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In the past decade, the lanthanoid coordination chemistry was one of the most focused areas of
research due to their wide applications as catalyst, magnetism, luminescence and diagnostic
tools in biological studies. In this study, novel pyrazole; 5-((2-phenylacetoxy) carbonyl)-1H-
pyrazole-3-carboxylic acid derivative and its lanthanoid complexes are designed and tested for
potential antimicrobial and antimalarial activities. The binuclear ligand bridge complexes were
obtained by the interaction of the ligand with the lanthanide salts. The compounds were

characterized by 'H and **C nuclear magnetic resonance (NMR) spectroscopy, Ultraviolet-
Copyright: © 2023 Ocheni and Ukoha. This is an  Visible spectroscopy, Fourier Transform infrared (FT-IR) spectroscopy, Mass spectrometry
open-access article distributed under the terms of the ~ (MS), Elemental analysis and Magnetic susceptibility measurements. The in vitro antimicrobial
Creative Commons Attribution License, which  assay was done by Agar well diffusion method and in vivo antimalarial studies were performed
permits  unrestricted  use, distribution, and based on Peter’s method. The results were analysed using one way analysis of variance
reproduction in any medium, provided the original  (ANOVA). The antimicrobial and antiparasitic effects of these compounds were found to be

author and source are credited.

dose-dependent and they showed greater effects at higher doses.

Keywords:Pyrazole, Lanthanoid(lI1), Plasmodium falciparum, antimalarial.

Introduction

Pyrazoles are versatile chemical compounds widely used as
core motifs for a good number of compounds due to their interesting
chemistry and applications such astheir use in catalysis, as building
blocks for other compounds, as agro-chemicals and in medicine.'®
Therefore, pyrazole-bearing phenylacetyl group will be a good
compound expected to show a wide range of biological activity. The
attractiveness of pyrazole and its derivatives is attributed to their
versatility that allows for the synthesis of a series of analogues with
different moieties in them, thus altering the properties of the resultant
compounds. In medicine, pyrazole is found as a pharmacophore in
some of the active biological molecules. While pyrazole derivatives
have been extensively studied for many applications including their
anticancer, antimicrobial, anti-inflammatory, antihyperglycaemic, anti-
allergy and antiviral activities, much less have been reported on their
metal complexes specifically the lanthanoids even though the metal-
based compounds have been shown to impact more activity than the
ligands.®
The development of new antimalarial drugs is an urgent priority as a
result of the increasing prevalence of infections arising from
plasmodium falciparum parasites.'® Pyrazole derivatives are designed
as part of efforts aimed at synthesizing potent antimalarial agents and
the aryl derivatives have been reported to be potent antimalarial
agents.
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In the current study, we report new 3,5-disubtitutedpyrazole
derivativeswhich are nitrogen and oxygen containing compounds with
antiplasmodial activity. Evidence from existing literature shows
potential antiplasmodial activity of new compounds containing
nitrogen and sulphur.’®The compounds were synthesized and
evaluated for their antiplasmodial activity. They were also screened
for their in vitro antimalarial activity against chloroquine-resistant
strain of P.falciparum. The compounds shows more potentactivity
thanpositivecontroland exhibited reasonable in silico drug- likeness
and pharmacokinetic properties.*?

Materials and Methods

Reagents
All reagents used were of analytical grade, only few were of reagent
grade and they were all

used without further purification.Phenylacetylchloride (98%), 3,5-
pyrazoledicarboxylic acid mono hydrate (97%), and the metal salts
were products of Sigma Aldrich.Other reagents like chloroform (98%),
ethanol (98%), and tetrahydro furan (THF) were obtained from Fluka.
General Procedure for the Synthesis of 5-((2-

phenylacetoxy) carbonyl)-1H-pyrazole-3-carboxylic acid

The ligand, 5-((2-phenylacetoxy) carbonyl)-1H-pyrazole-3-carboxylic
acid was prepared by adopting methods reported in literature.’*** To
equal mixture of chloroform and ethanol (50 mL), 2.612 g (5 mmol)
of 3,5-Pyrazole dicarboxylic acid was added followed by 2.0 mL of
phenylacetyl chloride under reflux for 2 h. The solution was left to
stand for 2 weeks. A white crystal was obtained by filtration (Scheme
1).

