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ABSTRACT:

The reaction of 2-amino-6-methylpyrimidin-4-ol with ethyl 2-cyano-3,3-bis(methylthio)
acrylate in N,N-dimethyl formamide in the presence of anhydrous potassium carbonate led to
the  formation  of  4-methyl-8-(methylthio)-2,6-dioxo-2,6-dihydro-1H-pyrimido[1,2-
a]pyrimidine-7-carbonitrile as a parent compound then reacted with some carbon and nitrogen
nucleophiles such as active methylene compounds and substituted anilines to afford the
corresponding 8-substituted derivatives. The structure of the obtained products were confirmed
by IR, NMR and Mass spectral data. The reaction mechanism was also studied. Furthermore,
their potential as antioxidant agents were evaluated using DPPH and hydroxyl free radical
scavenging assay.
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INTRODUCTION:

Pyrimidine is a nitrogen containing electron rich heterocycle. Synthetic versatility of
pyrimidine enables the creation of structurally varied derivatives which includes numerous
pyrimido core containing pyrimidine analogs [1-3].The chemistry of pyrimidine and its
derivatives has been studied extensively since the past century due to their diverse applications
[4]. Due to the wide range of biological and pharmacological actions that pyrimidine exhibits,
it is regarded as a crucial heterocyclic moiety. Nucleotides, nucleic acids, vitamins, coenzymes,
purines and uric acids are examples of naturally occurring molecules that contain this six-
membered 1, 3-diazine ring with nitrogen at the 1 and 3 positions. The numerous medicinal
uses of pyrimidine may be explained by the fact that it is a component of DNA and RNA. [5].
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It includes antiviral [6], antifungal [7], anticancer [8] antibacterial [9], ant tuberculosis [10],
anti-inflammatory [11], antiparkinsonian [12] anti-HIV [13] and analgesic [14]. Owing to their
beneficial biological applications, the use of pyrimido-pyrimidines in multicomponent
reactions for the development of new heterocyclic compounds can definitely provide further
opportunities. However, these compounds have not been tested for their antioxidant activity.
In the present article we reported the synthesis of 4-methyl-8-(methylthio)-2,6-dioxo-2,6-
dihydro-1H-pyrimido[1,2-a]pyrimidine-7-carbonitrile (3) and its 8-substituted derivatives
from 2-amino-6-methylpyrimidin-4-ol with ethyl 2-cyano-3,3-bis(methylthio) acrylate in one-
pot cost effective method and evaluated their anti-oxidant activity.

EXPERIMENTAL:

All the chemicals used in present works are from analytical grade and used without further
purification. Melting points of the products were determined in open capillary tubes on an
electro thermal melting point apparatus and were uncorrected. The progress of reactions and
the purity of the isolated compounds were monitored by TLC on UV-active silica gel plate
(Merck). IR spectra were recorded on Shimadzu FT-IR spectrophotometer, IHNMR spectra
were obtained on Bruker advance spectrophotometer 500 MHz in DMSO-d6 using TMS as an
internal standard. Mass spectrums were analyzed on GC-MS spectrometer using the ESI
technique.

General Procedure for the synthesis of 4-methyl-8-(methylthio)-2,6-dioxo-2,6-dihydro-
1H-pyrimido[1,2-a]pyrimidine-7-carbonitrile ~ (3): A  mixture of  2-amino-6-
methylpyrimidin-4-ol (1) (1 mmol) and ethyl 2-cyano-3,3-bis(methylthio)acrylate (2) (1 mmol)
in 25 ml of N,N-dimethyl formamide (DMF) and anhydrous potassium carbonate (1.38 g, 1
equivalent) was refluxed for 4-5 hours. The development of reaction was supervised by thin
layer chromatography (TLC). Reaction content was cooled at room temperature and transferred
in to ice cold water. Solid obtained was filtered, wash down with water and recrystallized from
ethanol to obtain compound (3). MF: C10HsN4O2S, Yield: 83%, MP: 145 - 147°C. IR spectrum,
v, cm—1: 3252 (NH), 2211 (-CN), 1631, 1671 (CO str). 1 H NMR spectrum, §, ppm: 10.16 br.s
(I1H, NH), 5.97 s (1H, CH), 253 s (3H, SCH3). 13C NMR spectrum, 6C, ppm:
15,24,61,91,104,148,158,165,168,174. Mass spectrum: m/z 249 (Irel 100%) [M+1].

