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Abstract 

Uric acid is formed during the purine catabolism process, specifically the last two 

steps when hypoxanthine is oxidised to xanthine and then to uric acid. Both 

oxidations are catalysed by both forms of the enzyme xanthine oxidoreductase 

(XOR) known as xanthine dehydrogenase (XDH) and xanthine oxidase (XO). 

XDH is easily converted into XO by oxidation of sulfhydryl residues or by 

proteolysis. High levels of uric acid in blood, referred to as hyperuricemia, can 

develop into arthritic gout in some people, due to the formation of deposits of 

monosodium urate crystals in joints and other tissues. Hyperuricemia has also 

been shown to be associated with a series of other conditions like chronic kidney 

disease, hypertension, cardiac disease and type 2 diabetes. 

There are currently three ways to treat hyperuricemia, either using inhibitors of 

the enzyme XO to block the formation of uric acid, or using the enzyme uricase 

to convert uric acid into a more water soluble compound (allantoin), or using 

available treatments, uricosuric agents, to stimulate the excretion of uric acid in 

the urine. Inhibition of the enzyme XO is the preferred first line of intervention as 

it is the only approach that stops the production of uric acid. There are only two 

drugs approved in Australia for the treatment of hyperuricemia and gout. These 

are both inhibitors of XO: Allopurinol and Febuxostat. Both drugs come with some 

risks of side effects that could, in some cases, result in death. There is a clear 

need to develop new therapeutic approaches for the treatment of these diseases. 

This research aimed to identify novel purine analogue inhibitors of XO. Facile 

methods were developed for the synthesis of four libraries of these molecules. 

Reaction conditions were optimized by using a microwave reactor, which allowed 

very short reaction times. A total of 95 compounds were synthesised and tested 

in vitro as inhibitors of XO. The majority of these molecules exhibited either 

comparable or higher inhibitory potency than the established drug Allopurinol. 

The inhibitory mechanism of the most active compounds was determined using 

inhibition kinetics studies. Molecular modelling was also employed to identify 

interactions between the inhibitors and the active site of the enzyme. The most 

potent inhibitor demonstrated to be more than 900 times more potent than 

Allopurinol. Future investigation of the most active purine analogue may 

potentially lead to other, far more effective, treatments for hyperuricemia and 

gout. 
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Chapter 1 

1 Introduction 

Hyperuricemia is a condition characterised by high levels of uric acid in the blood, 

and it can degenerate into gout when monosodium urate crystals precipitate in 

joints and other tissues. The prevalence of hyperuricemia and gout is steadily 

increasing worldwide with higher incidence in developed countries compared to 

developing countries. During the decade 2011-2020 it is estimated that 1.5-6.8% 

of the Australian population aged 25 years and above was affected by gout, 

resulting in approximately $200 million in annual health care costs(1). 

Hyperuricemia has been shown to be associated with a series of other conditions 

like chronic kidney disease, hypertension, cardiac disease(2) and type 2 

diabetes(3). However it is still unclear if hyperuricemia is a contributing factor of 

these diseases or if it rather contributes to their worsening. For this reason, 

debate continues on the need for prophylactic treatment to reduce uric acid levels 

in asymptomatic hyperuricemic patients. 

Uric acid is the final product of the last two steps of purine catabolism. 

Hypoxanthine is oxidised to xanthine and then to uric acid, and both steps are 

catalysed by the enzyme xanthine oxidase (XO). The source of purine is both 

endogenous, from the degradation of both guanine nucleotide and adenine 

nucleotide, and exogenous through the intake of purine rich food: red meat, 

alcohol and sea food. More recently, fructose intake, via fruit juices and soft 

drinks, has been shown to contribute to the increase in uric acid levels(4). One of 

the key problems with uric acid is that it has a very poor solubility in serum, and 

its saturation point has been estimated to be 6.4 mg/dL. Normal levels of uric acid 

in the blood are considered to be lower than 6 mg/dL in men and 5 mg/dL in 

women. Hyperuricemia is diagnosed when uric acid concentration is above 7 

mg/dL in men and 6 mg/dL in women. 

It has been shown that for 30% of asymptomatic hyperuricemic patients there is 

continuous accumulation of uric acid in hyaline cartilage, joints and tendons(5, 6). 

Moreover studies have shown that there is an increase of blood flow around the 

deposit of monosodium urate crystals indicating an ongoing inflammation 

status(6). Mechanical friction caused by the solid deposition in joints could be 

responsible of initiating and contributing to degenerative arthritis(3). 
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1.1.3 Objective 3 

To test in vitro the synthesised molecules for their inhibitory activity against XO 

using hypoxanthine as substrate. 

1.1.4 Objective 4 

To identify interactions between the inhibitors and the residues inside the enzyme 

active site by docking studies. 

1.1.5 Objective 5 

To identify the type of enzyme inhibition by the most active compounds using 

enzyme kinetics studies. 

1.1.6 Objective 6 

To evaluate the results obtained and propose directions for future research. 

1.2 Structure of the thesis 

The remainder of the thesis is structured into different chapters as follows: 

Chapter 2: Literature review. This chapter discusses the role of the enzyme XO 

in the human body and its mechanism of action. It also includes a comprehensive 

review of all the chemical structures that have been reported as XO inhibitors. 

The review encompasses the period between the discovery of the first XO 

inhibitor (allopurinol) in 1956 and 2021. 

 

Chapter 3: Synthesis, in-vitro testing and molecular modelling of 2-
substituted-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine derivatives. 
This chapter discusses the method development for the synthesis of 2-

substituted-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine derivatives. It also 

reports the in vitro biological efficacy of the compounds as XO inhibitors and the 

molecular modelling prediction of the interactions of key compounds with the 

amino acid residues in the active site. 

 

Chapter 4: Synthesis, in-vitro testing and molecular modelling of 2-
substituted-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one derivatives. This 

chapter discusses the synthetic procedures for the synthesis of 2-substituted-
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1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one derivatives. It also reports the in vitro 

biological efficacy of the compounds as XO inhibitors and the molecular modelling 

prediction of the interactions of key compounds with the amino acid residues in 

the active site. 

 

Chapter 5: Conclusions and future directions. This chapter summarises the 

findings of this research, discusses its limitations and identifies directions for 

future research in this area. 
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The human body accumulates purines externally through the intake of food and 

internally through the degradation of DNA and RNA molecules. Uric acid is the 

final product of purine catabolism in humans and higher primates and is excreted 

via the intestinal tract but mainly through the kidneys. Uric acid can also be re-

cycled in the kidneys by the urate anion transporter (URAT1)(9) and adenosine 5’-

triphosphate-binding cassette subfamily G transporters (ABCG2)(10-12), but only 

by ABCG2 transporter at intestinal level. For most other mammals uric acid is 

further oxidised by the enzyme uricase to the more-water soluble compound 

allantoin(13). 

Uric acid has a pKa of approximately 5.4, meaning that at physiological pH it is 

predominantly present in its ionized form as urate. Uric acid is characterized by 

its very poor solubility in water, and its saturation concentration in serum has been 

determined to be 6.8 mg/dL(14). 

Hyperuricemia is the presence of a high concentration of uric acid in serum, which 

may affect up to 18% of some populations and, in many cases, it manifests as 

gout due to the deposition of urate crystals in joints and other tissues(15). 

Hyperuricemia has also been found to be an independent cardiovascular risk 

factor(16-19). The prevalence of hyperuricaemia and gout have been steadily 

increasing during the last few decades, resulting in a significant impact on the 

global health system. Gout affects 1-2% of the adult population in developed 

countries. It is the most prevalent form of inflammatory arthritis in men older than 

40 years(20). A continuous increase in chronic gout prevalence is expected as a 

consequence of lifestyle changes(21), increasing obesity and ageing of the 

population(22). 

High levels of serum uric acid do not always escalate to gout. It has been 

observed that for high uric acid level (greater than 10 mg/dL) there is only a 7% 

risk per year of developing the first episode of gout attack(23, 24). Hyperuricemia 

has also been associated with high serum levels of chemokine ligand 2 (CCL2) 

and increased numbers of leukocytes; their combined presence could explain the 

higher risk of cardiovascular disease found in hyperuricemic patients(25). It is still 

much debated the necessity of prophylactic therapy to reduce serum uric acid 

levels in asymptomatic hyperuricemic patients to prevent gout attacks as well as 

any other possible condition caused by high serum uric acid levels(26). Current 

approaches for reducing serum uric acid levels include(27, 28): 
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Fig 2: (a) Bovine milk Xanthine Oxidase subunit, (b) C-terminal domain containing the 
molibdopterin unit, (c) N-terminal domain containing two iron-sulphur clusters, (d) Central 
domain containing the FAD cofactor. 

The first form of the enzyme produced is a dehydrogenase (XDH), which can be 

easily converted into the oxidase (XO) by oxidation of sulphydryl residues or by 

proteolysis(33). It has been hypothesised that the conversion of XDH to XO is 

triggered during ischemic tissue injuries(34). During the initial reduction in blood 

perfusion there is a decrease in ATP formation due to the reduced amount of 

oxygen available. This drop in ATP translates into a reduction of charge inside 

the cell, causing disequilibrium of ion gradient across the cell membrane. More 

calcium ions are transported inside the cell and their high concentration activates 

the protease responsible for the conversion of XDH into XO. At the same time, 

there is also an accumulation of hypoxanthine within the cell due to the 

catabolism of the excess AMP that has not been used to form ATP. XO and 

hypoxanthine formed during the above process are then responsible for the 

(a) Single subunit of 
XO 2a 

(b) C-terminal domain 2b (c) N-terminal domain 2c (d) FAD central domain 2d 
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As mentioned above, ROS are generated during the oxidation of hypoxanthine to 

xanthine and then to uric acid, primarily in the form of hydrogen peroxide (H2O2). 

Oxidative stress is the condition where there are high levels of ROS in the body. 

It is known to be a complication of type 1 diabetes. Diabetic rats demonstrated 

an increased activity of XO in both liver and plasma compared to non-diabetic 

rats, resulting in a larger production of free radicals leading to oxidative stress(53).  

Desco et al. found that the XO inhibitor allopurinol helps to prevent oxidative 

stress and, therefore, helps to avoid further complications in patients with type 1 

diabetes(53). 

XO has also become a target in some anti-cancer therapies(54) and in the 

treatment of hypertension(55). In the first case, its inhibition prevents the 

inactivation of the cancer drug 6-mercaptopurine by the enzyme(54). In the second 

case, as indicated earlier, XO is one of the major producers of ROS O2¯ and H2O2 

in the body and is overexpressed during ischemia and inflammatory conditions. 

It has high affinity for the internal surface of blood vessels, where its production 

of ROS negatively affects the bioavailability of nitric oxide (NO). NO-mediated 

decrease in vascular pressure is therefore reduced, leading to a negative 

contribution to hypertension. 

The preliminary test to evaluate the efficacy to inhibit the enzyme is usually 

performed in vitro using bovine milk XO. The enzyme was extracted from cow’s 

milk for the first time more than 80 years ago and it is now one of the most studied 

enzymes(56). Bovine milk is the main and cheapest source of XO, although it could 

be obtained also from the extraction of other tissues. Laboratory in vitro tests are 

commonly performed by using xanthine as substrate instead of hypoxanthine and 

by monitoring the formation of uric acid. Both hypoxanthine and xanthine are 

substrates of XO, but xanthine is preferred to hypoxanthine, in in vitro tests, as it 

oxidises directly to uric acid while hypoxanthine is converted to xanthine first, 

before producing uric acid. The reaction product is monitored by UV absorbance 

at 295 nm. 

The efficacy of the inhibitor is commonly measured by two methods: either 

measuring the ratio of the speed of conversion of xanthine to uric acid, obtained 

when the inhibitor is used, against the speed of conversion when no inhibitor is 

present, or by comparing uric acid absorbance obtained from the solution with 

the inhibitor with the absorbance of the solution without inhibitor after a specific 
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2.2.2 Hypoxanthine analogues 

The orientation of hypoxanthine derivatives within the active site of XO was 

investigated by Biagi et al.(59). The 8-alkyl hypoxanthine derivatives were found 

to act as substrate for the enzyme producing 8-alkyl xanthines while the 2-alkyl 

hypoxanthines were not. This finding demonstrated that the orientation of these 

compounds within the active site is dictated by the alkyl chain. The most active 

compound of the series was 8-n-pentylhypoxanthine (6). On the opposite side of 

the ring, 2-alkylhypoxanthines did not show significant inhibitory efficacy. 

Interestingly, 2,8-di(n-pentyl)hypoxanthine was also found to be inactive against 

the enzyme. 

The presence of a phenyl group instead of the n-alkyl chain in position 8 

(compound 7) (IC50 = 0.062 µM) of hypoxanthine was found to result in a very 

potent XO inhibitor as reported by Robins et al(60). On the other hand, either a 

methoxy, bromo or benzylthio substituent in this position dramatically decreased 

inhibitory activity. 

In 1968 Baker et al. reported series of derivatives of 8-(benzylthio)hypoxanthine 

(8) with the aim of finding good irreversible XO inhibitors(61). All the compounds 

had a sulphonyl fluoride moiety on a phenyl ring as the best reacting group to 

achieve irreversibility in the inhibition mechanism, as identified in their previous 

work(62). The authors defined this mechanism of inhibition as “exo”, where the 

covalent bond between the inhibitor and the enzyme is formed outside of the 

active side. One of the best irreversible inhibitor was 8-(m-(p-

fluorosulfonylbenzamido)benzylthio)hypoxanthine (8a) that inhibited 50% of the 

enzyme after 7 min of incubation at a concentration of 0.46 µM.  

Similar 8-(alkylthio)hypoxanthine derivatives were synthesised by Biagi et al(57) in 

order to further investigate the interactions between the inhibitors and the amino 

acid residues in the active site. The authors synthesised and tested compound 9 

(IC50 = 0.56 µM) and 4 (IC50 = 0.66 µM). Both molecules showed better activity 

than allopurinol and it was also reported that 8-(n-hexylthio)hypoxanthine (9) was 

a substrate for XO as it was converted to 8-(n-hexylthio)xanthine (4). 
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Fig 15: Hydrogen bonding interactions between febuxostat and the active site amino acids 

 

Fig 16: Hydrophobic interactions between febuxostat and the active site amino acids 

Febuxostat seems to act as a “plug” in the channel leading to the Mo centre, 

blocking the substrate from interacting with it. The carboxylic acid group was also 

identified as the group most tightly bound to the active site of the enzyme. Most 

recently it was also found that carboxamide derivatives of febuxostat are more 

potent inhibitors of XO than febuxostat itself(128). 

Imidazole derivatives maintaining similarities with febuxostat were synthesised 

by Chen et al. and reported in 2015(129). Several compounds for the two series of 

analogues of 1-hydroxy and 1-methoxy substituted 2-aryl-4-methyl-1H-imidazole-

5-carboxylic acids (110 and 111) were tested in vitro as XO inhibitors. The 

derivatives with a free hydroxyl group at position 1 of the imidazole ring 

demonstrated better activity than derivatives with a methoxy group at the same 
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2.4 Conclusion 

For more than 50 years the only drug inhibitor of XO available on the market was 

allopurinol. However, there has been an increase in the search for new inhibitors 

of XO in the last decade as the activity of the enzyme has been associated not 

only with hyperuricemia and gout, but also with a variety of other conditions like 

diabetes, hypertension and cardiovascular disease. Non purine-like inhibitors 

febuxostat and topiroxostat have recently been approved in various countries for 

the treatment of hyperuricemia. 

A multitude of various chemical structures have been synthesised and tested for 

their activities as XO inhibitors since the discovery of allopurinol. The availability 

of X-ray diffraction crystal structures of XO is allowing the rationalization of the 

activities of new inhibitors, allowing the creation of SAR models that can predict 

the potency and selectivity of new inhibitors. A group of five amino acids Glu802, 

Arg880, Phe914, Phe1009 and Glu1261 has been identified as the core enzyme 

active site that gives the strongest interactions with the inhibitor. The potency of 

the majority of the newly synthesised inhibitors is rationalized by molecular 

modelling via hydrogen bonds and aromatic-aromatic interaction with the five 

amino acids within the enzyme active site. 

The characteristics identified in various chemical structures as essential for a 

good XO inhibitor are a chemical group capable of forming hydrogen bonds with 

Glu802, Glu1261 and Arg880 and a non-polar region capable of forming non-

polar interactions with Phe914 and Phe1009 not too distant from the polar group. 

Unfortunately the above characteristics do not necessarily translate into a 

successful candidate as not always good in vitro inhibitors translate into good in 

vivo inhibitors as in the case of isocytosine derivatives. 

Various molecules have demonstrated to interact with not only the five core amino 

acids but also other residues within the narrow channel of the enzyme active site. 

There is a need to find alternatives to the current available drugs with better 

inhibitory activity and less side effects. The focus of this project is to find novel 

purine analogue inhibitors of XO more active than allopurinol in vitro that could 

potentially be developed into drugs. 
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Entry Reagent Temperature / 
time 

Amount and composition of product 
recovered 

1a 5% KOH 203°C / 30 min 
15 mg of 3c and 10c (main products), 1c 

(traces) 

2a 5% KOH 180°C / 1 h 15 mg of 3c (main product), 1c (traces) 

3a 10% K2CO3 180°C / 1 h 45 mg of 1c/3c/10c = 1.0/1.6/0.9 

4a 10% K2CO3 210°C / 30 min 20 mg of 1c/3c/10c = 1.0/0.3/0.3 

5a 10% K2CO3 190°C / 1.5 h 33 mg of 1c/3c/10c = 1.0/0.6/0.6 

6a 5% K2CO3 150°C / 30 min 75 mg of 1c (traces), 3c (main product) 

7a 5% K2CO3 160°C / 2 h 55 mg of 1c/3c/10c = 1.0/8.9/0.8 

8a 5% NaH2PO4 x 
H2O 180°C / 1 h 75 mg of 1c/2c/10c = 1.0/6.1/0.7 

9a 5% NaH2PO4 x 
H2O 200°C / 1 h 62 mg of 1c/2c/10c = 1.0/0.5/0.1 

10a 5% NaH2PO4 x 
H2O 200°C / 2 h 55 mg of 1c/2c/10c = 1.0/0.1/0.2 

11a 5% NaH2PO4 x 
H2O 210°C / 1 h 54 mg of 1c/2c/10c = 1.0/0.1/0.2 

12a 5% NaH2PO4 x 
H2O 205°C / 1.5 h 62 mg of 1c/2c/10c = 1.0/0.1/0.4 

13a 5% NaH2PO4 x 
H2O 200°C / 3 h 49 mg of 1c/2c/10c = 1.0/traces/0.4 

14b 5% NaH2PO4 x 
H2O 200°C / 1 h 54 mg of 1c 

15b 5% NaH2PO4 x 
H2O 190°C / 30 min 71 mg of 1c 

16b 5% NaH2PO4 x 
H2O 190°C / 15 min 61 mg of 1c 

a 100 mg of 2c in 2 mL of reagent 
b 100 mg of 3c in 2 mL of reagent. 
 

The internal pressure of the reaction vessel during the trials listed in Table 3, 

entries 1–7, always fluctuated and was sometimes high enough to cause the 

microwave instrument to shut down for the safety reason when the maximum 

allowed pressure was reached. Carbon dioxide, formed during the 

decarboxylation step, caused these pressure fluctuations. To avoid the formation 

of carbon dioxide and instead drive the equilibrium of carbonic acid towards 

bicarbonate, the reaction was buffered with sodium dihydrogen phosphate, which 

has a pKa higher than carbonic acid. All attempts to optimise the reaction 
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and 3r) with the same substituent in position 3. The opposite was observed when 

the substituent on the phenyl ring was CF3 (3t and 3u). Interestingly, almost the 

opposite behaviour was observed within the compounds in series 1. Having a 

phenyl ring carrying either Me (1j), alkyloxy (1l, 1n, and 1r) or CF3 (1t) in position 

3 of the phenyl ring resulted always in better activity than the corresponding 

analogues with the same substituent in position 4 (1k, 1m, 1o, 1s, and 1u). 

Having the isopropyloxy group either in position 3 or 4 of the phenyl ring in series 

1 did not make any difference in inhibitory activity. Unsubstituted 1,2,4-

triazolo[1,5-a]pyrimidin-7-one (1a) and the acid analogue (3a) demonstrated 

comparable activity to the same molecule carrying either a thiophene ring (1y and 

3y) or a methylthio group (1b and 3b) in position 2 of the 1,2,4-triazolo[1,5-

a]pyrimidine scaffold. Amongst all compounds in series 1, the best inhibitory 

activity was observed for 1t, and replacing the CF3 group with a CF3O group (1v) 

resulted in a 7-fold decrease in inhibitory activity. Amongst all compounds in 

series 3, the best inhibitory activity was obtained by 3q.  

 

A clear picture of which substituent resulted in stronger inhibition can be seen 

when the top five active compounds are compared in each of series 1 and 3: 

 

Series 1: 3-CF3C6H4>4-iPrOC6H4>3-iPrOC6H4>3-MeC6H4>3-EtOC6H4 

Series 3: 4-iPrOC6H4>4-iBuOC6H4>3-CF3C6H4>4-EtOC6H4>3-EtOC6H4 

 

Bulky alkyloxy groups on the phenyl ring were preferred to smaller alkyloxy 

groups. The trifluoromethyl group provided good inhibitory activity in both series 

when in position 3 of the phenyl ring. Also, the methyl group provided better 

activity when in position 3 of the phenyl ring. 

