




AbstractAbstract

In  the  last  few  years,  the  possibility  to  discover  new  potent  and  selective  adenosine 
receptors (ARs) antagonists was intensively explored. Briefly,  the adenosine receptor (AR) 
family belongs to GPCR family A, which includes four different subtypes, referred to as A1, 
A2A, A2B and A3, which are widely but differentially distributed throughout the body. Diverse 
potent and selective ligands for each subtype have demonstrated the potential therapeutic 
role of the adenosine receptor in several physiopathological processes. In particular, A1AR 
selective  antagonists  have  shown  anxiolytic  effects,  and  they  have  been  reported  as 
promising  candidates  for  the  treatment  of  cognitive  disorders,  such  as  dementia.  The 
antagonism selectivity for hA1AR is also the proposed mechanism for some diuretic agents, 
which are considered effective in congestive hearth failure and in edema. A2AAR antagonists 
have a neuroprotective activity during ischemic processes and seem to play a role in the 
reduction  of  neuronal  damage  in  Parkinson’s  or  Huntington’s  diseases.  A  potential 
therapeutic  activity  in  the  asthma  disease  has  been  discovered  for  A2BAR  selective 
antagonists or mixed antagonists to hA2BAR and hA3AR. A2BAR antagonists are also studied as 
hypoglycaemic agents in diabetes,  while  A3AR antagonists have a potential  application in 
tumor growth inhibition and in the treatment of glaucoma.
The aim of this work consist in: 

1. Investigations on the pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine scaffold.

2. Molecular simplification.

3. Validation of computational approaches to predict AR subtype selectivity.

The pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine (PTP) nucleus have been demonstrated to 
give rise to potent adenosine receptor antagonists, especially for A2AAR and A3AR, depending 
on the pattern of substitutions on the PTP scaffold. Part of the aim of this work is to better 
investigate this kind of molecule. We have introduced modifications at the 5 position with 
(ar)alkylamines lacking of a carbonyl group (present in potent A3AR antagonists) near the 5-
nitrogen atom in  order  to  evaluate  if  a  retain  of  affinity  towards  ARs  was  observed.  In 
addition,  we  performed  modifications  at  the  2  position  where  since  now  a  furan  was 
supposed to mime the adenosine ribose and so to be essential  in order to have activity 
towards ARs. Several studies reported that furan was subjected to a metabolic cleavage rising
to toxic metabolites, so a series of PTP bearing at the 2 position a substituted phenyl ring was 
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evaluated  at  the  four  adenosine  receptor  subtypes.  Finally,  a  preliminary  study  was 
performed to develop a fluorescent probe for adenosine receptors using the PTP scaffold 
linked to a fluorescein molecule through a spacer. Concerning the results, on PTP scaffold 
good affinities against A3AR were obtained with 5-aminosubstituted derivatives (compound 
1)  but  especially  with the 2-phenylPTP series  (compound  2)  where the phenyl  ring gave 
equipotent  but  more  selective  derivatives  than  2-furanPTPs.  Instead  for  the  fluorescent 
probe only the first synthesised derivative (compound 3) was assayed on hARs with poorly 
results  in  terms  of  affinity,  so  a  miniseries  of  fluorescent  compounds  were  synthesised 
varying the spacer length and, at the moment, biological data are attended.(Figure 1)
The PTP nucleus possesses a complex structure that requires a difficult synthesis that was 
accompanied  by  low yields.  This  in  addition  to  a  lot  of  endocyclic-nitrogen atoms,  high 
molecular  weight  and  low water  solubility.  It's  clear  that  a  molecular  simplification  was 
needed,  thus  it  is  the  goal  of  the  second  part  of  this  work.  We developed  a series  of 
derivatives related to the 1,2,4-triazolo[1,5-a]-1,3,5-triazine ZM241385 as antagonists of the 
A2AAR.  The  A2AAR  X-ray  structure  was  used  to  identify  a  point  of  substitution  for  the 
attachment of solubilizing groups to enhance both aqueous solubility and physicochemical 
properties,  maintaining potent  interactions  with the A2AAR.  Among the most  potent  and 
selective novel compounds, compound 4 (KiA2A=11.5 nM) and 5 (KiA2A=16.9 nM) were readily 
water soluble up to 10mM. The analogues were docked in the crystallographic structure of 
the hA2AAR and in a homology model of the hA3AR, and the  per residue  electrostatic and 

hydrophobic  contributions  to  the  binding  were  assessed. A  promising  scaffold  was  also 
represented by 1,2,4-triazolo[1,5-c]pyrimidines. A previous investigation on these molecules 
revealed  that  poorly  active  compounds  were  obtained  by  introduction  of  arylacetyl  or 
arylcarbamoyl moieties at the N5 position, which, on the contrary, enhanced affinity at the 
hA2B and hA3 ARs, when utilized on the pyrazolo-triazolo-pyrimidine nucleus. Thus, in order 
to better investigate the possible substitutions on this scaffold, moieties without a carbonyl 
group (alkyl and aryl moieties) were introduced at N5 position, revealing that little groups 
such as an methyl group gave the better results in terms of affinity at the A3AR. This methyl 
derivative was docked inside the human A3AR model suggesting that a further investigation 
on the 8-position was possible. So, we synthesised several derivatives bearing a substituted 
benzyl esters at the 8 position and most of them show high affinity values against the A3AR 
(compound 6). In addition, very simplified scaffolds were synthesised on the basis of docking 
results on the hA3AR model (rodhopsin-based): stilbenes and 2-stirylfuranes. Derivatives are 
poor active at the ARs (compound 7) but data were encouraging and further investigations 
are needed. (Figure 2)
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The  third  part  of  this  thesis  concerns  computational  approaches  to  predict  AR  subtype 
selectivity.  In particular  the research group of  Prof.  Stefano Moro of  University  of  Padua 
developed two slight  different  approaches.  In  the first,  an alternative  application  of  the 
Support  Vector  Machine (SVM) and Support  Vector  Regression (SVR)  methodologies  was 
developed to simultaneously describe both A2AR versus A3R subtypes selectivity profile and 
the corresponding receptor binding  affinities. To validate this approach, 51 new pyrazolo-

triazolo-pyrimidine  derivatives  were  synthesised   anticipating  both  A2AR/A3R  subtypes 
selectivity and receptor binding affinity profiles. Instead in the second, a novel application of 
the  multilabel  classification  approach  was  carried  out  by  combining  autocorrelated 
molecular  descriptors  encoding  for  the  molecular  electrostatic  potential  (autoMEP)  with 
support vector machines (SVMs). Thus permitting the simultaneous prediction of the hA1AR, 
hA2AAR, hA2BAR, and hA3AR subtypes potency profile and selectivity of a large collection of 
known  antagonists.  A  series  of  13  newly  pyrazolo-triazolo-pyrimidine  derivatives  was 
synthesised in order to validate this computational approach, comparing the model-inferred 
full  adenosine  receptor  potency  spectrum  and  hAR  subtypes  selectivity  profile  with  the 
experimental data. For both methods the ability to predict affinity and selectivity was very 
encouraging. To further improve the  predictivity of our dynamic  autoMEP/ct-SVM strategy, 
we  aim  at  integrating  new  information  on  hAR  antagonists  in  our  data  set,  especially 
regarding the hA1AR subtype. (Figure 3)
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Figure 3. Work-flows for the computational approaches to predict affinity and selectivity at the ARs



In conclusion, further investigations are needed especially for the PTP fluorescent probes and 
for the highly simplified derivatives where only preliminary studies were performed. Good 
results were obtained in the exploration of substitutions on the PTP, triazolo-triazine and 
triazolo-pyrimidine  scaffolds.  Future  perspectives  consist  in  develop  new  series  of 
compounds applying the results just obtained with this work, such as trying to substitute the 
furan ring also in other scaffolds and not only with phenyl but also other (ar)alkyl moieties. In 
addition we will continue to support computational work preparing compounds in order to 
validate various computational predictive approaches.
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RiassuntoRiassunto

Negli ultimi anni si è creato notevole interesse attorno alla ricerca di nuovi potenti e selettivi 
antagonisti per i recettori adenosinici (AR), i quali appartengono alla famiglia A dei recettori 
accoppiati  a  proteine  G  (GPCR).  Essi  sono  attualmente  suddivisi  in  quattro  sottotipi 
recettoriali  chiamati  A1,  A2A,  A2B e  A3.  Tali  recettori  possiedono una diversa  distribuzione 
nell'organismo e ligandi potenti e selettivi per i vari sottotipi recettoriali  hanno dimostrato di 
poter essere utilizzati in diversi processi fisiopatologici.  In particolare, antagonisti  selettivi  
verso  il  sottotipo  A1 hanno  dimostrato  proprietà  ansiolitiche  e  si  dimostrano  quindi 
promettenti nel trattamento di disordini cognitivi come la demenza. L'antagonismo verso A1 

è stato anche proposto come meccanismo d'azione di alcuni diuretici, utili nello scompenso 
cardiaco congestizio e nell'edema. A2A antagonisti hanno un'azione neuroprotettiva durante i 
processi  ischemici  e  sembrano  avere  un  ruolo  nella  riduzione  del  danno  neurologico  in 
patologie quali la malattia di Parkinson o Huntington. È stata inoltre scoperta una potenziale 
attività terapeutica nella patologia dell'asma per A2B antagonisti oppure antagonisti misti A2B 

e A3. Antagonisti verso A2BAR sono stati studiati anche come agenti ipoglicemici nel diabete. 
Infine antagonisti verso il recettore A3 possono avere implicazioni nell'inibizione della crescita 
tumorale e nel trattamento del glaucoma.
Lo scopo di questo lavoro consiste in: 

