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Copper nanoparticles (Cu-Nps) are one of the promising materials for the advancement of nanoscience and technology. In this
work, we synthesized telmisartan copper nanoparticles and 2-pyrimidinamines via Biginelli reaction using telmisartan copper
nanoparticles (Cu-Nps) as a reusable catalyst. The synthesis of 2-pyrimidinamine derivatives (la-c) was achieved in water and
under solvent-free condition (Green chemistry approach). Synthesis of 2-pyrimidinamine with telmisartan copper nanoparticle
(Cu-Nps-Pyr) unexpected product was also isolated from synthesis of 2-pyrimidinamine preparation. Antioxidant and cytotoxic
activities were carried out both in 2-pyrimidinamine (1la-1c) and 2-pyrimidinamine with telmisartan copper nanoparticles (Cu-
Nps-Pyr). The synthesized 2-pyrimidinamine derivatives (1a-c) were characterized from FT-IR, 'H and '*C NMR spectroscopy,
mass and elemental analyses. The synthesized telmisartan copper nanoparticles (Cu-Nps) were characterized from UV
spectroscopy, XRD, SEM, EDX, AFM (atomic force microscopy), profile, waviness, and roughness analyses. Antioxidant activity
was screened based on ABTS™ radical scavenging and linoleic acid peroxidation performance. Cu-Nps-Pyr-1b showed
substantial antioxidant (97.2%) activity against ABTS™ assay and 91.2% activity against AAPH assays compared with Trolox.
Cytotoxicity was evaluated using HepG2, HeLa, and MCF-7 cell lines, the Cu-Nps-Pyr-1a is high in toxicities (Gl5, = 0.01 pm)
against the HeLa cancel cell line compared with doxorubicin. The developed copper NPs with 2-pyrimidinamine (Cu-Nps-Pyr)
could provide promising advances as antioxidant activities; this nanocomposition could be considered an anticancer treatment
in future investigations.

1. Introduction

Pyrimidinamine has great importance as it is widely spread
in living organisms and also a broad spectrum of biological
activities such as antitumor properties [1, 2], herbicidal [3],
tungicidal [4], antidepressant [5], and also, amino pyrimi-
dine was an indicator of antitumor [6], antibacterial [7],
and antiviral [8] activities. The biological importance of nat-
ural and synthetic 2-pyrimidinamine core derivatives are

shown in Figure 1, such as alkaloidal (divicine) properties
found in fava beans, the aglycone of vicine [9], the cytotoxic
activity of alkaloid marine sponge (bromohymenialdisine)
[10], and antifeedant of alkaloid (dibromoisophakellin) [11].

Telmisartan is used in the management of hypertension,
which acts as an angiotensin II receptor blocker (ARB). The
structure of telmisartan is shown in Figure 2 and their orally
active direct-acting All, the AT 1receptor antagonist potential
of pharmacotherapy of hypertension [12].
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F1GURE 1: Biologically active natural pyrimidinamine compounds.

Scavenging ROS antioxidants of acetyl cysteine addition-
ally L-carnitine are observed to cure the inflammatory dis-
eases [13, 14]. However, it does not performed well against
ROS-related diseases due to poor bioavailability and various
limitations of clinical screening [15, 16]. Recently, studies
reported that copper-based nanoparticles improved the
ROS-related diseases and higher scavenging ability of this
treatment [17]. Copper (Cu) is one of the best elements in
recommendation for human usage, which play an important
role in tyrosinase and Cu-ZnSOD enzyme [18, 19]. Cu
enzyme activity is basically a response to many bioactivities
such as connective tissue biosynthesis, cellular respiration,
neurotransmitter production, iron homeostasis, peptide bio-
genesis, pigment formation, and antioxidant defense [20, 21].
Particularly, Cu-NPs has outstanding catalytic activity to
scavenge H,O, and O, [22] but cannot eliminate OH- simul-
taneously [23] and also can promote electron transfer reac-
tions to inactivate H,O, or OH- [24]. The catalytic behavior
of Cu compounds in organic reaction motivated us to focus
our attention on the application of our research. As a result,
we assume that the capacity of Cu-Nps acts as catalytic as
well as antioxidant activities simultaneously. In addition,
the stability of Cu-NPs can be largely enhanced, which is also
developing the overall ROS scavenging ability [25, 26]. Based
on the above observation, we designed to synthesize, high
active 2-pyrimidinamine connected with Cu nanoparticles
and evaluated the antioxidant of ABTS™, linoleic acid perox-
idation, and cytotoxic activities.