 

Enzyme kinetic studies were performed on the most active compounds (1t and 

3q). Each compound was tested at different concentrations of the substrate 

xanthine. The resulting Lineweaver-Burk plots (Figure 1) show a mixed type of 

inhibition for both compounds.  
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active site with the triazolopyrimidinone ring in the inner, deeper region, and the 

substituent in position 2 located towards the entrance of the active site. The 

compounds belonging to series 2 were generally predicted to have two main 

possible binding orientations: one with the substituent in position 2 towards the 

entrance of the active site, like in compounds 1 and 3, and the other one with the 

substituent in position 2 oriented towards the Mo atom. The presence of these 

alternative binding modes could explain the lower inhibitory activity demonstrated 

by this type of analogues. Figure 2 shows the overlap of the most active inhibitors 

of each series (1t, 2x, and 3q) as an example along with their predicted binding 

poses. Hypoxanthine and its hydrogen bonds with the side chains of Glu802, 

Arg880 and Thr1010 have also been included in the figure to show the similarities 

between the inhibitors and the natural substrate. Compounds belonging to series 

1 were predicted to fit deeper inside the active site than compounds belonging to 

series 2 and 3. 
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Fig 2: Visualisation of molecular docking predictions. (a) Predicted poses of compounds 1t, 2x, 3q, 

overlapped with hypoxanthine. Predicted hydrogen bonds between hypoxanthine and Glu802, Arg880 and 

Thr1010 of the enzyme active site are shown with green dashed lines. (b) Predicted orientation of 

compounds 1t, 2x, and 3q, with the heterocycle rings in the inner site of the enzyme and the substituents 

pointing towards the exit of the active site. 

 

The deeper positioning of compounds belonging to series 1 inside the active site 

compared to the positioning of compounds belonging to series 2 and 3 is 

predicted to result in the loss of a hydrogen bond (H-bond) between the side chain 

of Glu802 and the NH in position 4, and a H-bond between the main chain of 

Val1011 and the C=O in position 7. The C=O group of compounds belonging to 

series 1 instead is predicted to form H-bonds with both side chains of Arg880 and 

Thr1010, and between the NH group in position 4 and the oxygen of the hydroxyl 

group in the molybdopterin co-factor bonded to the Mo atom. 

Two-dimensional representation of the predicted drug-target interactions of 

compounds 1t, 2x, and 3q in the active site of the enzyme are shown in Figure 

3.  
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3.5 Conclusions 

Facile methods for the synthesis of 2-substituted-7-oxo-1,2,4-triazolo[1,5-

a]pyrimidinone derivatives were developed using a microwave reactor. The 

optimised reaction conditions resulted in short reaction times. Three libraries of 

purine analogues, 75 compounds in total, were prepared and in vitro testing was 

performed on each compound to determine the inhibitory activity against XO. 

None of the prepared ethyl 2-substituted-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-

a]pyrimidine-6-carboxylate analogues (2) demonstrate strong inhibitory activity, 

while most of the 2-substituted-1,2,4-triazolo[1,5-a]pyrimidin-7-one analogues (1) 

and 2-substituted-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxylic 

acid (3) exhibited good inhibitory activity. The strongest inhibitors of series 1 and 
3 were, respectively, compound 1t (19 times more active than Allopurinol) and 

compound 3q (23 times more active than Allopurinol). Enzyme kinetics studies 

using the most active compounds (1t and 3q) demonstrated a mixed type 

inhibition mechanism. Molecular docking simulations predicted that the two series 

of analogues 1 and 3 adopt the same orientation inside the enzyme active site, 

but the compounds belonging to series 1 are positioned deeper in the active site 

due to the absence of the carboxylic acid group. Compounds belonging to series 

1 demonstrated comparable inhibitory activity to the compounds belonging to 

series 3, except for a few cases. Bulky alkyloxy groups were among the best 

substituents on the phenyl ring. The presence of a carboxylic group on the 

analogues of type 3 allows for straightforward conversion of these compounds 

into the corresponding salts suitable for required drug formulations. 

3.6 Experimental 

3.6.1 Chemistry 

Reagents were purchased either from Alfa Aesar or Sigma-Aldrich. Microwave 

assisted reactions were conducted using a CEM Discover SP instrument. Melting 

point were measured using an Electrothermal Digital melting point apparatus 

(IA9100). 1H NMR and 13C NMR spectra were obtained on a Bruker Avance III 

400 MHz spectrometer using DMSO as a solvent. Purity was measured using 

Agilent HPLC 1260 Infinity II with a PDA detector. Enzyme inhibition was 

evaluated using a Shimadzu UV-1280 spectrophotometer and 1 mL quartz 
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cuvette. Bovine milk XO was purchased from Sigma-Aldrich. Statistical analysis 

was performed using GraphPad Prism 9.2.0. 

 

3.6.2 General method for the synthesis of ethyl 3(4)-alkyloxybenzoates (6) 

The proper ethyl 3(4)-hydroxybenzoate (1 mmol) and potassium carbonate (1.1 

mmol) were stirred in acetonitrile (11 mL) for five min at room temperature before 

adding the proper alkyl bromide (1.5 mmol). The mixture was heated until there 

was no sign of starting ethyl 3(4)-hydroxybenzoate by TLC. The solvent was 

evaporated under vacuum and the resulting oil was re-dissolved in 

dichloromethane (15 mL) and washed with 5% potassium carbonate solution (3 

x 15 mL). The combined organic fractions were dried over sodium sulphate, 

filtered and evaporated under vacuum to afford the desired ethyl 3(4)-

alkyloxybenzoate. 

 

Ethyl 3-isopropyloxyphenylbenzoate (6p) 
Ethyl 3-hydroxybenzoate was reacted with 2-bromopropane as per general 

method 3.6.2 to yield 6p (84%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.51 (ddd, 

1H, 3J=7.7 Hz, 4J=1.3 Hz, 4J=1.3 Hz, H-6); 7.42 (t, 1H, 3J=7.9 Hz, H-5); 7.41 (dd, 

1H, 4J=2.6 Hz, 4J=1.6 Hz, H-2); 7.20 (ddd, 1H, 3J=8.2 Hz, 4J=2.7 Hz, 4J=1.0 Hz, 

H-4); 4.67 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 4.30 (q, 2H, 3J=7.1 Hz, CH2); 1.31 (t, 

3H, 3J=7.1 Hz, CH2CH3); 1.28 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 13C NMR (100 MHz, 

DMSO-d6) δ: 165.6 (C=O); 157.5 (C-3); 131.3 (C-1); 130.0 (C-5); 121.1 (C-6); 

120.6 (C-4); 115.8 (C-2); 69.6 (CH); 60.8 (CH2); 21.7 (CH(CH3)2); 14.1 (CH2CH3). 

 

Ethyl 4-isopropyloxyphenylbenzoate (6q) 
Ethyl 4-hydroxybenzoate was reacted with 2-bromopropane as per general 

method 3.6.2 to yield 6q (64%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.88 (d, 

2H, 3J=9.0 Hz, H-2 and H-6); 7.01 (d, 2H, 3J=9.0 Hz, H-3 and H-5); 4.72 (m, 1H, 
3J=6.0 Hz, CH(CH3)2); 4.27 (q, 2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, 3J=7.1 Hz, 

CH2CH3); 1.29 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 

165.4 (C=O); 161.4 (C-4); 131.2 (C-2 and C-6); 121.7 (C-1); 115.2 (C-3 and C-

5); 69.6 (CH); 60.2 (CH2); 21.6 (CH(CH3)2); 14.2 (CH2CH3). 

 

Ethyl 3-isobutyloxyphenylbenzoate (6r) 
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Ethyl 3-hydroxybenzoate was reacted with 1-bromo-2-methylpropane as per 

general method 3.6.2 to yield 6r (61%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 

7.53 (ddd, 1H, 3J=7.6 Hz, 4J=1.3 Hz, 4J=1.3 Hz, H-6); 7.43 (dd, 1H, 4J=1.6 Hz, H-

2); 7.42 (t, 1H, 3J=7.9 Hz, H-5); 7.22 (ddd, 1H, 3J=8.2 Hz, 4J=2.6 Hz, 4J=1.0 Hz, 

H-4); 4.31 (q, 2H, 3J=7.1 Hz, OCH2CH3); 3.80 (d, 2H, 3J=6.5 Hz, CH2CH(CH3)2); 

2.02 (m, 1H, 3J=6.6 Hz, CH2CH(CH3)2); 1.32 (t, 3H, 3J=7.1 Hz, OCH2CH3); 0.99 

(d, 6H, 3J=6.7 Hz, CH2CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 165.6 (C=O); 

158.9 (C-3); 131.3 (C-1); 130.0 (C-5); 121.3 (C-6); 119.6 (C-4); 114.5 (C-2); 74.0 

(CH2CH(CH3)2); 60.8 (OCH2CH3); 27.7 (CH2CH(CH3)2); 19.0 (2C, CH2CH(CH3)2); 

14.2 (OCH2CH3). 

 

Ethyl 4-isobutyloxyphenylbenzoate (6s) 
Ethyl 4-hydroxybenzoate was reacted with 1-bromo-2-methylpropane as per 

general method 3.6.2 to yield 6s (66%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 

7.89 (d, 2H, 3J=9.0 Hz, H-2 and H-6); 7.03 (d, 2H, 3J=9.0 Hz, H-3 and H-5); 4.27 

(q, 2H, 3J=7.1 Hz, OCH2CH3); 3.82 (d, 2H, 3J=6.5 Hz, CH2CH(CH3)2); 2.03 (m, 

1H, 3J=6.7 Hz, CH2CH(CH3)2); 1.30 (t, 3H, 3J=7.1 Hz, OCH2CH3); 0.98 (d, 6H, 
3J=6.7 Hz, CH2CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 165.5 (C=O); 162.7 

(C-4); 131.2 (C-2 and C-6); 122.0 (C-1); 114.5 (C-3 and C-5); 74.0 

(CH2CH(CH3)2); 60.3 (OCH2CH3); 27.7 (CH2CH(CH3)2); 19.0 (2C, CH2CH(CH3)2); 

14.3 (OCH2CH3). 

 

3.6.3 General method for the synthesis of benzhydrazide derivatives (7) 

Hydrazine (1.2 mmol) was added to a stirring solution of the substituted ethyl 

benzoate (1 mmol) in methanol (20 mL). The mixture was stirred at reflux 

temperature for 4 h. After this time the reaction was left to cool down to room 

temperature and the solid was filtered and washed with water before drying it in 

vacuum oven at 40⁰C overnight. 

 

3-Methylbenzhydrazide (7j) 
Ethyl 3-methylbenzoate was reacted as per general method 3.6.3 to yield 7j 
(82%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.69 (br, 1H, NH); 7.64 (br, 1H, H-

2); 7.63 – 7.57 (m, 1H, H-6); 7.35 – 7.28 (m, 2H, H-4 and H-5); 4.46 (br, 2H, NH2); 
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2.34 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 166.0 (C=O); 137.5 (C-3); 

133.3 (C-1); 131.6 (C-4); 128.2 (C-5); 127.6 (C-2); 124.0 (C-6); 20.9 (CH3). 

 

3-Ethoxybenzhydrazide (7n) 
Compound 6n was reacted as per the general method 3.6.3 to yield 7n (89%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.73 (br, 1H, NH); 7.42 – 7.29 (m, 3H, H-

2, H-5 and H-6); 7.08 – 7.01 (m, 1H, H-4); 4.47 (br, 2H, NH2); 4.06 (q, 2H, 3J=7.0 

Hz, CH2); 1.33 (t, 3H, 3J=7.0 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 165.6 

(C=O); 158.4 (C-3); 134.7 (C-1); 129.4 (C-5); 119.1 (C-6); 117.4 (C-4); 112.5 (C-

2); 63.1 (CH2); 14.6 (CH3). 

 

4-Ethoxybenzhydrazide (7o) 
Compound 6o was reacted as per the general method 3.6.3 to yield 7o (96%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.58 (br, 1H, NH); 7.78 (d, 2H, 3J=8.9 Hz, 

H-2 and H-6); 6.95 (d, 2H, 3J=8.9 Hz, H-3 and H-5); 4.40 (br, 2H, NH2); 4.07 (q, 

2H, 3J=7.0 Hz, CH2); 1.33 (t, 3H, 3J=7.0 Hz, CH3). 13C NMR (100 MHz, DMSO-

d6) δ: 165.6 (CO); 160.7 (C-4’); 128.4 (C-2 and C-6); 125.3 (C-1); 113.9 (C-3 and 

C-5); 63.2 (CH2); 14.5 (CH3). 

 

3-isoPropyloxybenzhydrazide (7p) 
Compound 6p was reacted as per the general method 3.6.3 to yield 7p (81%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.72 (br, 1H, NH); 7.40 – 7.28 (m, 3H, H-

2, H-5, and H-6); 7.03 (ddd, 1H, 3J=7.8 Hz, 4J=2.5 Hz, 4J=1.3 Hz, H-4); 4.65 (m, 

1H, 3J=6.0 Hz, CH(CH3)2); 4.46 (br, 2H, NH2); 1.27 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 
13C NMR (100 MHz, DMSO-d6) δ: 165.6 (C=O); 157.3 (C-3); 134.7 (C-1); 129.5 

(C-5); 119.0 (C-6); 118.5 (C-4); 113.7 (C-2); 69.3 (CH(CH3)2); 21.8 (2C, 

CH(CH3)2). 

 

4-isoPropyloxybenzhydrazide (7q) 
Compound 6q was reacted as per the general method 3.6.3 to yield 7q (79%). 

The reaction was refluxed for 4 h. Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.57 (br, 

1H, NH); 7.77 (d, 2H, 3J=8.9 Hz, H-2 and H-6); 6.94 (d, 2H, 3J=8.9 Hz, H-3 and 

H-5); 4.68 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 4.39 (br, 2H, NH2); 1.27 (d, 6H, 3J=6.0 

Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 165.6 (C=O); 159.7 (C-4); 
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128.7 (C-2 and C-6); 125.1 (C-1); 114.8 (C-3 and C-5); 69.3 (CH(CH3)2); 21.7 

(2C, CH(CH3)2). 

 

3-isoButyloxybenzhydrazide (7r) 
Compound 6r was reacted as per the general method 3.6.3 to yield 7r (96%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.73 (br, 1H, NH); 7.41 – 7.35 (m, 2H, H-

2 and H-6); 7.33 (t, 1H, 3J=7.8 Hz, H-5); 7.05 (ddd, 1H, 3J=8.0 Hz, 4J=2.6 Hz, 
4J=1.2 Hz, H-4); 4.47 (br, 2H, NH2); 3.78 (d, 2H, 3J=6.6 Hz, CH2); 2.02 (m, 1H, 
3J=6.7 Hz, CH(CH3)2); 0.98 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 13C NMR (100 MHz, 

DMSO-d6) δ: 165.6 (C=O); 158.7 (C-3); 134.6 (C-1); 129.4 (C-5); 119.1 (C-6); 

117.5 (C-4); 112.6 (C-2); 73.9 (CH2); 27.7 (CH(CH3)2); 19.0 (2C, CH(CH3)2). 

 

4-isoButyloxybenzhydrazide (7s) 
Compound 6s was reacted as per the general method 3.6.3 to yield 7s (89%). 

The reaction was refluxed for 4 h. Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.58 (br, 

1H, NH); 7.78 (d, 2H, 3J=8.9 Hz, H-2 and H-6); 6.96 (d, 2H, 3J=8.9 Hz, H-3 and 

H-5); 4.40 (br, 2H, NH2); 3.79 (d, 2H, 3J=6.5 Hz, CH2); 2.02 (m, 1H, 3J=6.6 Hz, 

CH(CH3)2); 0.98 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 

165.6 (C=O); 161.0 (C-4); 128.7 (C-2 and C-6); 125.3 (C-1); 114.0 (C-3 and C-

5); 74.3 (CH2); 27.6 (CH(CH3)2); 19.0 (2C, CH(CH3)2) 

 

3.6.4 General method for the synthesis of 3-substituted-5-amino triazoles (10) 

a) Isothiourea hemisulphate (60 mmol) was added portionwise to a solution 

of sodium hydroxide (60 mmol) in water (100 mL) maintaining the reaction 

flask in an ice/water bath. The proper benzhydrazide (43 mmol) was then 

added portionwise to the above slurry whilst still maintaining the reaction 

flask in an ice/water bath. The mixture was left to stir at room temperature 

and the progress of the reaction was controlled by thin layer 

chromatography (TLC) until all the starting material was consumed. When 

no more starting benzhydrazide was observed by TLC, the reaction 

mixture was filtered and the solid was washed with water (5 x 100 mL). 

The wet solid was transferred into a microwave reaction tube and 

suspended in water (13 mL). The mixture was reacted in the microwave 

instrument at 170°C for 10 minutes. After this time, the solid was filtered 
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and washed with water before drying it overnight in a vacuum oven at 

60°C. 

b) The mixture of the proper substituted acid chloride (40 mmol) and 

aminoguanidine hydrochloride (80 mmol) was warmed up to 170°C in an 

oil bath while stirring with a glass rod. After five min, the mixture 

consistency was changed. The mixture was kept at 170°C for a further five 

min whilst stirring before removing it from the oil bath. Hot water (40 mL) 

and sodium hydroxide (120 mmol) were added and the mixture was left to 

stir for five minutes at room temperature. The mixture was then filtered and 

the solid was washed with water before transferring it into a microwave 

reaction tube. Fresh water was added (30 mL) and the mixture was 

reacted in the microwave instrument at 170°C for 10 min. After cooling, 

the precipitated solid was filtered and washed with water before drying it 

overnight in a vacuum oven at 60°C. 

 

5-Amino-3-(2-chlorophenyl)-1,2,4-triazole (10g) 
Compound 9g was reacted as per the general method 3.6.4b to yield 10g (80%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 12.98* and 12.17 (br, 1H, NH); 7.85 – 7.75 

(m, 1H, H-6’); 7.53 – 7.43 (m, 1H, H-3’); 7.41 – 7.31 (m, 2H, H-4’ and H-5’); 6.07 

and 5.31* (br, 2H, NH2). 13C NMR (100 MHz, DMSO-d6) δ: 157.1 (C-3); 156.8 (C-

5); 131.2 (C-1’ and C-2’); 131.0 (C-4’); 130.4 (C-6’); 129.6 (C-3’); 126.9 (C-5’). * 

- signals of the minor tautomer 

 

5-Amino-3-(3-methylphenyl)-1,2,4-triazole (10j) 
Compound 7j was reacted as per the general method 3.6.4a to yield 7j (41%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.13* and 12.02 (br, 1H, NH); 7.73 – 7.69 

(m, 1H, H-6’); 7.69 – 7.63 (m, 1H, H-2’); 7.40 – 7.20 (m, 1H, H-5’); 7.20 – 7.06 

(m, 1H, H-4’); 6.01 and 5.24* (br, 2H, NH2); 2.33 (s, 3H, CH3). 13C NMR (100 

MHz, DMSO-d6) δ: 158.5 (C-5); 157.2 (C-3); 137.3 (C-3’), 132.3 (C-1’); 128.7 (C-

2’); 128.3 (C-4’); 126.0 (C-5’); 122.5 (C-6’); 21.1 (CH3). * - signals of the minor 

tautomer. 

 

5-Amino-3-(3-ethoxyphenyl)-1,2,4-triazole (10n) 
Compound 7n was reacted as per the general method 3.6.4a to yield 10n (65%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.21* and 12.08 (br, 1H, NH); 7.53 – 7.45 
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(m, 1H, H-6’); 7.45 – 7.39 (m, 1H, H-2’); 7.36 – 7.21 (m, 1H, H-5’); 7.02 – 6.76 

(m, 1H, H-4’); 6.11 and 5.35* (br, 2H, NH2); 4.03 (q, 2H, 3J=6.9 Hz, CH2); 1.32 (t, 

3H, 3J=7.0 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 158.6 (C-3’); 158.4 (C-5); 

157.4 (C-3); 133.8 (C-1’); 129.5 (C-5’); 117.7 (C-6’); 114.6 (C-4’); 110.9 (C-2’); 

63.0 (CH2); 14.7 (CH3). * - signals of the minor tautomer. 

 

5-Amino-3-(4-ethoxyphenyl)-1,2,4-triazole (10o) 
Compound 7o was reacted as per the general method 3.6.4a to yield 10o (59%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 12.96* and 11.89 (br, 1H, NH); 7.80 (d, 

2H, 3J=8.8 Hz, H-2’ and H-6’); 7.07 - 6.87 (m, 2H, H-3’ and H-5’); 5.97 and 5.20* 

(br, 2H, NH2); 4.04 (q, 2H, 3J=6.9 Hz, CH2); 1.33 (t, 3H, 3J=7.0 Hz, CH3). 13C NMR 

(100 MHz, DMSO-d6) δ: 158.6 (C-4’); 158.3 (C-5); 157.2 (C-3); 126.7 (C-2’ and 

C-6’); 125.0 (C-1’); 114.2 (C-3’ and C-5’); 63.0 (CH2); 14.6 (CH3). * - signals of 

the minor tautomer. 

 

5-Amino-3-(3-isopropyloxyphenyl)-1,2,4-triazole (10p) 
Compound 7p was reacted as per the general method 3.6.4a to yield 10p (56%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.14* and 12.03 (br, 1H, NH); 7.48 – 7.41 

(m, 1H, H-6’); 7.41 – 7.36 (m, 1H, H-2’); 7.27 (t, 1H, 3J=7.8 Hz, H-5’); 7.00 – 6.78 

(m, 1H, H-4’); 6.04 and 5.27* (br, 2H, NH2); 4.60 (m, 1H, 3J=5.9 Hz, CH(CH3)2); 

1.27 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 158.3 (C-

5); 157.5 (C-3’); 157.3 (C-3); 133.8 (C-1’); 129.5 (C-5’); 117.5 (C-6’); 115.8 (C-

4’); 112.0 (C-2’); 69.2 (CH(CH3)2); 21.8 (2C, CH(CH3)2). * - signals of the minor 

tautomer. 

 

5-Amino-3-(4-isopropyloxyphenyl)-1,2,4-triazole (10q) 
Compound 7q was reacted as per the general method 3.6.4a to yield 10q (72%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 12.95* and 11.89 (br, 1H, NH); 7.77 (d, 

2H, 3J=8.8 Hz, H-2’ and H-6’); 6.91 (d, 2H, 3J=8.3 Hz, H-3’ and H-5’); 5.97 and 

5.19* (br, 2H, NH2); 4.62 (m, 1H, 3J=5.9 Hz, CH(CH3)2); 1.27 (d, 6H, 3J=6.0 Hz, 

CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 158.3 (C-5); 157.5 (C-4’); 157.1 (C-

3); 126.7 (C-2’ and C-6’); 124.8 (C-1’); 115.3 (C-3’ and C-5’); 69.1 (CH(CH3)2); 

21.8 (2C, CH(CH3)2). * - signals of the minor tautomer. 