4. Investigazioni sul nucleo pirazolo[4,3-e]-1,2,4-triazolo[1,5-c]pirimidinico.

5. Semplificazione molecolare.

6. Validazione di approcci computazionali  per la predizione della selettività verso i 
sottotipi di AR.

Esistono numerosi potenti antagonisti adenosinici di natura pirazolo[4,3-e]-1,2,4-triazolo[1,5-
c]pirimidinica (PTP), specialmente verso A2AAR e A3AR, in base alle sostituzioni presenti sul 
nucleo. Parte dello scopo di questa tesi è di investigare approfonditamente questo tipo di 
molecola. Per esempio l'inserimento in posizione 5 di diverse (ar)alchilammine, permette di 
valutare  se il  gruppo carbonilico sia  essenziale per avere  affinità  verso A3,  dato che tale 
gruppo  è  presente  in  tutti  i  più  potenti  antagonisti  A3 di  natura  pirazolo-1,2,4-triazolo-
pirimidinica. Sono state inoltre effettuate modificazioni in posizione 2 del triciclo PTP: in tale 
posizione fino ad ora è sempre stato introdotto un furano, supponendo che avesse un ruolo 
nel  mimare il  ribosio  dell'adenosina  e  che fosse  fondamentale  per  avere  affinità  verso i  
recettori  adenosinici.  Purtroppo  molti  studi  riportano  che  il  furano  è  un  gruppo 
metabolicamente instabile portando alla formazione di metaboliti tossici. Per tale motivo si è  
deciso di sintetizzare una serie di PTP con un fenile, eventualmente sostituito, al posto del 
furano.  Infine  è  stato  effettuato  uno  studio  preliminare  per  sviluppare  una  sonda 
fluorescente verso i recettori adenosinici, utilizzando il nucleo PTP legato ad una molecola di 
fluoresceina tramite un opportuno spaziatore. Valutando in generale i dati ottenuti per lo 
scheletro PTP si  evince che sia i  derivati  5-amminosostituiti  (composto  1)  che,  in special 
modo, la serie 2-fenilPTP (composto 2), hanno dato buoni risultati in termini di affinità verso 
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A3.  La  serie  2-fenilica  ha  dimostrato  un'affinità  paragonabile  a  quella  2-furanica  ma 
sorprendentemente  la  selettività  verso  gli  altri  sottotipi  recettoriali  risulta  migliorata. 
Purtroppo nella serie dei derivati fluorescenti, solo il primo derivato sintetizzato (composto 
3) è stato saggiato e con scarsi risultati. Per tale motivo sono stati sintetizzati altri derivati  
variando la lunghezza dello spaziatore ma i saggi biologici non sono ancora stati effettuati.  
(Figura 1)

Il nucleo PTP possiede una struttura complessa che richiede une sintesi difficile che spesso è 
accompagnata  da  basse  rese.  A  questo  si  aggiungono  un  alto  numero  di  atomi  d'azoto 
endociclici, un alto peso molecolare e una bassa solubilità in acqua. Risulta quindi chiara la  
necessità di una semplificazione molecolare, che è lo scopo della seconda parte di questa 
tesi.  Abbiamo quindi sintetizzato una serie di  derivati  strutturalmente correlati  alla 1,2,4-
triazolo[1,5-a]-1,3,5-triazina ZM241385 (antagonista A2A) come antagonisti  verso A2AAR. La 
struttura cristallografica del recettore umano A2A è stata utilizzata per identificare un punto di 
ancoraggio per gruppi solubilizzanti in modo da aumentare sia la solubilità in acqua che le  
proprietà fisico-chimiche della molecola, mantenendo però le interazioni che danno potenza 
verso A2AAR. Tra questi derivati, i più potenti sono il composto 4 (KiA2A=11.5 nM) e 5 (KiA2A= 
16.9 nM) che sono anche solubili in acqua in una concentrazione maggiore a 10 mM. Sugli  
analoghi sono stati effettuati degli studi di docking utilizzando la struttura cristallografica di  
hA2AAR e il modello di hA3AR creato per homology modeling su hA2AAR; sono stati calcolati 
poi, per ogni residuo, i contributi idrofobici ed elettrostatici nel processo di binding.
Un nucleo promettente di  natura biciclica è rappresentato inoltre dalle  1,2,4-triazolo[1,5-
c]pirimidines. In uno studio precedente su tali molecole, sono stati inseriti gruppi arilacetile o 
arilcarbamoile  in  posizione  N5,  i  quali  hanno  dato  buoni  risultati  su  hA2B e  hA3 quando 
utilizzati  sulle  PTP.  I  composti  ottenuti  sono risultati  poco attivi  verso gli  AR.  Quindi  per 
investigare in modo più approfondito tale nucleo, si è deciso di sintetizzare una nuova serie 
di triazolo-pirimidine introducendo in posizione 5, delle ammine di natura alchilica, arilica o  

mista. Tale studio ha rilevato che piccoli gruppi come un metile danno i migliori risultati in 
termini di affinità verso A3AR. Sul metil derivato è stato effettuato il docking all'interno della 
tasca recettoriale del modello umano di A3AR suggerendo la possibilità di ulteriori modifiche 
in posizione 8. Sono stati quindi sintetizzati molti derivati portanti un benzil estere sostituito 
in posizione 8 e  molti  di  questi  composti  si  sono rivelati  ad alta  affinita  per il  sottotipo 
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Figura 2. Derivati semplificati



recettoriale A3 (composto 6).
Una ulteriore semplificazione molecolare si è ottenuta, tramite studi di docking effettuati sul 
modello hA3AR (basato sulla rodopsina),  con la serie stilbenica e 2-stirilfuranica. I derivati 
sono poco attivi  verso  i  recettori  adenosinici  (composto  7)  ma tali  dati  sono comunque 
incoraggianti e richiedono ulteriori studi. (Figura 2)
La  terza  ed  ultima  parte  di  questa  tesi  parla  di  approcci  computazionali  per  la 
contemporanea  predizione  di  affinità  e  selettività  verso  i  vari  sottotipi  recettoriali 
adenosinici. In  particolare,  il  gruppo  di  ricerca  del  Prof.  Stefano  Moro  dell'Università  di 
Padova  ha  sviluppato  due  approcci  leggermente  differenti.  Il  primo  consiste  in 
un'applicazione  alternativa  delle  metodologie  Support  Vector  Machine  (SVR)  e  Support 
Vector  Regression  (SVR) per  descrivere  simultaneamente  sia  le  selettività  che  le 
corrispondenti affinità di binding verso i sottotipi recettoriali A2A e A3.  Per validare questo 
approccio sono state sintetizzate 51 nuove pirazolo-triazolo-pirimidine, anticipandone sia la 
selettività verso A2A contro A3 che la loro affinità verso gli stessi sottotipi recettoriali. Invece 
nel  secondo  caso  è  stata  sviluppata  l'applicazione  dell'approccio  multilabel  classification 
combinando i descrittori molecolari autocorrelati per il potenziale elettrostatico molecolare 

(autoMEP)  con  le  Support  Vector  Machines  (SVM).  Questo  ha  permesso  la  predizione 
simultanea sia del profilo della potenza che della selettività verso tutti e quattro i sottotipi 
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Figura  3.  Schemi  degli  approcci  computazionali  utilizzati  nella  contemporanea  predizione  dell'affinità  e 
selettività verso I vari AR.



recettoriali. Una serie di 13 nuove pirazolo-triazolo-pirimidine è stata sintetizzata per validare 
questo  approccio  computazionale;  comparando  i  profili  predetti  dal  modello  con  i  dati  
sperimentali.  per entrambi  i  modelli  computazionali  l'abilità  di  predire  affinità  e potenza 
sono  molto  incoraggianti.  Per  migliorare  la  capacità  predittiva  della  strategia  dinamica 
autoMEP/ct-SVM, puntiamo ad integrare il data set con nuove informazioni su antagonisti 
verso hAR, specialmente verso il sottotipo recettoriale hA1. (Figura 3)
Concludendo, ulteriori approfondimenti sono necessari specialmente per quanto riguarda lo 
sviluppo di sonde recettoriali fluorescenti e per i derivati altamente semplificati (composto 
6).  Buoni  risultati  sono stati  invece ottenuti  nell'investigazione delle  serie  di  natura  PTP, 
triazolo-triazinica e triazolo-pirimidinica. Obiettivo futuro sarà quello di sfruttare i  risultati 
appena ottenuti con questo lavoro di tesi; per esempio provando a sostituire il furano anche 
negli  altri  eterocicli  esaminati;  non  solo  con  fenili  ma  anche  con  altri  gruppi  di  natura 
(ar)alchilica.  Inoltre  continuerà  il  mutuo  supporto  con  la  modellistica  computazionale 
preparando composti ad hoc per validare varie tipologie di modelli di predizione.
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1.Introduction

1 INTRODUCTION

1.1 ADENOSINE

Adenosine consist of the purine base adenine linked to ribose by β-glicosidic bound, hence it 
is designated a nucleoside (Figure 1).

Adenosine  has  many  neurotransmitter  features,  in  fact,  specific  mechanisms  for  its 
biosynthesis and inactivation were present, it interacts with specific post-synaptic and also 
pre-synaptic  receptors,  but specific  adenosine-containing neurons haven't  been identified 
yet; so adenosine is defined a neuromodulator.1

Another  purine implicated in  neurotransimission is  ATP (adenosine-tri-phosphate).  ATP  is 
stored in specific vesicles in neurons, is released upon nerve stimulation and exerts specific  
synaptic  effects.2 Since  ATP  is  stored  together  other  neurotransmitters,  it's  still  unclear 
whether ATP provides a storage mechanism enabling the concentration of large number of 
neurotransmitter molecules within small vesicles, whether it is a co-transmitter or whether it  

is  a  neurotransmitter  in  its  own right.  Interestingly,  when ATP  is  labelled  by  radioactive 
precursors, much of the radioactivity released by depolarization exists as adenosine. In fact,  
when researchers speaks of “purinergic transmission” they refer either to adenosine or ATP.4

Adenosine  is formed intracellularly whenever there is a discrepancy between the rates of 
ATP synthesis and ATP utilization; e.g. when work load is markedly enhanced or when the 
supply of oxygen and glucose is limiting as in ischemia. Several studies estimate the resting 
extracellular levels of adenosine to be in the range 30–300 nM, and the levels can rise to the 
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low micromolar range in conditions of  extreme physiology such as strenuous exercise or 
subsistence  at  high  altitude  and  hence  low ambient  oxygen.  In  ischemic  areas,  or  after 
massive tissue trauma leading to cell  death by necrosis, adenosine levels can increase to  
perhaps 30 μM. If these data are related to the estimated potency of adenosine receptors, it  
could be concluded that in places where the receptors are very abundant there will  be a 
physiological role of adenosine, in places where receptors are fewer receptors may only be 
activated under extreme or pathological circumstances (Fig. 2).3