2. Material and Methods

2.1. General Materials and Characterization Techniques

2.1.1. Chemistry. Telmisartan-mediated copper nanoparticle
was analyzed from UV, FT-IR, SEM, X-ray with EDX, and
AFM methods. FT-IR is recorded via Shimadzu 8201pc
(4000-400 cm™). The 'H and "*C NMR were recorded via
JEOL-300 MHz. An elemental analyzer model (Varian EL

OH

FIGURE 2: Structure of telmisartan.

III) was used for analysis of elemental presences. Thin layer
chromatography was used for purity checking.

2.2. Synthesis of Telmisartan-Mediated Copper Nanoparticles.
The mixture of CuCl,-2H,0 (0.5 mmol, 5mL) and telmisar-
tan (1 mmol, 10 mL) was added in ethanol; then, the reaction
mixture was allowed 1M NaOH with stirring and main-
tained pH = 7. The reaction mixture converted blue precipi-
tate followed by adding of water (15mL). The precipitate
was obtained, then filtered all precipitate and purified with
suitable techniques.

2.3. General Method for Preparation of 2-Pyrimidinamine
Derivatives (la-Ic) via Biginelli Reaction. The compound
urea (0.01 mol, 0.6 g), Cu catalyst (0.01 mol, 1.7 g), ethyl acet-
oacetate (0.01 mol, 1.3 mL), benzaldehyde (0.01 mol, 1 mL),
and substituted amine (0.05mol, 1.6 mL) are mixed well
together in a mortar and two drops of the con. HCI were
added. The precipitate was dissolved in ethanol. The undis-
solved catalyst was filtered and dried in vacuum and used for
the next cycle. The final product was obtained from the evap-
oration of ethanol from the filtrate and unexpected product
also obtained. The final compound was confirmed by TLC.
The pure product was obtained from the using suitable recrys-
tallized method. The above procedure was followed for syn-
thesis of the remaining compounds 1b and lc.

2.4. Recyclability of Cu-Np Catalyst. Investigation of recovery
the catalyst and usage via washing and dried with ethanol by
under vacuum condition are shown.
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2.4.1. Ethyl 2-hydrazono-6-methyl-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (1a). The composition
of 1a is as follows: black solid; mw: 274.32; mp 136°C; IR
(cm™): 3246.11 (NH), 3119.59 (Ph-CHstr), 3033.92 (Ar-H),
2597.00 (C=N), 1713.57 (OCOEt); '"H NMR (300 MHz,
DMSO- d,): & 920 (2H, s, NH), 8.84 (2H, s, NH,),
7.33(2H, dd, J=7.33Hz, J=7.37Hz Ph), 7.28 (1H, d, ] =
6.21 Hz, phenyl), 7.23(2H, dd, ] =7.31Hz, J =7.35Hz Ph),
420 (2H, m, -CH,) 4.16 (1H, d, J=6.21Hz, -CH), 2.26
(3H, s, -CH;), 1.29 (3H, s, -CH,); ">C NMR(300 MHz,
DMSO-dy): 167.2 (1C, C=0), 160.3(1C, -C-CH,), 154.0
(1IC, C=N), 143.3, 128.5, 126.9, 126.7 (6C, Ar ring), 104.2
(1C, -C-CO-), 61.7(1C, -C-CHj,), 45.1 (1C, -C-NH), 18.4
(1C, -CH;), 14.1 (1C, -CH,); elemental analysis: Calcd. for
C,,HgN,O,: elemental analysis: C, 61.30; H, 6.61; N,
20.42%; found: C, 61.27; H, 6.62; N, 20.45%.