Synthesis of the Complexes

The Ce(111), Pr(111) and Nd(lI1) complexes of the ligand were prepared
according to the method described by Heinosuke (1967).1 Generally,
the ligand was reacted separately with the metal salts using mole ratio
2:1 under reflux for 2 h and the products formed were filtered and
stored in the desiccator for further use.
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Characterization of the synthesized compounds

The synthesized compounds and their metal complexes were
characterized using various spectroscopic techniques including
Ultraviolet-Visible spectroscopy, *H and *C nuclear magnetic
resonance (NMR) spectroscopy, Fourier Transform infrared (FT-IR)
spectroscopy, and Mass spectrometry (MS).

Antimicrobial activity
The antimicrobial activity was carried out following agar well
diffusion method as reported by Balouiriet al., 2016.16
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Antimalarial activity assay
The Antimalarial activity was carried out using Peter’s 4-day
suppressive test.!’

Statistical analysis

Results were expressed as means * standard error of mean (SEM).
Comparison between means was done using one-way analysis of
variance (ANOVA). P-value less than 0.05 were regarded as
significance. The statistical package for social science (SPSS) version
20 was used for the analysis.

HN / OH

~—N

5-((2-phenylacetoxy)carbonyl)-1 H-pyrazole-3-carboxylic acid

Scheme 1: Synthesis of 5-((2-phenylacetoxy) carbonyl)-1H-pyrazole-3-carboxylic acid (L)

Results and Discussion

Analytical data of 5-((2-phenylacetoxy) carbonyl)-1H-pyrazole-3-
carboxylic acid

Yield 60%, M.P. 205-206°C, cond.(uS/cm) 0.001 moldm3 92.2; MS:
m/z 274.2 [M+] for CisH1oN20s, Calcd: C 48.27, H 4.48, N 9.79.
Found: C 47.40, H 3.65, N 10.20;UV-Vis (& max (nm) 303; FT-IR
(KBr) (cm™) 3524 (N-H), 3142 (O-H), 3062-3002 (C-Har), 2918 (C-
Ha), 1691 (C=0), 1558 (C=N), 1490 (C=C), 1239 (N-N); 'H-NMR
(400 MHz, DMSO-d6) (Chemical Shift in ppm) 6 7.29 (5H, m, Ar-H),
4.5 (1H,, C-H), 4.3 (1H, s, C-H), 3.5 (1H,s, N-H), 2.5 (2H, s, -CH2-);
BC-NMR (100 MHz, DMSO-d6) (Chemical Shift in ppm) & 39.0
Ca4Pyrazol, 40.0 Cz Pyrazol, 60.0 Cs & Cs Pyrazol, 171 R-carbonyl of
pyrazol, 173 carbonyl of acetyl moiety, 111-129 Ar- carbons (C4 111,
C3 127, C2 128, C1 129).

Analytical data of [Cez(L)2](NOs)4]

Yield 70%, M.P. 100-102°C, cond.(uS/cm) 0.001moldm= 120.0; m/z
952, We/uB 2.03/2.54; UV-Vis (X max (nm) 260; FT-IR (KBr) (cm™)
3529, 3418 (N-H), 3155 (O-H), 3071 (C-Ha), 2907 (C-Ha), 1703
(C=0), 1615 (C=N), 1581 (C=C), 1214 (N-N), 1183(-NOs), 528 (Ln-
0); 'H-NMR (Chemical Shift in ppm) § 7.30 (5H, m, Ar-H), 4.5 (1H,s,
C-H), 4.3 (1H, s, C-H), 3.5 (1H,s, N-H), 2.5 (2H, 5, ~CHz-); *C-NMR
(Chemical Shift in ppm) & 39.0 C4Pyrazol, 40.0 C; Pyrazol, 60.0, 173
C=0, 111-129 Ar- carbons ( C4111, C3 127, C> 128, C1 129).
Analytical data of [Pr2(L)2](NOs)4]

Yield 65%, M.P. 109-110°C, cond.(uS/cm) 0.001moldm= 105.0; m/z
953, Herr/pe 2.03/2.58; UV-Vis (A max (nm) 270; FT-IR (KBr) (cm-?)
3484, 3417 (N-H), 3143 (O-H), 3066 (C-Ha), 2991 (C-Ha), 1704
(C=0), 1622 (C=N), 1579 (C=C), 1277 (N-N), 1185(-NO3), 520 (Ln-
0); 'H-NMR (Chemical Shift in ppm) & 7.30 (SH, m, Ar-H), 4.5 (1Hs,
C-H), 4.3 (1H, s, C-H), 3.5 (1H,s, N-H), 2.5 (2H, s, ~CH2-); 3C-NMR
(Chemical Shift in ppm) & 39.0 C4Pyrazol, 41.0 C: Pyrazol, 62.0, 173
C=0, 111-129 Ar- carbons (C4 111, C3 127, C» 128, C1 129).