1.1.1 Adenosine biosynthesis and inactivation

Purines are formed de novo in the body through reactions those use glycine, aspartic acid, 
formate and carbon dioxide as starting materials. Such reactions results in the formation of  
inosine  monophosphate  which  is  then  transformed  in  5'-adenosine  monophosphate 
(5'AMP). This is  not the single way existing in order to obtain 5'-AMP; other possibilities 
consist  in  condensation  between  adenine  and  phosphoribosylpyrophosphate  (PRPP)  by 
adenine phosphoribosyltransferases (APRT).1

In the extracellular space, adenosine is generated by breakdown of ATP through a series of 
ectoenzymes present on the extracellular surface of many tissues, including apyrase (CD39) 
and  5'nucleotidase  (CD73).  The  latter  dephosphorylates  extracellular  AMP  to  adenosine, 
regulating the limiting step for its formation.5 The entire catalytic pathway is complete in a 
few hundred milliseconds. In the cell, adenosine formation is dependent upon the hydrolisis 
of  AMP  by  the  intracellular  5'-nucleotidase  (cN-I)  or  by  the  action  of  5'-
adenosylhomocysteine hydrolase upon 5'-adenosylhomocysteine.1

Intracellularly,  catabolism  take  place  through  phosphorylation  of  adenine  to  AMP  by 
adenosine  kinase  or  by  the  action  of  purine  nucleoside  phosphorylase  that  metabolizes 
adenosine into adenine, but adenosine deaminase (ADA) is the major enzyme that degrades 
adenosine into inosine. ADA is also present in the extracellular space.6

1.1.2 Adenosine transporters

Adenosine generated in the intracellular space is transported in the extracellular space via  
specific bi-directional transporters through facilitated diffusion that efficiently regulates the 
levels of adenosine. These proteins were termed ENT1 and ENT2 (equilibrative nucleoside 
transport  proteins).  Also concentrative  nucleoside transporters  exist,  they are  capable of 
maintaining  high  adenosine  concentrations  against  a  concentration  gradient  and  were 
named CNT1 and CNT2 (concentrative type).6

1.1.3 Adenosine actions

Adenosine is ubiquitous in the body and influences a number of physiological systems. Here  
were reported only the main adenosine effects.

Regulation in Coronary Blood Flow and Cardiac Electrophysiology

Reduction in myocardial oxygen tension by hypoxaemia, decreased coronary blood flow, or 
increased  oxygen  utilization  by  the  myocardial  cell  leads  to  the  breakdown  of  adenine 
nucleotides  to  adenosine.  Adenosine  diffuses  out  of  the  cell  and  reaches  the  coronary 
arterioles via the interstitial fluid and produces arteriolar dilation. The resultant increase in 
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coronary  blood  flow  elevates  myocardial  oxygen  tension,  thereby  reducing  the  rate  of 
degradation  of  adenine  nucleotides,  and decreases  the  interstitial  fluid  concentration  of 
adenosine by washout and enzymatic destruction. This feedback mechanism serves to adjust 
coronary blood flow to meet the new metabolic requirements and a new steady state is  
achieved.7

Concerning  the  adenosine  effects  on  cardiac  electro-physiology,  it  is  well  known  that 
adenosine suppresses the activity of cardiac pacemakers including the sinus-node (SN), atrio-
ventricular (AV) junction and His-Purkinje system; which is also the order of sensitivity to 
adenosine that correspond to the pacemaker hierarchy. These interactions lead to a negative 
chronotropic action which is mediated by an activation of potassium outward current as well  
as by a suppression of inward calcium current and the hyper-polarization-activated current 
(“funny” current).8

Another  effect  on  heart  is  the  negative  dromotropic  action.  Studies  demonstrated  that 
adenosine mediates  hypoxia/ischemia-induced AVN conduction block by a cell  membrane 
potential hyper-polarization, a shorter action potential duration, a minor ICa recovery , and a 
prolonged post-repolarization refractoriness in isolated single AVN cells.
In  atrial  and  ventricular  myocardium  adenosine  exerts  anti-β-adrenergic  effects  through 
activation of potassium channels and decreasing cAMP respectively.
For such characteristics adenosine could be applied in supraventricular tachycardias and also 
in cathecolamine-dependent ventricular arrhythmias.9

Platelet aggregation inhibition

Adenosine inhibits platelet  aggregation in platelet-rich plasma via  activation of  adenylate 
cyclase that increases platelet cAMP. However, in whole blood the activity of adenosine is  
limited by its  rapid uptake and metabolism by red blood cells.  Indeed,  while  the IC50 of 
adenosine in platelet-rich plasma is approximately 1 µM, in whole blood the IC50 is greater 
than 1 mM. The antiplatelet effect of adenosine in blood can be unmasked by prevention of  
adenosine  removal  with  nucleoside  transport  inhibitors  or  inhibition  of  adenosine 
metabolism with adenosine deaminase and adenosine kinase inhibitors. Thus, under normal 
circumstances, adenosine levels are tightly regulated and adenosine is unable to exert an 
antiplatelet  effect.  However,  if  adenosine  levels  are  augmented  this  platelet  inhibitory 
activity  can  be  expressed.  The  different  concentrations  of  adenosine  required  to  induce 
coronary vasodilation, bradycardia and negative dromotropic actions, indicate that a wide 
range  of  adenosine  concentrations  are  required  to  elicit  the  complete  repertoire  of 
responses.  It  is  clear  that  adenosine  is  much  less  potent  as  an  inhibitor  of  platelet 
aggregation.10

Kitakaze et al. reported that adenosine, produced locally by the myocardium in response to 
ischemia, inhibited platelet aggregation to help maintain patency of coronary arteries.11 In a 
more recent work they demonstrated that adenosine inhibited the expression of P-selectin 
on platelets and subsequent platelet-neutrophil adhesion, resulting in the reduced formation 
of coronary thromboemboli in dogs during coronary hypoperfusion. Thus adenosine, either 
directly or indirectly, inhibits platelet aggregation, leading to the prevention of various forms 
of thrombosis.12
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Tissue protection and regeneration

Adenosine promotes tissue protection and regeneration through:

• Increases  in  oxygen  supply/demand  ratio  by  producing  vasodilation  to  increase 
oxygen delivery to the hypoxic heart, by reducing oxygen demand in excitable tissues 
increasing  neuronal  conductance to potassium ions  or  decreasing conductance to 
calcium ions and by reducing the release of norepinephrine.

• Ischemic preconditioning and postconditioning. Ischemic preconditioning is defined 
as a reduction in tissue infarct size during a prolonged ischemic episode as a result of 
a short prior episode of ischemia. Adenosine participate in this response by activating 
PKC and mitochondrial  KATP channels.  On the contrary,  post-conditioning is  a  brief 
period  of  ischemia  after  prolonged  ischemia,  and  adenosine  released  during  this 
period inhibited inflammation.

• Anti-inflammatory responses that can inhibit reperfusion injury. This effects are cAMP 
mediated and led to inhinìbition of oxidative burst in neutrophils, reduction of TNFα 
(tumor  necrosis  factor  α)  release  in  monocytes  and  inhibition  of  lymphocyte 
activation.

• Angiogenesis. Adenosine has long been known to stimulate angiogenesis inducing the 
release  of  angiogenic  factor  VEGF  and  inhibiting  the  release  of  anti-angiogenic 
protein thrombospondin-1.13

Bronchial Constriction

Inhaled  adenosine  has  long  been  recognized  as  a  potent  bronchoconstrictor when 
administered to asthmatic but not healthy subjects, as first demonstrated by Cushley et al. in 
1983.14 However,  although  the  effects  of  inhaled  adenosine  are  well  characterized, 
comparatively less is understood about the physiological role of endogenous extracellular 
adenosine in the airways and the pathological significance of an increase in the levels of this  
mediator  in  the  airways  in  chronic  diseases  such  as  asthma  and  chronic  obstructive 
pulmonary disease (COPD).
AMP cause bronchoconstriction in a  dose-dependent manner,  it  is  used in preference to 
adenosine  for  solubility  reasons  and  it's  rapidly  hydrolysed  to  adenosine  by  5'-ecto-
nucleotidase in the lung. It is supposed that adenosine doesn't acts directly on the airway 
smooth  muscle  in  order  to  cause  bronchoconstriction  but  probably  it  induces  mast  cell  
degranulation; so it was been defined as an “indirectly bronchoprovocant”.
Asthma and COPD are inflammatory disorders and an important role of adenosine in these 
pathologies is demonstrated by several adenosine-dependent pro-inflammatory effects. In 
asthmatic  subjects  adenosine  increase  airway  eosinophilia  probably  by  a  promotion  of 
inflammatory  leukocyte  recruitment  to  the  lung.  It  promotes  inflammatory  cell  filtration 
causing  an  enhancement  of neutrophyl  adherence  to  endothelial  cells,  chemotaxis  and 
endothelial cell permeability. In addition it induces monocyte phagocytosis, secretion of IL-6 
(interleukin-6) and also the differentiation of fibroblasts into myofibroblasts. Finally, another 
important feature of asthma is  mucus hypersecretion and adenosine has been shown to 
upregulate expression of the mucin gene, MUC2, in human tracheal epithelial cells.15
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Inhibition of lipolysis

Adipocytes  have  been  found  to  contain  adenosine  receptors  which  inhibit  hormone-
stimulated lipolysis. Inhibition of lipolysis suppresses the plasma concentrations of free fatty 
acids (FFA) and triglycerides so it is useful for obesity-related insulin resistance and type 2 
diabetes which cause hypertriglyceridaemia induced by fructose feeding.5

Adenosine actions in SNC

The role of adenosine in inhibition of neurotransmitter release in brain slices has been well 
characterized.  Adenosine inhibits the release of acetylcholine, dopamine, norepinephrine, 
serotonin and GABA (γ-aminobutyric acid). These effects appear attributable to a blockade of 
calcium influx into nerve terminals.1 In the brain, adenosine released under stress conditions 
counteracting the release of excitatory neurotransmitters, such as glutamate, diminish their 
damaging effects so it's a neuroprotective agent.5

Adenosine has been found to be an important endogenous  sleep-promoting substance.It 
seems  to  have  an  important  role  in  regulation  of  duration  and  depth  of  sleep  after 
wakefulness.5