24.2.  Ethyl  6-methyl-4-phenyl-2-(2-phenylhydrazono)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (1b). The compo-
sition of 1b is as follows: grey solid; mw: 350.41; mp:184°C; IR
(cm™): 3239.20 (NH), 3128.82 (Ph-CHstr), 2596.43 (C=N),
1715.02 (OCOEt); 'H NMR (300 MHz, DMSO- d,): & 11.12
(1H, s, NH), 9.34 (2H, s, NH), 7.35 (2H, dd, J=7.33Hz, |
=7.37Hz Ph), 7.33 (2H, dd, J=7.33Hz, J=7.37Hz Ph),
7.29 (1H, d, ] = 6.21 Hz, Phenyl), 7.23 (2H, dd, ] =7.31 Hz,
J=7.35Hz Ph), 7.20 (2H, dd, J = 7.31 Hz, J = 7.35Hz Ph),
6.81 (1H, d, ] =6.21 Hz, phenyl), 4.20 (2H, m, - CH,) 4.12
(1H, d, ] =6.21Hz, -CH), 2.26 (3H, s, -CH;), 1.29 (3H, s,
-CH,); ">C NMR (300 MHz, DMSO-dy): 167.2 (1C, C=0),
160.3(1C, -C-CH,), 154.0 (1C, C=N), 143.3, 128.5, 1269,
126.7(6C, Ar ring), 143.0, 113.9, 129.5, 122.4 (6C, Ar ring),
104.2 (1C, -C-CO-), 61.7 (1C, -C-CH,), 45.1(1C, -C-NH),
18.4 (1C, -CH,;) 14.1 (1C, -CH,); elemental analysis: Calcd.
for C,,H,,N,0,: C, 68.55; H, 6.33; N, 15.99 %; found: C,
68.52; H, 6.37; N, 15.98%.

24.3.  Ethyl = 2-(carbamothioylimino)-6-methyl-4-phenyl-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (1c). The composi-
tion of 1c is as follows: white solid; mw: 318.39; mp:236°C; IR
(ecm™): 3239.02 (NH), 3128.82 (Ph-CHstr), 2596.43 (C=N),
1715.02 (OCOEt), 1094.82 (C=S); 'H NMR (300 MHz,
DMSO- d,): 6 9.26 (2H, s, NH), 8.84 (2H, s, NH,), 7.33 (2H,
dd, ] =7.33Hz, J =7.37Hz Ph), 7.25 (1H, d, ] = 6.21 Hz, phe-
nyl),7.23 (2H, dd, ] = 7.31 Hz, ] = 7.35Hz Ph), 4.20 (2H, m,
- CH,), 4.10 (1H, d, J =6.21 Hz, -CH), 2.26 (3H, s, -CH,),
129 (3H, s, -CH,); °C NMR(300 MHz, DMSO-d,): 190.0
(1C, C=S), 167.2 (1C, C=0), 160.3(1C, -C-CH,), 163.0
(1C, C=N), 1433, 1285, 126.9, 126.7 (6C, Ar ring), 104.2
(1C, -C-CO-), 61.7 (1C, -C-CH,), 45.1 (1C, -C-NH), 184
(1C, -CH,;), 14.1 (1C, -CH,); elemental analysis: Caled. for
C,sHgN,O,S: C, 56.58; H, 570; N, 17.60%; found: C,
56.60; H, 5.71; N, 17.57%.

2.5. Antioxidant-(ABTS™) Scavenging Activity. ABTS* (2,2’
-azino-bis(3-ethylbenzothiazoline-6-sulfonicacid)), the anti-
oxidant radical scavenging activity, was checked with all
compounds via spectrophotometric analysis according to
the method descripted in Surendra Kumar et al. [27]. The
ABTS™ radical scavenging is established and calculated the

TaBLE 1: Antioxidant activities of pyrimidinamine derivatives 1a-c,
Cu-N, and Cu-N-Pyr.

Percentage of activity (%)*

Compounds ABTS™ AAPH

la 54.3 +£0.07 64.2 £0.61
1b 61.0+£0.12 72.0+£0.11
1c 80.8+0.12 71.6+0.24
Cu-Nps 28.3+0.10 37.9+0.32
Cu-Nps -Pyr-1a 72.1+0.23 78.3+0.61
Cu-Nps -Pyr-1b 86.3£0.13 80.3 £0.42
Cu-Nps -Pyr-1c 97.2+0.20 91.2+0.28
Trolox 85.2+0.09 62.3+0.28

*Values are the means of three replicates + SD.