General Procedure for the synthesis of 8-substituted pyrimido-pyrimidine derivatives 4a
—4d and 5a - 5d: A mixture of 1 mmol of compound 3, 1 mmol of the corresponding CH acid
or substituted aniline, and 1 equivalent of anhydrous potassium carbonate in DMF was heated
with continuous stirring for 4-5.5 h. After completion of the reaction, the mixture was cooled,
and the solid product was collected by filtration, washed with water, and recrystallized from
ethanol. The IR, *H and *CNMR, and mass spectra of 4a—4d and 5a-5d were in well agreement
with the assigned structures and consistent with literature data for structurally related
compounds [19-27]
2-(7-cyano-4-methyl-2,6-dioxo-2,6-dihydro-1H-pyrimido[1,2-a]pyrimidin-8-yl)
malononitriles (4a): M.F. C12HsN60O, Yield: 80%, MP: 155 - 157°C. IR spectrum, v, cm—1:
3326 (NH str), 2207 (-CN str), 1600 (CO str). H NMR spectrum, &, ppm: 11.49 br. s (1H,
NH), 4.2 s (1H, -CH), 5.21 s (1H, =CH), 2.07 s (3H, SCH3). Mass spectrum: m/z 267 (lrel
100%) [M + 1].

1-ethyl 3-methyl 2-(7-cyano-4-methyl-2,6-dioxo-2,6-dihydro-1H-pyrimido[1,2-
a]pyrimidin-8-yl)malonate (4b): C1sH14N4Os, Yield: 72%, MP: 154 - 156°C. IR spectrum, v,
cm-—1: 3320 (NH str), 2220 (-CN str), 1630 (CO str). *H NMR spectrum, 5, ppm: 10.85 br. s
(1H, NH), 4.4 s (1H, -CH), 5.67 s (1H, =CH), 2.03 s (3H, SCH3). Mass spectrum: m/z 347
(Irel 100%) [M + 1].
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Methyl 2-cyano-2-(7-cyano-4-methyl-2,6-dioxo-2,6-dihydro-1H-pyrimido[1,2-
a]pyrimidin-8-yl)acetate (4c): M.F.C13HoNsOg4, Yield: 72%, MP: 155 - 157°C. IR spectrum,
v, cm—1: 3290 (NH str), 2198 (-CN str), 1610 (CO str). *H NMR spectrum, &, ppm: 10.90 br.
s (1H, NH), 4.12 s (1H, -CH), 5.16 s (1H, =CH), 2.0 s (3H, SCH3). Mass spectrum: m/z 300
(Irel 100%) [M + 1].