Adenosine  produces  antinociception by  decreasing  cAMP  levels  in  the  sensory  nerve 
terminal. In humans, infusion of adenosine in the spinal cord is effective in decreasing post-
operative pain. ATP is released in response to either mechanical and electrical stimulation or 
heat.  ATP  is  then  rapidly  degraded  to  adenosine  that  acts  as  an  analgesic  agent  that 
suppresses pain. This is the situation that occurs during a 30 minute acupunture session,  
where adenosine levels increased about 24 fold.16

Adenosine and cancer 

Cancer growth is not coordinated with the development of a proper blood supply, so most 
solid tumors are hypoxic and adenosine is released. Adenosine mediates angiogenesis17 and 
it  has  been recognized able  to interfere  with the recognition of  tumor cells  by cytolytic 
effector cells of the immune system. It was indicated as a possible inhibitor of killer T-cell  
activation in the microenvironment of solid tumors so adenosine may be important in the 
resistance of cancers to immunotherapy.18 On the contrary, adenosine negatively interfere 
with  the  proliferation  of  several  cell  types  such  as  in  human  leukemia  HL-60,  human 
melanoma A375, human astrocytoma (apoptosis) and Nb2-11C lymphoma cells (cytostatic 
effect). Furthermore, adenosine inhibit both collagen production and cellular hypertrophy 
induced by fetal calf serum.17

1.1.4 Adenosine in the market

Adenosine was marketed in 1989 as  Adenocard (i.v.) for restoring normal heart rhythm in 
patients with abnormally rapid heartbeats originating in the upper chambers of the heart 
(PSVT). While adenosine as  Adenoscan (i.v)  is  indicated as an adjunct to thallium cardiac 
imaging  in  the  evaluation  of  coronary  artery  disease  in  patients  unable  to  exercise 
adequately.6
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1.2 ADENOSINE RECEPTORS

Adenosine  give  all  its  effects  through  the  interaction  with  G  protein-coupled  receptors 
(GPCR)  named  adenosine  receptors  (AR).  There  are  four  different  adenosine  receptors 
subtypes: A1, A2A, A2B and A3 ARs. Historically a pharmacological analysis first identified two 
subforms: A1 and A2 based on the ability to, respectively, inhibit or stimulate the adenylate 
cyclase  action.19 Later  pharmacological  studies  revealed  that  A2 receptors  were 
heterogeneous,  so  they  were  differentiated  in  two  subtypes  that  shows  considerable 
sequence homology: A2A and A2B. More surprisingly, a fourth adenosine receptor, named A3, 
was cloned, first as an orphan later as a methylxanthine-insensitive adenosine receptor in rat  
a xanthinesensitive receptor in sheep and a partially xanthine-sensitive receptor in humans. 
Thus, a family of four adenosine receptors has been cloned from several mammalian and 
non-mammalian species.6 A1 and A3 ARs predominantly couple to members of inhibitory G-
protein  (Gi),  while  A2A and  A2B ARs  predominantly  couple  to  members  of  stimulatory  G-
protein (Gs).
At A1 and A3 receptor subtypes also inosine can act as a partial agonist. When we want to  
consider these receptors as potential  drug target it  is  important to know the potency of  
adenosine as agonist at the different receptor subtypes, and the levels of adenosine that are 
found under physiological and pathophysiological conditions.
Unfortunately it proves very difficult to determine the affinity of adenosine to the receptors 
by direct binding studies. The reason is that adenosine is rapidly metabolized and also rapidly 
formed  in  biological  preparations  including  membrane  preparations.  Therefore,  if 
metabolism  of  the  labelled  added  adenosine  is  prevented,  endogenous  adenosine 
accumulates  to  confound  the  measurements,  and  we  do  not  have  reliable  data  on  the 
comparative affinity of the endogenous agonist at the four adenosine receptors. The potency 
of  adenosine  must  therefore  be  measured  in  functional  assays.  This  introduces  another 
important confounding factor: potency of the agonist is markedly influenced by the receptor 
number. Adenosine receptors generally exhibit the behaviour described by pharmacologists 
as “spare receptors.” In such systems alterations in receptor number is manifested by parallel 
shifts in the dose response curve, not as alterations in the maximal response. It is therefore  
important to compare potencies between receptors at comparative receptor densities. When 
this is done it is observed that adenosine is equipotent at A1, A2A and A3 receptors, but is 
some 50 times less potent at A2B receptors if alterations in cAMP are recorded. If, by contrast, 
we  instead  examine  the  ability  to  activate  MAP  kinase  (which  all  the  receptors  do),  
adenosine is equipotent at all of them. Thus, the potency of endogenous adenosine depends 
both on receptor number, and on the type of response measured. Furthermore, there is no 
really good reason to divide the receptors into high affinity and low affinity receptors.3

ARs  display  the  topology  typical  of  GPCRs:  a  central  core  domain  consisting  of  seven 
transmembrane helices (TM 1-7) each composed of 20-27 amino acids, connected by three 
intracellular (IL 1-3) and three extracellular (EL 1-3) loops. A disulfide link is formed between 
two cysteine residues present in TM3 and EL2, which are conserved in most GPCRs in order  
to promote packing and stabilization of a restricted number of conformations of these 7TM. 
The TM is the most conserved region of GPCRs; differences are instead present in the length 
of  their  N-terminal  extracellular  domain,  their  C-terminal  intracellular  domain  and  their 
intracellular loops. Consensus sites for N-linked glycosylation exist on the extracellular region 
of adenosine receptors, but the location is subtype-specific. The C-terminal tails of A1. A2B 

and  A3 ARs  possess  a  conserved  cysteine  residue  that  could  be  a  site  for  receptor 

8



1.Introduction

palmitoylation permitting the formation of a fourth IL. 
ARs are the smaller members among the GPCRs; human A1, A2B and A3 ARs consist of 326, 
328 and 318 amino acids, respectively. Conversely, A2A subtype consists of 409 aa because it 
possesses a larger C-terminal tail respect to the other ARs. Sequence identity at the amino 
acidic levels is about 49% between A1 and A3 ARs and 59% between A2A and A2B ARs. 

1.2.1 A1 adenosine receptor

1.2.1.1 Signalling pathways and regulation

Adenosine affinity towards A1AR is ca 70 nM. A1 adenosine receptor is composed of 326 aa 
and have a mass  of  37kDa.  It's  functionally  coupled  to members  of  the pertussis  toxin-
sensitive family of G proteins ( Gi1, Gi2, Gi3 and G0) and whose activation regulates several 
membrane and intracellular proteins such as inhibition of adenylyl cyclase and Ca2+ channels, 
and  activation  of  K+ channels  ,  phospholipase  C  and  phospholipase  D.24 Both  the  third 
intracellular loop and the C-terminal tail of A1 AR are involved in Giα coupling. It has been 
reported that under certain conditions the A1 AR couples to Gs to stimulate AC, or to Gq/11 to 
stimulate inositol phosphate production.20 (Figure 3)

Four A1 adenosine receptors interacting proteins (ARIPs)  have been described: adenosine 
deaminase (ADA), heat shock cognate protein 73 (HSC-73), caveolin-1 and protein 4.1G. ADA 
is anchored to the cell surface through different plasma membrane proteins, so in addition to 
adenosine catabolism, ADA can also have a non-enzymatically role through direct protein-
protein interactions. The proposed physiological role of such interaction is to make receptors 
more sensitive to adenosine allowing a more efficient coupling to the signal transduction 
machinery, so it acts as an allosteric effector. Further, incubation of A1AR with an agonist 
resulted in a co-aggregation of dopamine D1R, together with A1AR and ADA, suggesting that 
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after  A1AR  activation  a  higher-order  oligomeric  structure  was  formed.  The  chaperone 
protein, HSC-73 interacted through the third intracellular loop of A1 receptor and reduces 
agonists binding and also prevents receptor-G protein activation, action completely reversed 
by  ADA.  Interaction  might  also  be  implicated  in  A1AR  trafficking  and  receptor 
downregulation. Caveolin proteins are necessary for the formation of flask-like invaginations 
of the plasma membrane termed caveolae.  It  has been proposed that caveolae serve as  
organizing  hubs  for  cellular  signal  transduction,  they  might  facilitate  G i-coupled receptor 
mediated signaling (while have an opposite effect for Gs protein). A direct interaction with 
the  C-terminal  domain  of  A1AR  was  demonstrated.  ADA/A1 complexes  were  internalized 
through caveolae and sorted in  endosomes and then were recycled back  to the plasma 
membrane separately. So ADA modulates also desensititazion and internalization of A1AR. 
Finally protein 4.1G is a cytoskeletal-associated protein that interacts with IL-3 (interleukin-3) 
of  A1AR and is  involved in  trafficking and downregulation.  It  causes  a  reduced receptor-
mediated inhibition of cAMP accumulation and intracellular calcium release, thus interfering 
with the receptor signal transduction.21

A1AR is able to form heteromeric associations with other receptor including D1 receptors.  
metabotropic purinergic P2Y1 receptors and metabotropic glutamate receptors. Concerning 
the A1/D1 heteromers in the CNS (central nervous system), oligomer formation occurs in the 
endoplasmic  reticulum  and  once  formed  they  cannot  be  disassembled.  Simultaneous 
activation allows the antagonistic intramembrane receptor-receptor interaction to take place 
with the disappearance of the D1 high affinity state that lead to uncoupling of D1 from Gs 

protein. Instead, in the case of A1/P2Y1 interaction, which occurs in hippocampus and glial 
cells, it has been suggested an important role in cell-to-cell communication and in control of 
synaptic transmission.20

1.2.1.2 Pathophysiological role

A1 adenosine receptors are widely distributed in the central nervous system (CNS), high levels 
are  present  in  brain  (cortex,  cerebellum,  hippocampus),  dorsal  horn of  spinal  cord,  eye, 
adrenal gland and atria. Intermediate levels are instead present in other brain regions, in 
skeletal muscle, liver, kidney, adipose tissue, salivary glands, esophages, colon, antrum and 
testis. Finally, low levels are present in lung and pancreas.20