ability of antioxidants via characteristic absorption at
734 nm for long-lived ABTS radical cation, which indicated
that blue/green chromophore. The results are shown in
Table 1. The tested reaction mixture was prepared by 7mM
aqueous ABTS with 2.45mM potassium per sulfate at 12h
maintained in the dark room with formal temperature. Prior
to the experiment, a range of absorbance 0.700 + 0.025 at
734 nm was obtained by the ABTS™ solution was diluted with
phosphate buffer (0.1 M, pH7.4) and added with 1 mL of the
diluted 1.5mL ethanolic solutions of 1a-c, Cu-Nps, and Cu-
Nps-Pyr (1a-1c) with different concentrations (100 g/mL).
After 30 min, the percentage of inhibition was calculated at
734 nm. Ethanol is used as a blank sample, following the for-
mula used for analysis of the percentage of inhibition.

A -A
ABTS + scavenging effect (%) = {%] x 100%, (1)
C

where A_=initial ABTS™ absorbance and A, =1a-c, Cu-Nps,
and Cu-Nps-Pyr (1la-1c) absorbance.

2.6. Inhibition of AAPH Assay Free Radical Analysis. This
linoleic acid peroxidation assay was achieved and followed
the methods of Surendra Kumar et al. [27]. All values were
carried out in triplicate, with the consistent data, provided
in Table 1. The oxidation of linoleic acid production was ana-
lyzed by conjugated diene hydroperoxide in an aqueous dis-
tribution was observed at 234nm, [28] with AAPH (2,2’
-azobis(2-amidinopropane) dihydrochloride) used as a free
radical initiator. For UV cuvette solution preparation, 1 mL
aliquot of a 16 mM linoleic acid was added to 1mL of
0.05M phosphate buffer(pH7.4), thermostatic at 37°C and
addition of 1 mL of the 40mM AAPH solution. Oxidation
reaction was monitored in occurrence of 1 mL of the tested
compounds la-c, Cu-Nps, and Cu-Nps-Pyr (la-1c). In the
absence of antioxidants, the lipid oxidation was monitored
in DMSO mixed compounds. The rate of oxidation was
monitored at 37°C and absorption recorded at 234 nm due
to the formation of a conjugated diene hydroperoxide.
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Ficure 3: FT-IR spectrum for telmisartan-mediated copper
nanoparticle.
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FiGURE 4: UV-vis spectra of Cu-Nps.

The percentage of linoleic acid oxidation inhibition was
calculated as follows:

o (1 - rate of absorbance with test compound)
%Inhibition =

rate of absorbance with solvent control
x 100%.

(2)

2.7. Cytotoxic Activity. The synthesized compounds la-c, Cu-
Nps, and Cu-Nps -Pyr (la-1c) were screened for cytotoxic
activity, and we followed the methods of Surendra Kumar
et al. [27, 29]. The 100 uM (MTT anticancer assay) concen-
tration treated with test compounds for 48 h was used by

and the plates were kept in the CO, incubator for 2h,
followed by the addition of propanol (100 uL). The absorp-
tion data (562nm) were obtained by 27-well plates on an
ELISA reader; the test sample was prepared by aluminum foil
covered with subsequently agitated in a rotary shaker for 10-
20 min.

2.8. Statistical Analysis. Antioxidant activities results were
calculated through 3 independent evaluations, and Microsoft
Excel was used to analysis the standard deviations (SD) of
each compound.

3. Result and Discussion

The one-pot multicomponent 2-pyrimidinamine was syn-
thesized with in high yields. The most important factor was
only excellent yield, which was a performance of suitable
catalysis with aromatic aldehyde performance including
hydroxyl groups reacted efficiently.

A series of compounds were prepared via optimizing the
reaction conditions, for instance of reaction involved among
benzaldehyde, ethyl acetoacetate, substituted amine, and urea
using Cu-Nps as a catalyst in a suitable solvent (Scheme 1).
The amount of Cu-Nps was changed subsequently from
0 mol% to 5mol% under solvent-free conditions, as a result
of the optimized mole percentage and the 88% yield perfor-
mance obtained at 1mol% concentration. Therefore, the
results directed that 1 mol% of Cu-Nps is enough for the syn-
thesis of the 2-pyrimidinamine compound. The synthesized
Cu-Nps were characterized by UV, FT-IR spectroscopy,
SEM, XRD, EDX, AFM (atomic force microscopy), profile,
waviness, and roughness analyses.