 

5-Amino-3-(3-isobutyloxyphenyl)-1,2,4-triazole (10r) 
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Compound 7r was reacted as per the general method 3.6.4a to yield 10r (20%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.16* and 12.06 (br, 1H, NH); 7.45 (dt, 

1H, 3J=7.6 Hz, 4J=1.0 Hz, H-6’); 7.43 – 7.39 (m, 1H, H-2’); 7.28 (t, 1H, 3J=7.8 Hz, 

H-5’); 6.93 – 6.84 (m, 1H, H-4’); 6.04 and 5.27* (br, 2H, NH2); 3.76 (d, 2H, 3J=6.5 

Hz, CH2); 2.03 (m, 1H, 3J=6.6 Hz, CH(CH3)2); 0.99 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 
13C NMR (100 MHz, DMSO-d6) δ: 158.8 (C-3’); 158.3 (C-5); 157.2 (C-3); 133.7 

(C-1’); 129.4 (C-5’); 117.6 (C-6’); 114.6 (C-4’); 110.9 (C-2’); 73.7 (CH2); 27.7 

(CH(CH3)2); 19.0 (2C, CH(CH3)2). * - signals of the minor tautomer. 

 

5-Amino-3-(4-isobutyloxyphenyl)-1,2,4-triazole (10s) 
Compound 7s was reacted as per the general method 3.6.4a to yield 10s (66%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 12.95* and 11.88 (br, 1H, NH); 7.78 (d, 

2H, 3J=8.8 Hz, H-2’ and H-6’); 6.93 (d, 2H, 3J=8.7 Hz, H-3’ and H-5’); 5.96 and 

5.18* (br, 2H, NH2); 3.76 (d, 2H, 3J=6.5 Hz, CH2); 2.02 (m, 1H, 3J=6.6 Hz, 

CH(CH3)2); 0.98 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 

158.9 (C-4’); 158.3 (C-5); 157.2 (C-3); 126.7 (C-2’ and C-6’); 125.0 (C-1’); 114.3 

(C-3’ and C-5’); 73.8 (CH2); 27.7 (CH(CH3)2); 19.1 (2C, CH(CH3)2). * - signals of 

the minor tautomer. 

 

5-Amino-3-(3-trifluoromethylphenyl)-1,2,4-triazole (10t) 
Compound 9t was reacted as per the general method 3.6.4b to yield 10t (79%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.45* and 12.24 (br, 1H, NH); 8.24 – 8.09 

(m, 2H, H-2’ and H-4’); 7.80 – 7.60 (m, 2H, H-5’ and H-6’); 6.17 and 5.39* (br, 

2H, NH2). 13C NMR (100 MHz, DMSO-d6) δ: 157.6 (C-5); 157.1 (C-3); 133.3 (C-

6’); 129.7 (C-5’); 129.3 (q, 2JCF=30.5 Hz, C-3’); 128.9 (C-1’); 124.6 (q, 3JCF=3.5 

Hz, C-2’); 124.2 (q, 1JCF=272.2 Hz, CF3); 121.4 (q, 3JCF=4.0 Hz, C-4’). * - signals 

of the minor tautomer. 

 

5-Amino-3-(3-trifluoromethoxylphenyl)-1,2,4-triazole (10v) 
Compound 9v was reacted as per the general method 3.6.4b to yield 10v (82%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.40* and 12.20 (br, 1H, NH); 7.90 (dt, 

1H, 3J=7.6 Hz, 4J=0.8 Hz, H-6’); 7.80 – 7.73 (m, 1H, H 2’); 7.54 (t, 1H, 3J=8.0 Hz, 

H-5’); 7.39 – 7.27 (m, 1H, H-4’); 6.15 and 5.38* (br, 2H, NH2). 13C NMR (100 MHz, 

DMSO-d6) δ: 157.5 (C-5); 157.1 (C-3); 149.1 (q, 3JCF=1.7 Hz, C-3’); 134.6 (C-1’); 
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130.6 (C-5’); 124.1 (C-6’); 120.5 (C-4’); 120.6 (q, 1JCF=256.3 Hz, CF3); 117.1 (C-

2’). * - signals of the minor tautomer. 

 

5-Amino-3-(pyridin-4-yl)-1,2,4-triazole (10x) 
Compound 7x was reacted as per the general method 3.6.4a to yield 10x 

(72%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 12.35 (br, 1H, NH); 8.59 (dd, 2H, 
3J=4.6 Hz, 4J=1.4 Hz, H-2’ and H-6’); 7.77 (dd, 2H, 3J=4.5 Hz, 4J=1.6 Hz, H-3’ 

and H-5’); 6.20 (br, 2H, NH2). 

 

5-Amino-3-(thien-2-yl)-1,2,4-triazole (10y) 
Compound 11 was reacted as per the general method 3.6.4b to yield 10y (76%). 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.17* and 12.01 (br, 1H, NH); 7.50 – 7.43 

(m, 1H, H-5’); 7.42 – 7.35 (m, 1H, H-3’); 7.07 (dd, 1H, 3J=4.8 Hz, 3J=3.7 Hz, H-

4’); 6.08 and 5.29* (br, 2H, NH2). * - signals of the minor tautomer. 

3.6.5 General method for the synthesis of ethyl 2-substituted-7-oxo-4,7-
dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxylates (2a-y) 

The appropriate 5-aminotriazole (1 mmol) was dissolved in 2 mL of glacial acetic 

acid in a microwave glass tube. Diethyl ethoxymethylene malonate (1.2 mmol) 

was added to the above solution before heating it at 150°C for 20 minutes in a 

microwave reactor. The precipitate formed after cooling to room temperature, was 

filtered and the product was washed on the filter with water before drying it in a 

vacuum oven at 60°C overnight. Copies of NMR spectra are reported in Appendix 

2. 

 

Ethyl 7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxylate (2a). 
Compound 10a was reacted as per the general method 3.6.5 to yield 2a (46%); 

Purity 97.8%; mp 328 – 330°C [Lit.(201) >300°C]; Anal 1H NMR (400 MHz, DMSO-

d6) δ: 8.55 (s, 1H, H-5); 7.95 (s, 1H, H-2); 4.16 (q, 2H, 3J=7.1 Hz, CH2); 1.25 (t, 

3H, 3J=7.1 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 165.9 (CO2CH2CH3); 

159.1 (C-2); 157.2 (C-3a); 155.6 (C-5); 152.2 (C-7); 98.2 (C-6); 58.6 (CH2); 14.5 

(CH3). 

 

Ethyl 2-methylthio-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylate (2b). 
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Compound 10b was reacted as per the general method 3.6.5 to yield 2b (46%); 

Purity 99.7%; mp 306 – 308°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.56 (s, 

1H, H-5); 4.24 (q, 2H, 3J=7.1 Hz, CH2); 2.60 (s, 3H, SCH3); 1.28 (t, 3H, 3J=7.1 

Hz, CH2CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.7 (CO2CH2CH3); 163.0 (C-

2); 152.0 (C-3a); 151.1 (C-5); 146.2 (C-7); 102.8 (C-6); 60.4 (CH2); 14.2 

(CH2CH3); 13.5 (SCH3). 

 

Ethyl 2-phenyl-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylate (2c). 
Compound 10c was reacted as per the general method 3.6.5 to yield 2c (59%); 

Purity 96.8%; mp 307 – 308°C [Lit.(201) >300°C]; Anal 1H NMR (400 MHz, DMSO-

d6) δ: 8.64 (s, 1H, H-5); 8.20 – 8.05 (m, 2H, H-2’ and H-6’); 7.45 – 7.63 (m, 3H, 

H-3’, H-4’ and H-5’); 4.26 (q, 2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, 3J=7.1 Hz, CH3). 
13C NMR (100 MHz, DMSO-d6) δ: 163.0 (CO2CH2CH3); 161.1 (C-2); 152.8 (C-

3a); 151.1 (C-5); 146.8 (C-7); 130.6 (C-4’); 129.7 (C-1’); 129.0 (C-3’ and C-5’); 

126.7 (C-2’ and C-6’); 102.8 (C-6); 60.4 (CH2); 14.2 (CH3). 

 

Ethyl 2-(2-fluorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6 
-carboxylate (2d). 
Compound 10d was reacted as per the general method 3.6.5 to yield 2d (52%); 

Purity 99.2%; mp 288 – 289°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.67 (s, 

1H, H-5); 8.09 (ddd, 1H, 3J=7.9 Hz, 4JHF=7.5 Hz, 4J=1.8 Hz, H-6’); 7.59 (tdd, 
3J=8.3 Hz, 4JHF=5.0 Hz, 4J=1.8 Hz, 1H, H-4’); 7.45 – 7.34 (m, 2H, H-3’ and H-5’); 

4.26 (q, 2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, J=7.1 Hz, CH3). 13C NMR (100 MHz, 

DMSO-d6) δ: 162.9 (CO2CH2CH3); 159.9 (C-2’, 1JCF=255.2 Hz); 157.9 (C-2, 
3JCF=4.3 Hz); 152.7 (C-3a); 150.5 (C-5); 146.6 (C-7); 132.4 (C-4’, 3JCF=8.4 Hz); 

130.4 (C-5’, 4JCF=2.1 Hz); 124.8 (C-6’, 3JCF=3.5 Hz); 117.7 (C-1’, 2JCF=11.2 Hz); 

116.8 (C-3’, 2JCF=21.2 Hz); 102.8 (C-6); 60.4 (CH2); 14.2 (CH3). 

 

Ethyl 2-(3-fluorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2e). 
Compound 10e was reacted as per the general method 3.6.5 to yield 2e (63%); 

Purity 98.1%; mp 304 – 305°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.66 (s, 

1H, H-5); 7.98 (ddd, 1H, 3J=8.1 Hz, 4J=1.0 Hz, 4J=1.0 Hz, H-6’); 7.82 (ddd, 1H, 
3JHF=9.9 Hz, 4J=2.6 Hz, 4J=1.4 Hz, H-2’); 7.61 (td, 1H, 3J=8.0 Hz, 4JHF=5.9 Hz, H-
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5’); 7.39 (dddd, 1H, 3JHF=8.6 Hz, 3J=8.6 Hz, 4J=2.6 Hz, 4J=0.9 Hz, H-4’); 4.26 (q, 

2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, 3J=7.1 Hz, CH3). 13C NMR (100 MHz, DMSO-

d6) δ: 163.5 (CO2CH2CH3); 162.3 (C-3’, 1JCF=243.8 Hz); 160.0 (C-2); 152.7 (C-

3a); 151.3 (C-5); 147.0 (C-7); 132.1 (C-1’, 3JCF=8.4 Hz); 131.2 (C-5’, 3JCF=8.4 

Hz); 122.7 (C-6’, 4JCF=2.7 Hz); 117.3 (C-4’, 2JCF=21.2 Hz); 113.0 (C-2’, 2JCF=23.3 

Hz); 102.6 (C-6); 60.3 (CH2); 14.1 (CH3). 

 

Ethyl 2-(4-fluorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2f). 
Compound 10f was reacted as per the general method 3.6.5 to yield 2f (78%); 

Purity 97.8%; mp 332 – 333°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.64 (s, 

1H, H-5); 8.16 (dd, 2H, 3J=8.9 Hz, 4JHF=5.5 Hz, H-2’ and H-6’); 7.38 (dd, 2H, 
3J=8.9 Hz, 3JHF=8.9 Hz, H-3’ and H-5’); 4.26 (q, 2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, 
3J=7.1 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.5 (C-4’, 1JCF=247.9 Hz); 

163.0 (CO2CH2CH3); 160.3 (C-2); 152.8 (C-3a); 151.1 (C-5); 146.8 (C-7); 129.1 

(C-2’ and C-6’, 3JCF=8.8 Hz); 126.3 (C-1’, 4JCF=3.0 Hz); 116.1 (C-3’ and C-5’, 
2JCF=22.0 Hz); 102.8 (C-6); 60.4 (CH2); 14.2 (CH3). 

 

Ethyl 2-(2-chlorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2g). 
Compound 10g was reacted as per the general method 3.6.5 to yield 2g (58%); 

Purity 99.2%; mp 281 – 282°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.67 (s, 

1H, H-5); 7.94 (dd, 1H, 3J=7.5 Hz, 4J=1.9 Hz, H-3’); 7.64 (dd, 1H, 3J=7.6 Hz, 
4J=1.6 Hz, H-6’); 7.59 – 7.48 (m, 2H, H-4’ and H-5’); 4.27 (q, 2H, 3J=7.1 Hz, CH2); 

1.30 (t, 3H, 3J=7.1 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 162.9 

(CO2CH2CH3); 160.1 (C-2); 152.7 (C-3a); 150.3 (C-5); 146.8 (C-7); 132.0 (C-1’); 

131.8 (C-2’); 131.6 (C-4’); 130.8 (C-6’); 128.9 (C-3’); 127.4 (C-5’); 102.8 (C-6); 

60.4 (CH2); 14.2 (CH3). 

 

Ethyl 2-(3-chlorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2h). 
Compound 10h was reacted as per the general method 3.6.5 to yield 2h (75%); 

Purity 97.2%; mp 319 – 321°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.66 (s, 

1H, H-5); 8.12 – 8.05 (m, 2H, H-2’ and H-4’); 7.64 – 7.56 (m, 2H, H-5’ and H-6’); 

4.27 (q, 2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, 3J=7.1 Hz, CH3). 13C NMR (100 MHz, 
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DMSO-d6) δ: 163.0 (CO2CH2CH3); 159.9 (C-2); 152.8 (C-3a); 151.3 (C-5); 147.0 

(C-7); 133.7 (C-1’); 131.9 (C-3’); 131.1 (C-4’); 130.3 (C-5’); 126.1 (C-2’); 125.3 

(C-6’); 102.8 (C-6); 60.4 (CH2); 14.2 (CH3). 

 

Ethyl 2-(4-chlorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2i). 
Compound 10i was reacted as per the general method 3.6.5 to yield 2i (81%); 

Purity 96.2%; mp 326 – 327°C [Lit.(201) >300°C]; Anal 1H NMR (400 MHz, DMSO-

d6) δ: 8.65 (s, 1H, H-5); 8.13 (d, 2H, 3J=8.7 Hz, H-2’ and H-6’); 7.61 (d, 2H, 3J=8.7 

Hz, H-3’ and H-5’); 4.26 (q, 2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, 3J=7.1 Hz, CH3). 13C 

NMR (100 MHz, DMSO-d6) δ: 163.1 (CO2CH2CH3); 160.2 (C-2); 152.8 (C-3a); 

151.4 (C-5); 147.0 (C-7); 135.2 (C-4’); 129.1 (C-2’ and C-6’); 128.7 (C-1’); 128.4 

(C-3’ and C-5’); 102.7 (C-6); 60.3 (CH2); 14.2 (CH3).  

 

Ethyl 2-(3-methylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2j). 
Compound 10j was reacted as per the general method 3.6.5 to yield 2j (40%); 

Purity 98.2%; mp 292 – 295°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.62 (s, 

1H, H-5); 7.94 (s, 1H, H-2’); 7.90 (d, 1H, 3J=7.7 Hz, H-6’); 7.42 (t, 1H, 3J=7.6 Hz, 

H-5’); 7.34 (d, 1H, 3J=7.5 Hz, H-4’); 4.25 (q, 2H, 3J=7.1 Hz, CH2); 2.40 (s, 3H, 

CH3); 1.29 (t, 3H, 3J=7.1 Hz, CH2CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.4 

(CO2CH2CH3); 161.4 (C-2); 153.2 (C-3a); 151.4 (C-5); 147.4 (C-7); 138.5 (C-3’); 

131.5 (C-1’); 129.8 (C-4’); 129.1 (C-2’); 127.3 (C-5’); 124.1 (C-6’); 102.8 (C-6); 

60.6 (CH2); 21.2 (CH3); 14.4 (CH2CH3). 

 

Ethyl 2-(4-methylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2k). 
Compound 10k was reacted as per the general method 3.6.5 to yield 2k (15%); 

Purity 96.7%; mp > 400°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.55 (s, 1H, H-

5); 8.00 (d, 2H, 3J=8.1 Hz, H-2’ and H-6’); 7.28 (d, 2H, 3J=7.9 Hz, H-3’ and H-5’); 

4.17 (q, 2H, 3J=7.1 Hz, CH2); 2.36 (s, 3H, CH3); 1.26 (t, 3H, 3J=7.1 Hz, CH2CH3). 
13C NMR (100 MHz, DMSO-d6) δ: 165.9 (CO2CH2CH3); 160.9 (C-2); 159.9 (C-

3a); 157.3 (C-5); 155.4 (C-7); 138.7 (C-4’); 129.2 (C-1’); 129.1 (C-3’ and C-5’); 

126.4 (C-2’ and C-6’); 98.5 (C-6); 58.6 (CH2); 21.0 (CH3); 14.5 (CH2CH3). 

 



 

117 
 

Ethyl 2-(3-methoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2l). 
Compound 10l was reacted as per the general method 3.6.5 to yield 2l (57%); 

Purity 95.7%; mp 298 – 301°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.65 (s, 

1H, H-5); 7.72 (dt, 1H, 3J=7.7 Hz, 4J=1.2 Hz, H-6’); 7.62 (dd, 1H, 4J=2.5 Hz, 4J=1.5 

Hz, H-2’); 7.46 (t, 1H, 3J=8.0 Hz, H-5’); 7.11 (ddd, 1H, 3J=8.3 Hz, 4J=2.7 Hz, 
4J=0.9 Hz, H-4’); 4.26 (q, 2H, 3J=7.1 Hz, CH2); 3.85 (s, 3H, OCH3); 1.30 (t, 3H, 
3J=7.1 Hz, CH2CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.0 (CO2CH2CH3); 

160.9 (C-2); 159.6 (C-3’); 152.9 (C-3a); 151.1 (C-5); 146.9 (C-7); 131.1 (C-1’); 

130.3 (C-5’); 119.1 (C-6’); 116.5 (C-2’); 111.5 (C-4’); 102.8 (C-6); 60.4 (CH2); 55.3 

(OCH3); 14.2 (CH2CH3).  

 

Ethyl 2-(4-methoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2m). 
Compound 10m was reacted as per the general method 3.6.5 to yield 2m (42%); 

Purity 98.2%; mp 320 – 323°C [Lit.(201) >300°C]; Anal 1H NMR (400 MHz, DMSO-

d6) δ: 8.62 (s, 1H, H-5); 8.06 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.09 (d, 2H, 3J=8.9 

Hz, H-3’ and H-5’); 4.25 (q, 2H, 3J=7.1 Hz, CH2); 3.85 (s, 3H, OCH3); 1.29 (t, 3H, 
3J=7.1 Hz, CH2CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.2 (CO2CH2CH3); 

161.1 (C-4’), 160.9 (C-2); 152.9 (C-3a); 151.2 (C-5); 147.1 (C-7); 128.3 (C-2’ and 

C-6’); 122.1 (C-1’); 114.4 (C-3’ and C-5’); 102.6 (C-6); 60.3 (CH2); 55.3 (OCH3); 

14.2 (CH2CH3).  

 

Ethyl 2-(3-ethoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2n). 
Compound 10n was reacted as per the general method 3.6.5 to yield 2n (25%); 

Purity 97.0%%; mp 290 – 292°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.63 (s, 

1H, H-5); 7.69 (dt, 1H, 3J=7.6 Hz, 4J=1.1 Hz, H-6’); 7.60 (dd, 1H, 4J=2.5 Hz, 4J=1.5 

Hz, H-2’); 7.44 (t, 1H, 3J=8.0 Hz, H-5’); 7.07 (ddd, 1H, 3J=8.3 Hz, 4J=2.6 Hz, 
4J=0.9 Hz, H-4’); 4.24 (q, 2H, 3J=7.1 Hz, CO2CH2CH3); 4.11 (q, 2H, 3J=6.9 Hz, 

OCH2CH3); 1.36 (t, 3H, 3J=6.9 Hz, OCH2CH3); 1.29 (t, 3H, 3J=7.1 Hz, 

CO2CH2CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.2 (CO2CH2CH3); 161.0 (C-

2); 158.9 (C-3’); 153.1 (C-3a); 151.4 (C-5); 147.1 (C-7); 131.1 (C-1’); 130.3 (C-

5’); 119.1 (C-6’); 117.1 (C-2’); 112.0 (C-4’); 102.7 (C-6); 63.3 (OCH2CH3); 60.5 

(CO2CH2CH3); 14.7 (OCH2CH3); 14.3 (CO2CH2CH3). 
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Ethyl 2-(4-ethoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylate (2o). 
Compound 10o was reacted as per the general method 3.6.5 to yield 2o (33%); 

Purity 95.0%; mp 312 – 314°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.61 (s, 

1H, H-5); 8.04 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.07 (d, 2H, 3J=8.9 Hz, H-3’ and 

H-5’); 4.25 (q, 2H, 3J=7.1 Hz, CO2CH2CH3); 4.11 (q, 2H, 3J=6.9 Hz, OCH2CH3); 

1.36 (t, 3H, 3J=7.0 Hz, OCH2CH3); 1.29 (t, 3H, 3J=7.1 Hz, CO2CH2CH3). 13C NMR 

(100 MHz, DMSO-d6) δ: 163.2 (CO2CH2CH3); 160.9 (C-4’); 160.4 (C-2), 152.8 (C-

3a); 151.1 (C-5); 147.1 (C-7); 128.3 (C-2’ and C-6’); 121.9 (C-1’); 114.8 (C3’ and 

C-5’); 102.7 (C-6); 63.3 (OCH2CH3); 60.3 (CO2CH2CH3); 14.6 (OCH2CH3); 14.2 

(CO2CH2CH3). 