Central Nervous System

In the CNS it is present in both pre- and postsynaptic terminals.6 At the presynaptical level it 
mediates inhibition of neurotransmitter release, while at the postsynaptical level it induces 
neurons hyperpolarization.22 A1AR agonists, when acutely administered, are neuroprotective; 
adenosine released under stress conditions counteracts the release and damaging effects of 
excitatory neurotransmitters, such as glutamate, by activation of the A1AR.5 Adenosine acts 
as an endogenous anti-convulsivant, this property is mediated by  presynaptic A1ARs that 
inhibit glutamate release, associate with a postsynaptic effect.20  A1ARs activation modulates 
long-term  synaptic  plasticity  phenomena,  such  as  long-term potentation  (LTP)  long-term 
depression (LTD), and depotentiation. Synaptic plasticity is the basis for learning and memory 
in  different  brain  areas,  so  A1AR  antagonists  have  been  proposed  for  the  treatment  of 
memory  disorders.  In  a  rat  model  of  Huntington's  disease was  observed  that  an  acute 
treatment with the A1 agonist, ADAC, not only strongly reduces the size of the striatal lesion 
(-  40%)  and  the  remaining  ongoing  striatal  degeneration  (-  30%),  but  also  prevents  the 
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development of severe dystonia of hindlimbs.23 A1AR antagonists were reported to have also 
potential in the treatment of anxiety disorders. Interestingly, patients suffering from panic 
disorders,  a serious form of  anxiety disorder,  appear to be particularly sensitive to small 
amounts of caffeine (natural adenosine antagonists).20 A1AR is also involved in the regulation 
of sleep, but the deletion of this receptor does not prevent the homoeostatic regulation of 
the sleep, suggesting that another receptor subtype, A2AAR, could compensate this role.5

A1 adenosine  receptors  exert  an  important  role  in  pain,  its  activation  produces 
antinociception  by  decreasing  cAMP  levels  in  the  sensory  nerve  terminal.  Adenosine 
produces antinociception through A1AR activation at both the central and peripheral level. A 
recent  study  demonstrated  that  the  peripheral  A1 activation  gave  antinociception  by  a 
mechanism that involves NO/cGMP/PKG/KATP signalling pathway.24 Agonists administered in 
cats  inhibit  the  trigeminovascular  nociceptive  transmission,  which  is  associated  with  the 
initiation of local increases in blood flow and enhanced protein permeability, factors that 
contribute to vascular headaches.5 Very recently it was been demonstrated that adenosine A1 

receptors  mediate  local  anti-nociceptive  effects  of  acupuncture. Researchers  found  that 
insertion and manual rotation of acupuncture needles triggered a general increase in the 
extracellular  concentration  of  purines,  including  adenosine,  which  is  consistent  with  the 
observation that tissue damage is associated with an increase in extracellular nucleotides 
and  adenosine.  They  found  that  the  A1 receptor  agonist  CCPA  (2-chloro-N6-
cyclopentyladenosine,  11)  sharply  reduced  inflammatory  and  neurogenic  pain  and  that 
supression of pain mediated by acupuncture required A1AR expression on sensory afferents 
of ascending nerve tracks. So medications that interfere with adenosine metabolism, and 
adenosine agonists may improve the clinical benefit of acupuncture.16

Cardiovascular System

At the cardiovascular level A1AR mediate negative chronotropic, dromotropic and inotropic 
effect. A1 subtypes located on sinoatrial and atrioventricular nodes cause bradycardia and 
heart  block,  respectively,  while  the negative  inotropic  effect  include  a  decrease in  atrial 
contractility  and  action  potential  duration.  Stimulation  of  A1AR  in  the  heart  exerts 
cardioprotective  effects  by  inhibiting  norepinephrine  release  from  sympathetic  nerve 
endings. Adenosine also protects tissues through its effect in ischemic preconditioning via 
protein  kinase  C  and  mitochindrial  KATP channels.22 Intravenous  infusion  of  adenosine  as 
Adenocard  is  used  to  restore  normal  heart  rhythm  in  patients  with  paroxysmal 
supraventricular  tachycardia. Solodeneson (8)  is  a  potent  and  selective  A1AR  agonists  in 
phase II clinical trials for its capacity to slow heart rate in atrial fibrillation. Tecadenoson (7) is 
in phase III clinical trials for the treatment of PSVT (paroxysmal supraventricular tachycardia). 

Renal System

Activation  of  A1AR  protected  against  ischaemia-reperfusion-induced  kidney  injury.  A1AR 
expression  protects  renal  proximal  tubular  epithelial  cells  against  cisplatin-mediated 
apoptosis. Unlike agonists, A1AR antagonists are effective diuretic agents that are useful in 
treating fluid-retention disorders, including congestive heart failure. Rolofylline (KW-3902, 
19) is an antagonist developed by NovaCardia and buyed by Merck in 2007,unfortunately it  
failed in phase III for the treatment of heart failure. Other A1 antagonists in clinical trials are 
N-0861 developed by Aderid (phase III),  BG-9719 (18) developed by CV Therapeutics and 
Biogen Idec (passed phase II), FK-838 and FK-453 (25) both developed by Astellas Pharma 
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(phase II).22

Lung

After A1AR activation, bronchoconstriction and pulmonary inflammation were observed, so it 
was been suggested that this receptor subtype is involved in the pathophysiology of asthma. 
In fact,  A1R levels  are elevated in bronchial  epithelial  and airway smooth muscle cells  of 
asthmatics.  In  addition  A1AR agonists  enhance  MUC2  mucin  gene  expression  in  human 
bronchial epithelial cells in vitro leading to an increased mucus production. Treatment with 
A1R antagonist could be a therapeutic strategy for attenuating features of asthma. L-97-1 (21) 
is a A1AR antagonists currently in preclinical development as a once daily oral treatment for
human asthma.25

Endocrine system

Adenosine  inhibit  lipolysis  through A1AR activation  which  cause  a  decrease  of  adenylate 
cyclase  activity.  A1AR  agonists  inhibit  catecholamine-stimulated  lipolysis  in  adipocytes. 
Suppression  of  the  plasma  concentrations  of  the  free  fatty  acids  and  triglycerides  is 
consequential to a diminished lipolysis, so agonists could be used in the treatment of type 2 
diabetes and obesity-related insulin resistance.5 A continuous infusion of adenosine agonist 
cause a marked time-dependent attenuation in the inhibition of lipolysis, similarly to the  
cellular adaptations to narcotics, but it could be avoided by alternative dosing regimens.26

1.2.1.3 Agonists of A1 adenosine receptor 

Substitution  at  the  N6 position  of  adenosine  increases  selectivity  towards  A1AR.  Several 
different groups were introduced at this  position.  One of the first  A1 adenosine receptor 
agonists is R-PIA (2),27 which bears a (R)-phenylisopropyl moiety at the N6 position. But even 
if  the affinity at  A1AR is very high (KihA1=2.04 nM),  the compound was not too selective 
towards A3AR (KihA3=33 nM). A N6-cyclopentyl moiety give rise to CPA (3) that shows a similar 
affinity profile than compound 2. The introduction of a chlorine at the 2 position of CPA (3) 
increases affinity at A1AR leading to CCPA (4). Unfortunately this substitution increases also 
the A3AR affinity with a Ki hA3 of 38 nM and further investigations explained that CCPA (4) 
acts as an antagonists toward the A3AR subtype.5 The byciclo[2.2.1]heptyl group lead to a 
more potent (KirA1=0.34 nM) compound termed S-(-)-ENBA (5) that is also more selective 
against A3AR (KihA3=282 nM).27

Also other cycloalkyl or saturated-heterocycles at the N6 position of adenosine give rise to 
potent A1 agonists, such as the 2-hydroxy-cyclopentyl moiety in GR79236 (6) or 3-tetrahydro-
furanyl in Tecadenoson (7).  The hydroxyl group at the 5' position on the ribose could be 
modified into a N-ethylcarboxamide group with an enhancement in A1 affinity value such as 
for Selodenoson (8)  that is more potent than the equivalent 5'-OH derivative CPA.5  Other 
potent A1AR agonists such as AMP579 (9), CVT3619 (GS9667,  10), NNC-21-0136 (11) were 
reported in figure 3. Interestingly, CVT3619 (GS9667, 10) shows a less affinity towards A1AR if 
compared to the other agonists previously discussed, but it displays an optimal selectivity 
profile against all the other human receptor subtypes. SDZWAG 994 (12), in addition to a 
cyclohexyl moiety at the N6 position of the purine nucleus, bears a methyl substitution at the 
2'-OH group, maintaining good affinity at the A1AR (Ki pA1=23 nM) and a good selectivity 
towards A2A and A2B ARs; while A3AR affinity data was not determined.27
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Finally,  Capedenoson (BAY-68-4986,  13),  a  non-nucleoside-derived A1 adenosine receptor 
agonist was developed by Bayer Co., but affinity data were not published.27

1.2.1.4 Antagonists of A1 adenosine receptor

Xanthine derivatives

The natural adenosine receptor antagonists are the stimulants caffeine (14) and theophylline 
(15). These compounds are not selective for any adenosine receptor subtype but represent 
the  starting  point  to  develop  new  more  potent  and  selective  adenosine  receptor 

antagonists.28 The  introduction  of  a  cyclopentyl  moiety  at  the  8  position  of  the  1,3-
dipropylxanthine core led to DPCPX (16) that is an high rA1AR antagonists in rat models (Ki 
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rA1=0.5 nM).29 In human it was little less potent but maintained a good selectivity towards 
the other receptor subtypes. Substitution at the 8 position with a bicyclic group is permitted; 
such as for Toponafylline (BG9928, BIO9002,  17) and Naxifylline (BG9719, CVT124),  these 
were  more  selective  than  DPCPX.  Rolofylline  was  another  example  of  high  potent  A1AR 
antagonists bearing a 8-bicyclic moiety (19). A hydroxyl group at the 3 position of the N3-
propyl moiety of Rolofylline gave PSB36 (20) that showed the same affinity at A1AR but it was 
more selective versus A2AAR subtype and less selective versus A2B and A3 ARs subtypes (19 vs 
20).27 Instead,  different  and bulkier  modifications  were  present  at  the  positions  3,7,8  in 
derivative L971 (21). 