3.1. FT-IR Studies. The main characteristic experimental
vibrations of Cu-Nps are obtained from FT-IR shown in
Figure 3. The literature data of IR values were referred to
the analysis of the vibrational frequency presence in the com-
pounds. For spectral values of O—H and C—H stretching, the
vibration frequency range was obtained at 4000-2000 cm™",

The O-H stretching in water molecules was assigned at
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FIGURE 6: Telmisartan-copper nanoparticle of ED.

3432 cm™" for Cu-Nps. The mode of the antisymmetric and
the symmetric carboxylate groups was observed at
1593cm ™" (s, FT-IR) and 1391 cm ™' (vs. FT-IR), respectively.
Biphenyl group was found in the IR range between 1600 and
1400 cm™, respectively. The COOH bends and C-N (Bz)
stretching modes was observed at 1235cm ™" respectively.

3.2. UV-Visible Studies. Spectrophotometric analysis was car-
ried out for the Cu-Np catalyst. 6.25 mM of telmisartan was
added with different copper concentrations with the addition
of 1M NaOH (pH?7) for every tested compound. The UV-
visible spectra are shown in Figure 4. The Cu-Nps showed
absorption bands located at 530 nm (sh).

3.3. SEM and EDX Analyses. Figure 5 illustrates SEM images
of Cu-Nps obtained in water (a) and in formamide mixture
(b). The telmisartan-mediated Cu-Nps in the formamide
mixture shows cubic in nature with size in the range of
1 um (c). Figure 6 illustrates the EDX of Cu-Nps that exhib-
ited the elements (Cu, C, and O) in the nanoparticle, thereby
confirming the formation of the nanoparticle. Table 2 shows
the EDX analysis of percentage of elements present in the
Cu-Np catalyst.

3.4. Powder X-Ray Diffraction Studies. The structural analysis
and phase crystallinity of the synthesized Cu-Nps were
examined via the powder X-ray diffraction method.
Figure 7 signifies a Cu nanoparticle diffraction pattern at a
20 value of 43.20°, 50.42°, and 74.15" respect to (111), (200),
and (220) planes individually; it conformed the formation
of copper cubic lattice. JCPDS No. 040836 indicates the good

Element line Weight (%) Weight % error Atom (%)
CK 74.54 +3.03 82.93
OK 18.75 +2.92 15.66
CuK 6.72 +3.54 1.41
Cul — — —
Total 100.00 100.00
100004 (111)
8000
g 6000 —
.2‘ 4
% 4000 — (200)
=
2000 — (220)
0 T T T T T T T
40 50 60 70 80
26 (9)
—— Cu nanoparticles
Ficure 7: XRD studies of telmisartan-mediated copper
nanoparticle.

agreement and comparison with the standard pattern for
pure face centered cubic phase of copper nanoparticles.
There are no impurity peaks observed. The strong peaks indi-
cate the highly crystalline nature of the formed nanoparticles.
From the observed main diffracted peak, the average crystal-
line size can be calculated using the Scherer equation.

kA
Dy = —2
(hKl) ﬁCOS 0 (3)

where Dy is the average crystalline size, k is shape constant

(0.89), A is the incident X-ray (CuKa source, A =0.15405
nm), f is the full-width half-maximum, and 0 is the incident
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(d) The roughness of Cu-Nps.

angle of X-ray. The average crystallite size of the synthesized
copper nanoparticles was 25.41 nm.

3.5. Atomic Force Microscope Studies. Figure 8 shows AFM
images of Cu-Nsp. AFM image indicates the filtering proce-
dure at cut-off frequency values at 4 yum and Cu-Nsp profile
particle size; performance is presented in Figure 8(b), which
obtained a value of 253nm for the unfiltered profile.
Figures 8(c) and 8(d) indicated the Cu-Np waviness and
roughness, which were 234 nm for waviness and 14nm for
the roughness profile. Therefore, such values indicate that
the unfiltered roughness parameter of shape and binding
dominate Cu nanoparticles.

