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Abstract 

The 1,2,4-triazole core is an emerging molecular fragment for pharmacological applications. 

Triazole based drugs are already used for the treatment of various diseases, demonstrating 

their excellent pharmaceutical profiles. A novel 1,2,4-triazole intermediate 5-pyridin-2-yl-1H-

[1,2,4]triazole-3-carboxylic acid ethyl ester was prepared and screened for biological activities. 

The compound was structurally characterized by nuclear magnetic resonance spectroscopy, 

infrared spectroscopy and single crystal X-ray diffraction. Bioassays indicated that the 

compound exhibits potent anti-inflammation activity in vitro. An egg albumin denaturation 

assay to assess the anti-inflammatory effect of the synthesized compound showed a 

significant inhibition of protein with a maximum inhibition of 71.1 % at the highest tested 

concentration (1000 µg/mL) compared to 81.3 % for Aspirin as standard drug. The antimalarial 

activity on the 3D7 P. falciparum strain was determined to be IC50 176µM and was obtained 

prior to connection with pharmacophoric groups. 
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Introduction 

The spread of drug resistance is continuously challenging global health and commands the 

development of new therapeutics with high bioactivity and safety. Nature has provided many 

therapeutic models containing heterocycle subunits that are found in vitamins, hormones, 

antibiotics and alkaloids [1]. Transposition, derivatization and hybrid drug design is an 

excellent way to reduce the cost of manufacturing involved and to enhance drug development 

to thwart resistance. Triazoles are the isosters of imidazoles in which the carbon atom of 

imidazole is isosterically replaced by nitrogen [2]. Triazoles are five membered rings which 

contain two carbons, three nitrogen atoms and occur in two possible isomeric forms, 1,2,3-

triazoles and 1,2,4-triazoles [3]. 1,2,4-triazoles in particular are very interesting due to their 

stability and ability to bind to a wide variety of enzymes and receptors [4]. They also exhibit a 

broad spectrum of pharmacological action [5]. Their uses in biological and materials chemistry 

have been extensively reviewed over the years [6-8]. This motif is an integral part of a variety 

of drugs such as fluconazole, estazolam, trapidil, anastrozole, letrozole, and ribavirin which 

has recently received a lot of attention due to potential antiviral activity in the context of 

COVID-19 [9,10]. 

Various synthetic routes have been described to synthesize 3,5-disubstituted 1,2,4-triazole 

derivatives. The combination of amide and acyl hydrazide is generally referred to as the 

Pellizzari Reaction (developed in 1894) and can be used to obtain 3,5-diphenyl-1,2,4-triazole 

at 140°C [11]. A recent synthetic example is a procedure based on zinc(II)-catalyzed acyl 

hydrazide-dialkylcyanamide coupling, which allows the utilization of cyanamides bearing 

donor alkylsubstituents and gives 3-dialkylamino-1,2,4-triazoles such as 3-dimethylamino-5-

phenyl-1,2,4-triazole under mild conditions and in high yields [12]. Another example is the 

intramolecular ring closure of acyl-amidrazonzes, using tosyl-amidrazone treated with acetyl 

chloride to obtain 5-methyl-3-(2’,3’,4’,6’-tetra-O-benzoyl-b-D-glucopyranosyl)-1-tosyl-1,2,4-

triazole. [13] Diketoesters react with hydrazine in most routes to obtain pyrazoles, and 

monoethyl oxalyl chloride has been used in various ways to produce a five-ring cyclisation 

[14,15]. Chen and co-workers used zirconacyclopentene in the presence of CuCl to obtain 

cyclopentenone [16]. Furstner and co-workers treated the ethyl ester adducts with 



trichlorotitanium and zinc in DME to form an indole derivative [17] and Bradley and co-

workers treated ethyl ester adducts with Lawesson’s reagent to obtain thiadiazole derivatives 

[18]. Most existing methods suffer from multistep synthetic procedures, inferior 

regioselectivity, narrow substrate scope, and limited functional group tolerance [19]. 

Pertinent to the development of new 1,2,4-triazoles, we present a one-pot approach using 

ethyl oxalyl chloride.  