This compound was investigated on early and late phase allergic responses (EAR and LAR) in 
a  hyper-responsive rabbit  model  of  asthma and it  data suggest  that  L-97-1  (21) may be 
beneficial in oral therapy for human asthma.30

Heterocyclic derivatives

Modifications  on the adenine nucleus lead to selective A1AR ligands such as the inverse 
agonists  WRC0571  (22).  Also  deaza-adenine  analogues  were  investigated  as  A1AR 
antagonists,  for  example  SLV320 (23)  was  a  potent  and selective  A1AR antagonist  under 
phase II clinical trials for the treatment of heart failure.31,32

Another particular 7-deaza-adenine derivative is APEPI (24) that in addition to a high affinity 
towards  A1AR  subtype  displayed  also  an  optimal  selectivity  profile  against  all  the  other 
adenosine receptors.29

Simplified analogs structurally related to the xanthine core are the pyrazolo[1,5-a]pyridines. 
FK453 (25) was discovered by Fujisawa Pharmaceuticals and displayed a K iA1=18nM and it 
was  657  fold  selective  against  A2AAR.33 A  further  optimization  of  this  derivative  led  to 
FK194921 (26) that was more potent but, most important, more selective then FK453 (25).5 A 
clearly extension of xanthine nucleus is represented by the triazolo-purinone (27) and the 
triazino-benzimidazolone (28)  which are potent A1AR antagonists.29 The structural  related 
triazolo-quinoxaline nucleus, represented by derivative 29, shows high potency at A1AR and 
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good  selectivity  versus  A2AAR.34 Also  the  bioisosters  pyrazolo-quinolines35 and  imidazo-
quinoxalines36 have been reported as A1AR antagonists.
A  very  simplified  A1 adenosine  receptor  antagonists  are  the  heterocyclic  thiazoles  and 
thiadiazoles. In particular LUF5437 (30) is a thiadiazole that shows a K iA1 of 7.3 nM and a 
moderate selectivity towards A2A and A3 ARs. A complete saturation of the phenyl on the 
amide function lead to VUF5472 (31) which displayed a minor decrease in A1AR affinity but 

it's  significantly  more  selective  versus  the  other  subtypes.37 Very  recently,  the  thiazole 
derivative 32 was reported as A1AR antagonist with good affinity and very good selectivity. 
During an internal screening at Bayer-Schering Pharma AG the 5-aminopyrazole nucleus was 
discovered as A1AR antagonists. The best results were obtained with derivative 33 that was 
also quite selective against A1AR subtype.38 Also the naphthyridine nucleus was investigated 
in order to obtain A1AR antagonists. A promising compound is derivative  34 that displayed 
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high affinity and selectivity at bovine receptors, but unfortunately it lost this potency when 
tested on the human receptors.29 Pyrimidine derivatives designed with the help of molecular 
modeling  were  synthesized  by  Ijzerman  and  coworkers.  The  optimizated  compound  is 
LUF5735 (35)  which shows high affinity  but it's  more interesting its  very high selectivity 
towards all the adenosine receptor subtypes.29 Finally, in late 2010 Giovannoni et al.39 have 
reported a pyazolo[1',5':1,6]pyrimido[4,5-d]pyridazin-4(3H)-one scaffold as new selective A1 

adenosine receptor antagonists. This molecules are known as phosphodiesterases inhibitors 
(PDE5 inhibitors) but presenting the structural requirements for the binding to the adenosine 
receptors,  researchers synthesized modificated derivatives in order to shift the selectivity 
from  PDEs  to  ARs.  In  particular,  even  if  compound  36 doesn't  diplay  an  affinity  in 
subnanomolar range such as several A1AR antagonists previously reported , it shows a very 
good selectivity toward the other receptor subtypes. So it could represent a lead compound 
for future optimizations.

1.2.1.4 Allosteric modulators of A1 adenosine receptor

The therapeutic  potential  of orthosteric ligands of adenosine receptors is limited by side 
effects due to the ubiquity of ARs and their poor receptor subtype selectivity. Furthermore, 
the allosteric enhancer  would enhance the action of the native agonist, but may have no 
effect of its own on the unoccupied receptor. The allosteric sites are generally less conserved 
than the orthosteric site in a particular receptor family, so a major subtype selectivity could 
be possible.  Additionally, neurotransmitter receptors have been reported to be less sensitive 
to desensitization or downregulation by allosteric enhancers than by exogenous agonists. 

The allosteric modulation of a number of GPCRs has been well characterized recently using  
dissociation kinetic  and functional  assays.  These include muscarinic  receptors,  adrenergic 
receptors,  dopamine  receptors,  metabotropic  glutamate  receptors  and  also  adenosine 
receptors.40
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The first  A1 adenosine receptor allosteric  enhancers were the 2-amino-3-aroylthiophenes 
discovered by Bruns et al. in 1990. The most potent compound of the series is PD81,723 (37) 
that displayed an optimal ratio allosteric/orthosteric binding. But also PD117,975 (38) and 
PD71,605  (39) were  discovered  to  be  allosteric  enhancers  at  A1AR.41,42 The  amino  and 
carbonyl moieties are crucial in order to have the allosteric activity. In 1999, an analogue of  
PD71,605 (39), T-62 (40) demonstrated to be more potent than compound 37 with a similar 
antagonistic  activity,  this  derivative  was also  synthesized  in  its  tritiated form in  order  to 
investigate the allosteric binding site of A1AR.43 The introduction of two chlorine atoms in the 
molecule  led  to  a  more  potent  allosteric  enhancer,  LUF5484  (41),  which  showed  an 
enhancement of 151% when compared with compound 37 (100%).44

Also the simple derivative 42, that was not substituted at the 4 and 5 positions, maintained 
an  allosteric  activity.  Very  different  modifications  were  carried  out  on  this  kind  of 
molecules.45 3-naphtoyl,  3-(2-thienyl),  3-(3-thienyl),  a  cyclopentyl  or  a  pyridin  ring  fused 
between 4-5 positions gave all derivatives that retained or enhance the allosteric property if 
compared  to  PD81,723  (37).40 2-Amino-3-(4-chlorobenzoyl)-4-[4-(alkyl/aryl)piperazin-4-
yl]thiophene  derivatives  were  also  reported  as  allosteric  enhancer  of  A1AR  subtype  and 
compound 43 displayed a major potency in agonist enhancement than compound 37.40

Interestingly, the 2-aminothiophene 3-carboxylate 44 is better that 37, and the bio-isosteric 
replacement of the sulphur with a selenium atom gave also active compounds (45).40

Other examples of thiophene-beased allosteric enhancers toward A1AR are the derivative 46 
that  bears  a  bromine  atom  at  the  5  position40 and  derivative  47,  which  is  a  3,4-
dihydrothieno[3,4-d]pyridazin-4-one46 discovered  during  a  pharmacophore-based  library 
screening.
2-aminothiazoles  represents  another  class  of  allosteric  enhancers  of  A1AR  agonists  and, 
among them, derivative 48 is 127 times most potent than PD81,723 (37).47

Finally, SCH202676 (49), is a [1,2,4]thiadiazole analogue that it has been observed to inhibit 
antagonist and/or agonist binding to a number of receptors,  so  analogues  may also have 
value as “universal” small molecule modulators of GPCR binding and function. At A1AR  10 
µM  SCH-202676 (49) dramatically decreased the dissociation rate of antagonists while the 
dissociation of A1AR agonists was not significantly influenced.48

On the contrary, the diuretic drug amiloride (50) increased the dissociation rate of the A1 

antagonist radioligand [3H]DPCPX, thus it is an allosteric inhibitor of antagonist binding and 
did not affect the dissociation rates of A1 agonists.49

1.2.2 A2A adenosine receptor

1.2.2.1 Signalling pathways and regulation

Adenosine affinity towards A2AAR is ca 150 nM. A2A adenosine receptor is composed of 410 
aa and have a mass of 45 kDa. In the periphery it's coupled to members of the cholera toxin-
sensitive family of G proteins (Gs)  but in the striatum it's  coupled to Golf ,  both of  them 
increase adenylate cyclase activity (Figure 9). The cAMP generation lead to the activation of  
PKA  (protein  kinase  A),  which  could  activate  various  receptors,  ion  channels, 
phosphodiesterases, and CREB (cAMP responsive element binding protein) that is critical for 
many forms of neuronal functions. A2AAR, in certain cells types, may also activate a pathway 
G-protein  independent  such  as  the  activation  of  the  mitogen-activated  protein  kinase 
(MAPK)  signalling  cascade.21 However,  CREB  is  a  convergent  point  for  PKA  and  MAK 
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pathways.  In  particular  cells,  A2AAR could  activate  PKCs  through its  interaction  with  a  Gi 

protein causing a negative feedback on cAMP signal A2AAR-provocated. In addition, via PKC, 
A2AAR facilitates the adenosine transporters activity in the hippocampus, so reducing  the 
adenosine levels needed for the A1AR activation.20

A2AARs interacts with its G proteins through the third intracellular loop. This receptor shows a 
particular  C-terminal  that is  longer than those of  the other subtypes.  It's  122 aa length,  
compared to 34, and 39 aa for A1,/A3 ARs and A2BAR respectively. The A2AAR C-terminal tail is 
a  binding  site  for  several  protein  (ARIPs)  such  as  α-actinin,  Arf  nucleotide  site  opener 
(ARNO/cytohesin-2), ubiquitin-specific protease (USP4), translin-associated protein-X (TRAX) 
and Neuronal Calcium-Binding Protein 2 (NECAB2).21

α-Actinin is a component of the skeletal muscle that binds actin filaments playing a key role 
in multiple cell-type and cytoskeleton frameworks. A2AAR is the first GPCR discovered to bind 
α-actinin. It's thought that such interaction is involved either in the anchoring of TM receptor  
to a specific subcellular location or in the targeting  α-actinin to specific functional plasma 
membrane domains.  In  striatal  neurons,  the stimulation  of  A2AAR produced inhibition of 
NMDA  currents  and  an  actin  depolymerizing  agent  precluded  this  inhibitory  effect.  A 
truncated A2A receptor that lacks of the α-actinin binding site was unable to either internalize 
or to cluster upon agonist challenge. The same effect was obtained when the cytoskeleton 
was treated with a depolymerizing agent.21