 

Ethyl 2-(3-isopropyloxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2p). 
Compound 10p was reacted as per the general method 3.6.5 to yield 2p (7%); 

Purity 98.7%; mp 322 – 324°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.64 (s, 

1H, H-5); 7.67 (dt, 1H, 3J=7.7 Hz, 4J=1.2 Hz, H-6’); 7.59 (dd, 1H, 4J=2.4 Hz, 4J=1.5 

Hz, H-2’); 7.43 (t, 1H, 3J=8.0 Hz, H-5’); 7.07 (ddd, 1H, 3J=8.3 Hz, 4J=2.6 Hz, 
4J=0.8 Hz, H-4’); 4.69 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 4.25 (q, 2H, 3J=7.1 Hz, 

CH2CH3); 1.31 (d, 6H, 3J=6.0 Hz, CH(CH3)2); 1.29 (t, 3H, 3J=7.1 Hz, CH2CH3). 
13C NMR (100 MHz, DMSO-d6) δ: 163.2 (CO2CH2CH3); 161.0 (C-2); 157.8 (C-3’); 

153.0 (C-3a); 151.3 (C-5); 147.2 (C-7); 131.1 (C-1’); 130.4 (C-5’); 118.9 (C-6’); 

118.2 (C-2’); 113.2 (C-4’); 102.7 (C-6); 69.6 (OCH(CH3)2); 60.4 (CH2CH3); 21.9 

(2C, OCH(CH3)2); 14.3 (CH2CH3).  

 

Ethyl 2-(4-isopropyloxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2q). 
Compound 10q was reacted as per the general method 3.6.5 to yield 2q (31%); 

Purity 96.8%; mp 340 – 343°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.60 (s, 

1H, H-5); 8.02 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.05 (d, 2H, 3J=8.9 Hz, H-3’ and 

H-5’); 4.70 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 4.24 (q, 2H, 3J=7.1 Hz, CH2CH3); 1.29 

(d, 6H, 3J=6.2 Hz, CH(CH3)2); 1.28 (t, 3H, 3J=7.1 Hz, CH2CH3). 13C NMR (100 

MHz, DMSO-d6) δ: 163.4 (CO2CH2CH3); 161.1 (C-2); 159.6 (C-4’), 153.2 (C-3a); 

151.4 (C-5); 147.4 (C-7); 128.6 (C-2’ and C-6’); 121.8 (C-1’); 115.9 (C3’ and C-
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5’); 102.8 (C-6); 69.7 (OCH(CH3)2); 60.6 (CH2CH3); 22.0 (2C, OCH(CH3)2); 14.4 

(CH2CH3). 

 

Ethyl 2-(3-isobutyloxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2r). 
Compound 10r was reacted as per the general method 3.6.5 to yield 2r (35%); 

Purity 97.6%; mp 292 – 294°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.64 (s, 

1H, H-5); 7.69 (dt, 1H, 3J=7.6 Hz, 4J=1.2 Hz, H-6’); 7.61 (dd, 1H, 4J=2.5 Hz, 4J=1.5 

Hz, H-2’); 7.43 (t, 1H, 3J=8.0 Hz, H-5’); 7.08 (ddd, 1H, 3J=8.3 Hz, 4J=2.6 Hz, 
4J=0.9 Hz, H-4’); 4.26 (q, 2H, 3J=7.1 Hz, OCH2CH3); 3.84 (d, 2H, 3J=6.6 Hz, 

OCH2CH(CH3)2); 2.06 (m, 1H, 3J=6.6 Hz, OCH2CH(CH3)2); 1.30 (t, 2H, 3J=7.1 

Hz, OCH2CH3); 1.01 (d, 6H, 3J=6.7 Hz, OCH2CH(CH3)2).  

 

Ethyl 2-(4-isobutyloxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2s). 
Compound 10s was reacted as per the general method 3.6.5 to yield 2s (49%); 

Purity 97.5%; mp 315 – 316°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.61 (s, 

1H, H-5); 8.04 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.08 (d, 2H, 3J=8.9 Hz, H-3’ and 

H-5’); 4.25 (q, 2H, 3J=7.1 Hz, OCH2CH3); 3.83 (d, 2H, 3J=6.6 Hz, 

OCH2CH(CH3)2); 2.05 (m, 1H, 3J=6.7 Hz, OCH2CH(CH3)2); 1.29 (t, 3H, 3J=7.1 

Hz, OCH2CH3); 1.00 (d, 6H, 3J=6.7 Hz, OCH2CH(CH3)2). 13C NMR (100 MHz, 

DMSO-d6) δ: 163.2 (CO2CH2CH3); 160.9 (C-2); 160.7 (C-4’), 152.9 (C-3a); 151.4 

(C-5); 147.3 (C-7); 128.3 (C-2’ and C-6’); 122.0 (C-1’); 114.9 (C-3’ and C-5’); 

102.6 (C-6); 73.9 (OCH2CH(CH3)2); 60.3 (CO2CH2CH3); 27.7 (OCH2CH(CH3)2); 

19.1 (2C, OCH2CH(CH3)2); 14.3 (CO2CH2CH3). 

 

Ethyl 2-(3-trifluoromethylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2t). 
Compound 10t was reacted as per the general method 3.6.5 to yield 2t (28%); 

Purity 99.9%; mp 343 – 346°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.60 (s, 

1H, H-5); 8.41 (d, 1H, 3J=7.8 Hz, H-6’); 8.35 (br, 1H, H-2’); 7.91 (d, 1H, 3J=7.9 

Hz, H-4’); 7.81 (t, 1H, 3J=7.8 Hz, H-5’); 4.26 (q, 2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, 
3J=7.1 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.0 (CO2CH2CH3); 159.9 

(C-2); 152.9 (C-3a); 151.4 (C-5); 147.1 (C-7); 130.9 (C-6’); 130.6 (C-1’ and C-5’); 
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129.8 (C-3’, 2JCF=32.2 Hz); 127.1 (C-4’, 3JCF=1.2 Hz); 124.0 (CF3, 1JCF=272.6 Hz); 

122.8 (C-2’, 3JCF=1.3 Hz); 102.9 (C6); 60.5 (CH2); 14.3 (CH3). 

 

Ethyl 2-(4-trifluoromethylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2u). 
Compound 10u was reacted as per the general method 3.6.5 to yield 2u (36%); 

Purity 97.2%; mp 341 - 343°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.68 (s, 1H, 

H-5); 8.33 (d, 2H, 3J=8.1 Hz, H-3’ and H-5’); 7.92 (d, 2H, 3J=8.2 Hz, H-2’ and H-

6’); 4.27 (q, 2H, 3J=7.1 Hz, CH2); 1.30 (t, 3H, 3J=7.1 Hz, CH3). 13C NMR (100 

MHz, DMSO-d6) δ: 163.0 (CO2CH2CH3); 159.9 (C-2); 152.8 (C-3a); 151.3 (C-5); 

147.0 (C-7); 133.7 (C-1’); 130.4 (C-4’, 2JCF=32.0 Hz); 127.4 (C-2’ and C-6’); 126.0 

(C-3’ and C-5’, 3JCF=3.7 Hz); 124.1 (CF3, 1JCF=272.1 Hz); 102.8 (C-6); 60.4 (CH2); 

14.2 (CH3). 

 

Ethyl 2-(3-trifluoromethoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylate (2v). 
Compound 10v was reacted as per the general method 3.6.5 to yield 2v (26%); 

Purity 99.4%; mp 307 – 309°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.67 (s, 

1H, H-5); 8.15 (ddd, 1H, 3J=5.6 Hz, 4J=3.3 Hz, 4J=2.1 Hz, H-6’); 8.01 – 7.95 (m, 

1H, H-2’); 7.70 (t, 1H, 3J=8.0 Hz, H-5’); 7.59 – 7.51 (m, 1H, H-4’); 4.26 (q, 2H, 
3J=7.1 Hz, CH2); 1.30 (t, 3H, 3J=7.1 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 

163.0 (CO2CH2CH3); 159.8 (C-2); 152.8 (C-3a); 151.3 (C-5); 148.8 (q, 3JCF=1.8 

Hz, C-3’); 146.9 (C-7); 132.0 (C-1’); 131.4 (C-5’); 125.6 (C-6’); 123.0 (C-2’); 120.1 

(CF3, 1JCF=256.8 Hz); 118.5 (C-4’); 102.8 (C-6); 60.4 (CH2); 14.2 (CH3). 

 

Ethyl 2-(pyridin-3-yl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylate (2w). 
Compound 10w was reacted as per the general method 3.6.5 to yield 2w (28%); 

Purity 99.2%; mp > 400°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.30 (dd, 1H, 
4J=2.0 Hz, 4J=0.6 Hz, H-2’); 8.64 (dd, 1H, 3J=4.8 Hz, 3J=1.7 Hz, H-4’); 8.63 (s, 

1H, H-5); 8.45 (dt, 1H, 3J=7.9 Hz, 4J=1.9 Hz, H-6’); 7.52 (ddd, 1H, 3J=7.9 Hz, 
3J=4.8 Hz, 3J=0.8 Hz, H-5’); 4.20 (q, 2H, 3J=7.1 Hz, CH2); 1.28 (t, 3H, 3J=7.1 Hz, 

CH3). 13C NMR (100 MHz, DMSO-d6) δ: 165.8 (CO2CH2CH3); 159.8 (C-2); 159.0 

(C-3a); 157.6 (C-5); 155.7 (C-7); 150.3 (C-4’); 147.5 (C-2’); 133.8 (C-5’); 127.5 

(C-1’); 123.8 (C-6’); 98.7 (C-6); 58.9 (CH2); 14.5 (CH3).  
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Ethyl 2-(pyridin-4-yl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylate (2x). 
Compound 10x was reacted as per the general method 3.6.5 to yield 2x (18%); 

Purity 99.8%; mp 375 – 377°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.69 (dd, 

2H, 3J=4.4 Hz, 4J=1.6 Hz, H-3’ and H-5’); 8.61 (s, 1H, H-5); 8.03 (dd, 2H, 3J=4.5 

Hz, 4J=1.5 Hz, H-2’ and H-6’); 4.18 (q, 2H, 3J=7.1 Hz, CH2); 1.27 (t, 3H, 3J=7.1 

Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 165.8 (CO2CH2CH3); 159.9 (C-2); 

159.0 (C-3a); 157.8 (C-5); 155.6 (C-7); 150.3 (C-3’ and C-5’); 139.0 (C-1’); 120.6 

(C-2’ and C-6’); 98.8 (C-6); 58.9 (CH2); 14.5 (CH3). 

 

Ethyl 2-(thien-2-yl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylate (2y). 
Compound 10y was reacted as per the general method 3.6.5 to yield 2y (39%); 

Purity 98.4%; mp 320 – 322°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.63 (s, 

1H, H-5); 7.78 (dd, 1H, 3J=3.6 Hz, 4J=1.2 Hz, H-5’); 7.76 (dd, 1H, 3J=5.0 Hz, 
4J=1.2 Hz, H-3’); 7.22 (dd, 1H, 3J=5.0 Hz, 4J=3.7 Hz, H-4’); 4.25 (q, 2H, 3J=7.1 

Hz, CH2); 1.29 (t, 3H, 3J=7.1 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.0 

(CO2CH2CH3); 157.6 (C-2); 152.7 (C-3a); 151.0 (C-5); 146.8 (C-7); 132.5 (C-2’); 

129.4 (C-3’); 128.5 (C-5’); 128.3 (C-4’); 102.9 (C-6); 60.5 (CH2); 14.3 (CH3).  

 

3.6.6 General method for the synthesis of 7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-
a]pyrimidine-6-carboxylic acids (3a-y) 

The appropriate ethyl 7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-

carboxylate (2, 1 mmol) in 2 mL of 5% potassium carbonate was heated at 140°C 

for 15 min in a microwave reactor. The pH of the resulting solution, cooled to 

room temperature, was adjusted to approximately 5 by adding glacial acetic acid 

dropwise. The precipitated solid was filtered and the filtrate was washed with 

water before drying it in a vacuum oven at 60°C overnight. Copies of NMR spectra 

are presented in Appendix 3. 

 

7-Oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxylic acid (3a). 
Compound 2a was reacted as per the general method 3.6.6 to yield 3a (13%); 

Purity 98.7%; mp 360 – 362°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.54 (s, 
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1H, NH); 8.63 (s, 1H, H-5); 8.20 (s, 1H, H-2). 13C NMR (100 MHz, DMSO-d6) δ: 

166.8 (CO2H); 160.7 (C-2); 159.0 (C-3a); 156.0 (C-5); 153.8 (C-7); 97.3 (C-6).  

 

2-Methylthio-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxylic 
acid (3b). 
Compound 2b was reacted as per the general method 3.6.6 to yield 3b (97%); 

Purity 98.2%; mp 289 – 291°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.59 (s, 

1H, H-5); 2.59 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 165.4 (CO2H); 

164.3 (C-2); 156.6 (C-3a); 155.2 (C-5); 150.9 (C-7); 100.2 (C-6); 13.4 (CH3).  

 

2-Phenyl-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxylic 
acid (3c). 
Compound 2c was reacted as per the general method 3.6.6 to yield 3c (73%); 

Purity 95.5%; mp 348 – 350°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.23 (br, 

1H, NH); 8.66 (s, 1H, H-5); 8.19 – 8.12 (m, 2H, H-2’ and H-6’); 7.58 – 7.47 (m, 

3H, H-3’, H-4’ and H-5’). 13C NMR (100 MHz, DMSO-d6) δ: 165.7 (CO2H); 162.0 

(C-2); 158.1 (C-3a); 156.0 (C-5); 152.2 (C-7); 130.5 (C-4’); 130.2 (C-1’); 128.9 

(C-3’ and C-5’); 126.7 (C-2’ and C-6’); 99.8 (C-6).  

 

2-(2-Fluorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3d). 
Compound 2d was reacted as per the general method 3.6.6 to yield 3d (83%); 

Purity 98.3%; mp 348 – 350°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.70 (s, 

1H, H-5); 8.11 (ddd, 1H, 3J=7.9 Hz, 4JHF=7.6 Hz, 4J=1.7 Hz, H-6’); 7.59 (dddd, 

1H, 3J=8.3 Hz, 3J=7.3 Hz, 4JHF=5.0 Hz, 4J=1.8 Hz, H-4’); 7.47 – 7.33 (m, 2H, H-

3’ and H-5’). 13C NMR (100 MHz, DMSO-d6) δ: 165.0 (CO2H); 160.1 (C-2’, 
1JCF=254.9 Hz); 158.7 (C-2, 3JCF=4.8 Hz); 156.1 (C-3a); 152.8 (C-5); 149.3 (C-7); 

132.5 (C-4’, 3JCF=8.4 Hz); 130.7 (C-5’, 4JCF=2.3 Hz); 125.0 (C-6’, 3JCF=3.6 Hz); 

118.1 (C-1’, 2JCF=11.1 Hz); 117.0 (C-3’, 2JCF=21.2 Hz); 101.7 (C-6).  

 

2-(3-Fluorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3e). 
Compound 2e was reacted as per the general method 3.6.6 to yield 3e (48%); 

Purity 97.9%; mp 309 – 311°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.67 (s, 

1H, H-5); 7.99 (ddd, 1H, 3J=7.8 Hz, 4J=1.1 Hz, 4J=1.1 Hz, H-6’); 7.84 (ddd, 1H, 
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3JHF=10.0 Hz, 4J=2.6 Hz, 4J=1.4 Hz, H-2’); 7.59 (td, 1H, 3J=8.0 Hz, 3J=6.0 Hz, H-

5’); 7.37 (dddd, 1H, 3JHF=9.0 Hz, 3J=8.2 Hz, 4J=2.7 Hz, 4J=0.8 Hz, H-4’). 13C NMR 

(100 MHz, DMSO-d6) δ: 165.3 (CO2H); 162.4 (C-3’, 1JCF=243.7 Hz); 160.8 (C-2); 

156.9 (C-3a); 154.7 (C-5); 150.8 (C-7); 132.7 (C-1’, 3JCF=8.4 Hz); 131.3 (C-5’, 
3JCF=8.3 Hz); 122.9 (C-6’, 4JCF=2.7 Hz); 117.3 (C-4’, 2JCF=21.1 Hz); 113.2 (C-2’, 
2JCF=23.2 Hz); 100.9 (C-6).  

 

2-(4-Fluorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3f). 
Compound 2f was reacted as per the general method 3.6.6 to yield 3f (49%); 

Purity 96.3%; mp 348 – 350°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.64 (s, 

1H, H-5); 8.19 (dd, 2H, 3J=9.0 Hz, 4JHF=5.6 Hz, H-2’ and H-6’); 7.34 (dd, 2H, 
3J=9.0 Hz, 3JHF=9.0 Hz, H-3’ and H-5’). 13C NMR (100 MHz, DMSO-d6) δ: 166.8 

(CO2H); 163.2 (C-4’, 1JCF=246.6 Hz); 161.7 (C-2); 160.7 (C-3a); 159.9 (C-5); 

156.3 (C-7); 128.9 (C-2’ and C-6’, 3JCF=8.6 Hz); 127.8 (C-1’, 4JCF=3.6 Hz); 115.7 

(C-3’ and C-5’, 2JCF=21.8 Hz); 97.6 (C-6).  

 

2-(2-Chlorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3g). 
Compound 2g was reacted as per the general method 3.6.6 to yield 3g (71%); 

Purity 97.7%; mp 211 – 213°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.23 (br, 

1H, NH); 8.69 (s, 1H, H-5); 7.93 (dd, 1H, 3J=7.0 Hz, 4J=2.4 Hz, H-6’); 7.62 (dd, 

1H, 3J=7.7 Hz, 4J=1.4 Hz, H-3’); 7.53 (td, 1H, 3J=7.1 Hz, 4J=1.7 Hz, H-4’); 7.49 

(td, 1H, 3J=7.1 Hz, 4J=2.0 Hz, H-5’). 13C NMR (100 MHz, DMSO-d6) δ: 165.9 

(CO2H); 161.2 (C2); 158.6 (C-3a); 156.2 (C-5); 153.1 (C-7); 132.0 (C-1’); 131.9 

(C-4’); 131.1 (C-2’); 130.6 (C-6’); 130.0 (C-3’); 127.2 (C-5’); 99.4 (C-6).  

 

2-(3-Chlorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3h). 
Compound 2h was reacted as per the general method 3.6.6 to yield 3h (63%); 

Purity 97.1%; mp 344 – 346°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.66 (s, 

1H, H-5); 8.14 – 8.05 (m, 2H, H-2’ and H-4’); 7.67 – 7.53 (m, 2H, H-5’ and H-6’). 
13C NMR (100 MHz, DMSO-d6) δ: 164.7 (CO2H); 160.4 (C-2); 155.7 (C-3a); 153.0 

(C-5); 148.9 (C-7); 133.8 (C-1’); 132.1 (C-3’); 131.1 (C-4’); 130.4 (C-5’); 126.2 (C-

2’); 125.4 (C-6’); 101.9 (C-6).  
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2-(4-Chlorophenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3i). 
Compound 2i was reacted as per the general method 3.6.6 to yield 3i (82%); 

Purity 95.1%; mp 385 – 387°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.68 (s, 

1H, H-5); 8.14 (d, 2H, 3J=8.7 Hz, H-2’ and H-6’); 7.61 (d, 2H, 3J=8.7 Hz, H-3’ and 

H-5’). 13C NMR (100 MHz, DMSO-d6) δ: 164.7 (CO2H); 160.7 (C-2); 155.8 (C-3a); 

153.0 (C-5); 148.9 (C-7); 135.2 (C-4’); 129.1 (C-2’ and C-6’); 128.9 (C-1’); 128.5 

(C-3’ and C-5’); 101.7 (C-6).  

 

2-(3-Methylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3j). 
Compound 2j was reacted as per the general method 3.6.6 to yield 3j (93%); 

Purity 96.3%; mp 352 - 354°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.66 (s, 1H, 

H-5); 7.96 (s, 1H, H-2’); 7.93 (d, 1H, 3J=7.7 Hz, H-6’); 7.41 (t, 1H, 3J=7.6 Hz, H-

5’); 7.32 (d, 1H, 3J=7.5 Hz, H-4’); 2.40 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-

d6) δ: 165.6 (CO2H); 162.1 (C-2); 157.3 (C-3a); 154.7 (C-5); 151.0 (C-7); 138.4 

(C-3’); 131.3 (C-1’); 130.2 (C-4’); 129.1 (C-2’); 127.4 (C-5’); 124.1 (C-6’); 100.8 

(C-6); 21.2 (CH3). 

 

2-(4-Methylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3k). 
Compound 2k was reacted as per the general method 3.6.6 to yield 3k (66%); 

Purity 95.6%; mp 362 - 364°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.65 (s, 1H, 

H-5); 8.04 (d, 2H, 3J=8.2 Hz, H-2’ and H-6’); 7.34 (d, 2H, 3J=8.0 Hz, H-3’ and H-

5’); 2.38 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 165.8 (CO2H); 162.0 (C-

2); 158.3 (C-3a); 156.3 (C-5); 152.5 (C-7); 139.9 (C-4’); 129.4 (C-3’ and C-5’); 

127.8 (C-1’); 126.6 (C-2’ and C-6’); 99.6 (C-6); 21.0 (CH3). 

 

2-(3-Methoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3l). 
Compound 2l was reacted as per the general method 3.6.6 to yield 3l (62%); 

Purity 95.7%; mp 311 - 312°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.67 (s, 1H, 

H-5); 7.73 (ddd, 1H, 3J=7.7 Hz, 4J=1.1 Hz, 4J=1.1 Hz, H-6’); 7.65 (dd, 1H, 4J=2.5 

Hz, 4J=1.4 Hz, H-2’); 7.45 (t, 1H, 3J=8.0 Hz, H-5’); 7.08 (ddd, 1H, 3J=8.3 Hz, 



 

125 
 

4J=2.7 Hz, 4J=0.8 Hz, H-4’); 3.85 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 

165.4 (CO2H); 161.7 (C-2); 159.6 (C-3’); 157.4 (C-3a); 155.0 (C-5); 151.2 (C-7); 

131.7 (C-1’); 130.2 (C-5’); 119.1 (C-6’); 116.4 (C-4’); 111.5 (C-2’); 100.5 (C-6); 

55.3 (CH3).  