Analytical data of [Nd2(L)2](NO3)a]

Yield 63%, M.P. 115-116°C, cond.(uS/cm) 0.001moldm= 115.2; m/z
956, Wef /uB 2.28/3.62; UV-Vis (X max (nm) 275; FT-IR (KBr) (cm™)
3529, 3416 (N-H), 3143 (O-H), 3099 (C-Ha), 2987 (C-Ha), 1698 (
C=0), 1612 (C=N), 1589 (C=C), 1456 (N-N), 1184(-NO3), 520 (Ln-
0); 'H-NMR (Chemical Shift in ppm) & 7.30 (5H, m, Ar-H), 4.5 (1H,s,
C-H), 4.3 (1H, s, C-H), 3.5 (1H,s, N-H), 2.5 (2H, s, ~CH2-); *C-NMR
(Chemical Shift in ppm) 839.0 C4Pyrazol, 40.0 C. Pyrazol, 62.0, 173
C=0, 111-129 Ar- carbons (C4 111, Cs 127, C2 128, C1 129).

Physical properties of the compounds

The percentage yield of 5-((2-phenylacetoxy) carbonyl)-1H-pyrazole-
3-carboxylic acid (L) was 60%, M.P. 205-206°C. More yields were
obtained for its complexes. The conductance value of L was
determined as 92.2 uS/cm whereas its complexes were within 105 —
120 pS/cm. In comparison with Ce2(SOs)s used as control, the ligand
and its complexes are non-electrolyte. This is in agreement with the
results obtained for qualitative nitrate test indicating the presence of
nitrate (NO3) group in the inner-sphere of the complexes. The
suggested molecular formula of the complexes is in agreement with
non-electrolytic nature of these complexes. The complexes were
proposed as [Lnz(L)2(NOs)4] (Figure 1). Similar reports have been
made for lanthanoid complexes with 3-substituted triazole Schiff
base.!

Electronic Spectraldata  of  5-((2-phenylacetoxy) carbonyl)-1H-
pyrazole-3-carboxylic acid and the Metal Complexes

The absorption spectra of 5-((2-phenylacetoxy) carbonyl)-1H-
Pyrazole-3-carboxylic acid (L) and its complexes show band between
260-303 nm due to n-n” and n-w” transition resulting from the lone pair
of electrons on the oxygen and the nitrogen atoms of the pyrazole
moiety. The shift towards a shorter wavelength in all the complexes is
due to coordinated oxygen and nitrogen as well as electronic effect of
the nitrate ions. Similar assertion has been made in nitrogenous ligand
coordinate with lanthanoid ions.’® The metal complexes show no
significant difference in absorption band since the lanthanoid ions are
almost unaffected by the chemical environment. This observation has
been reported in literature.?

Infrared Spectral data of 5-((2-phenylacetoxy) carbonyl)-1H-pyrazole-
3-carboxylic acid and the Metal Complexes

The FT-IR Spectra of 5-((2-phenylacetoxy) carbonyl)-1H-pyrazole-3-
carboxylic acid and its complexes shows strong broad absorption
within 3524 -3206 cm™ assigned to the vibration of N-H of the
pyrazole ring with its combination band at 2049-1811 cm™ for the
ligand and within 2180-1852 cm™ for the complexes. There was no
significant shift in N-H bands in the complexes indicating the N-H of
the pyrazole was not involved in bonding with the metals. Similar
assertions have been made for complexes containing N-H group.?:-23
The O-H stretching vibration for the ligand absorbed at 3142 cm™
whereas that of the complexes were within 3143-3145 cm™. On
comparing the ligand and the complexes, no significant shift was
observed for the O-H stretching vibration indicating that O-H of the
acid was not coordinated to the metals.The aromatic C-H stretch
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appeared within 3099-3062 cm™ and aliphatic C-H stretch appeared
within 2907-2991 cm™ for the ligand and its complexes. These
observed bands are in accordance with typical aromatic and aliphatic
C-H vibrations reported in literature.?*?> The C=0 stretching vibration
occurred at 1691 cm™? for the ligand whereas the complexes were
within 1703-1698 cm™. The shift in absorption of C=0 in the
complexes to higher frequencies is an evidence of ligation via the
carbony! group. Emerging reports of complexes containing carbonyl
group exist which are in agreement with this assertion.?>?>2¢ The C=C
stretch appeared within 1589-1490 c¢cm for the compounds whereas
C=N stretching bands appeared within 1622-1558 c¢m™. The C-N
stretch appeared within 1589-1490 c¢cm? for the ligand and its
complexes. Characteristic C=N stretching vibration for typical
pyrazole compounds have been reported to absorb within this
range.?* 2" Absorption of nitrate (NOs) group in the complexes
appeared within 1185-1183 cm™ which is in agreement with values
obtained for coordinated nitrate group in a typical lanthanoid(lIl)
complex.?®The band at 1239 cm'lis attributed to N-N of the pyrazole
moiety which appeared less than the value (1391 cm™) reported in
literature.* The Ln-O bond absorbed at 528, 520 and 520 cm,
respectively for the complexes which are in agreement with values
reportedfor cerium(lll) complex of piperidin-4-one with M-O bond
within 560-540.28Similar absorption range has been observed for N-
(benzothiazol-2-yl)-4-chlorobenzenesulphonamide and its
neodymium(I11) and thallium(I11) complexes.?