Diethyl 2-(7-cyano-4-methyl-2,6-dioxo-2,6-dihydro-1H-pyrimido[1,2-a]pyrimidin-8-
yl)malonate (4d): M.F. C16H16N4Os,Yield: 75%, MP: 158 - 160°C. IR spectrum, v, cm—1:
3330 (NH str), 2210 (-CN str), 1620 (CO str). H NMR spectrum, &, ppm: 11.55 br. s (1H,
NH), 4.34 s (1H, -CH), 5.70 s (1H, =CH), 2.05 s (3H, SCH3). Mass spectrum: m/z 361 (lrel
100%) [M + 1]
4-methyl-8-((4-nitrophenyl)amino)-2,6-dioxo-2,6-dihydro-1H-pyrimido[1,2-
a]pyrimidine-7-carbonitrile (5a): M.F. CisH10N6Os, Yield: 78%, MP: 150 - 152°C. IR
spectrum, v, cm—1: 3325, 3192 (NH str), 2207 (-CN str), 1676, 1738 (CO str). H NMR
spectrum, §, ppm: 10.93 br. s (1H, NH), 4.3 s (1H, aniline NH str) 6.7 — 7.6 m (4H, Ar-H), 5.2
s (1H, =CH), 2.3 s (3H, SCH3). Mass spectrum: m/z 339 (Irel 100%) [M + 1]
4-methyl-2,6-dioxo-8-(p-tolylamino)-2,6-dihydro-1H-pyrimido[1,2-a]pyrimidine-7-
carbonitrile (5b): M.F. C16H13Ns02, Yield: 75%, MP: 149 - 151°C. IR spectrum, v, cm—1:
3323, 3190 (NH str), 2209 (-CN str), 1678, 1732 (CO str). *H NMR spectrum, &, ppm: 10.84
br. s (1H, NH), 4.5 s (1H, aniline NH str) 6.6 — 7.7 m (4H, Ar-H), 5.3 s (1H, =CH), 2.2 s (3H,
SCH3). Mass spectrum: m/z 308 (Irel 100%) [M + 1]
8-((4-methoxyphenyl)amino)-4-methyl-2,6-dioxo-2,6-dihydro-1H-pyrimido[1,2-a]
pyrimidine-7-carbonitrile (5c): M.F. CisH13NsOgz, Yield: 78%, MP: 155 - 158°C. IR
spectrum, v, cm—1: 3320, 3185 (NH str), 2210 (-CN str), 1650, 1725 (CO str). 'H NMR
spectrum, o, ppm: 11.04 br. s (1H, NH), 4.02 s (1H, aniline NH str) 6.7 — 7.7 m (4H, Ar-H),
5.4 s (1H, =CH), 2.1 s (3H, SCH3). Mass spectrum: m/z 324 (Irel 100%) [M + 1]
8-((4-chlorophenyl)amino)-4-methyl-2,6-dioxo-2,6-dihydro-1H-pyrimido[1,2-
a]pyrimidine-7-carbonitrile (5d): M.F. C1sH10NsCIOz, Yield: 70%, MP: 153 - 155°C. IR
spectrum, v, cm—1: 3290, 3198 (NH str), 2207 (-CN str), 1670, 1710 (CO str). H NMR
spectrum, &, ppm: 11.30 br. s (1H, NH), 4.4 s (1H, aniline NH str) 6.7 — 7.6 m (4H, Ar-H), 5.3
s (1H, =CH), 2.3 s (3H, SCH3). Mass spectrum: m/z 328 (Irel 100%) [M + 1]

RESULT AND DISCUSSION:

Primarily, we focused on the synthesis of 4-methyl-8-(methylthio)-2,6-dioxo-2,6-dihydro-1H-
pyrimido[1,2-a] pyrimidine-7-carbonitrile (3) as the parent compound. It was synthesized from
reacting the equimolar amount of 2-amino-6-methylpyrimidin-4-ol (1) with ethyl 2-cyano-3,3-
bis(methylthio) acrylate (2) in N,N-dimethyl formamide in the presence of anhydrous
potassium carbonate as shown in scheme-1.

Scheme-1

OH 0
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3

The synthetic details are given in experimental. The structure of the compound (3) was assigned
on the basis of spectral data. IR spectrum showed absorption at 2211cm™ and 1631, 1671 cm’
L which can be assigned to -CN and two -CO stretching frequencies respectively. The *H NMR
spectrum of the compound was recorded in 300 MHz, CdCls solvent, shows & values,
singlet at 2.34 and 2.53 ppm assignable to -CHs and —SCH3z group, singlet at 5.97 ppm due
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to -CH=C< (ethylene) proton present in ring and singlet at 10.16 ppm due to ring -NH (sec.
amide) proton respectively. *C NMR (300 MHz, CdCls) spectrum of the compound gives
below peaks d: 24, 61, 91,104, 148, 165, 168, 174 ppm. Total eight peaks which are equivalent
to number of carbon atoms in the compound (3) and mass spectrum exhibits molecular ion
peak at m/z 249 (M+1) which corresponds to its molecular weight. As the number of nitrogen
atoms in compound (3) increases, the ring pi-electrons become less energetic towards
electrophilic substitution reaction while nucleophilic substitution becomes easier. Moreover
compound (3) possess a dynamic methylthio group at 8- position which is a good leaving group
and activated by adjacent electronegative ring nitrogen atom and negative inductive effect (- |
effect) of cyano (-CN) group. Therefore, it can be presumed that compound 3 is a potential
precursor for the synthesis of 8-substituted derivatives. In fact, 8-substituted derivatives of
compound 3 were obtained by reacting it with different nucleophiles such as active methylene
compounds and substituted anilines. Accordingly, the reactions of 3 with diethyl malonate,
ethyl acetoacetate, ethyl cyanoacetate, and malononitrile in dimethylformamide in the presence
of anhydrous potassium carbonate afforded the corresponding 8-substituted derivatives 4a—4d
as shown in Scheme 2 given above.