 

2-(4-Methoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3m). 
Compound 2m was reacted as per the general method 3.6.6 to yield 3m (98%); 

Purity 95.8%; mp 332 - 333°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.66 (s, 1H, 

H-5); 8.07 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.10 (d, 2H, 3J=9.0 Hz, H-3’ and H-

5’); 3.84 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 164.5 (CO2H); 161.20 

(C-2); 161.16 (C-4’), 155.4 (C-3a); 151.8 (C-5); 148.0 (C-7); 128.4 (C-2’ and C-

6’); 121.9 (C-1’); 114.4 (C-3’ and C-5’); 102.2 (C-6); 55.4 (CH3).  

 

2-(3-Ethoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3n). 
Compound 2n was reacted as per the general method 3.6.6 to yield 3n (69%); 

Purity 96.8%; mp 292 - 294°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.68 (s, 1H, 

H-5); 7.71 (ddd, 1H, 3J=7.6 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 7.62 (dd, 1H, 4J=2.4 

Hz, 4J=1.5 Hz, H-2’); 7.44 (t, 1H, 3J=7.9 Hz, H-5’); 7.08 (ddd, 1H, 3J=8.3 Hz, 
4J=2.6 Hz, 4J=0.8 Hz, H-4’); 4.12 (q, 2H, 3J=7.0 Hz, CH2); 1.37 (t, 3H, 3J=7.1 Hz, 

CH3). 13C NMR (100 MHz, DMSO-d6) δ: 164.5 (CO2H); 161.3 (C-2); 158.8 (C-3’); 

155.5 (C-3a); 152.2 (C-5); 148.3 (C-7); 131.0 (C-1’); 130.2 (C-5’); 119.0 (C-6’); 

117.1 (C-4’); 111.9 (C-2’); 102.0 (C-6); 63.2 (CH2); 14.6 (CH3).  

 

2-(4-Ethoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3o). 
Compound 2o was reacted as per the general method 3.6.6 to yield 3o (73%); 

Purity 95.0%; mp 301 - 303°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.65 (s, 1H, 

H-5); 8.06 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.07 (d, 2H, 3J=8.9 Hz, H-3’ and H-

5’); 4.11 (q, 2H, 3J=7.0 Hz, CH2); 1.36 (t, 3H, 3J=7.0 Hz, CH3). 13C NMR (100 

MHz, DMSO-d6) δ: 165.0 (CO2H); 161.4 (C-2); 160.3 (C-4’), 156.6 (C-3a); 153.7 

(C-5); 149.9 (C-7); 128.3 (C-2’ and C-6’); 122.2 (C-1’); 114.7 (C-3’ and C-5’); 

101.0 (C-6); 63.3 (CH2); 14.6 (CH3). 
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2-(3-isoPropyloxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]-
pyrimidine-6-carboxylic acid (3p). 
Compound 2p was reacted as per the general method 3.6.6 to yield 3p (72%); 

Purity 97.5%; mp 279 - 281°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.68 (s, 1H, 

H-5); 7.69 (ddd, 1H, 3J=7.8 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 7.61 (dd, 1H, 4J=2.4 

Hz, 4J=1.5 Hz, H-2’); 7.44 (t, 1H, 3J=8.0 Hz, H-5’); 7.07 (ddd, 1H, 3J=8.3 Hz, 
4J=2.6 Hz, 4J=0.9 Hz, H-4’); 4.70 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 1.32 (d, 6H, 
3J=6.0 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 164.6 (CO2H); 161.3 (C-

2); 157.8 (C-3’); 155.5 (C-3a); 152.1 (C-5); 148.3 (C-7); 131.1 (C-1’); 130.4 (C-

5’); 119.0 (C-6’); 118.3 (C-4’); 113.2 (C-2’); 102.2 (C-6); 69.6 (CH(CH3)2); 21.9 

(2C, CH(CH3)2).  

 

2-(4-isoPropyloxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylic acid (3q). 
Compound 2q was reacted as per the general method 3.6.6 to yield 3q (87%); 

Purity 95.0%; mp 310 - 312°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.65 (s, 1H, 

H-5); 8.04 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.06 (d, 2H, 3J=8.9 Hz, H-3’ and H-

5’); 4.70 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 1.30 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 13C 

NMR (100 MHz, DMSO-d6) δ: 164.8 (CO2H); 161.4 (C-2); 159.6 (C-4’), 156.0 (C-

3a); 152.6 (C-5); 148.8 (C-7); 128.5 (C-2’ and C-6’); 121.7 (C-1’); 115.8 (C-3’ and 

C-5’); 101.9 (C-6); 69.6 (CH(CH3)2); 21.9 (CH(CH3)2).  

 

2-(3-isoButyloxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylic acid (3r). 
Compound 2r was reacted as per the general method 3.6.6 to yield 3r (74%); 

Purity 97.7%; mp 271 - 273°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.66 (s, 1H, 

H-5); 7.70 (ddd, 1H, 3J=7.7 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 7.63 (dd, 1H, 4J=2.4 

Hz, 4J=1.5 Hz, H-2’); 7.43 (t, 1H, 3J=8.0 Hz, H-5’); 7.08 (ddd, 1H, 3J=8.1 Hz, 
4J=2.4 Hz, 4J=0.6 Hz, H-4’); 3.83 (d, 2H, 3J=6.5 Hz, CH2); 2.04 (m, 1H, 3J=6.6 Hz, 

CH(CH3)2); 1.00 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 

165.3 (CO2H); 161.7 (C-2); 159.2 (C-3’); 156.8 (C-3a); 154.1 (C-5); 150.3 (C-7); 

131.5 (C-1’); 130.4 (C-5’); 119.2 (C-6’); 117.2 (C-4’); 112.2 (C-2’); 101.2 (C-6); 

74.1 (CH2); 27.9 (CH(CH3)2); 19.2 (2C, CH(CH3)2).  
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2-(4-isoButyloxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-
6-carboxylic acid (3s). 
Compound 2s was reacted as per the general method 3.6.6 to yield 3s (80%); 

Purity 95.3%; mp >400°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.64 (s, 1H, 

NH); 8.62 (s, 1H, H-5); 8.07 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.05 (d, 2H, 3J=8.9 

Hz, H-3’ and H-5’); 3.82 (d, 2H, 3J=6.5 Hz, CH2); 2.04 (m, 1H, 3J=6.6 Hz, 

CH(CH3)2); 1.00 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 

166.8 (CO2H); 162.4 (C-2); 160.4 (C-3a); 160.2 (C-4’), 159.4 (C-5); 155.6 (C-7); 

128.2 (C-2’ and C-6’); 123.5 (C-1’); 114.6 (C-3’ and C-5’); 97.7 (C-6); 73.8 (CH2); 

27.7 (CH(CH3)2); 19.1 (CH(CH3)2).  

 

2-(3-Trifluoromethylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-
a]pyrimidine-6-carboxylic acid (3t). 
Compound 2t was reacted as per the general method 3.6.6 to yield 3t (69%); 

Purity 97.1%; mp 325 - 328°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.69 (s, 1H, 

H-5); 8.45 (d, 1H, 3J=7.7 Hz, H-4’); 8.39 (s, 1H, H-2’); 7.89 (d, 1H, 3J=7.8 Hz, H-

6’); 7.80 (t, 1H, 3J=7.8 Hz, H-5’). 13C NMR (100 MHz, DMSO-d6) δ: 165.6 (CO2H); 

160.7 (C-2); 157.8 (C-3a); 156.0 (C-5); 152.2 (C-7); 131.6 (C-1’); 130.5 (C-5’); 

130.4 (C-6’); 129.7 (q, 2JCF=32.0 Hz, C-3’); 126.8 (q, 3JCF=3.3 Hz, C-4’); 124.1 (q, 
1JCF=272.4 Hz, CF3); 122.8 (q, 3JCF=3.9 Hz, C-2’); 100.2 (C-6).  

 

2-(4-Trifluoromethylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylic acid (3u). 
Compound 2u was reacted as per the general method 3.6.6 to yield 3u (68%); 

Purity 96.5%; mp 379 - 381°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.68 (s, 1H, 

H-5); 8.36 (d, 2H, 3J=8.1 Hz, H-3’ and H-5’); 7.90 (d, 2H, 3J=8.1 Hz, H-2’ and H-

6’). 13C NMR (100 MHz, DMSO-d6) δ: 165.9 (CO2H); 160.9 (C-2); 158.6 (C-3a); 

157.2 (C-5); 153.5 (C-7); 134.7 (C-1’); 130.1 (q, 2JCF=31.8 Hz, C-4’); 127.4 (C-2’ 

and C-6’); 125.8 (q, 3JCF=3.7 Hz, C-3’ and C-5’); 124.2 (q, 1JCF=272.1 Hz, CF3); 

99.5 (C-6). 

 

2-(3-Trifluoromethoxylphenyl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a] 
pyrimidine-6-carboxylic acid (3v). 
Compound 2v was reacted as per the general method 3.6.6 to yield 3v (92%); 

Purity 98.7%; mp 325 - 328°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.68 (s, 1H, 
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H-5); 8.16 (ddd, 1H, 3J=7.9 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 8.01 – 7.97 (m, 1H, 

H-2’); 7.70 (t, 1H, 3J=8.0 Hz, H-5’); 7.57 – 7.51 (m, 1H, H-4’). 13C NMR (100 MHz, 

DMSO-d6) δ: 164.8 (CO2H); 160.4 (C-2); 155.7 (C-3a); 153.0 (C-5); 148.9 (q, 
3JCF=1.3 Hz, C-3’); 132.3 (C-1’); 131.5 (C-5’); 125.8 (C-6’); 123.1 (C-2’); 120.2 (q, 
1JCF=256.8 Hz, CF3); 118.7 (C-4’); 102.0 (C-6). 

 

2-(Pyridin-3-yl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3w). 
Compound 2w was reacted as per the general method 3.6.6 to yield 3w (74%); 

Purity 96.9%; mp 292 - 294°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.4 (br, 

1H, NH); 9.30 (d, 1H, 4J=1.4 Hz, H-2’); 8.69 (dd, 1H, 3J=4.7 Hz, 4J=1.4 Hz, H-6’); 

8.67 (s, 1H, H-5); 8.48 (dt, 1H, 3J=7.9 Hz, 4J=1.9 Hz, H-4’); 7.57 (ddd, 1H, 3J=7.9 

Hz, 3J=4.7 Hz, 5J=0.6 Hz, H-5’).  

 

2-(Pyridin-4-yl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3x). 
Compound 2x was reacted as per the general method 3.6.6 to yield 3x (20%); 

Purity 99.1%; mp > 400°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.4 (s, 1H, 

NH); 8.73 (d, 2H, 3J=6.0 Hz, H-2’ and H-6’); 8.07 (d, 2H, 3J=6.1 Hz, H-3’ and H-

5’). 13C NMR (100 MHz, DMSO-d6) δ: 166.7 (CO2H); 160.62 (C-2); 160.59 (C-

3a); 160.0 (C-5); 156.8 (C-7); 150.5 (C-2’ and C-6’); 138.5 (C-4’); 120.8 (C-3’ and 

C-5’); 98.0 (C-6). 

 

2-(Thien-2-yl)-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-
carboxylic acid (3y). 
Compound 2y was reacted as per the general method 3.6.6 to yield 3y (77%); 

Purity 97.3%; mp > 400°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.53 (s, 1H, 

NH); 8.63 (s, 1H, H-5); 7.76 (dd, 1H, 3J=3.6 Hz, 4J=1.2 Hz, H-5’); 7.69 (dd, 1H, 
3J=5.0 Hz, 4J=1.2 Hz, H-3’); 7.19 (dd, 1H, 3J=5.0 Hz, 3J=3.6 Hz, H-4’). 13C NMR 

(100 MHz, DMSO-d6) δ: 166.8 (CO2H); 160.5 (C-2); 159.7 (C3a); 158.9 (C-5); 

156.4 (C-7); 134.3 (C-2’); 128.3 , 128.1, 127.2 (C-3’, C-4’ and C-5’); 97.9 (C-6). 
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3.6.7 General method for the synthesis of 2-substituted-1,2,4-triazolo[1,5-
a]pyrimidin-7(4H)-one (1a-y) 

The appropriate 2-substituted-7-oxo-4,7-dihydro-1,2,4-triazolo[1,5-a]pyrimidine-

6-carboxylic acid (3, 1 mmol) in 2 mL of 5% aqueous solution of potassium 

dihydrogen phosphate was heated at 190°C for 30 min in a microwave reactor. 

After cooling to room temperature, the precipitate was filtered and washed with 

water before drying it in a vacuum oven at 60°C overnight. Copies of NMR spectra 

are presented in Appendix 4. 

 

1,2,4-Triazolo[1,5-a]pyrimidin-7-one (1a). 
Compound 3a was reacted as per the general method 3.6.7 to yield 1a (23%); 

Purity 98.5%; mp 293 - 295°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.22 (s, 

1H, H-2); 7.99 (d, 1H, 3J=7.5 Hz, H-5); 5.93 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR 

(100 MHz, DMSO-d6) δ: 156.4 (C-2); 151.9 (C-3a); 150.9 (C-5); 140.7 (C-7); 

99.1 (C-6).  

 

2-Methylthio-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1b). 
Compound 3b was reacted as per the general method 3.6.7 to yield 1b (54%); 

Purity 97.2%; mp 327 - 329°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.90 (d, 

1H, 3J=7.6 Hz, H-5); 5.90 (d, 1H, 3J=7.6 Hz, H-6); 2.58 (s, 3H, CH3). 13C NMR 

(100 MHz, DMSO-d6) δ: 163.3 (C-2); 155.4 (C-3a); 151.5 (C-5); 139.7 (C-7); 99.6 

(C-6); 13.5 (CH3).  

 

2-Phenyl-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1c). 
Compound 3c was reacted as per the general method 3.6.7 to yield 1c (85%); 

Purity 98.6%; mp 365 - 368°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.33 (br, 

1H, NH); 8.20 – 8.06 (m, 2H, H-2’ and H-6’); 8.00 (d, 1H, 3J=7.5 Hz, H-5); 7.60 – 

7.47 (m, 3H, H-3’, H-4’ and H-5’); 5.97 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR (100 

MHz, DMSO-d6) δ: 160.8 (C-2); 156.2 (C-3a); 151.5 (C-5); 140.2 (C-7); 130.3 (C-

4’); 130.0 (C-1’); 128.9 (C-3’ and C-5’); 126.6 (C-2’ and C-6’); 99.4 (C-6).  

 

2-(2-Fluorophenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1d). 
Compound 3d was reacted as per the general method 3.6.7 to yield 1d (33%); 

Purity 97.9%; mp 349 - 352°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.41 (br, 

1H, NH); 8.09 (ddd, 1H, 3J=8.1 Hz, 4JHF=7.4 Hz, 4J=1.8 Hz, H-6’); 8.02 (d, 1H, 
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3J=7.5 Hz, H-5); 7.57 (dddd, 1H, 3J=8.3 Hz, 3J=7.4 Hz, 4JHF=5.1 Hz, 4J=1.9 Hz, 

H-4’); 7.45 – 7.31 (m, 2H, H-3’ and H-5’); 5.98 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR 

(100 MHz, DMSO-d6) δ: 159.9 (d, 1JCF=255.0 Hz, C-2’); 157.6 (d, 3JCF=5.0 Hz, C-

2); 156.2 (C-5); 151.2 (d, 5JCF=1.1 Hz, C-3a), 140.4 (C-7); 132.2 (d, 3JCF=8.5 Hz, 

C-4’); 130.5 (d, 4JCF=2.3 Hz, C-5’); 124.7 (d, 3JCF=3.6 Hz, C-6’); 118.1 (d, 
2JCF=11.1 Hz, C-1’); 116.8 (d, 2JCF=21.2 Hz, C-3’); 99.4 (C-6).  

 

2-(3-Fluorophenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1e). 
Compound 3e was reacted as per the general method 3.6.7 to yield 1e (69%); 

Purity 99.3%; mp 356 - 357°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.41 (br, 

1H, NH); 8.01 (d, 1H, 3J=7.6 Hz, H-5); 7.99 (ddd, 1H, 3J=7.8 Hz, 4J=1.3 Hz, 4J=1.1 

Hz, H-6’); 7.82 (ddd, 1H, 3JHF=10.0 Hz, 4J=2.6 Hz, 4J=1.4 Hz, H-2’); 7.60 (td, 1H, 
3J=8.0 Hz, 4JHF=6.0 Hz, H-5’); 7.37 (dddd, 1H, 3JHF=8.8 Hz, 3J=8.4 Hz, 4J=2.6 Hz, 
4J=0.6 Hz, H-4’); 5.98 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR (100 MHz, DMSO-d6) δ: 

162.3 (d, 1JCF=243.8 Hz, C-3’); 159.7 (d, 4JCF=3.0 Hz, C-2); 156.2 (C-3a); 151.6 

(C-5); 140.4 (C-7); 132.4 (d, 3JCF=8.4 Hz, C-1’); 131.2 (d, 3JCF=8.3 Hz, C-5’); 

122.8 (d, 4JCF=2.7 Hz, C-6’); 117.2 (d, 2JCF=21.1 Hz, C-4’); 113.1 (d, 2JCF=23.3 

Hz, C-2’); 99.6 (C-6). 

 

2-(4-Fluorophenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1f). 
Compound 3f was reacted as per the general method 3.6.7 to yield 1f (65%); 

Purity 96.8%; mp 379 - 381°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.15 (dd, 

2H, 3J=8.9 Hz, 4JHF=5.6 Hz, H-2’ and H-6’); 7.96 (d, 1H, 3J=7.5 Hz, H-5); 7.36 

(dd, 2H, 3J=8.9 Hz, 3JHF=8.9 Hz, H-3’ and H-5’); 5.96 (d, 1H, 3J=7.5 Hz, H-6). 13C 

NMR (100 MHz, DMSO-d6) δ: 163.6 (d, 1JCF=247.5, Hz C-4’); 160.2 (C-2); 156.5 

(C-3a); 151.8 (C-5); 140.6 (C-7); 129.2 (d, 3JCF=8.8 Hz C-2’ and C-6’,); 126.7 (d, 
4JCF=3.0 Hz, C-1’); 116.2 (d, 2JCF=21.9 Hz, C-3’ and C-5’); 99.7 (C-6).  

 

2-(2-Chlorophenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1g). 
Compound 3g was reacted as per the general method 3.6.7 to yield 1g (65%); 

Purity 95.3%; mp 293 - 295°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.44 (br, 

1H, NH); 8.04 (d, 1H, 3J=7.6 Hz, H-5); 7.93 (dd, 1H, 3J=7.5 Hz, 4J=2.0 Hz, H-6’); 

7.63 (dd, 1H, 3J=7.5 Hz, 4J=1.7 Hz, H-3’); 7.58 – 7.46 (m, 2H, H-4’ and H-5’); 5.99 

(d, 1H, 3J=7.6 Hz, H-6). 13C NMR (100 MHz, DMSO-d6) δ: 159.8 (C2); 156.2 (C-
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3a); 150.9 (C-5); 140.4 (C-7); 132.0 (C-1’); 131.9 (C-4’); 131.5 (C-2’); 130.7 (C-

6’); 129.3 (C-3’); 127.4 (C-5’); 99.5 (C-6).  

 

2-(3-Chlorophenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1h). 
Compound 3h was reacted as per the general method 3.6.7 to yield 1h (59%); 

Purity 97.6%; mp 359 - 360°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.41 (br, 

1H, NH); 8.14 – 8.04 (m, 2H, H-2’ and H-4’); 8.02 (d, 1H, 3J=7.6 Hz, H-5); 7.65 – 

7.54 (m, 2H, H-5’ and H-6’); 5.98 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR (100 MHz, 

DMSO-d6) δ: 159.5 (C-2); 156.2 (C-3a); 151.7 (C-5); 140.6 (C-7); 133.7 (C-1’); 

132.2 (C-3’); 131.0 (C-4’); 130.2 (C-5’); 126.1 (C-2’); 125.2 (C-6’); 99.5 (C-6).  

 

2-(4-Chlorophenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1i). 
Compound 3i was reacted as per the general method 3.6.7 to yield 1i (72%); 

Purity 98.7%; mp 390 - 393°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.12 (d, 

2H, 3J=8.7 Hz, H-2’ and H-6’); 8.00 (d, 1H, 3J=7.5 Hz, H-5); 7.60 (d, 2H, 3J=8.7 

Hz, H-3’ and H-5’); 5.96 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR (100 MHz, DMSO-d6) 

δ: 159.8 (C-2); 156.2 (C-3a); 151.7 (C-5); 140.5 (C-7); 135.0 (C-4’); 129.1 (C-2’ 

and C-6’); 129.0 (C-1’); 128.4 (C-3’ and C-5’); 99.5 (C-6).  

 

2-(3-Methylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1j). 
Compound 3j was reacted as per the general method 3.6.7 to yield 1j (58%); 

Purity 97.4%; mp 324 - 327°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.95 (d, 

1H, 3J=7.5 Hz, H-5); 7.94 (s, 1H, H-2’); 7.90 (d, 1H, 3J=7.7 Hz, H-6’); 7.41 (t, 1H, 
3J=7.6 Hz, H-5’); 7.32 (d, 1H, 3J=7.6 Hz, H-4’); 5.95 (d, 1H, 3J=7.5 Hz, H-6). 13C 

NMR (100 MHz, DMSO-d6) δ: 161.1 (C-2); 156.6 (C-3a); 151.9 (C-5); 140.8 (C-

7); 138.4 (C-3’); 131.3 (C-1’); 130.1 (C-4’); 129.1 (C-2’); 127.3 (C-5’); 124.1 (C-

6’); 99.5 (C-6); 21.2 (CH3).  