ARNO/cytohesin-2 is thought to act as the guanine nucleotide exchange factor of Arf6, which 
is required for the internalization of many GPCRs. It was observed that ARNO does not affect  
the activation of adenylate cyclase, but, as previously reported, A2AAR can also signal in a Gs-
independent way. So ARNO could be involved in the regulation of this different signalling 
pathway. Interestingly,  α-actinin and ARNO bind a similar region in the C-terminal  tail  of 
A2AAR that suggests a fine-tuning regulatory mechanism in the binding of this two proteins 
with receptor. The ubiquitin-specific protease (USP4) is anchored to the last 50 aa in the A 2A 

C-terminal.  Ubiquitination plays a key role in the quality  control  mechanism of  cells  and 
ensures a correct folding of newly synthesized membrane proteins before they leave the 
endoplasmic  reticulum  (ER).  If  proteins  undergo  to  an  incorrect  folding,  ER-chaperons 
activate ubiquitination enzymes that lead to the degradation of the misfolded protein. The 
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binding  of  A2AAR  with  USP4  permit  the  relaxation  of  the  A2AAR-ER  quality  control,  thus 
favouring the A2AAR exit from ER and the subsequent plasma membrane trafficking. So it is 
suggested  that  USP4  is  involved  in  pathophysiological  conditions  of  A2AAR,  such  as  its 
hypofunction or hyperfunction.21

Translin-associated  protein  X  (TRAX)  intaracts  with  translin.  Translin  is  a  RNA  and  DNA-
binding  protein  involved  in  DNA  rearrangement  and  repair,  mitotic  cell  division,  mRNA 
transport and translational regulation. TRAX reduce the binding affinity for RNA but not for 
DNA.  It  was demonstrated that  A2AAR regulates proliferation and neurite  outgrowth in a 
TRAX-dependent manner. The interaction between A2AAR and TRAX could represent a new 
GPCR  signal  transduction  pathway  from  the  extracellular  side  to  the  nucleus.  Finally, 
neuronal calcium-binding protein 2 (NECAB2) was recently identified as binding partner of  
the  A2AAR,  they  are  co-distributed  in  the  same  glutamatergic  nerve  terminals.  NECAB2 
reduces cell  surface expression of A2AAR about 25% but it  enhance the agonist-mediated 
signalling. Calcium ions inhibited this interaction, suggesting that the binding is dependent to 
the intracellular calcium ions level.21

Adenosine A2A receptors are abundant in the basal ganglia, in a sub-set of GABAergic output 
neurons  that  project  to  the globus  pallidus.  These neurons expressed also dopamine D2 

receptors. In the striatum, one role of the dopamine is to suppress the A2AAR-signalling. This 
interaction have interesting implications for the treatment of pathologies that implicate an 
abnormal  function  of  dopamine neurons,  such as  schizophrenia  and Parkinson's  disease. 
Recent studies demonstrate an A2AAR-control of glutamatergic transmission both at post and 
presynaptic level. A2AAR and glutamate mGlu5 receptors form heteromeric complexes in rat 
striatum.  mGlu5 receptor stimulation potentiates the effects of A2AAR at the intramembrane 
level by increasing its ability to inhibit dopamine D2 receptor binding, as well as at the MAPK 
level. Also CB1 receptors are located presynaptically in glutamatergic terminals, so it may 
also control striatal function by modulating neurotransmitter release and it is also possible 
an interaction with A2AAR.20

Upon  prolonged  exposure  to  agonist,  responses  to  A2A receptor  stimulation  may  rapidly 
desensitize,  There  are,  apparently,  .several  mechanisms  involved  in  this  desensitization 
including downregulation of  adenylate cyclase,  changes  in  G proteins  and an increase in 
cAMP-degrading phosphodiesterases. A very early part of the desensitization process may 
involve phosphorylation of the receptor leading to decreased coupling to G proteins and 
sequestration of receptors, this step is readily reversible. The prolonged treatment with high 
agonist concentrations leads to a loss of the receptor protein itself.50

1.2.2.2 Pathophysiological role

A2A adenosine receptors are highly expressed in the central nervous system at the striatum, 
nucleus  accumbens  and  olfactory  tubercle.  Instead  in  the  periphery  high  levels  of  the 
receptor are present in the spleen, thymus, leucocytes and blood platelets. Medium levels 
are present in the heart, lung and blood vessels.20

Central Nervous System

A2AAR plays a role in several pathologies such as: Parkinson's disease, Huntington's disease, 
Alzheimer's disease, neuroprotection.

The  striatum  integrates  information  from  cortex,  thalamus  and  midbrain  and  sends 
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projections to the basal ganglia nuclei that regulate thalamocortical motor circuits. Striatal 
projection neurons, known as medium spiny neurons (MSNs),  are GABAergic and can be 
divided into two subclasses based on their axonal projections. Direct-pathway MSNs, which 
project  directly  to  basal  ganglia  output  nuclei,  express  dopamine D1  receptors.  Indirect-
pathway MSNs, which project to the globus pallidus, express dopamine D2 and adenosine A2A 

receptors.  Increased  direct-pathway  activity  facilitates  movement,  whereas  increased 
indirect-pathway activity inhibits movement.50 In Parkinson's disease dopamine depletion in 
the striatum causes an increase in preproenkephalin expression (consistent with an increase 
in neuronal activity) and a decrease in substance P expression (consistent with a decrease in 
neuronal activity). Also acetylcholine and A2A adenosine receptors function is required for the 
full effect of this dopamine receptor blockade to be observed. In the indirect-pathway, A2AAR 
activation inhibits  GABA release from striatal  synaptosomes and reduces  GABA-mediated 
inhibition  of  these  neurons.  So  A2AAR  antagonism  may  compensate  the  loss  of  the  D2 
receptor-mediated inhibition of these neurons and for the loss of D1 receptor-stimulated 
GABA release. The result is an overall reduction in output neurone activity with a reduction  
in  preproenkephalin  expression  and  an  increase  in  GABA-mediated  inhibition  of  the 
cholinergic interneurons. A2AAR, in addition to an opposition to D1 and D2 actions, reduces 
the binding affinity of dopamine D2 receptors.51

Two  large  epidemiological  studies  have  associated  the  caffeine  (adenosine  receptor 
antagonists) consumption to a reduced risk of developing  Parkinson's disease (PD). In one 
case findings indicate that higher coffee and caffeine intake is associated with a significantly 
lower incidence of PD;52 in the other case the study comprises a major number of persons 
where researchers observed a strong inverse association between caffeine consumption and 
risk of  Parkinson’s disease in men and a U-shaped relation in women. This  conclusion is  
consistent with the known dose-dependent effects of caffeine but typically biphasic, with a 
reversal of effect observed at moderate to high doses.53

All this evidences suggest that the synergistic action of L-dopa and A2AAR antagonists in the 
dopamine-depleted striatum raises the possibility of using A2AAR selective antagonists in the 
treatment of Parkinson's disease, either alone or in association with L-dopa therapy.
Recently, a study shows that the robust increase in locomotor activity induced by the A2A 

antagonist is due to an enhancement of cannabinoid CB1 receptor-mediated depression of 
excitatory  synapses  onto  indirect-pathway  MSNs.  So  they  concluded that  the  efficacy  of 
A2Aantagonism in PD may be increased by developing compounds for human consumption 
that inhibit endocannabinoid degradation.54

Generally,  A2AAR  inactivation  protects  against  neuronal  cell  death  induced by  ischaemia, 
suggesting its  involvement in  neuroprotection.  Blockade of  A2A subtype was found to be 
protective in several animal-disease models, besides Parkinson's disease, also in Huntington's 
and  Alzheimer's  disease  models.20 But,  the  involvement  of  this  receptor  subtype  in 
neuroprotection is complex because also the A2AAR stimulation was reported to diminish the 
brain damage after excitotoxic and traumatic injury.22

A2A  activation in glial cells was found to promote myelination in Schwann cells, suggesting 
that a selective agonist could be useful in treating demyelinating diseases such as  multiple 
sclerosis.5

Evidence  is  available  not  only  for  A1 but  also  for  A2A adenosine  receptor  subtypes  in 
mediating  the  sleep inducing  effects  of  adenosine.  Studies  demonstrated  that,  in  the 
subarachnoid space below the rostral basal forebrain, prostaglandin D2 receptor activation-
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induced release of adenosine exerts its somnogenic effects via the A2A adenosine receptor.55

In  a  series  of  studies,  several  authors  have  found  that  adenosine  cause  depressant  like 
behavioural effects and, on the contrary, A2AAR antagonists have a potential applicability as 
novel antidepressant drugs.20

Adenosine levels are elevated upon exposure to drugs of abuse, and A2AAR are enriched in 
brain nuclei  known for their involvement in the processing of drug-related reinforcement 
processing. A2AAR are found in receptors clusters with dopamine and glutamate receptors 
where they may influence neuronal plasticity that is underlie the development of drug taking 
and drug-seeking behaviour. Adenosine is important in drug addiction of ethanol, that occurs 
via A2AAR. Ethanol inhibits adenosine reuptake, so adenosine levels arise leading to A2AAR 
activation. Ethanol and adenosine sinergistically interact with the dopamine D2R activation. 
So drugs that antagonize the synergism of A2A and D2 receptors effects might be useful in 
controlling alcohol abuse.5,20  Even if in chronic pain  the are a major involvement of A1AR, 
recently, antagonism of A2AAR has been reported as a novel strategy in pain control.20

Cardiovascular System

A2AAR activation is  protective against  ischaemia-reperfusion injury in mice,  which is  been 
proposed to be mainly due to its actions on lymphocytes.5 However, even if cardioprotection 
is predominantly mediated by A1AR agonism, recently, a study shown that this protection is 
completely abolished when A2AAR activation was prevented. This suggests that a cooperative 
activation of both receptors was necessary in order to have a full cardioprotective effect.56

Adenosine is a potent coronary vasodilator and causes an increase of coronary blood flow by 
activation of A2AAR.8 The major sensibility to adenosine of coronary circulation respect to the 
peripheral circulation could be the result of either a high affinity of adenosine for the A2AAR 
and also a large subtype receptor reserve. Receptor reserve is a phenomenon wherein the 
increment  of  functional  response  caused  by  an  increase  of  agonist  concentration  is 
proportionally greater than the increment of receptor occupancy. This is due to increases of 
receptor density, receptor-to-response coupling efficiency and agonist intrinsic efficacy.57

