 100
X

50

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Compounds

Concentration at (250ug/ml) Concentration at (125ug/ml)

= Concentrations at (62.5ug/ml)

Graph 1. Percentage of cell viability for the compounds in Vero cell line.

Table 4. Cytotoxicity results obtained in the Vero cell line.

Compounds Conce(r:g;;[\l/(lJE)s Used % Cell Viability
250 90.6
C1 125 125.12
62.5 140
250 90.2
c2 125 129.2
62.5 160.25
250 85.3
C3 125 140.2
62.5 170.25
250 95.3
C4 125 128.2
62.5 171.15
250 84.2
C5 125 138.2
62.5 162.15
250 72.12
Cé 125 119.1
62.5 175.1
250 76.25
C7 125 138
62.5 190.25
250 72.15
c8 125 140.25
62.5 180.2
250 98.1
C9 125 139.2
62.5 196.1
250 90.1
C10 125 142.1
62.5 175.1
250 100.2
Cl1 125 136.26
62.5 85.21
C12 250 96
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Concentrations Used

Compounds (LG/ML) % Cell Viability
125 146.2
62.5 190.2
250 76.2
C13 125 139.1
62.5 180.1
250 92.1
Cl4 125 49.1
62.5 175.1
250 76.2
C15 125 72.1
62.5 160.2

3.4. Antimicrobial activity.

All the screened compounds exhibited different Minimum Inhibitory Concentrations
(MIC)by both the cup plate method (Table.5) and two-fold serial dilution (Table.6). The
antimicrobial activity depicted that the compound C1o showed the highest zone of inhibition
against M.phlei, B.cereus, and E.coli with the value of 12, 11, 11mm respectively by cup plate
method at a concentration of 250 pug/ml and the MIC value of 250, 125, 125 pg/ml M.phlei,
B.cereus, and E.coli respectively by serial dilution method. Besides the compounds, Cs to Co
at a concentration of 500pg/ml showed moderate activity in both evaluation methods. The rest
of the compounds possessed less activity when compared to the reference standard. The
compound C1o showed a maximum zone of inhibition against A.niger with the value of 19mm
at 500 pg/ml concentration by cup plate method and the MIC value of 250 pg/ml by serial
dilution method antifungal activity.

Table 5. Zone of inhibition of Aminopyrimidine derivatives by cup plate method against bacteria and fungi.

Zone of inhibition in mm
Microorganisms
Compound No Gram-Positive Bacteria Grat;n-neg_atlve Fungi
acteria

FI;/Ir?:Z?bacterlum Bacillus cereus Escherichia coli Aspergillus niger
Conc
ug/ml 250 | 500 | 1000 | 250 | 500 1000 | 250 | 500 1000 | 250 500 | 1000
C1 12 14 16 12 13 15 13 16 18 - 16 17
c2 12 13 15 12 15 17 14 17 23 - 15 18
C3 12 17 19 10 12 14 12 15 18 - 14 16
C4 10 11 13 12 15 16 13 15 18 - 15 19
C5 11 14 15 10 19 21 12 14 16 - 16 19
C6 13 14 16 12 15 17 11 13 14 - 14 17
c7 12 14 16 11 12 13 13 15 17 - 11 14
C8 10 12 17 11 13 15 10 11 13 - 15 17
C9 11 14 17 12 15 18 12 16 21 - 11 16
C10 12 13 17 11 14 15 11 15 18 - 19 25
C11 10 14 16 10 16 17 11 15 17 - 14 15
C12 10 12 16 11 13 17 10 14 18 - 14 17
C13 11 12 13 12 14 15 11 13 17 - 14 16
Cl4 11 12 14 12 14 18 11 13 16 - 19 21
C15 11 13 16 10 12 14 10 11 15 - 17 21
Ciprofloxacin 15 18 17 21
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Table 6. Minimum inhibitory concentration of aminopyrimidine derivatives by two-fold serial dilution method
against bacteria and fungi.
Minimum Inhibitory Concentration (ug/ml)

Microorganisms
Compound no Gram-positive bacteria Grat:;;:?:?;t've Fungi
Mycobact_erlum Bacillus Eschericia coli Aspgrglllus
phlei cereus niger
C1 500 500 >1000 500
C2 >1000 500 500 >1000
C3 500 500 500 500
C4 500 >1000 500 500
C5 500 >1000 500 >1000
C6 500 500 500 500
C7 250 250 62.5 125
c8 250 250 500 250
C9 250 125 250 125
C10 250 125 125 250
C11 500 250 250 500
C12 250 250 250 250
C13 500 500 500 500
C14 >1000 >1000 500 500
C15 250 500 250 250
Ciprofloxacin 25 pg/ml 6.4 7 134 20
Ciprofloxacin 50 pg/ml 75 8.9 175 16.3

3.5. Structural activity relationship.

The compounds C; — Cy5 were evaluated for antimicrobial activity and screened for
cytotoxicity studies. The compounds were designed with different substitutions, such as
electron-withdrawing and electron-donating groups on the aminopyrimidine and amino, nitro,
or non-substituted uracil. The compounds with nitro substitution inhibited microorganisms
more than the amine or non-substituted compounds. The compounds C1o having para methoxy
substituted aminopyrimidine and nitro substituted uracil gave the maximum inhibition of
microorganisms. It was also non-cytotoxicity in the Vero cell line. Whereas the compounds,
when substituted with electron-withdrawing groups, produced moderate inhibition to the
donating groups.

4. Conclusions

The uracil substituted amino pyrimidines were synthesized using the microwave
technique to minimize the use of solvent and time. These compounds were spectrally analyzed
and evaluated for cytotoxicity, microbial activity, and structural relationship activity were also
discussed. These reports proved the microbial resistance activity in the uracil substituted amino
pyrimidines. This article will serve as the reference for the future development of amino
pyrimidines.
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