3.6. TGA/DTA Studies. The compound was displayed by total
weight loss in three stages. In the first stage, the weight loss
occurred in the temperature range about 40-220°C represent-
ing the vapor liberation in the sample. The weight loss befell
in the second stage at the temperature range between 220 and
450°C consistent to the liberation of vapor from the inner

100 0.15
% 0.10
£ 90 EN
"= 0.05 b
5 4

] 2
2 85 e
o
% 0.00 &
75 Universal V4.5A TA instruments —O 05
0 200 400 600 800

Temperature (°C)

FIGURE 9: TG/DTA curve of Cu-Np precursor.

apertures of Cu. The weight loss in the third stage happens
between the temperature ranges of 450-800°C display indul-
gences of carbonaceous material of the sample. Organic
material presence in the sample, was observed at exothermic
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FIGURE 10: Particle size analysis of Cu-Nps.
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F1GURE 11: Recyclability of telmisartan copper nanoparticle catalyst.

peak of 290°C. The TGA/DTA profile for the Cu-Np precur-
sor was shown in Figure 9.

3.7. Particle Size Analyzer Studies. For a particle size analyzer,
the first peak indicates 206.4 nm diameter and standard devi-
ation 38.4 nm, which indicates 206.4 nm average nanoparti-
cle presence in the target nanocatalysis. Figure 10 shows
different intensity vs. diameter of the first peak of Cu-Nps.

3.8. Catalyst Recovery Studies. Figure 11 indicated the recov-
ery of the catalyst with salvaged for at least 10 run times and
slight loss in catalytic activity. The lessening of activity could
be detected with the regenerated catalyst on salvaging due to
surface area of the catalyst during the reaction or partial loss
of basic sites/regeneration. The values are shown in Table 3.

The application of the catalyst was inspected via opti-
mizing the reaction conditions. A number of aromatic

Cummulative intensity (%)

7
2
=
[\
O
0+ ; . . . ;
1 10 100 1000 10000 100000 1000000
Time (uSec)
Cumulants results
Diameter (d) :1073.8 (nm)
Polydispersity index (P.I.) :0.582
Diffusion consts.  (d) :4.581e-009  (cm?/sec)
Measurement condition
Temperature :25.0 (°C)
Diluent name : Water
Refractive index :1.3328
Viscosity :0.8878 (cP)
Scattering intensity 129957 (cps)
Attenuator 1 :2.71 (%)
TaBLE 3: Catalyst recyclability.
Entry Catalyst use Yield (%)
1 ™ 88
2 2 88
3 3 88
4 4™ 88
5 5t 88
6 6™ 87
7 7t 87
8 gth 86
9 9th 86
10 0™ 85

aldehydes were selected to go through the condensation
reaction with Cu-Nps (1 mol %) catalytic at room temper-
ature in solvent-free settings, the yield reported in Table 3.
The Cu-catalyzed performance and reaction mechanism
are shown in Scheme 2.

The intermediate of acyl imine formed between urea reacts
with primary amine; for the next step, acyl imine reacted with
aldehyde to give the guanidine core, which is actuated by cop-
per catalysis. Step 3 was addition reaction between -dicarbo-
nyl with 1-benzylidene-2-R-guanidine, then cyclized to afford
the 2-aminopyrimidine derivatives. In conclusion, the simple
and efficient synthesis of 2-aminopyrimidine uses Cu-Nps
under solvent-free conditions. We developed the methodology
and environmentally safe synthesis of the 2-aminopyrimidine
derivative with good yields.