 

2-(4-Methylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1k). 
Compound 3k was reacted as per the general method 3.6.7 to yield 1k (72%); 

Purity 96.7%; mp > 400°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.29 (br, 1H, 

NH); 8.01 (d, 2H, 3J=8.2 Hz, H-2’ and H-6’); 7.98 (d, 1H, 3J=7.5 Hz, H-5); 7.34 (d, 

2H, 3J=8.0 Hz, H-3’ and H-5’); 5.95 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR (100 MHz, 

DMSO-d6) δ: 160.8 (C-2); 156.2 (C-3a); 151.4 (C-5); 140.1 (C-7); 129.5 (C-3’ and 

C-5’); 127.3 (C-4’); 126.6 (C1’, C-2’ and C-6’); 99.4 (C-6); 21.0 (CH3). 
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2-(3-Methoxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1l). 
Compound 3l was reacted as per the general method 3.6.7 to yield 1l (72%); 

Purity 98.8%; mp 313 - 315°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.00 (d, 

1H, 3J=7.5 Hz, H-5); 7.71 (ddd, 1H, 3J=7.8 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 7.63 

(dd, 1H, 4J=2.5 Hz, 4J=1.4 Hz, H-2’); 7.45 (t, 1H, 3J=8.0 Hz, H-5’); 7.09 (ddd, 1H, 
3J=8.3 Hz, 4J=2.7 Hz, 4J=0.9 Hz, H-4’); 5.96 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR 

(100 MHz, DMSO-d6) δ: 160.6 (C-2); 159.5 (C-3’); 156.3 (C-3a); 151.5 (C-5); 

140.3 (C-7); 131.4 (C-1’); 130.2 (C-5’); 119.1 (C-6’); 116.4 (C-4’); 111.4 (C-2’); 

99.4 (C-6); 55.2 (CH3).  

 

2-(4-Methoxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1m). 
Compound 3m was reacted as per the general method 3.6.7 to yield 1m (79%); 

Purity 95.7%; mp 350 - 352°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.05 (d, 

2H, 3J=8.9 Hz, H-2’ and H-6’); 7.97 (d, 1H, 3J=7.5 Hz, H-5); 7.08 (d, 2H, 3J=8.9 

Hz, H-3’ and H-5’); 5.94 (d, 1H, 3J=7.5 Hz, H-6); 3.83 (s, 3H, CH3). 13C NMR (100 

MHz, DMSO-d6) δ: 161.0 (C-2); 160.7 (C-4’), 156.2 (C-3a); 151.4 (C-5); 139.9 (C-

7); 128.3 (C-2’ and C-6’); 122.4 (C-1’); 114.3 (C-3’ and C-5’); 99.4 (C-6); 55.3 

(CH3).  

 

2-(3-Ethoxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1n). 
Compound 3n was reacted as per the general method 3.6.7 to yield 1n (91%); 

Purity 99.4%; mp 308 - 310°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.33 (br, 

1H, NH); 8.00 (d, 1H, 3J=7.5 Hz, H-5); 7.69 (ddd, 1H, 3J=7.7 Hz, 4J=1.2 Hz, 4J=1.2 

Hz, H-6’); 7.61 (dd, 1H, 4J=2.5 Hz, 4J=1.4 Hz, H-2’); 7.43 (t, 1H, 3J=8.0 Hz, H-5’); 

7.07 (ddd, 1H, 3J=8.2 Hz, 4J=2.6 Hz, 4J=0.9 Hz, H-4’); 5.97 (d, 1H, 3J=7.6 Hz, H-

6); 4.12 (q, 2H, 3J=7.0 Hz, CH2); 1.37 (t, 3H, 3J=7.0 Hz, CH3). 13C NMR (100 MHz, 

DMSO-d6) δ: 160.7 (C-2); 158.8 (C-3’); 156.2 (C-3a); 151.4 (C-5); 140.1 (C-7); 

131.4 (C-1’); 130.1 (C-5’); 118.9 (C-6’); 116.9 (C-4’); 111.8 (C-2’); 99.5 (C-6); 63.2 

(CH2); 14.7 (CH3).  

 

2-(4-Ethoxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1o). 
Compound 3o was reacted as per the general method 3.6.7 to yield 1o (92%); 

Purity 99.1%; mp 327 - 329°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.27 (br, 

1H, NH); 8.03 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.97 (d, 1H, 3J=7.5 Hz, H-5); 7.06 
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(d, 2H, 3J=8.9 Hz, H-3’ and H-5’); 5.93 (d, 1H, 3J=7.5 Hz, H-6); 4.10 (q, 2H, 3J=7.0 

Hz, CH2); 1.36 (t, 3H, 3J=7.0 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 160.8 

(C-2); 160.3 (C-4’), 156.2 (C-3a); 151.4 (C-5); 140.0 (C-7); 128.3 (C-2’ and C-6’); 

122.3 (C-1’); 114.7 (C-3’ and C-5’); 99.4 (C-6); 63.3 (CH2); 14.6 (CH3).  

 

2-(3-isoPropyloxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1p). 
Compound 3p was reacted as per the general method 3.6.7 to yield 1p (96%); 

Purity 98.6%; mp 280 - 282°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.31 (br, 

1H, NH); 7.99 (d, 1H, 3J=7.4 Hz, H-5); 7.67 (ddd, 1H, 3J=7.9 Hz, 4J=1.2 Hz, 4J=1.2 

Hz, H-6’); 7.60 (dd, 1H, 4J=2.5 Hz, 4J=1.5 Hz, H-2’); 7.42 (t, 1H, 3J=7.9 Hz, H-5’); 

7.05 (ddd, 1H, 3J=8.3 Hz, 4J=2.6 Hz, 4J=0.9 Hz, H-4’); 5.94 (d, 1H, 3J=7.5 Hz, H-

6); 4.69 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 1.31 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 13C 

NMR (100 MHz, DMSO-d6) δ: 160.6 (C-2); 157.7 (C-3’); 156.3 (C-3a); 151.9 (C-

5); 140.9 (C-7); 131.6 (C-1’); 130.2 (C-5’); 118.8 (C-6’); 118.0 (C-4’); 113.1 (C-

2’); 99.2 (C-6); 69.5 (CH(CH3)2); 21.8 (2C, CH(CH3)2).  

 

2-(4-isoPropyloxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1q). 
Compound 3q was reacted as per the general method 3.6.7 to yield 1q (78%); 

Purity 98.2%; mp 314 - 316°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.27 (br, 

1H, NH); 8.02 (d, 2H, 3J=8.9 Hz, H-2’ and H-6’); 7.96 (d, 1H, 3J=7.5 Hz, H-5); 7.05 

(d, 2H, 3J=8.9 Hz, H-3’ and H-5’); 5.93 (d, 1H, 3J=7.5 Hz, H-6); 4.71 (m, 1H, 3J=6.0 

Hz, CH(CH3)2); 1.30 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-

d6) δ: 160.8 (C-2); 159.3 (C-4’), 156.2 (C-3a); 151.4 (C-5); 140.0 (C-7); 128.3 (C-

2’ and C-6’); 122.1 (C-1’); 115.7 (C-3’ and C-5’); 99.4 (C-6); 69.4 (CH(CH3)2); 21.8 

(2C, CH(CH3)2).  

 

2-(3-isoButyloxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1r). 
Compound 3r was reacted as per the general method 3.6.7 to yield 1r (93%); 

Purity 98.3%; mp 306 - 309°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.31 (br, 

1H, NH); 8.00 (d, 1H, 3J=7.5 Hz, H-5); 7.69 (ddd, 1H, 3J=7.8 Hz, 4J=1.3 Hz, 4J=1.3 

Hz, H-6’); 7.62 (dd, 1H, 4J=2.5 Hz, 4J=1.5 Hz, H-2’); 7.43 (t, 1H, 3J=8.0 Hz, H-5’); 

7.08 (ddd, 1H, 3J=8.3 Hz, 4J=2.7 Hz, 4J=0.9 Hz, H-4’); 5.95 (d, 1H, 3J=7.5 Hz, H-

6); 3.83 (d, 2H, 3J=6.5 Hz, CH2); 2.06 (m, 1H, 3J=6.6 Hz, CH(CH3)2); 1.01 (d, 6H, 
3J=6.7 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 160.6 (C-2); 159.0 (C-

3’); 156.2 (C-3a); 151.4 (C-5); 140.2 (C-7); 131.3 (C-1’); 130.1 (C-5’); 118.9 (C-
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6’); 117.0 (C-4’); 111.9 (C-2’); 99.4 (C-6); 73.8 (CH2); 27.7 (CH(CH3)2); 19.0 (2C, 

CH(CH3)2).  

 

2-(4-isoButyloxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1s). 
Compound 3s was reacted as per the general method 3.6.7 to yield 1s (76%); 

Purity 99.1%; mp 333 - 334°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.03 (d, 

2H, 3J=8.9 Hz, H-2’ and H-6’); 7.96 (d, 1H, 3J=7.5 Hz, H-5); 7.07 (d, 2H, 3J=8.9 

Hz, H-3’ and H-5’); 5.93 (d, 1H, 3J=7.5 Hz, H-6); 3.82 (d, 2H, 3J=6.6 Hz, CH2); 

2.04 (m, 1H, 3J=6.6 Hz, CH(CH3)2); 1.00 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 13C NMR 

(100 MHz, DMSO-d6) δ: 160.8 (C-2); 160.6 (C-4’), 156.3 (C-3a); 151.6 (C-5); 

140.3 (C-7); 128.3 (C-2’ and C-6’); 122.4 (C-1’); 114.8 (C-3’ and C-5’); 99.4 (C-

6); 73.9 (CH2); 27.7 (CH(CH3)2); 19.1 (2C, CH(CH3)2).  

 

2-(3-Trifluoromethylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1t). 
Compound 3t was reacted as per the general method 3.6.7 to yield 1t (98%); 

Purity 98.1%; mp 343 - 345°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.43 (br, 

1H, NH); 8.41 (d, 1H, 3J=7.8 Hz, H-4’); 8.36 (s, 1H, H-2’); 8.03 (d, 1H, 3J=7.6 Hz, 

H-5); 7.91 (d, 1H, 3J=7.8 Hz, H-6’); 7.80 (t, 1H, 3J=7.8 Hz, H-5’); 6.00 (d, 1H, 
3J=7.5 Hz, H-6). 13C NMR (100 MHz, DMSO-d6) δ: 159.5 (C-2); 156.2 (C-3a); 

151.7 (C-5); 140.4 (C-7); 131.1 (C-1’); 130.5 (C-5’); 130.4 (C-6’); 129.7 (q, 
2JCF=32.0 Hz, C-3’); 126.9 (q, 3JCF=1.2 Hz, C-4’); 124.0 (q, 1JCF=272.3 Hz, CF3); 

122.8 (q, 3JCF=1.3 Hz, C-2’); 99.7 (C-6).  

 

2-(4-Trifluoromethylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1u). 
Compound 3u was reacted as per the general method 3.6.7 to yield 1u (92%); 

Purity 98.6%; mp 358 - 360°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.42 (br, 

1H, NH); 8.33 (d, 2H, 3J=8.0 Hz, H-2’ and H-6’); 8.03 (d, 1H, 3J=7.6 Hz, H-5); 7.91 

(d, 2H, 3J=8.2 Hz, H-3’ and H-5’); 6.00 (d, 1H, 3J=7.6 Hz, H-6). 13C NMR (100 

MHz, DMSO-d6) δ: 159.6 (C-2), 156.3 (C-3a); 151.7 (C-5); 140.5 (C-7); 134.0 (q, 
5JCF=1.6 Hz, C-1’); 130.4 (q, 2JCF=32.0 Hz, C-4’); 127.4 (C-2’ and C-6’); 126.0 (q, 
3JCF=3.7 Hz, C-3’ and C-5’); 124.1 (q, 1JCF=272.3 Hz, CF3); 99.7 (C-6). 

 

2-(3-Trifluoromethoxylphenyl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1v). 
Compound 3v was reacted as per the general method 3.6.7 to yield 1v (58%); 

Purity 96.6%; mp 321 - 323°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.40 (br, 
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1H, NH); 8.15 (ddd, 1H, 3J=7.8 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 8.03 (d, 1H, 
3J=7.6 Hz, H-5); 8.00 – 7.96 (m, 1H, H-2’); 7.70 (t, 1H, 3J=8.0 Hz, H-5’); 7.57 – 

7.50 (m, 1H, H-4’); 5.99 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR (100 MHz, DMSO-d6) 

δ: 159.4 (C-2); 156.2 (C-3a); 151.7 (C-5); 148.7 (q, 3J=1.7 Hz, C-3’); 140.5 (C-7); 

132.3 (C-1’); 131.3 (C-5’); 125.6 (C-6’); 122.9 (C-4’); 120.1 (q, 1JCF=256.7 Hz, 

CF3); 118.5 (C-2’); 99.6 (C-6).  

 

2-(Pyridin-3-yl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1w). 
Compound 3w was reacted as per the general method 3.6.7 to yield 1w (77%); 

Purity 99.4%; mp 354 - 356°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.43 (br, 

1H, NH); 9.27 (br, 1H, H-2’); 8.72 (d, 1H, 3J=5.5 Hz, H-6’); 8.44 (dt, 1H, 3J=8.0 

Hz, 4J=1.9 Hz, H-4’); 8.02 (d, 1H, 3J=7.5 Hz, H-5); 7.58 (dd, 1H, 3J=7.9 Hz, 3J=4.8 

Hz, H-5’); 5.99 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR (100 MHz, DMSO-d6) δ: 158.8 

(C-2); 156.2 (C-3a); 151.7 (C-5); 151.2 (C-6’); 147.6 (C-4’); 140.5 (C-7); 134.1 

(C-5’); 126.1 (C-3’); 124.1 (C-2’); 99.6 (C-6). 

 

2-(Pyridin-4-yl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1x). 
Compound 3x was reacted as per the general method 3.6.7 to yield 1x (43%); 

Purity 98.6%; mp 368 - 370°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.5 (br, 

1H, NH); 8.76 (br, 2H, H-2’ and H-6’); 8.04 (d, 1H, 3J=7.6 Hz, H-5); 8.03 (d, 2H, 
3J=4.6 Hz, H-3’ and H-5’); 6.00 (d, 1H, 3J=7.5 Hz, H-6). 13C NMR (100 MHz, 

DMSO-d6) δ: 158.9 (C-2); 156.2 (C-3a); 151.8 (C-5); 150.6 (C-2’ and C-6’); 140.6 

(C-7); 137.3 (C-3’ and C-5’); 120.8 (C-4’); 99.6 (C-6). 

 

2-(Thien-2-yl)-1,2,4-triazolo[1,5-a]pyrimidin-7-one (1y). 
Compound 3y was reacted as per the general method 3.6.7 to yield 1y (57%); 

Purity 99.3%; mp > 400°C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.98 (d, 1H, 
3J=7.5 Hz, H-5); 7.76 (dd, 1H, 3J=3.6 Hz, 4J=1.1 Hz, H-5’); 7.75 (dd, 1H, 3J=5.1 

Hz, 4J=1.1 Hz, H-3’); 7.22 (dd, 1H, 3J=5.0 Hz, 3J=3.6 Hz, H-4’); 5.95 (d, 1H, 3J=7.5 

Hz, H-6). 13C NMR (100 MHz, DMSO-d6) δ: 157.2 (C-2); 156.1 (C-3a); 151.4 (C-

5); 140.2 (C-7); 132.8 (C-2’); 129.1 (C-3’); 128.3 (C-5’); 128.0 (C-4’); 99.6 (C6). 
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3.6.8 Xanthine oxidase inhibitory assay 

The effect of each compound on XO activity was evaluated 

spectrophotometrically monitoring absorbance of uric acid at 295 nm. Bovine milk 

XO was reconstituted with 55 mM phosphate buffer at pH 7.5 to obtain a suitable 

concentration that gave a final enzyme concentration of 0.01 IU/mL during each 

assay. Xanthine was used as substrate at a final concentration of 40 μM and 

Allopurinol was used as positive control. Each compound and allopurinol were 

dissolved in DMSO and diluted to a suitable concentration using the phosphate 

buffer. The final DMSO concentration was not more than 1% v/v. A blank solution 

with DMSO at 1% v/v was shown no effect on XO enzymatic activity. All tests 

were performed at 37°C by recording UV absorbance due to the formation of uric 

acid for 60 seconds at 4 second intervals. Each compound was tested in triplicate 

at five different concentrations. The slope of the curve of absorbance vs time and 

resulting IC50 values for each compound were calculated using GraphPad Prism 

9.2.0 (GraphPad Software Inc.). 

The enzyme kinetics assay with two most active compounds (1t and 3q) was also 

used to identify their mechanism of inhibition. Five concentrations of both 1t and 

3q were tested using xanthine at five different concentrations (5, 10, 20, 30 and 

40 μM). 

GraphPad Prism 9.2.0 (GraphPad Software Inc.) was used to perform a non-

linear regression using the Michaelis-Menten equation and a Lineweaver-Burk 

plot was used to identify the mechanism of inhibition. 

 

3.6.9 HPLC purity characterisation 

HPLC was used to assess the purity of each compound. The experiments were 

performed using Agilent HPLC 1260 Infinity II instrument with a PDA detector and 

an Apollo C18, 5 μ, 150 x ID 4.6 mm column.  

The flow rate was 1 mL/min applying a 27 minute gradient, with a mobile phase 

A of 20 mM phosphate buffer pH 6.9 and a mobile phase B of methanol. 
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The final predicted docked poses were visualised using Biovia Discovery Studio 

2021 (Dassault Systèmes). 
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Studio 2021 (Dassault Systèmes). The structure of the enzyme was prepared by 

removing the ligand hypoxanthine and all of the water molecules. CHARMM 

charges were assigned to both the enzyme and the inhibitors. Molecular docking 

simulations were then performed using Autodock 4.0(210) with an interaction grid 

spacing of 0.375 Å. The final predicted docked poses were visualised using 

Biovia Discovery Studio 2021 (Dassault Systèmes). 

The predicted poses of all the 20 analogues had the triazinone ring located 

towards the inside of the enzyme active site and were predicted to overlap with 

each other. All the structures showed similar interactions with the amino acid 

residues within the enzyme active site. The carbonylic oxygen of the inhibitors 

was predicted for the majority of analogues to form hydrogen bonds with both the 

Thr1010 amidic hydrogen and the Arg880 guanidinic hydrogen. Residues 

Phe914 and Phe1009 were predicted to stabilise the enzyme-inhibitor complex 

in the same way it has been reported in literature for the natural substrate of the 

enzyme: a π-π interaction that results in the purine analogue ring being 

sandwiched between Phe914 and Phe1009. Figure 3 shows the predicted 

interactions between the most active compound 1o and the residues in the 

enzyme active site. 

 
Fig 3: Predicted interactions between amino acid residues in the XO active site and the most active 

compound 1o. Hydrogen bonds are shown in green, π-π interactions in dark purple and hydrophobic 

interactions in light purple. 

The flexibility of the alkyloxy side chain on the phenyl ring allowed a better fit 

within the active site when compared to the less flexible indoline ring. The triazolo 

triazinone ring of compound 1s with an indoline ring as substituent was predicted 
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to be located in a more retrograde position compared to that of the triazolo 

triazinone ring of all the alkyloxyphenyl analogues (1i-p). As a result, compound 

1s was predicted to lose one of the stabilising hydrogen bonds between the 

Arg880 side chain hydrogen and the carbonylic oxygen on the inhibitor, as shown 

in Figure 4. This could explain the loss of inhibitory activity. 

 
Fig 4: Predicted interactions between the amino acid residues in the XO active site and the most active 

compound 1s. Hydrogen bonds are shown in green, π-π interactions in dark purple and hydrophobic 

interactions in light purple. 

The very low inhibitory activity exhibited by compound 1t, with a morpholine ring 

as substituent at position 2 of the triazolo triazinone rings, could be explained, 

when compared to the most potent compound 1o, by inspecting the hydrophobic 

surfaces of the enzyme active site, as shown in Figure 5. 

 
Fig 5: Representation of the hydrophobic surfaces of amino acid residues within the active site of XO. 

The superimposed predicted poses of compound 1t (morpholinic oxygen in red) and 1o are shown. 
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The morpholine group of compound 1t is predicted to be sandwiched between 

two hydrophobic regions, causing a non-favourable enzyme-inhibitor interaction, 

whilst the oxygen of the isobutyloxy in compound 1o, due to the more flexible 

side chain, is directed towards the less hydrophobic region of Pro1076. 

4.5 Conclusions 

A total of 20 novel 2-substituted-[1,2,4]triazolo[1,5-a][1,3,5]triazin-7-one 

analogues were designed and prepared based on the inhibitory activity obtained 

with 2-substituted-7-oxo-1,2,4-triazolo[1,5-a]pyrimidinones described in Chapter 

3. In vitro testing was performed with each compound to determine their inhibitory 

activity against XO (IC50), whilst enzyme inhibition kinetics studies of the most 

active compound (1o) demonstrated a mixed type inhibition mechanism. All the 

newly synthesised analogues exhibited, with the exception of compound 1t, 
better inhibitory activity than the control Allopurinol. The most active molecule 

inhibited the enzyme more than 900 times more than Allopurinol. Molecular 

docking simulations predicted that all the compounds were positioned inside the 

active site directing their triazinone ring towards the molibdopterin cofactor, with 

the substituent at position 2 oriented towards the entrance of the active site. 

Compound 1t demonstrated to be more than 10 times weaker than Allopurinol. 

This decrease in potency could be explained by the fact that the morpholine ring 

is predicted to be sandwiched between two hydrophobic regions within the 

enzyme active site, resulting in a non-favourable enzyme-inhibitor interaction. 