Nuclear Magnetic Resonance Spectra of 5-((2-phenylacetoxy)
carbonyl)-1H-pyrazole-3-carboxylic acid and the Metal Complexes
Figure 2 shows the proton numbering of the ligand. The 'H-NMR
signals in the region of 7.3-7.5 ppm which appeared as multiplet
accounted for the phenyl ring protons. These signals appeared in the
complexes and the protons of the pyrazole moiety appeared within the
range of 3.5- 4.5 ppm which is a little less than the observed signals
for pyrazole-pyrazoline compounds reported as novel antimalarial
agents.®® The little difference could be as a result of solvent
interaction. The pyrazole proton He (1H,s) is assigned to signal at 4.3
whereas proton H7 (1H,s) is assigned to signal at 4.5 ppm due to its
chemical environment (pyrazole nitrogen). The O-H and N-H protons
signals appeared at 3.5 ppm which are in agreement with values
obtained for non-deuterated 'H-NMR analysis of compounds
containing the two groups. Protons on N and O typically have wide
ranges of chemical shift and the actual value depends to certain extent
on the solvent used, concentration and temperature, because these
protons are acidic and therefore, exchangeable, and may be broad
peaks and usually do not couple with neighbouring protons. Typically,
they are broad singlet and if deuterated solvent is used, the signal will
shrink or disappear entirely since Deuterium (°H) does not show in *H-
NMR. The methylene of the phenylacetyl ring, Ha is assigned to the
signal at 2.5 ppm while the peaks at 1.4-1.5 ppm are due to solvent
interaction with water. The product (L) formed is hygroscopic and so
may contain water of crystallization.

Figure 3 shows the carbon numbering of the compound (L). The *C-
NMR signals at 171 ppm and 173 ppm were assigned to Csand Co
which correspond to the carbonyl carbons of phenylacetyl moiety and
the R-carbonyl carbon of the pyrazole moiety, respectively. The
carbonyl carbon (Ci4) of the acid group is assigned to 161 ppm. The
phenyl carbons of the acetyl moiety appeared within 129 — 111 ppm.
The signals at 129, 128, 127 and 111 ppm were attributed to carbons 1,
2, 3 and 4 of the phenyl ring, respectively. This is in agreement with
the values obtained for phenyl ring of derivative of benzothiazole.*®
The shift at 40 ppm and 39 ppm are due to the carbon of the pyrazole
moiety assigned to Cizand Cua, respectively. Similarly, the quaternary
carbon of the pyrazole moiety (Ci2 and Cio)appeared at 60 ppm. All
the phenyl carbons appeared at 129, 128, 127 and 111 ppm. The 3C-
NMR of the Pr(lll) complex show the disappearance of the peak
assigned to carbonyl carbons in the ligand which is an indication of
bonding through the carbonyl group. Although the Nd(IIT) complex
seems to be paramagnetic, the evidence of coordination through the
carbonyl group results in the disappearance of the peak assigned to the
carbonyl carbons of the acetyl and acid moieties in the complex.
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Figure 3: Structure of L showing carbon numbering

Magnetic Properties of 5-((2-phenylacetoxy) carbonyl)-1H-pyrazole-
3-carboxylic acid and theMetal Complexes