 

Results and discussion 

The target compound is obtained by refluxing N’-aminopyridine-2-carboximidamide in an 

excess of monoethyl oxalyl chloride in tetrahydrofuran (see scheme 1) [20]. The ethyl ester 

adduct undergoes intramolecular cyclization to form the triazole ring. The target molecule 

bears possibilities for further synthetic reactions to yield hybrid molecules with enhanced 

properties. The structure of the product has been verified by nuclear magnetic resonance 

spectroscopy (NMR) and infrared (IR) spectroscopy. Solvent diffusion of ether into a 

methanolic solution of the product yielded white crystals that have been examined by X-ray 

diffraction.   

The 1H-NMR (Supplement 1) spectroscopic data of the synthesized compound presents four 

signals between 7.5 and 9.0 ppm, each with integration one consistent with the pyridine ring 

protons. The quartet at 4.3 ppm, with integration two, is consistent with the -CH2- group and 

the triplet at 1.3 ppm, with integration three, is consistent with the –CH3 group: both are 

consistent with an ethyl ester [21]. The proton linked to the nitrogen appears above 13 ppm 

and is not shown due to the measurement range 0-12 ppm. The 13C-NMR (Supplement 1) 

spectroscopic data of the compound exhibited ten peaks corresponding to the number of 

carbons of the 1,2,4-triazole. The signal at 12 ppm corresponds to the -CH3 group, the signal 

at 62 ppm corresponds to the -CH2- group and the carbonyl carbon C=O is found at 160 ppm. 

The FT-IR spectrum (Supplement 2) of the 1,2,4-triazole showed characteristic absorption 

peaks at 2600-3100 cm-1 due to C-H aromatic vibrations. FT-IR peaks at 1541 and 1474 cm-1 

were assigned to C=C stretching for aromatic groups. The vibration peak for -N=N is observed 

at 1541 cm-1. Esters have a characteristic pattern of three intense peaks at 1742, 1222, and 

1037 cm-1 from the C=O and two C-O stretches. Vibrations between 3300-3500 cm-1 can be 

attributed to secondary amine N-H. All other carbon signals correspond to aromatic rings. The 



mass spectrometry data (Supplement 2) exhibited a parent peak signal at m/z 218 consistent 

with the assigned molecular formula and consistent with elemental analysis.  

Single crystal X-ray diffraction confirmed the structure of 5-pyridin-2-yl-1H-[1,2,4]triazole-3-

carboxylic acid ethyl ester. The refinement converged with final quality of fit R1 = 0.0322 and 

wR(F2) = 0.0609. 5-pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester crystallizes in 

the centric space group P21/c with two independent molecules in the asymmetric unit that 

are in extremely similar molecular conformations as shown in Figure 1. In each molecule the 

five-membered ring and the six-membered ring are very close to being co-planar; the rms 

deviation of atoms in the ring containing C6 from the mean plane of the six-ring containing N1 

is 0.09 Å and the equivalent deviation for the second independent molecule is 0.06 Å. The 

torsion angles N1-C5-C6-N2 and N5-C15-C16-N6 are 5.0(2)° and 4.1(2)°, respectively. Similarly, 

there is no significant difference in the orientation of the ester groups with respect to the rest 

of the molecule. The two classical hydrogen bonds within 5-pyridin-2-yl-1H-[1,2,4]triazole-3-

carboxylic acid ethyl ester (Table 1) do not generate chains but instead form centrosymmetric 

tetramers (Figure 2). Within these units there are further C-H∙∙∙O interactions and a rather 

long N-H∙∙∙O hydrogen bond. The tetrameric units are packed in a checkerboard arrangement 

in the solid with further weak intermolecular interactions (Figure 3).  

 

Modified triazoles linked with carboxamides, NO-hybrids, N-substituted indole, or methacrylic 

acid moieties have led to anti-inflammatory molecules comparable to the reference drug 

indomethacin [4]. Anti-denaturation of egg albumin was chosen to evaluate the anti-

inflammatory property of the synthesized 5-pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid 

ethyl ester. Denaturation of protein causes the production of autoantigens in conditions such 

as rheumatic arthritis, cancer and diabetes which are conditions of inflammation [22]. The 

proteins are denaturized by heat as external stress in-situ. This is a widely used, validated, 

sensitive, quick and reliable in vitro technique to investigate the anti-inflammatory activity of 

various products [23]. The synthesized triazole showed a dose-dependent ability to inhibit 

thermally-induced protein denaturation with a maximal inhibition of 71.1% at 1000 µg/mL 

(Figure 4). This effect is comparable to the standard drug aspirin with a maximal inhibition of 

81.3% at 1000 µg/mL.   