4.6 Experimental 

4.6.1 Chemistry 

Reagents were purchased either from Alfa Aesar or Sigma-Aldrich. Microwave-

assisted reactions were conducted using a CEM Discover SP instrument. Melting 

points were measured using an Electrothermal Digital melting point apparatus 

(IA9100). 1H-NMR and 13C-NMR spectra were obtained on a Bruker Avance III 

400 MHz spectrometer using DMSO-d6 as solvent. Enzyme inhibition was 

evaluated using a Shimadzu UV-1280 spectrophotometer with a 1 mL quartz 

cuvette. Bovine milk XO was purchased from Sigma-Aldrich. Statistical analysis 

was performed using GraphPad Prism 9.2.0. 
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4.6.2 General method for the synthesis of 3-substituted-5-amino-1,2,4-triazoles 
(5s and 5t) 

A mixture of the appropriate amine (morpholine or indoline) (16.8 mmol) and 

dimethyl N-cyanodithioiminocarbonate (14.6 mmol) was heated under reflux in 

methanol (30 mL) overnight. After this time, hydrazine (17.5 mmol) was added to 

the solution and heating continued for another four hours. The solvent was 

evaporated and the product was recrystallized from ethanol.  

 

5-Amino-3-(indolin-1-yl)-1,2,4-triazole (5s) 
Indoline was reacted as per the general method 4.6.2 to yield 5s (49%). Anal 1H 

NMR (400 MHz, DMSO-d6) δ: 11.31 (br, 1H, NH); 7.74 (d, 1H, 3J=7.9 Hz, H-4’); 

7.10 (d, 1H, 3J=7.2 Hz, H-7’); 7.05 (t, 1H, 3J=7.6 Hz, H-5’); 6.69 (t, 1H, 3J=7.3 Hz, 

H-6’); 5.95 (br, 2H, NH2); 3.90 (t, 2H, 3J=8.8 Hz, H-2’); 3.08 (t, 2H, 3J=8.7 Hz, H-

3’). 13C NMR (100 MHz, DMSO-d6) δ: 158.4 (C-3); 155.8 (C-5); 145.3 (C-7’a); 

130.1 (C-3’a); 126.9 (C-6’); 124.3 (C-4’); 118.8 (C-5’); 111.3 (C-7’); 48.7 (C-2’); 

27.3 (C-3’) 

 

5-Amino-3-(morpholin-1-yl)-1,2,4-triazole (5t) 
Morpholine was reacted as per the general method 4.6.2 to yield 5t (89%). Anal 
1H NMR (400 MHz, DMSO-d6) δ: 5.63 (br, 2H, NH2); 3.68 – 3.58 (m, 2H, H-3’ and 

H-5’); 3.16 – 3.07 (m, 2H, H-2’ and H-6’). 13C NMR (100 MHz, DMSO-d6) δ: 163.6 

(C-3); 156.4 (C-5); 65.7 (CH2OCH2); 46.8 (CH2NCH2). 

 

4.6.3 General method for the synthesis of 5-amino-3-substituted-1-carbamoyl-
1,2,4-triazoles (7) 

The appropriate 5-amino-3-substituted-1,2,4-triazole (5 mmol) was added 

portionwise to a solution of potassium cyanate (10 mmol) in aqueous ethanol 

(40%, 10 mL) while keeping the reaction flask in an ice bath. Hydrochloric acid 

(10 mmol) was added dropwise afterwards while maintaining the reaction flask in 

the ice bath. After 10 min, the reaction was left to stir at room temperature until 

no 5-amino-3-substituted-1,2,4-triazole could be observed by TLC. The mixture 

was filtered and the collected solid was washed with water before drying under 

vacuum at 50 °C.  
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5-Amino-3-(3-chlorophenyl)-1-carbamoyl-1,2,4-triazole (7e) 
5-Amino-3-(3-chlorophenyl)-1,2,4-triazole was reacted as per general method 

4.6.3 to yield 7e (89%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 8.01 – 7.97 (m, 

1H, H-2’); 7.93 – 7.89 (m, 1H, H-6’); 7.84 (br, 1H, NHCO); 7.70 (br, 1H, NHCO); 

7.54 – 7.49 (m, 2H, H-4’ and H-5’); 7.33 (br, 2H, NH2). 

 

5-Amino-3-(3-methylphenyl)-1-carbamoyl-1,2,4-triazole (7g) 
5-Amino-3-(3-methylphenyl)-1,2,4-triazole was reacted as per general method 

4.6.3 to yield 7g (98%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.84 – 7.81 (m, 

1H, H-2’); 7.79 (br, 1H, NHCO); 7.77 (d, 1H, 3J=7.7 Hz, H-6’); 7.60 (br, 1H, 

NHCO); 7.34 (t, 1H, 3J=7.6 Hz, H-5’); 7.30 – 7.21 (m, 3H, H-4’ and NH2); 2.36 (s, 

3H, CH3). 

 

5-Amino-3-(3-ethoxylphenyl)-1-carbamoyl-1,2,4-triazole (7k) 
5-Amino-3-(3-ethoxylphenyl)-1,2,4-triazole was reacted as per general method 

4.6.3 to yield 7k (99%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.80 (br, 1H, 

NHCO); 7.62 (br, 1H, NHCO); 7.54 (dt, 1H, 3J=7.6 Hz, 4J=1.2 Hz, H-6’); 7.52 (dd, 

1H, 4J=2.5 Hz, 4J=1.3 Hz, H-2’); 7.35 (t, 1H, 3J=7.9 Hz, H-5’); 7.27 (br, 2H, NH2); 

6.99 (ddd, 1H, 3J=8.2 Hz, 4J=2.6 Hz, 4J=1.0 Hz, H-4’); 4.07 (q, 2H, 3J=7.0 Hz, 

CH2); 1.35 (t, 3H, 3J=7.0 Hz, CH3). 

 

5-Amino-3-(4-ethoxylphenyl)-1-carbamoyl-1,2,4-triazole (7l) 
5-Amino-3-(4-ethoxylphenyl)-1,2,4-triazole was reacted as per general method 

4.6.3 to yield 7l (93%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.89 (d, 2H, 3J=8.6 

Hz, H-2’ and H-6’); 7.76 (br, 1H, NHCO); 7.53 (br, 1H, NHCO); 7.23 (br, 2H, NH2); 

6.99 (d, 2H, 3J=8.7 Hz, H-3’ and H-5’); 4.07 (q, 2H, 3J=6.9 Hz, CH2); 1.34 (t, 3H, 
3J=6.9 Hz, CH3). 

 

5-Amino-3-(3-isopropyloxylphenyl)-1-carbamoyl-1,2,4-triazole (7m) 
5-Amino-3-(3-isopropyloxylphenyl)-1,2,4-triazole was reacted as per general 

method 4.6.3 to yield 7m (99%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.80 (br, 

1H, NHCO); 7.63 (br, 1H, NHCO); 7.55 – 7.48 (m, 2H, H-2’ and H-6’); 7.34 (t, 1H, 
3J=7.9 Hz, H-5’); 7.27 (br, 2H, NH2); 6.98 (ddd, 1H, 3J=8.3 Hz, 4J=2.5 Hz, 4J=1.0 

Hz, H-4’); 4.64 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 1.29 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 
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5-Amino-3-(4-isopropyloxylphenyl)-1-carbamoyl-1,2,4-triazole (7n) 
5-Amino-3-(4-isopropyloxylphenyl)-1,2,4-triazole was reacted as per general 

method 4.6.3 to yield 7n (91%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.87 (d, 

2H, 3J=8.9 Hz, H-2’ and H-6’); 7.76 (br, 1H, NHCO); 7.53 (br, 1H, NHCO); 7.23 

(br, 2H, NH2); 6.98 (d, 2H, 3J=8.9 Hz, H-3’ and H-5’); 4.67 (m, 1H, 3J=6.0 Hz, 

CH(CH3)2); 1.28 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 

 

5-Amino-3-(3-isobutyloxylphenyl)-1-carbamoyl-1,2,4-triazole (7o) 
5-Amino-3-(3-isobutyloxylphenyl)-1,2,4-triazole was reacted as per general 

method 4.6.3 to yield 7o (95%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.80 (br, 

1H, NHCO); 7.64 (br, 1H, NHCO); 7.57 – 7.50 (m, 2H, H-2’ and H-6’); 7.35 (t, 1H, 
3J=7.9 Hz, H-5’); 7.26 (br, 2H, NH2); 7.00 (ddd, 1H, 3J=8.2 Hz, 4J=2.5 Hz, 4J=0.9 

Hz, H-4’); 3.78 (d, 2H, 3J=6.5 Hz, CH2); 2.03 (m, 1H, 3J=6.6 Hz, CH(CH3)2); 1.00 

(d, 6H, 3J=6.7 Hz, CH(CH3)2). 

 

5-Amino-3-(4-isobutyloxylphenyl)-1-carbamoyl-1,2,4-triazole (7p) 
5-Amino-3-(4-isobutyloxylphenyl)-1,2,4-triazole was reacted as per general 

method 4.6.3 to yield 7p (90%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.89 (d, 

2H, 3J=8.9 Hz, H-2’ and H-6’); 7.75 (br, 1H, NHCO); 7.54 (br, 1H, NHCO); 7.23 

(br, 2H, NH2); 7.00 (d, 2H, 3J=8.9 Hz, H-3’ and H-5’); 3.79 (d, 2H, 3J=6.5 Hz, CH2); 

2.03 (m, 1H, 3J=6.6 Hz, CH(CH3)2); 0.99 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 

 

5-Amino-3-(pyridin-3-yl)-1-carbamoyl-1,2,4-triazole (7q) 
5-Amino-3-(pyridin-3-yl)-1,2,4-triazole was reacted as per general method 4.6.3 

to yield 7q (85%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 9.14 (dd, 1H, 4J=2.1 Hz, 
4J=0.7 Hz, H-2’); 8.64 (dd, 1H, 3J=4.8 Hz, 4J=1.7 Hz, H-6’), 8.26 (dt, 1H, 3J=7.9 

Hz, 4J=1.9 Hz, H-4’); 7.86 (br, 1H, NHCO); 7.68 (br, 1H, NHCO); 7.51 (ddd, 1H, 
3J=7.9 Hz, 3J=4.8 Hz, 4J=0.8 Hz, H-5’); 7.36 (br, 2H, NH2). 

 

5-Amino-3-(indolin-1-yl)-1-carbamoyl-1,2,4-triazole (7s) 
5-Amino-3-(indolin-1-yl)-1,2,4-triazole was reacted as per general method 4.6.3 

to yield 7s (87%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 7.93 (d, 1H, 3J=7.9 Hz, 

H-4’); 7.59 (br, 1H, NHCO); 7.29 (br, 3H, NHCO and NH2); 7.15 (dd, 1H, 3J=7.2 
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Hz, 4J=0.8 Hz, H-7’); 7.10 (td, 1H, 3J=7.7 Hz, 4J=1.0 Hz, H-6’); 6.80 (td, 1H, 3J=7.4 

Hz, 4J=0.9 Hz, H-5’); 3.99 (t, 2H, 3J=8.8 Hz, H-2’); 3.13 (t, 2H, 3J=8.7 Hz, H-3’). 

 

5-Amino-3-(morpholin-1-yl)-1-carbamoyl-1,2,4-triazole (7t) 
5-Amino-3-(morpholin-1-yl)-1,2,4-triazole was reacted as per general method 

4.6.3 to yield 7t (90%). Anal 1H NMR (400 MHz, DMSO-d6) δ: 10.94 (br, 1H, NH); 

5.63 (br, 2H, NH2); 3.62 (dd, 4H, 3J=5.3 Hz, 3J=4.2 Hz, H-3’ and H-5’); 3.12 (dd, 

4H, 3J=5.2 Hz, 3J=4.4 Hz, H-2’ and H-6’). 

 

4.6.4 General method for the synthesis of 2-substituted-1,2,4-triazolo[1,5-
a][1,3,5]triazin-7(6H)-ones (1) 

A mixture of the appropriate 5-amino-3-substituted-1-carbamoyl-1,2,4-triazole (1 

mmol) and triethyl orthoformate (1.5 mmol) in 2 mL of toluene was heated at 

180°C for 30 min in a microwave reactor. After cooling to room temperature, the 

precipitate was filtered and recrystallized from an appropriate solvent. Copies of 

NMR spectra are reported in Appendix 5.  

 

2-Phenyl-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1a) 
Compound 7a was reacted as per the general method 4.6.4 to yield 1a (68%). 

Final product was crystallized from ethanol. Mp 287 – 288 °C; Anal 1H NMR (400 

MHz, DMSO-d6) δ: 13.29 (br, 1H, NH); 8.42 (s, 1H, H-5); 8.19 – 8.12 (m, 2H, H-

2’ and H-6’); 7.59 - 7.50 (m, 3H, H-3’, H-4’ and H-5’). 13C NMR (100 MHz, DMSO-

d6) δ: 163.0 (C-2); 158.7 (C-3a); 151.1 (C-5); 143.9 (C-7); 130.7 (C-4’); 129.8 (C-

1’); 129.0 (C-3’ and C-5’); 126.8 (C-2’ and C-6’). Anal. Calcd for C10H7N5O: C, 

56.34; H, 3.31; N, 32.85. Found: C, 56.48; H, 3.40; N, 32.64. 

 

2-(2-Fluorophenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1b) 
Compound 7b was reacted as per the general method 4.6.4 to yield 1b (35%). 

Final product was crystallized from methanol. Mp 257 – 258 °C; Anal 1H NMR 

(400 MHz, DMSO-d6) δ: 13.33 (br, 1H, NH); 8.44 (s, 1H, H-5); 8.13 (td, 1H, 3J=7.7 

Hz, 4J=1.7 Hz, H-6’); 7.66 - 7.54 (m, 1H, H-4’); 7.47 – 7.34 (m, 2H, H-3’ and H-

5’). 13C NMR (100 MHz, DMSO-d6) δ: 160.0 (d, 1JCF=255.3 Hz, C-2’); 159.8 (d, 
3JCF=4.9 Hz, C-2); 158.2 (br, C-3a); 151.3 (C-5); 143.8 (C-7); 132.6 (d, 3JCF=8.4 

Hz, C-4’); 130.7 (d, 4JCF=2.2 Hz, C-5’); 124.9 (d, 3JCF=3.5 Hz, C-6’); 117.8 (d, 
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2JCF=11.1 Hz, C-1’); 116.9 (d, 2JCF=21.1 Hz, C-3’). Anal. Calcd for C10H6FN5O: C, 

51.95; H, 2.62; N, 30.29. Found: C, 52.06; H, 2.76; N, 30.14. 
 

2-(3-Fluorophenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1c) 
Compound 7c was reacted as per the general method 4.6.4 to yield 1c (40%). 

Mp 253 – 254 °C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.34 (br, 1H, NH); 8.44 

(s, 1H, H-5); 8.01 (ddd, 1H, 3J=7.9 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 7.86 (ddd, 

1H, 3JHF=9.9 Hz, 4J=2.6 Hz, 4J=1.4 Hz, H-2’); 7.61 (td,1H, 3J=8.0 Hz, 4JHF=6.0 

Hz, H-5’); 7.40 (dddd, 1H, 3JHF=8.5 Hz, 3J=8.5 Hz, 4J=2.6 Hz, 4J=0.5 Hz, H-4’). 
13C NMR (100 MHz, DMSO-d6) δ: 162.4 (d, 1JCF=244.0 Hz, C-3’); 161.8 (d, 
4JCF=3.1 Hz, C-2); 158.8 (C-3a); 151.4 (C-5); 143.8 (C-7); 132.2 (d, 3JCF=8.4 Hz, 

C-1’); 131.3 (d, 3JCF=8.3 Hz, C-5’); 122.9 (d, 4JCF=2.7 Hz, C-6’); 117.6 (d, 
2JCF=21.1 Hz, C-4’); 113.3 (d, 2JCF=23.4 Hz, C-2’). Anal. Calcd for C10H6FN5O: C, 

51.95; H, 2.62; N, 30.29. Found: C, 52.12; H, 2.78; N, 30.07. 
 

2-(4-Fluorophenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1d) 
Compound 7d was reacted as per the general method 4.6.4 to yield 1d (60%). 

Mp 279 – 280 °C; Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.30 (br, 1H, NH); 8.42 

(s, 1H, H-5); 8.20 (dd, 2H, 3J=8.9 Hz, 4JHF=5.5 Hz, H-2’ and H-6’); 7.39 (dd, 2H, 
3JHF=8.9 Hz, 3J=8.9 Hz, H-3’ and H-5’). 13C NMR (100 MHz, DMSO-d6) δ: 163.6 

(d, 1JCF=247.9 Hz, C-4’); 162.1 (C-2); 158.8 (C-3a); 151.4 (C-5); 143.9 (C-7); 

129.1 (d, 3JCF=8.8 Hz, C-2’ and C-6’); 126.4 (d, 4JCF=3.0 Hz, C-1’); 116.1 (d, 
2JCF=22.0 Hz, C-3’ and C-5’). Anal. Calcd for C10H6FN5O: C, 51.95; H, 2.62; N, 

30.29. Found: C, 52.09; H, 2.77; N, 30.02. 
 

2-(3-Chlorophenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1e) 
Compound 7e was reacted as per the general method 4.6.4 to yield 1e (62%). 

Final product was crystallized from ethanol. Mp 301 – 302 °C; Anal 1H NMR (400 

MHz, DMSO-d6) δ: 13.35 (br, 1H, NH); 8.44 (s, 1H, H-5); 8.16 – 8.07 (m, 2H, H-

2’ and H-6’); 7.65 – 7.56 (m, 2H, H-4’ and H-5’). 13C NMR (100 MHz, DMSO-d6) 

δ: 161.6 (C-2); 158.8 (C-3a); 151.4 (C-5); 143.8 (C-7); 133.8 (C-3’); 131.9 (C-1’); 

131.1 (C-4’); 130.5 (C-5’); 126.2 (C-2’); 125.3 (C-6’). Anal. Calcd for C10H6ClN5O: 

C, 48.50; H, 2.44; N, 28.28. Found: C, 48.55; H, 2.50; N, 28.12.  
 

2-(4-Chlorophenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1f) 
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Compound 7f was reacted as per the general method 4.6.4 to yield 1f (49%). 

Final product was crystallized from ethanol 95%. Mp 265 – 266 °C; Anal 1H NMR 

(400 MHz, DMSO-d6) δ: 13.33 (br, 1H, NH); 8.43 (s, 1H, H-5); 8.16 (d, 2H, 3J=8.6 

Hz, H-2’ and H-6’); 7.62 (d, 2H, 3J=8.6 Hz, H-3’ and H-5’). 13C NMR (100 MHz, 

DMSO-d6) δ: 162.0 (C-2); 158.7 (C-3a); 151.3 (C-5); 143.8 (C-7); 135.4 (C-4’); 

129.2 (C-3’ and C-5’); 128.7 (C-1’); 128.5 (C-2’ and C-6’). Anal. Calcd for 

C10H6ClN5O: C, 48.50; H, 2.44; N, 28.28. Found: C, 48.61; H, 2.52; N, 28.20. 
 

2-(3-Methylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1g) 
Compound 7g was reacted as per the general method 4.6.4 to yield 1g (53%). 

Final product was crystallized from methanol. Mp 295 – 297 °C; Anal 1H NMR 

(400 MHz, DMSO-d6) δ: 13.26 (br, 1H, NH); 8.41 (s, 1H, H-5); 8.02 – 7.97 (m, 

1H, H-2’); 7.97 – 7.90 (m, 1 H, H-6’); 7.43 (t, 1H, 3J=7.6 Hz, H-5’); 7.38 – 7.31 (m, 

1H, H-4’); 2.41 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 163.0 (C-2); 158.6 

(C-3a); 151.1 (C-5); 143.8 (C-7); 138.2 (C-3’); 131.3 (C-4’); 129.8 (C-1’); 128.9 

(C-5’); 127.2 (C-2’); 123.9 (C-6’); 21.0 (CH3). Anal. Calcd for C11H9N5O: C, 58.14; 

H, 3.99; N, 30.82. Found: C, 58.23; H, 4.06; N, 30.70.  
 
2-(4-Methylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1h) 
Compound 7h was reacted as per the general method 4.6.4 to yield 1h (60%). 

Final product was crystallized from ethanol. Mp 266 – 267 °C; Anal 1H NMR (400 

MHz, DMSO-d6) δ: 13.26 (br, 1H, NH); 8.40 (s, 1H, H-5); 8.04 (d, 2H, 3J=8.1 Hz, 

H-2’ and H-6’); 7.35 (d, 2H, 3J=8.1 Hz, H-3’ and H-5’); 2.39 (s, 3H, CH3). 13C NMR 

(100 MHz, DMSO-d6) δ: 163.0 (C-2); 158.6 (C-3a); 151.0 (C-5); 143.8 (C-7); 

140.5 (C-4’); 129.6 (C-2’ and C-6’); 127.1 (C-1’); 126.7 (C-3’ and C-5’); 21.1 

(CH3). Anal. Calcd for C11H9N5O: C, 58.14; H, 3.99; N, 30.82. Found: C, 58.19; 

H, 4.03; N, 30.75. 
 
2-(3-Methoxylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1i) 
Compound 7i was reacted as per the general method 4.6.4 to yield 1i (65%). 

Final product was crystallized from methanol. Mp 267 – 268 °C; Anal 1H NMR 

(400 MHz, DMSO-d6) δ: 13.29 (br, 1H, NH); 8.42 (s, 1H, H-5); 7.74 (dt, 1H, 3J=7.6 

Hz, 4J=1.3 Hz, H-6’); 7.66 (dd, 1H, 4J=2.5 Hz, 4J=1.4 Hz, H-2’); 7.47 (t, 1H, 3J=8.0 

Hz, H-5’); 7.11 (ddd, 1H, 3J=8.3 Hz, 4J=2.7 Hz, 4J=0.9 Hz, H-4’); 3.86 (s, 3H, 

CH3). 13C NMR (100 MHz, DMSO-d6) δ: 162.8 (C-3’); 159.6 (C-2); 158.6 (C-3a); 
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151.2 (C-5); 143.8 (C-7); 131.2 (C-1’); 130.2 (C-5’); 119.1 (C-6’); 116.7 (C-4’); 

111.5 (C-2’); 55.3 (OCH3). Anal. Calcd for C11H9N5O2: C, 54.32; H, 3.73; N, 28.79. 

Found: C, 54.40; H, 3.81; N, 28.67. 
 
2-(4-Methoxylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1j) 
Compound 7j was reacted as per the general method 4.6.4 to yield 1j (69%). 