The magnetic properties of the complexes(Table 1) show the expected
behaviours for isolated Ce(lIl) Pr(lIl) and Nd(l1l) complexes. Thus,
product of magnetic susceptibility and temperature, XmT as well as the
Mefr agrees with calculated values, ps.m calculated for ground term 3Ha,
5 and “lo. of the complexes. The observed decrease in the
complexes was as a result of depopulation of the higher energy state
levels due to the splitting of the 3Hs, 2Fsp2, and “Tg2 ground levels
arising from the effects of the ligand field. Similar observation has
been reported.?Secondly, due to orbital coupling, the complexes show
less value than the calculated values. The observed behaviour indicates
that all the complexes are paramagnetic. The decrease in the peff
compared to ps.m for [Lnz(L)2(NOs)4] complexes could also be due to
antiferromagnetic Ln-Ln coupling via the ligands bridge. Similar
observation for lanthanoid coordination polymers with a symmetric
anilato ligand has been reported.®

Antimicrobial Properties of  5-((2-phenylacetoxy) carbonyl)-1H-
pyrazole-3-carboxylic acid and the Metal Complexes

The in vitro antimicrobial assay of 5-((2-phenylacetoxy)carbonyl)-1H-
Pyrazole-3-carboxylic acid (L) show activity against Basillus subtillis
with minimum inhibitory concentration of 12.5 mg/mL but not active
against any other organisms tested. The Ce(Ill) complex was equally
active against Basillus subtillis and Staphylococcus aureus at higher
concentration of 100 mg/mL and 25 mg/mL but no activity was
recorded against any other organism. The Pr(lll) complex shows no
activity against all the tested microbes, while the Nd(lll) complex
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show greater activity against Staphylococcus aureus, Bacillus
subtillus, Escherichia coli, Klebisella pneumoniae and Salmonella
typhi with minimum inhibitory concentrations of 25, 12.5, 25, 50 and
50 mg/mL, respectively. The enhanced activity could be attributed to
the fact that metal base drugs have more activity than ordinary ligand
as previously reported.%imilarly, the broad antimicrobial activity of
these compounds are in agreement with Nitrone compounds known to
possess antioxidant, anticancer and antibacterial activities. 3

Antimalarial Activity of 5-((2-phenylacetoxy) carbonyl)-1H-pyrazole-
3-carboxylic acid and the Metal Complexes

In thein vivo antimalarial study, the compounds exhibited adose-
dependent effecton the packed cell volume (PCV) of the infected
mice. From the result, the mice treated with the positive control drug,
Artesunate had the highest PCVof 29.6%, followed by those treated
with 500 mg/kg dose of [Nd2(L)2(NOs)4] and 250 mg/kgdose of L with
PCV of 27.8%. The compound L had better effect on PCV at 250
mg/kg dose than at higher dose of 500 mg/kg with PCV of 19.5%. A
decrease in the PCV using higher dose could induce anemia as a result
of drug reaction and immune mediated disorder. The effects of the
ligand (L) and its complex on hemoglobin (Hb) concentration (Table
2) revealed that [Cez(L)2(NO3)4] treatment had the highest percentage
change in Hb (7.85%). The Hb concentration decreases as the dose of
L increases and increases as the dose of [Cez(L)2(NOs)4]
increases. Theeffect of these compounds on hemoglobin level was
found to be dose-dependent and they generally enhances the levels of
hemoglobin in the treated animals.

The red blood cell counts (RBC) (Table 3) of the mice before and after
treatment fell within the accepted range. These values ranges between
4.12 - 4.75 x106 cells/uL for the positive control group and the test
groups indicating that the compounds may not cause anemia due to
higher percentage increase in RBC count recorded for the test
compounds compared to the positive control (Artesunate).

The effects of the compounds on parasthemiaof mice infected with
Plasmodium berghieis presented in Table 4. The results revealed that
the positive control, artesunate had the highest percentage
parasitaemia  suppression of 88.74%. The compounds L,
[Cez(L)2(NO3s)s] and [Ndz(L)2(NOs)s] at 250 mg/kg dose each,
exhibited percentage parasitaemia suppression of 63.48%, 26.19% and
63.51%, respectively, while higherpercentage parasitaemia
suppression of 64.79%, 66.47%, and 85.06%, respectively were
observed at 500 mg/kg dose of the compounds. Generally, the increase
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in parasitaemia suppression with increase in dose of the compounds
isan indication of the antiplasmodial effect of these compounds at
higher doses. However, the positive control (Artesunate) had the
highest percentage parasitaemia suppression (88.74%) than all the
compounds tested. The high value recorded in this case for the positive
control drug does not make it more effective than the synthesized
compounds since the compounds had better effect on the red blood
cells and haemoglobin during treatment. On the other hand,
theplasmodium parasite has been shown to develop resistance against
the use of artesunate over time.Therefore, this has necessitated the
need for newerdrugs specifically metal base drugs to tackle the
menace of malaria parasiteresistance.The LDso ofthe complex
[Nd2(L)2(NOs)s] has shown no mortality of mice even at a high dose
of 5000 mg/kg.