 



Triazole bridged antimalarial drugs have been previously reported in the literature. For 

example, falcipain-2 is inhibited by indoline-1,2,4-triazoles [24] and quinolone-1,2,4-triazole-

imines urea derivatives show IC50 with millimolar antiplasmodial activities, [25] partly due to 

their ability to inhibit dihydrofolate reductase [26]. A series of [1,2,4]triazolo[1,5-a]pyrimidine 

derivatives exhibiting anti-P. falciparum activities were designed by Leal and co-workers [27]. 

In order to investigate the anti-malarial potential of the synthesized triazole fragment, the 

SYBR green parasite viability assay measurement [28] of relative parasite levels between two 

parallel 3D7 cultures of the new triazole and chloroquine was carried out (Figures 5 and 6). An 

IC50 value of 176 µM was obtained prior to scaffold modifications by incorporation of different 

pharmacophoric groups at selected positions including A, B or C in the fragment scaffold (see 

Scheme 1). 

 

 
Scheme 1: Synthesis of 5-pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester with 

indications of substitution possibilities of further pharmacophoric groups at positions A-C 

 

 



 

Figure 1: Asymmetric unit of 5-Pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester 

with atoms drawn as 70 % probability ellipsoids. The dashed line illustrates a hydrogen bond.  

 



 

Figure 2: Centrosymmetric hydrogen-bonded tetramer of 5-Pyridin-2-yl-1H-[1,2,4]triazole-3-

carboxylic acid ethyl ester 

 

Figure 3: Crystal packing of 5-Pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester. 

The view shown is just off the yz plane.  

 



Table 1: Hydrogen bonds in 5-Pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester 

(symmetry operators used to generate equivalent atoms: i = x, 0.5−y, z−0.5; ii = −x, 1−y, 1−z).  

 D-H / Å D-H∙∙∙A  / ° D∙∙∙A / Å H∙∙∙A / Å 

C12-H12∙∙∙O1i 0.95 131 3.121(2) 2.41 

N2-H2A∙∙∙N8 0.901(18) 148.7(17) 2.950(2) 2.143(19) 

N2-H2A∙∙∙O3 0.901(18) 123.0(14) 3.1880(18) 2.607(18) 

N6-H6A∙∙∙N3ii 0.906(18) 155.0(16) 2.9510(19) 2.105(18) 

 

 
Figure 4: Histogram for comparative study between % inhibition of 5-pyridin-2-yl-1H-
[1,2,4]triazole-3-carboxylic acid ethyl ester and aspirin 
 
 
 



 

Figure 5: SYBR green 3D7 IC50 of 5-pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl 

ester  

 

Figure 6: SYBR green 3D7 IC50 of chloroquine  

 

Experimental section 

Synthesis 

Monoethyl oxalyl chloride (98%) was supplied by Fisher Scientific Ltd. Crystals of N’-

aminopyridine-2-carboximidamide were obtained according to the literature. [20] All other 

chemicals used were of analytical grade and used as received. To a solution of of N’-

aminopyridine-2-carboximidamide (1.83g, 1.34 mM) in THF (50 mL) was added dropwise 

monoethyl oxalyl chloride (3.05 mL, 2.69 mM). A white precipitate appeared shortly after the 

addition. The mixture was stirred at room temperature for 30 minutes under reflux. A white 



solid product was filtered, washed with diethyl ether and dried in air to yield 2.80g (96%). Slow 

diffusion of diethyl ether into a methanolic solution of the white powder afforded crystals of 

5-pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester. 

 

Structure analysis 

NMR spectra were recorded on a Jeol JNM ECP400 (400 MHz) spectrometer with (CD3)2SO 

δΗ = 2.50 as the internal standard or residual protic solvent and δC = 30.8 central peak for 

carbon-13. Chemical shifts are given in ppm (δ). Elemental analyses were performed on a 

Fisons EA-1108 CHNS-O Element Analyzer (Thermo Scientific). Fourier-transform infrared 

(FTIR) spectrum was recorded at room temperature as a potassium bromide pellet using a 

Nicolet IS5 operating at a resolution of 0.4 cm-1. Mass spectrometry was measured on a Bruker 

HCTultra ETD II.  