8 BioMed Research International
Ph
0 HN NH “H,0 <\N
)]\ +  RNH,—» | > + Ph-CHO ——» N/< Cu-Cat
H,N~  NH, - R/ \ONH,
u-Cat Cu-Cat
C Ph H
AN H Ph
o |O EtOOC EtOOC
NH
)\)\ OFt N “H,0 | NH
e
0~V )\ R
N -~
H,N N N
ScHEME 2: Catalysis performance with mechanism of compound preparation (la-1c).
TaBLE 4: Optimization of reaction condition.
S. no. R Ar Reaction condition Catalyst mole (%) Yield (%) Final product structure
(€]
la -NH, Ph 10 min, RT 1.0 88
EtO NH
| N)\\I/NH
NS
(¢]
1b -NH-Ph Ph 10 min, RT 1.0 88 o NH
It
0
H
(€]
lc -CS-NH, Ph 10 min, RT 1.0 88
EtO ‘ NH S
A,
T 5: Optimizati f catalyst of Cu-Nps.
ABLE > LIPTIIZATIOn of catalyst of L ps between 2584 and 2596 and 3239 and 3246 cm™' correspond-
S.No. Catalyst Mole (%) Yield (%) Yield (%) of Cu-N-Pyr ing to the C=N and NH groups, respectively.
1 Telmisartan 1 56 0 . For.c011'npou(r31d9 1222), tfhe ;\IHHNMR spectcrlal V.ahJ(l? obta(isn:id1 2
sharp singlet at § 9.20 for proton and a singlet at § 4.
2 -N 4 .
Cu-Nps > o 06 for -CH- proton, ?C NMR spectral values at § 167.2 and &
3 Cu-Nps 4 92 08 154.0 ppm corresponding to C=0 and C=N carbons, respec-
4 Cu-Nps 3 90 10 tively. The IR absorption bands show that compound 1b fre-
5 Cu-Nps 2 89 11 quency ranges between 3239 and 3246 and 2584 and
6 Cu-Nps 1 88 12 2596 cm™! corresponding to the NH and C=N groups, respec-

Compounds la-lc were synthesized by condensation
method. The compounds la-l1c physicochemical data are
represented in Table 4 and its catalyst performance is shown
in Table 5. The compounds were confirmed via FT-IR, 'H
and *C NMR spectra, and elemental analyses. The IR absorp-
tion bands of compound la show the frequency range

tively. For compound 1b, "H NMR spectral value obtained a
sharp singlet at § 9.34 for NH proton and a singlet at § 4.12
for -CH- proton, ">C NMR spectra of compound peaks at &
167.0 and §154.8 ppm corresponding to C=0 and C=N car-
bons, respectively.

For compound 1c¢, IR spectra show absorption bands in
2584-2596 and 3239-3246cm’' corresponding to the C=N
and NH groups, respectively. For compound 1c, 'H NMR
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ScHEME 3: Mechanism of expected product and unreacted unexpected copper nanoparticles connected 2-pyrimidine compounds.

EtO
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ScHeME 4: ABTS™ radical scavenging—mechanism of inhibition.

spectral value obtained a sharp singlet at § 9.26 for NH pro-
ton and a singlet at § 4.10 for -CH- proton; '>C NMR spectral
value obtained the peaks at § 163.0, 167.2, and 190.0 ppm
corresponding to C=N, C=0, and C=S carbons, respectively.
Scheme 3 indicates that the mechanism of expected prod-
uct and unexpected copper nanoparticles connected 2-
pyrimidine compounds; this mechanism clearly indicated
the necessity for evaluation of the biological activity in la-
¢, Cu-Nps, and unexpected copper nanoparticles connected
2-pyrimidine Cu-Nps-Pyr (la-1c) compounds.

3.9. ABTS™ Radical Scavenging Activity. The antioxidant
activity was carried out based on a decolorization technique
using the ABTS radical assay, with the generation of the sta-
ble blue/green ABTS™ radical formation. Among the synthe-
sized compounds, Cu-Nps-Pyr-1b showed capable ABTS™
scavenging activities of 97.2%, compared with Trolox stan-
dard (Table 1).

This study, containing both 2-pyrimidinamine and
Cu-Nps, shows the capability to scavenge ABTS™ assays
compared with standard; the mechanism is represented in
Scheme 4.

3.10. Cu-Nps—Pyr-1c-Linoleic Acid Peroxidation-Inhibition.
The Cu-Nsp with 2-pyrimidinamine combination was highly
responsive to oxidative changes and inhibition in linoleic
acid peroxidation screening. The hydrophilic AAPH initiator
was used to measure the conjugated diene hydroperoxide
formation at 234 nm by spectrophotometric analysis. Indeed,
AAPH produced the free radicals at 37°C, which was an act of
spontaneous decomposition. Here, R-N=N-R indicates the
radical initiator, and LOO’ denotes a linoleic peroxy radical,
and LH stands for linoleic acid. The radicals R was produced
via immediately reacting with oxygen and causing the oxida-
tion of lipids. The mechanism of reaction is represented in
Scheme 5.