Conclusion

The present study involved the synthesis of a pyrazole derivative and
its lanthanoid complexes as potential antimalaria agents. The
compounds were characterized by spectroscopic techniques and
microanalysis. The ligand, 5-((2-phenylacetoxy) carbonyl)-1H-
pyrazole-3-carboxylic acid (L) and its complexes show excellent
antimalarial properties. The complexes could serve as template for
further biological and magnetic studies due to their interesting
properties.
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Table 1: Experimental and Calculated Magnetic Properties of the Compounds

Compound Xq XmT e S L J g et Uem
[Cez(L)2(NOs)4] 1.73x10°® 6.46x10° sy 1 % 3 512 6/7 2.03 2.54
[Pra(L)2(NOs3)4 1.73x10°® 6.46x10° 3Hy 2 1 5 4 4/5 2.03 3.58
[Nd2(L)2(NOs)4] 2.16x10°® 8.09x10°® *lor2 3 312 6 9/2 8/11 2.28 3.62

Legend: Xq= magnetic susceptibility, XmT = product of magnetic susceptibility in S.1.U with temperature, G = ground term, e = number of electrons, s
=spin, L = orbital contribution, J = quantum number due to coupling of s and L, g = dimensionless magnetic moment, [t = Experimental values, psm

= Calculated values.

Table 2: Effects of Compounds on the Hemoglobin of the Infected Mice

Compound Dose Initial Hb Conc. After Induction Hb Final Hb Change in
(mg/kg) (g/dL) Conc. (g/dL) Conc. (g/dL) HbConc. (%)

[Nd2(L)2(NOs)4] 250 14.34 £0.15 13.24 £0.23 14.12 £0.20 6.80
[Nd2(L)2(NO3)4] 500 14.40 +0.27 13.20 +0.11 14.12 +0.12 6.97
[Cea(L)2(NOs)4] 250 14.33 £0.14 13.56 +0.11 14.24 £0.16 5.01
[Cea(L)2(NOs)4] 500 14.48 £0.12 13.76 £ 0.07 14.84 £0.18 7.85

L 250 13.80 +0.18 13.86 + 0.07 1490 +0.14 7.50

L 500 1452 +0.21 13.90+0.18 14.84 +0.18 6.76

Artesunate 5 1342 +0.22 13.65+0.24 14.28 +0.14 4.61

Negative control 14.00 £ 0.09 13.64 £0.12 13.46 £0.29 -1.32
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Legend: Hb = Hemoglobin
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Table 3: Effects of Compounds on Red Blood Cell Count of the Infected Mice

Compound Dose (mg/kg) Initial RBC After Ind. RBC (x10°® Final RBC Change
(x10° cells/uL) cells/uL) (x108 cells/uL) in RBC (%)
L 250 432+0.11 3.64 £0.20 4.75 +0.06 333
L 500 490+0.14 3.44 £0.10 4.59 +0.06 333
[Ce2(L)2(NOs)4] 250 468 £0.21 3.71+£0.13 4.34 +0.06 16.2
[Ce2(L)2(NOs)4] 500 432+0.17 3.69£0.13 4.55+0.15 243
[Nd2(L)2(NOs)4] 250 4.26 +£0.09 3.44 £0.09 3.92+0.23 147
[Nd2(L)2(NOs)4] 500 430+0.21 3.28 £0.05 4.12 +0.07 28.1
Arteunate 5 4,92 +0.19 3.82+0.16 455 +0.15 13.2
Negative control 4.46 £0.29 3.77 £0.09 3.50+£0.14 -7.8