 

Single crystal X-ray diffraction data were collected in series of ω-scans using a Stoe IPSD2 

image plate diffractometer utilising monochromated Mo radiation (λ = 0.71073 Å). Standard 

procedures were employed for the integration and processing of the data using X-RED. [29] 

Samples were coated in a thin film of perfluoropolyether oil and mounted at the tip of a glass 

fibre located on a goniometer. Data were collected from crystals held at 150 K in an Oxford 

Cryosystems nitrogen gas cryostream. Crystal structures were solved using dual space 

methods implemented within SHELXT. [30] Completion of structures was achieved by 

performing least squares refinement against all unique F2 values using SHELXL-2018. [31] All 

non-H atoms were refined with anisotropic displacement parameters. Hydrogen atoms were 

placed using a riding model with the orientation of methyl groups allowed to refine. The 

positions of the hydrogen atoms attached to N2 and N6 were identified in the difference 

Fourier maps. These were freely refined subject to the restraint that the two N-H distances 

were equal.   

The supplementary crystallographic data can be found in the Supporting Information or can 

be obtained free of charge from the Cambridge Crystallographic Data Centre via 

http://www.ccdc.cam.ac.uk/data_request/cif (CCDC- 2044682).  

 

Denaturation of egg albumin 



A reaction mixture (5 mL) consisting of 0.2 mL of egg albumin (from fresh hen’s egg), 2.8 mL 

of PBS (pH 6.4), and 2 mL of varying concentrations of the drug (62.5, 125, 250, 500, and 1000 

μg/mL) was incubated at 37°C in a biochemical oxygen demand incubator for 15 minutes and 

then heated at 70°C for 5 minutes. A similar volume of distilled water served as control. After 

cooling, their absorbance was measured at 660 nm by using the vehicle as blank. Aspirin at 

concentrations of 62.5, 125, 250, 500, and 1000 μg/mL was used as reference drug and treated 

similarly for determination of absorbance. [32,33] The percentage of inhibition of protein 

denaturation was calculated by using Equation 1: 

(1) 

where Vt is the absorbance of the test sample and Vc is the absorbance of control.  

 

Antiplasmodial assay 

P. falciparum 3D7 strain blood stage parasites were cultured according to standard protocols 
[4] at 37 °C, 5% CO2, 5% O2, 90% N2 and 80% humidity in complete RPMI medium with 0.45% 

(w/v) albumax II, 0.2 mM hypoxanthine, 25 μg/mL gentamicin and human A erythrocytes as 

previously described. [35] Synchronized 3D7 parasites were obtained after treatment with 5% 

sorbitol. [36] IC50 values were determined using a SYBR green I assay according to established 

protocols. [28,37] Media of 1% parasitemia, 1% hematocrit cultures and the drug was incubated 

for 72h on 96 well plates. The plates were then wrapped with parafilm and stored over night 

at -80°C. The plates were thawed at room temperature and an aliquot (100µL) of buffered 

SYBR Green (Molecular Probes, Inc., Eugene, OR) was added into each culture-containing well  

using a multichannel pipetman. Mixing was achieved by pipetting up and down until no cell 

sediment remains. The plate was wrapped in tin-foil and stored in an incubator for 6 h. DNA 

quantification was performed using a Tecan GENios microplate detection device. 

 

Conclusion 

A new triazole 5-pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester, was synthesized 

as a scaffold for hybrid drug synthesis. The new molecule has been characterized and exhibits 

anti-inflammation and antimalarial properties. The molecule presents reaction sites that can 

be utilised for connection of additional pharmacophoric groups to generate new classes of 

hybrid molecules with enhanced therapeutic properties. . 
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Supplement 1: 13C and 1H NMR spectra of 5-Pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic 

acid ethyl ester 

 

 

 



Supplement 2 FT-IR, MS and EA 

 

FTIR spectra of synthesized 5-Pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester 



 

Mass spectroscopy fingerprint of 5-Pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl 

ester 

 

Elemental analysis of 5-Pyridin-2-yl-1H-[1,2,4]triazole-3-carboxylic acid ethyl ester 

 C N O 

Calculated 55.04 25.68 14.66 

Obtained  55.86 25.01 15.10 

 

 