The Cu-Nsp with 2-pyrimidinamine derivatives was per-
formed by hydrogen donor antioxidants (AOH), steadying
and postponing the free radicals of oxidation lipids. In
in vitro studies of free radical fabrication, an azo compound
was causing free radicals by impulsive thermal decomposi-
tion. Alkylperoxy free radicals were produced via the water-
soluble AAPH used as a hygienic and governable source ther-
mally. AAPH assay was achieved to enhance the antioxidant
activity of Cu-Nsp with 2-pyrimidinamine; the compound 1c
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ScHEME 5: Lipid peroxidation—mechanism of inhibition.
TaBLE 6: Cytotoxic activities of pyrimidinamine derivatives la-c, Cu-N, and Cu-N-Pyr.
Compounds HepG2 MCE-7 HelLa
P Glg, (uM)  TGI (uM) LCgy (uM) Gl (uM)  TGI (uM) LCgy (uM) Gl (uM)  TGI (uM)  LCs (uM)

la 03.2 09.3 32.1 0.06 0.62 12.0 0.69 12.3 25.6
1b 02.1 06.1 24.1 12.2 24.3 422 0.09 20.3 41.2
lc 06.3 14.3 44.1 10.2 20.3 41.3 12.3 24.6 46.2
Cu-Nps 12.3 242 45.3 18.5 36.2 69.6 21.0 46.3 84.0
Cu-Nps-Pyr-1a 0.02 0.21 0.59 0.04 0.28 0.81 0.01 0.19 0.42
Cu-Nps-Pyr-1b 0.01 06.1 24.1 12.2 24.3 422 0.12 0.33 0.92
Cu-Nps-Pyr-1c 0.05 14.3 44.1 0.02 0.13 0.53 0.05 0.16 0.36
Doxorubicin 0.01 0.13 0.58 0.02 0.21 0.74 0.05 0.41 0.88

and Cu-Nps-Pyr-1c are awarding activities of 75.6 and
91.2%, respectively, at a concentration of 100 yug/mL.

3.11. Cytotoxic Activity. The results of each compound were
reported in Table 6. The results show the contacts of LC,,,
TGI, and GI;, values. The compound 1a (GI;, =0.69 yM)
was high, while Cu-Nps-Pyr-1a (GI;, =0.01 yum) showed a
significant activity against the HeLa cancer cell line. The
compound 1b (G5, = 02.1 yuM) and Cu-Nps-Pyr-1b (GI;, =
0.01 uM) showed rightful activity against the HepG2 cell line
compared with standard doxorubicin. All compounds dis-
played a moderate activity against all the cell line, whereas
when compound with Cu nanoparticles, it is becoming highly
responsive in cytotoxic scanning.

4. Conclusion

In conclusion, for copper nanoparticles mediated by the
telmisartan drug, the Cu-Nsp was characterized by UV
and FT-IR spectroscopy, scanning electron microscopy,
X-Ray, EDX, AFM (atomic force microscopy), profile,
waviness, roughness analysis, TGA studies and particle size
analyzer. Synthesized Cu-Nps were used as catalysis for
preparation of pyrimidinamine via the Biginelli multicom-
ponent cyclocondensation reaction. The Cu-Nsp was a sig-
nificantly active catalyst and gave excellent yields, and also

recycling of the catalyst is very easy in this process. Bioactiv-
ity of 2-pyrimidinamine was a significant activity against
performance of ABTS™ and linoleic acid peroxidation, while
Cu-Nsp was moderately active in antioxidant screening;
therefore, designed 2-pyrimidinamine with Cu-Nsp gave a
noble result when compared with commercial drugs. Partic-
ularly, Cu-Nps-Pyr-1b was a potential activity (>90%)
against ABTS™ and AAPH assays, as compared with the Tro-
lox standard. In cytotoxicity activity, the compound Cu-Nps-
Pyr-1a was perceived for (GI;, = 0.01 ym) against the HeLa
cell line compared with doxorubicin. It is noteworthy that
Cu-Nps with 2-pyrimidinamine and their derivatives are
medicinally important as anticancer treatment, and future
investigation of in vivo screening and the mechanism of
action is currently undergoing study.
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