Legend: RBC = Red Blood Cell, Ind. = Induction

Table 4: Effects of Compounds on Parasitaemiain Mice

Compound Dose (mg/kg) Initial parasthemia (%) Final Parasthemia (%) Percentage
Parasthemia
Suppression (%)
L 250 35.60 +2.20 13.00 £ 2.66 63.48
L 500 28.40 £ 0.93 10.00 £ 2.00 64.79
Ce2(L)2(NOs)4] 250 33.60+3.19 24.80 + 2.46 26.19
Ce2(L)2(NOs)4] 500 34.00 +2.61 11.40 £1.40 66.47
Nd(L)2(NOs3)4] 250 29.60 +0.93 10.80 £ 0.80 63.51
Nd2(L)2(NOs3)4] 500 30.80 £ 0.97 4,60 +1.33 85.06
Artesnate 5 30.20 £1.93 3.40+0.75 88.74
Negative control 32.40+2.23 37.20+1.93 -14.81
References 6. Duivenvoorden WCM, Liu YN, Schatte G, Kraatz HB. Synt
n n . . hesis of redox active ferrocene pyrazole conjugates and
1. Manfredini S, Bazzanini R, Baraldi PG, Guarneri M,

Simoni D, Marongiu
Colla P, Tramontano E. Pyrazole-
related nucleosides. Synthesis and antiviral/antitumor
activity of some substituted pyrazole and pyrazolo[4,3-d]-
1,2,3-triazin-4-one nucleosides. J Med ~ Chem. 1992; 35:
917-924.
Komeda S, Lutz M, Spek AL, Chikuma M, Reedijk J. New
antitumor-active  azole-bridged dinuclear platinum(Il)
complexes: synthesis, characterization, crystal structures
and cytotoxic studies. Inorg Chem. 2000;39:4230-4236.
Gamage S.A, Spicer JA, Rewcastle GW, Milton J, Sohal S,
Dangerfield W, Mistry P, Vicker N, Charlton PA, Denny
WA. Structure—activity relationships for pyrido-imidazo-
pyrazolo-, pyrazino-, and
pyrrolophenazinecarboxamides as topoisomerase-targeted
anticancer agents.J Med Chem. 2002; 45:740-743.
Moukha-chafiq O, Taha ML, Lazrek HB, Vasseur JJ,
Pannecouque C, Witvrouw M, De Clercq E.Synthesis and
biological activity of some 4-substituted 1-[1-(2,3-
dihydroxy-1-propoxy)methyl-1,2,3-triazol-
(4&5)-ylmethyl]-1H-pyrazolo[3,4-d]pyrimidines. Farmaco.
2002; 57: 27-32 DOI 0rg/10.1016/S0014-827X(01)01152-
1).
Rostom SAF, Shalaby MA, El-Demellawy MA.
Polysubstituted pyrazoles, part 5. Synthesis of new 1-(4-
chlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylic acid
hydrazide analogs and some derived ring systems. A novel
class of potential antitumor and anti -HCV agents. Eur J
Med Chem. 2003; 38:959-974.

ME, Pani A,

10.

11.

12.

13.

14.

their cytotoxicity in human mammary adenocarcinoma
MCF-7 cells. Inorg Chim Acta. 2005;358:3183-3189.

Park HJ, Lee K, Park SJ, Ahn B, Lee JC, Cho HY, Lee KI.
Identification of antitumor activity of pyrazole oxime
ethers. Bioorg Med Chem Lett. 2005;15:3307-3312.

Keter FK, Nell MJ, Omondi B, Guzei IA, Darkwa J.
Anticancer activities of bis(pyrazol-1-ylthiocarbonyl)
disulfides against HeLa cells. J Chem Res. 2009; 5:322—
325.

Frankline KK and James D. Perspective: The potential of
pyrazole- based compounds in medicine. An Int J on role of
metal ions in Biol, Biochem Med. 2012; 25(1):9-21.

Arianie L, Supriatna MI, Kazal N, Widodo N, Warsito W,
Iftitan ED. Synthesis, In vitro, and In silico Studies of
Methyl Eugenol Derivatives for Plasmodium falciparum
Inhibitor. Trop J Nat Prod Res. 2022; 6(9):1446-1454.
Dominguez JN, Jaime EC, Mario C, Flavia R. Synthesis and
antimalerial activity of substituted pyrazole derivatives.
Arzneimittelforschung.2002; 52(6): 482- 488.

Bekhit AA and AlLaa EB. Synthesis, insilico experiments
and biological evaluation of 1, 3,4-trisubstituted pyrazole
derivatives as antimalarial agent. Eur J Med Chem. 2019;
163: 353-366.

Roderick JS and Ann A. Diacid-substituted heteroanyl
derivative as matrix metallo proteainase inhibitors limited
state patent. US Patent Authority 1%ed United state
patent.pub. no 20030087924A1 United State 2003

Jie Y, Jia-Neng J, Yanbng G. Lactic acid as an invaluable
bio-based solvent for organic reactions. Electronic

3032

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



15.