Final product was crystallized from ethanol.  Mp 295 – 296 °C; Anal 1H NMR (400 

MHz, DMSO-d6) δ: 13.24 (br, 1H, NH); 8.39 (s, 1H, H-5); 8.09 (d, 2H, 3J=8.9 Hz, 

H-2’ and H-6’); 7.10 (d, 2H, 3J=8.9 Hz, H-3’ and H-5’); 3.83 (s, 3H, CH3). 13C NMR 

(100 MHz, DMSO-d6) δ: 162.9 (C-4’); 161.2 (C-2); 158.5 (C-3a); 151.0 (C-5); 

143.8 (C-7); 128.4 (C-2’ and C-6’); 122.2 (C-1’); 114.4 (C-3’ and C-5’); 55.3 (CH3). 

Anal. Calcd for C11H9N5O2: C, 54.32; H, 3.73; N, 28.79. Found: C, 54.46; H, 3.82; 

N, 28.65.  

 

2-(3-Ethoxylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1k) 
Compound 7k was reacted as per the general method 4.6.4 to yield 1k (31%). 

Final product was crystallized from methanol. Mp 279 – 281 °C; Anal 1H NMR 

(400 MHz, DMSO-d6) δ: 13.27 (br, 1H, NH); 8.41 (s, 1H, H-5); 7.72 (dt, 1H, 3J=7.6 

Hz, 4J=1.2 Hz, H-6’); 7.64 (dd, 1H, 4J=2.5 Hz, 4J=1.5 Hz, H-2’); 7.45 (t, 1H, 3J=8.0 

Hz, H-5’); 7.08 (ddd, 1H, 3J=8.3 Hz, 4J=2.6 Hz, 4J=0.9 Hz, H-4’); 4.13 (q, 2H, 
3J=7.0 Hz, CH2); 1.37 (t, 3H, 3J=7.0 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 

162.7 (C-3’); 158.8 (C-2); 158.6 (C-3a); 151.3 (C-5); 143.9 (C-7); 131.2 (C-1’); 

130.2 (C-5’); 119.0 (C-6’); 117.2 (C-4’); 111.8 (C-2’); 63.2 (CH2); 14.6 (CH3). Anal. 

Calcd for C12H11N5O2: C, 56.03; H, 4.31; N, 27.22. Found: C, 56.11; H, 4.40; N, 

27.08. 

 
2-(4-Ethoxylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1l) 
Compound 7l was reacted as per the general method 4.6.4 to yield 1l (72%). 

Final product was crystallized from methanol. Mp 305 – 307 °C; Anal 1H NMR 

(400 MHz, DMSO-d6) δ: 13.24 (br, 1H, NH); 8.39 (s, 1H, H-5); 8.07 (d, 2H, 3J=8.8 

Hz, H-2’ and H-6’); 7.07 (d, 2H, 3J=8.9 Hz, H-3’ and H-5’); 4.11 (q, 2H, 3J=7.0 Hz, 

CH2); 1.36 (t, 3H, 3J=7.0 Hz, CH3). 13C NMR (100 MHz, DMSO-d6) δ: 162.9 (C-

4’); 160.5 (C-2); 158.5 (C-3a); 150.9 (C-5); 143.8 (C-7); 128.3 (C-2’ and C-6’); 

122.1 (C-1’); 114.8 (C-3’ and C-5’); 63.3 (CH2); 14.6 (CH3). Anal. Calcd for 

C12H11N5O2: C, 56.03; H, 4.31; N, 27.22. Found: C, 56.08; H, 4.43; N, 27.07. 
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2-(3-isoPropyloxylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1m) 
Compound 7m was reacted as per the general method 4.6.4 to yield 1m (45%). 

Final product was crystallized from methanol. Mp 257 – 259 °C; Anal 1H NMR 

(400 MHz, DMSO-d6) δ: 13.28 (br, 1H, NH); 8.41 (s, 1H, H-5); 7.70 (ddd, 1H, 
3J=7.7 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 7.63 (dd, 1H, 4J=2.5 Hz, 4J=1.5 Hz, H-2’); 

7.44 (t, 1H, 3J=8.0 Hz, H-5’); 7.07 (ddd, 1H, 3J=8.3 Hz, 4J=2.6 Hz, 4J=0.9 Hz, H-

4’); 4.71 (m, 1H, 3J=6.0 Hz, CH(CH3)2); 1.31 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 13C 

NMR (100 MHz, DMSO-d6) δ: 162.7 (C-3’); 158.7 (C-2); 157.8 (C-3a); 151.4 (C-

5); 144.0 (C-7); 131.2 (C-1’); 130.3 (C-5’); 118.9 (C-6’); 118.3 (C-4’); 113.2 (C-

2’); 69.5 (CH(CH3)2); 21.8 (CH(CH3)2). Anal. Calcd for C13H13N5O2: C, 57.56; H, 

4.83; N, 25.82. Found: C, 57.62; H, 4.90; N, 25.71. 

 
2-(4-isoPropyloxylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1n) 
Compound 7n was reacted as per the general method 4.6.4 to yield 1n (49%). 

No further purification was required. Mp 288 – 290 °C; Anal 1H NMR (400 MHz, 

DMSO-d6) δ: 13.23 (br, 1H, NH); 8.38 (s, 1H, H-5); 8.05 (d, 2H, 3J=8.8 Hz, H-2’ 

and H-6’); 7.06 (d, 2H, 3J=8.9 Hz, H-3’ and H-5’); 4.71 (m, 1H, 3J=6.0 Hz, 

CH(CH3)2); 1.31 (d, 6H, 3J=6.0 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 

162.9 (C-4’); 159.5 (C-2); 158.5 (C-3a); 150.9 (C-5); 143.8 (C-7); 128.4 (C-2’ and 

C-6’); 121.9 (C-1’); 115.7 (C-3’ and C-5’); 69.4 (CH(CH3)2); 21.8 (CH(CH3)2). 

Anal. Calcd for C13H13N5O2: C, 57.56; H, 4.83; N, 25.82. Found: C, 57.42; H, 5.02; 

N, 25.58. 

 

2-(3-isoButyloxylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1o) 
Compound 7o was reacted as per the general method 4.6.4 to yield 1o (44%). 

Final product was crystallized from methanol. Mp 277 – 279 °C; Anal 1H NMR 

(400 MHz, DMSO-d6) δ: 13.29 (br, 1H, NH); 8.41 (s, 1H, H-5); 7.73 (ddd, 1H, 
3J=7.8 Hz, 4J=1.2 Hz, 4J=1.2 Hz, H-6’); 7.65 (dd, 1H, 4J=2.5 Hz, 4J=1.5 Hz, H-2’); 

7.44 (t, 1H, 3J=8.0 Hz, H-5’); 7.10 (ddd, 1H, 3J=8.3 Hz, 4J=2.6 Hz, 4J=0.9 Hz, H-

4’); 3.84 (d, 2H, 3J= 6.5 Hz, CH2); 2.06 (m, 1H, 3J=6.6 Hz, CH(CH3)2); 1.02 (d, 

6H, 3J= 6.7 Hz, CH(CH3)2). 13C NMR (100 MHz, DMSO-d6) δ: 162.7 (C-3’); 159.1 

(C-2); 158.6 (C-3a); 151.2 (C-5); 143.9 (C-7); 131.1 (C-1’); 130.2 (C-5’); 119.0 

(C-6’); 117.2 (C-4’); 112.0 (C-2’); 73.9 (CH2); 27.7 (CH(CH3)2); 19.0 (CH(CH3)2). 
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Anal. Calcd for C14H15N5O2: C, 58.94; H, 5.30; N, 24.55. Found: C, 59.01; H, 5.35; 

N, 24.64. 

 

2-(4-isoButyloxylphenyl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1p) 
Compound 7p was reacted as per the general method 4.6.4 to yield 1p (63%). 

No further purification was required. Mp 317 – 319 °C; Anal 1H NMR (400 MHz, 

DMSO-d6) δ: 13.23 (br, 1H, NH); 8.39 (s, 1H, H-5); 8.07 (d, 2H, 3J=8.9 Hz, H-2’ 

and H-6’); 7.09 (d, 2H, 3J=8.9 Hz, H-3’ and H-5’); 3.83 (d, 2H, 3J= 6.5 Hz, CH2); 

2.06 (m, 1H, 3J=6.6 Hz, CH(CH3)2); 1.00 (d, 6H, 3J=6.7 Hz, CH(CH3)2). 13C NMR 

(100 MHz, DMSO-d6) δ: 162.9 (C-4’); 160.7 (C-2); 158.5 (C-3a); 151.0 (C-5); 

143.8 (C-7); 128.3 (C-2’ and C-6’); 122.1 (C-1’); 114.9 (C-3’ and C-5’); 73.9 (CH2); 

27.7 (CH(CH3)2); 19.0 (CH(CH3)2). Anal. Calcd for C14H15N5O2: C, 58.94; H, 5.30; 

N, 24.55. Found: C, 59.27; H, 5.46; N, 24.31.  

 

2-(Pyridin-3-yl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1q) 
Compound 7q was reacted as per the general method 4.6.4 to yield 1q (30%). 

No further purification was required. Mp 310 – 312 °C; Anal 1H NMR (400 MHz, 

DMSO-d6) δ: 13.36 (br, 1H, NH); 9.30 (d, 1H, 4J=1.3 Hz, H-2’); 8.73 (dd, 1H, 
3J=4.7 Hz, 4J=1.3 Hz, H-6’); 8.48 (dt, 1H, 3J=7.9 Hz, 4J=2.0 Hz, H-4’); 8.45 (s, 1H, 

H-5); 7.59 (ddd, 1H, 3J=7.9 Hz, 4J=4.8 Hz, 4J=0.6 Hz, H-5’). 13C NMR (100 MHz, 

DMSO-d6) δ: 160.9 (C-2); 158.9 (C-3a); 151.6 and 151.5 (C-5 and C-6’); 147.7 

(C-4’); 144.0 (C-7); 134.3 (C-5’); 125.9 (C-3’); 124.3 (C-2’). Anal. Calcd for 

C9H6N6O: C, 50.47; H, 2.82; N, 39.24. Found: C, 50.63; H, 3.06; N, 38.97.  

 

2-(Thien-2-yl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1r) 
Compound 7r was reacted as per the general method 4.6.4 to yield 1r (57%). 

Final product was crystallized from ethoxyethanol. Mp 309 – 310 °C; Anal 1H 

NMR (400 MHz, DMSO-d6) δ: 13.30 (br, 1H, NH); 8.41 (s, 1H, H-5); 7.83 (dd, 1H, 
3J=3.6 Hz, 4J=1.2 Hz, H-5’); 7.79 (dd, 1H, 3J=5.0 Hz, 4J=1.2 Hz, H-3’); 7.24 (dd, 

1H, 3J=5.0 Hz, 3J=3.6 Hz, H-4’). 13C NMR (100 MHz, DMSO-d6) δ: 159.2 (C-2); 

158.5 (C-3a); 151.4 (C-5); 143.6 (C-7); 132.5 (C-2’); 129.5 (C-3’); 128.4 (C-4’ and 

C-5’). Anal. Calcd for C8H5N5OS: C, 43.83; H, 2.30; N, 31.95. Found: C, 43.90; 

H, 2.44; N, 31.79. 

 

2-(Indolin-1-yl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1s) 
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Compound 7s was reacted as per the general method 4.6.4 to yield 1s (67%). 

No further purification was required. Mp 302 – 303 °C; Anal 1H NMR (400 MHz, 

DMSO-d6) δ: 13.15 (br, 1H, NH); 8.35 (s, 1H, H-5); 7.95 (d, 1H, 3J=7.9 Hz, H-4’); 

7.22 (td, 1H, 3J=7.9 Hz, 4J=1.3 Hz, H-6’); 7.19 (dd, 1H, 3J=7.8 Hz, 4J=0.9 Hz, H-

7’); 6.88 (td, 1H, 3J=7.4 Hz, 4J=0.9 Hz, H-5’); 4.11 (t, 2H, 3J=8.7 Hz, H-2’); 3.22 

(t, 2H, 3J=8.7 Hz, H-3’). 13C NMR (100 MHz, DMSO-d6) δ: 161.0 (C-2); 157.4 (C-

3a); 150.9 (C-5); 143.3 and 143.2 (C-7 and C-7’a); 130.9 (C-3’a); 127.2 (C-6’); 

124.7 (C-4’); 120.8 (C-5’); 112.4 (C-7’); 48.6 (C-2’); 27.2 (C-3’). Anal. Calcd for 

C12H10N6O: C, 56.69; H, 3.96; N, 33.05. Found: C, 56.83; H, 4.05; N, 32.88. 

 

2-(Morpholin-1-yl)-1,2,4-triazolo[1,5-a][1,3,5]triazin-7(6H)-one (1t) 
Compound 7t was reacted as per the general method 4.6.4 to yield 1t (62%). 

Final product was crystallized from aqueous ethanol (90%). Mp 303 – 304 °C; 

Anal 1H NMR (400 MHz, DMSO-d6) δ: 13.03 (br, 1H, NH); 8.27 (s, 1H, H-5); 3.69 

(dd, 4H, 3J=5.3 Hz, 3J=4.4 Hz, H-3’ and H-5’); 3.42 (dd, 4H, 3J=5.3 Hz, 3J=4.4 Hz, 

H-3’ and H-5’). 13C NMR (100 MHz, DMSO-d6) δ: 165.7 (C-2); 157.7 (C-3a); 150.6 

(C-5); 143.0 (C-7); 65.6 (CH2OCH2); 45.6 (CH2NCH2). Anal. Calcd for C8H10N6O2: 

C, 43.24; H, 4.54; N, 37.82. Found: C, 43.32; H, 4.62; N, 37.68. 

 

4.6.5 Xanthine oxidase inhibitory assay 

The IC50 value of each compound was evaluated using a UV spectrophotometer 

with the wavelength set at 295 nm. Bovine milk XO was reconstituted with 55 mM 

phosphate buffer at pH 7.5 to obtain a suitable concentration that gave a final 

enzyme concentration of 0.01 IU/mL during each assay. Xanthine was used as 

substrate at a final concentration of 40 μM and Allopurinol was used as positive 

control. Each compound and allopurinol were dissolved in DMSO and diluted to 

a suitable concentration using the phosphate buffer. The final DMSO 

concentration was no more than 1% v/v. A blank solution with DMSO at 1% v/v 

was shown not to affect substrate oxidation. All tests were performed at 37°C by 

recording UV absorbance due to the formation of uric acid for 60 seconds at 4 

second intervals. Each compound was tested in triplicate at five different 

concentrations. The slope of the curve of absorbance vs time and resulting IC50 

values for each compound were obtained using GraphPad Prism 9.2.0 

(GraphPad Software Inc.). 
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The most active compound 1o was also used in the enzyme kinetics experiments 

to identify the mechanism of inhibition. Five concentrations of 1o were tested 

using xanthine at five different concentrations (5, 10, 20, 30 and 40 μM). 

GraphPad Prism 9.2.0 (GraphPad Software Inc.) was used to perform a non-

linear regression using the Michaelis-Menten equation and a Lineweaver-Burk 

plot was used to identify the mechanism of inhibition. 

 

4.6.6 Molecular docking 

Molecular docking simulations were performed using Autodock 4.0(210) with an 

interaction grid with 0.375 Å spacing. The crystal structure of bovine milk XO in 

complex with hypoxanthine (PDB entry 3nrz) was used to study the interactions 

between the inhibitor and the enzyme. The internal energy of each molecule and 

the enzyme was minimised using Biovia Discovery Studio 2021 (Dassault 

Systèmes). The structure of the enzyme was prepared by removing the ligand 

hypoxanthine and all of the water molecules. CHARMM charges were assigned 

to both the enzyme and the inhibitors. The grid box for docking was centered 

using the coordinates X center = 89.606, Y center = 9.758 and Z center = 17.716. 

The grid box had the following dimensions: x = 52 Å, y = 50 Å and z = 58 Å. 

The final predicted docked poses were visualised using Biovia Discovery Studio 

2021 (Dassault Systèmes). 
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All compounds were characterised by NMR analysis and tested for their XO 

inhibitory activity in vitro. A group of 24 compounds from libraries 2 and 3 

demonstrated better inhibitory activity than the control Allopurinol, whilst 

compounds from library 1 showed lower activity than Allopurinol, with the 

exception of one compound exhibiting comparable activity. The majority of 

compounds from library 4 (19 out of 20) demonstrated better activity than 

Allopurinol. The most potent inhibitors from libraries 2 and 3 exhibited IC50 values 

23 and 18 times lower, respectively, than that of Allopurinol, whilst the most active 

compound from library 4 was nearly three order more potent than Allopurinol. 

 

Enzyme kinetic studies were performed to identify the inhibition type for the most 

potent analogues. A mixed type of inhibition was observed for these compounds. 

This is consistent with the inhibition mechanism previously reported in the 

literature for purine analogues. The mixed type of inhibition, in the absence of 

evidence of an enzyme allosteric site, was rationalised by Tai and Hwang in 

2004(31). These authors hypothesised the presence of cooperative interactions 

between the two enzyme monomers: binding of the substrate to the active site of 

one subunit affects the catalytic rate of the other subunit. 

 

The crystal structure of bovine milk XO in complex with hypoxanthine was used 

to study the interactions between the inhibitors and the enzyme. Molecular 

docking simulations were conducted with each of the 95 compounds to predict 

their interactions with the active site of the enzyme. The predicted poses showed 

that all the analogues were oriented with the triazolopyrimidinone or 

triazolotriazinone ring towards the molibdopterine cofactor inside the enzyme 

active site, whilst the substituent at position 2 was oriented towards the entrance 

of the active site. 

5.2 Future directions 

This research identified three libraries of novel purine analogue inhibitors of XO. 

The most active compounds of each library are potential leads for additional 

studies dedicated to the identification of more effective XO inhibitors. 
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threatened claims, demands, causes of action or proceedings arising from any breach 
of this Agreement by you. 

• IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR ANY OTHER PARTY 
OR ANY OTHER PERSON OR ENTITY FOR ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, 
INDIRECT, EXEMPLARY OR PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF 
OR IN CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR USE OF 
THE MATERIALS REGARDLESS OF THE FORM OF ACTION, WHETHER FOR BREACH OF 
CONTRACT, BREACH OF WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR 
OTHERWISE (INCLUDING, WITHOUT LIMITATION, DAMAGES BASED ON LOSS OF 
PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), 
AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH 
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY FAILURE OF 
ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED HEREIN. 

• Should any provision of this Agreement be held by a court of competent jurisdiction to 
be illegal, invalid, or unenforceable, that provision shall be deemed amended to 
achieve as nearly as possible the same economic effect as the original provision, and 
the legality, validity and enforceability of the remaining provisions of this Agreement 
shall not be affected or impaired thereby. 

• The failure of either party to enforce any term or condition of this Agreement shall not 
constitute a waiver of either party's right to enforce each and every term and 
condition of this Agreement. No breach under this agreement shall be deemed waived 
or excused by either party unless such waiver or consent is in writing signed by the 
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party granting such waiver or consent. The waiver by or consent of a party to a breach 
of any provision of this Agreement shall not operate or be construed as a waiver of or 
consent to any other or subsequent breach by such other party. 

• This Agreement may not be assigned (including by operation of law or otherwise) by 
you without WILEY's prior written consent. 

• Any fee required for this permission shall be non-refundable after thirty (30) days from 
receipt by the CCC. 

• These terms and conditions together with CCC's Billing and Payment terms and 
conditions (which are incorporated herein) form the entire agreement between you 
and WILEY concerning this licensing transaction and (in the absence of fraud) 
supersedes all prior agreements and representations of the parties, oral or written. 
This Agreement may not be amended except in writing signed by both parties. This 
Agreement shall be binding upon and inure to the benefit of the parties' successors, 
legal representatives, and authorized assigns. 

• In the event of any conflict between your obligations established by these terms and 
conditions and those established by CCC's Billing and Payment terms and conditions, 
these terms and conditions shall prevail. 

• WILEY expressly reserves all rights not specifically granted in the combination of (i) the 
license details provided by you and accepted in the course of this licensing transaction, 
(ii) these terms and conditions and (iii) CCC's Billing and Payment terms and 
conditions. 

• This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type 
was misrepresented during the licensing process. 

• This Agreement shall be governed by and construed in accordance with the laws of the 
State of New York, USA, without regards to such state's conflict of law rules. Any legal 
action, suit or proceeding arising out of or relating to these Terms and Conditions or 
the breach thereof shall be instituted in a court of competent jurisdiction in New York 
County in the State of New York in the United States of America and each party hereby 
consents and submits to the personal jurisdiction of such court, waives any objection 
to venue in such court and consents to service of process by registered or certified 
mail, return receipt requested, at the last known address of such party. 

WILEY OPEN ACCESS TERMS AND CONDITIONS 

Wiley Publishes Open Access Articles in fully Open Access Journals and in 
Subscription journals offering Online Open. Although most of the fully Open Access 
journals publish open access articles under the terms of the Creative Commons 
Attribution (CC BY) License only, the subscription journals and a few of the Open 
Access Journals offer a choice of Creative Commons Licenses. The license type is 
clearly identified on the article. 

The Creative Commons Attribution License 

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute 
and transmit an article, adapt the article and make commercial use of the article. The 
CC-BY license permits commercial and non- 
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Creative Commons Attribution Non-Commercial License 

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use, 
distribution and reproduction in any medium, provided the original work is properly 
cited and is not used for commercial purposes.(see below) 

Creative Commons Attribution-Non-Commercial-NoDerivs License 

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-
ND) permits use, distribution and reproduction in any medium, provided the original 
work is properly cited, is not used for commercial purposes and no modifications or 
adaptations are made. (see below) 

Use by commercial "for-profit" organizations 

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes 
requires further explicit permission from Wiley and will be subject to a fee. 

Further details can be found on Wiley Online 
Library http://olabout.wiley.com/WileyCDA/Section/id-410895.html 

 
 
Other Terms and Conditions: 
 
 
 
v1.10 Last updated September 2015 

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) 
or +1-978-646-2777. 
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