Scheme-2
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+ x Ny Y
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X
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Under similar experimental conditions, compound 3 reacted with substituted anilines to
produce 8-substituted derivatives 5a — 5d (Scheme-3).

Scheme-3
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5d, 5.0 h, 67% A

tentative mechanism was proposed for the formation of parent compound 3 (Scheme 4).
Initially, nucleophilic addition of 2-amino-6-methylpyrimidin-4-ol (1) to ethyl 2-cyano-3,3-
bis(methylthio) acrylate (2) gives zwitterion intermediate A [28] which is stabilized via
elimination of methane thiolate anion and deprotonation followed by proton migration to
produce intermediates B. Finally, intramolecular Michael addition between the NH and C=0
groups of B leads to the formation of compound 3 [29-30]. In the next stage, nucleophilic
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substitution of the 8-methylsulfanyl group in molecule 3 by different nucleophiles to yield
final compounds 4 and 5 respectively.

Scheme-4
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Antioxidant activity.

1, 1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay: The antioxidant
properties of newly synthesized compounds 4a— 4d and 5a-5d were evaluated by the DPPH
radical scavenging assay [15-16] using 1 mM ascorbic acid as the reference compound.
Reaction mixtures were prepared by adding a solution of individual compound 4a—4d or 5a—
5d in absolute ethanol to an equal volume of a 0.1 mM solution of DPPH radical. The mixture
was incubated at room temperature for 20 min, and the absorbance at A 517 nm was measured
with a UV-Vis spectrophotometer. It is important to note that highest DPPH radical scavenging
activity was exhibited by compound 3 is 45.10 % whereas compounds 5d showed the weakest
activities by scavenging 14.5% of DPPH (Table 1).

Hydroxyl radical scavenging assay. The well-known Fenton reaction was used for measuring
the OH radical scavenging activity [17-18]. In a typical Fenton reaction, 60 uL of FeCl2 (1
mM), 90 puL of 1,10-phenanthroline (1 mM), 2.4 mL of phosphate buffer (pH 7.8), and 150 pL
of 0.17 M H202 were mixed together along with 1.5 mL of 1 mM solution of compound 3-5.
After incubation at room temperature for 5 min, the absorbance at A 560 nm was recorded.
Ascorbic acid (1 mM) was used as reference compound. The results are shown in Table 1.
Ascorbic acid as the reference compound showed a scavenging activity of 89.5%. Compound
3 showed highest OH radical scavenging activity of 42.1%. Compounds 4a, 4c, 4d, 5a and 5d
showed good OH radical scavenging activities. Based on the performance results of both
radical scavenging assays, it can be said that newly synthesized compounds 3, 4a— 4d and 5a—
5d showed moderate to good antioxidant activity. It can also be said that quantitative difference
in the antioxidant properties of the newly synthesized compounds were influenced by the nature
of substituents attached to the parent compound.
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Table 1. Antioxidant activity of compounds 3, 4a—4d, and 5a-5d according to DPPH and
OH radical scavenging assays.

Sr. No Compound DPPH radical scavenging OH radical scavenging
activity (%) activity (%)

1 3 45.10+0.15 42.1 +0.547

2 4a 31.35+0.28 34.7+0.921

3 4b 23.34+0.76 27.2+0.723

4 4c 34.01+0.45 34.9+ 0.842

5 4d 23.16+0.55 36.9 +0.254

6 5a 22.43+0.08 39.8+ 0.346

7 5b 30.46+0.67 35.1 +0.329

8 5c 31.80+0.92 38.4.+ 0.419

9 5d 14.50+0.62 27.2 +0.275

10 Ascorbic Acid  78.48+0.13 89.5 + 0.240
CONCLUSION:
In summary, a new series of 4-methyl-8-(methylthio)-2,6-dioxo-2,6-dihydro-1H-

pyrimido[1,2-a]pyrimidine-7-carbonitrile (3) from 2-amino-6-methylpyrimidin-4-ol with ethyl
2-cyano-3,3-bis(methylthio) acrylate and its 8-substituted derivatives (4a — 4d & 5a — 5d) were
synthesized in one-pot cost effective method and evaluated their anti-oxidant activity by using
DPPH and hydroxyl free radical scavenging assay. The synthesized compounds can be easily
isolated by simple workup technique, less expensive, short time, requires ambient reaction
condition, and gives good yield.
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