16.

17.

18.

19.

20.

21.

22.

Trop J Nat Prod Res, May 2023; 7(5):3028-3033

supporting information. Green Chem. 2012; 14(12):3304-
3317.

Heinosuke Y. Infrared Analysis of 2-pyrazolin-5-

one derivatives. Appl Spectrosc. 1967; 23(1):22-28.
Balouiri M, Sadiki M, Ibnsouda SK. Methods for invitro
evaluating antimicrobial activity: A reviewJ Pharm Anal.
2016;6(2):71-79.

Peter W, Portus H, Robinson L. The four-day suppressive in
vivo anti-malarial test. Ann Trop Med Parasitol.1975;
69:155-171.

Siddappa K, Shikkargol RK, Angadi SD. Synthesis
characterization, thermal and electrical conductance studies
of La(Ill) complexes with 3-substituted triazole Schiff base.
Proc. Indian Natn Sci. Acad. 2009; 75(2):73-77.

Muliadi S, Suminar P, Alfian N, Indah R.The uv-visible,
infrared  spectra and luminescence  analysis  of
lanthanum(l11) and neodymium(111) (diphenyl amino)s-(2,2-
bipyridyl) complexes. Int J Appl Engr Res. 2018;
13(6):4049-4052.

Qingrui Z, Xiuyun Y, Ruiping D, Liang Z, Yang Y, Yunhui
L. Synthesis and near infrared luminescence properties of
series of lanthanide complexes with POSS modified
ligands. Mol. 2019; 24(7):1253.

Obasi LN, Oruma US, Al-Swaidan IA, Ramasami P,
Ezeorah CJ,0chonogor AE.
Synthesis characterization and antibacterial studies of N-
(benzothiazol-2-yl)-4-chlorobenzenesulphonamide and its
neodymium(lIl) and thallium(l1l) complexes. Mol. 2017
22(153):1-11.

Ptaszyfiski AZ. Synthesis and Properties of Solid
Complexes of Lanthanum, Cerium,
Neodymium and Erbium with N-

Phosphonomethylglycine. Polish J  Environ Stud. 2001;
10(4):257-262.

23.

24,

25.

26.

27.

28.

29.

30.

3L

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Maharudra K, Vikas V, Jagdish T. Studies and Synthesis of
Biologically ~Active Mixed Ligand Cerium (lII)
Complexes.Int J Sci Res. 2012; 2319-7064.
Chithambarathanu T, Umayorubaghan V, Krishnakumar V.
Vibrational analysis of some pyrazole derivatives. Ind J
Pure Appl Phy. 2003; 41:844 - 848.

Robert MS, Francis XW, David JK. Spectrometric identifica
tion of organic compounds.7"" ed. John Wiley and sons.Inc.
2005. 86-101 p.

Guskos N, Paschalidis DG, Majszczyk J, Typek J,
Maryniak M. Photoacoustic study of a new neodymium(lil)
hydrazone complex.Mat Sci-Pol. 2005; 23( 4):1030-1034.
Keshavena B and Chandrashekara PG. C omplexes of
Lanthanide(lI1) nitrate with 10- (2-dimethylamino-1-methyl
phenothiazine. Proc Ind Acad Sci.(Chem Sci). 1998; 110
(6):527-534.

Kuppusamy S and Chinniagounder T.Studies of Cerium 11
Complexes of Piperidin-4-one.Ind J Chem. 2002;
41A:1417-1420.

Kumar G O, Tanwer J, Kumar M, Akhter S, Sharma CR,
Pillai MM, Alam MS. Pyrazole-pyrazoline as promising
novel antimalarial agents: A mechanistic study.Eur J Med
Chem. 2018; 149:139-147.

Patricia G, Samia B, Antonio H, Christian C, Carlos R,
Joseph C, Andrés C, Carlos, JG. Tuning the structure and
properties of lanthanoid coordination polymers with an
symmetric anilato ligand. Magnetochem.2018; 4(6):1-21D.
Haddad BS. Synthesis, Characterization and Biological
Studies of Some New Dinitrone Compounds: Trop J Nat
Prod Res. 2022;6(11):1836-1839.

3033

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.sciencedirect.com/science/article/pii/S2095177915300150#!
https://www.sciencedirect.com/science/article/pii/S2095177915300150#!
https://www.sciencedirect.com/science/article/pii/S2095177915300150#!