In platelets, an A2AAR agonist was shown to inhibit aggregation by increasing intracellular 
cAMP  levels,  suggesting  that  adenosine  agonists  might  have  utility  as  antithrombotic 
agents.58

A2AAR  activation  is  involved  in  the  angiogenic property  of  adenosine  by  activating  the 
macrophage-mediated  production  of  VEGF  and  by  inhibiting  the  release  of  the  anti-
angiogenic protein thrombospondin 1 (TSP1) leading to vascular tube formation.59

Inflammation

A2AAR is found in several immune cells such as lymphocytes, NK cells, NKT cells, monocytes, 
macrophages,  mast-cells,  neutrophiles,  endothelial  cells,  fibroblasts,  eosinophils,  and 
dendritic  cells.  A2A receptor  activation  inhibits  early  and late  events  occurring  during  an 
immune  response,  which  include  antigen  presentation,  costimulation,  immune  cell 
trafficking, immune cell proliferation, proinflammatory cytokine production, and cytotoxicity. 
For example  via A2AAR, adenosine can inhibit T-cell activation, proliferation, production of 
inflammatory cytokines (e.g. IL-2), neutrophile adherence to the endothelium, degranulation 
of activated neutrophiles and monocytes, plus superoxide anion generation, while enhancing 
the production of anti-inflammatory cytokines.5

In this regard, A2A receptor expression is sensitive to concentration levels of exogenous and 
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endogenous  factors  involved  in  inflammation.  Exposure  of  macrophages  to  LPS 
(lipopolysaccharide) induced a dramatic increase in the expression of A2A receptor through 
activation of the transcription factor NF-κB. Two endogenous inducers of the NF-κB system, 
TNF-α and  IL-1α,  potently  up-regulated  A2A receptor  expression  on  monocytes  and 
consequentially increased downstream signalling events.60

In addition,  A2A  receptors participate in tissue remodelling and reparation.  Adenosine A2A 

receptors  are  expressed  on  most  cell  types  involved  in  wound  healing,  including 
macrophages, fibroblasts and microvascular endothelial cells. Valls et al. demonstrated that 
both A2A and A2B ARs,  contributes  to enhanced fibroblast  and endothelial  cell  migration. 
Activation of adenosine A2AAR promotes collagen synthesis by human dermal fibroblasts and 
blockade or deletion of  this  receptor in mice protects against  bleomycin-induced dermal 
fibrosis,  a  murinemodel  of  scleroderma.  The  stimulation  of  collagen  synthesis  in  human 
dermal fibroblasts occurs through an A2AR/MAPK-mediated pathway. These data confirm a 
fibrogenic role for adenosine in the skin.59

So,  selective  adenosine  A2A receptor  agonists  present  the  advantages  of  reducing 
inflammation  and  increasing  vascularization  and  extracellular  matrix  deposition; 
representing an attractive and novel alternative to growth factors for promotion of diabetic 
foot chronic ulcers.

Renal System

As in the other systems, also in kidneys A2AAR activation mediates cellular protection. This is 
particularly important in ischaemic renal injury.5 A2A receptors in kidney have been detected 
in  the  renal  microvasculature,  as  well  as  on  mesanglia  and  tubular  epithelial  cells. The 
protective effect  of  A2A agonists  was correlated with decreased endothelial  cell  adhesion 
molecule expression and neutrophil sequestration in the kidney parenchyma. As the renal 
microvasculature responds to A2AAR stimulation by vasodilation, increasing blood flow in the 
renal  microcirculation  that  may  potentially  also  contribute  to  renal  protection  by  A2AAR 
agonists.60

Lung

Activation of A2AAR by an agonist produces broad-spectrum anti-inflammatory activity in a 
model of allergic asthma, suggesting A2AAR agonists for the treatment of asthma and other 
chronic obstructive pulmonary diseases (COPDs) as alternative of glucocorticosteoids.15,61  In 
addition, A2AAR activation has recently been proposed for its ability in protecting the lung 
against acute lung failure and acute respiratory distress syndrome.60

Cancer

Activation of A2AAR has been shown to promote cell death in human A375 melanoma cells 
and Caco-2 human colonic cancer cells.
A2AAR activation causes vasodilation, so in intratumoral blood vessels this effect may be used 
for enhancing delivery of anticancer drugs into the tumor. On the contrary, for the ability of 
A2AAR to promote angiogenesis and immunosuppression, antagonists towards this receptor 
subtype might be used in cancer therapy. Solid tumors necessitate of neo-vascularization to 
expand itself. So, blocking the release of the vascular endothelial growth factor (VEGF), an 
A2AAR antagonists may exert anti-tumoral effect. On the other hand, the immunosuppressive 
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role of A2AAR activation is suggested to improve tumor cell survival and immuno escaping. In 
fact,  high  levels  of  adenosine  were  present  in  the  microenvironment  of  cancer  and 
antagonists may interfere with its ability to induce a local immunosuppression in tumors.18

1.2.2.3 Agonists of A2A adenosine receptor 

Substitution with small alkyl amide groups at the 5' position of adenosine gives the potent 
but not selective agonists NECA (51). Further substitution at the 2 position on the purine 
nucleus lead to CGS21680 (52) that is moderately selective while maintaining the same order 
of potency than NECA (51) versus A2AAR.5  Several kind of substitutions at the 2 position are 
permitted, generally leading to compounds with a quite potency towards A2AAR and a good 
selectivity versus the other receptor subtypes such as for Sonedenoson (MRE0094,  53),27 

Binedenoson (WRC0470, 54) and Regadenoson (CV3146, LexiscamTM, 55).5

Apadenoson (ATL146e,  StredaraseTM,  56)  is  an example of  potent A2A adenosine receptor 
agonists  with  a  Ki of  0,5  nM.  It  bears  a  2-substituted-propargyl  moiety  that  markedly 

improves the affinity versus A2AAR. Substitution of the ethyl group on amide moiety at the 5' 
position of Apadenoson with a cyclopropyl  group lead to compound  57,  named ATL313.5 

Instead,  a  different  pattern  of  substitutions  are  present  in  UK432097  (58)  that  bears  a 
diphenylethyl  group  at  the  6  position  and  a  very  length  moiety  at  the  2  position.  This 
derivative shows a good affinity value (K i=4 nM) against A2AAR and it is promising for further 
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optimizations.27

1.2.2.4 Antagonists of A2A adenosine receptor 

Xanthine derivatives

The introduction of various groups at the 8 positions led researchers to the discovery of 8-
styrilxanthines as potent A2AAR antagonists. Both KW6002 (59)62 and KF17837 (60)63 bear a 
3,4-dimethoxystyril moiety at the 8 position and they differ each other only for the length of 
the alkyl  chain on nitrogen atoms at the positions  1 and  3:  an ethyl  and a propyl  chain 
respectively. CSC (61), with a  meta-chloro substitution on the phenyl ring at the 8 position 
and methyl groups at the N1 and N3 position, gave also a potent derivative at the A2AAR.64 

Interestingly, all these derivatives display good selectivity versus the other receptor subtypes.
A very good affinity profile was observed in compound MSX2 (62) that bears different 1,3, 
and  8  substitutions  respect  to  the  other  xanthines  active  toward  A2AAR;  in  fact  it  was 
obtained by the introduction of a propargyl and a propanol moieties at the N1 and N3 position 
respectively and a 3-methoxy-stiryl group at the 8 position.27

MSX2  (62) shows a Ki of  5.38 nM at the A2AAR and it's very selective against the A1,  but 
specially towards A2B and A3 ARs. MSX3 (63) is the phosphonate salt of MSX2 (62) and it 
represents an example of prodrug that in vivo was readily converted in MSX2 that is the 
active compound.
Recently,  another  example  of  prodrug of  MSX2  (62) was  reported,  the liable  group is  a 
L-valine ester and it  is  a  promising  compound  that will be further investigated.27

Heterocyclic derivatives

One  of  the  first  derivatives  reported  as  A2A adenosine  receptor  antagonists  are  the 
triazoloquinazolines. CGS15943 (64) is potent but not so selective towards the A2AAR subtype 
and have represented the starting point for the development of more selective antagonists.22

Pyrazolotriazolopyrimidines  are  structurally  related  to  the  CGS15943  (64)  scaffold,  this 
nucleus was deeply investigated in the last years. In order to have potency against A2AAR a 
free amino group at the 5 position is required, while a N7 substitution with a long moiety 
gave selectivity especially versus A3AR (65-67).65 Preladenant (o Privadenant SCH420814, 66) 
displays high affinity and selectivity towards A2AAR and it's undergoing to phase III clinical 
trials for the treatment of Parkinson's disease.66
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Figura 12. Non-xanthine A1 adenosine receptor antagonists
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ZM241385 (68) is a triazolotriazine that shows high affinity at A2AAR but also a quite potency 
towards A2BAR subtype.5 Further investigations lead to the discovery of compound 69 that is 
very potent at rA2AAR but was readily metabolised in the rat liver microsomes.67 Recently we 
have reported the triazolotriazine 70 that shows an affinity in nanomolar range and a good 
selectivity against A2BAR if compared to ZM241385 (68).68 The removal from agonists of the 
ribose moiety which is responsible of the receptor activation gave adenines that opportunely 
substituted  are  potent  antagonists.  ST1535  (71)27 and  ANR94  (72)69 represent  this  class. 
ST1535  (71)  is  in  phase  I  clinical  trials  for  Parkinson's  disease  while  ANR94  have 
demonstrated to ameliorate motor deficits in rat models of this disease.70 Henderson and co. 
discovered compound 73 that was a purinone derivative and exhibits a good affinity profile 
as A2AAR antagonist.71

Several  other  nitrogen-containing  bicycles  were  reported  as  A2AAR  antagonists  with  a 
different  grade  of  potency  and  selectivity.  Vipadenant  (BIIB014,  V2006,  74)  is  a  [1,2,3] 
triazolo[4,5-d]pyrimidine developed by Vernalis that completed phase I clinicalstudies, so it's 
currently in Phase II.72

The [1,2,4]triazolo[1,5-a]pyrazine 75, the [1,2,4]triazolo[1,5-c]pyrimidine-5,7-diamine 76 and 
the oxazolo[5,4-d]pyrimidine 77 show high affinity at the A2AAR and a good selectivity against 
A1AR.  It  is  clear  that  this  compounds  have  common  features  to  ZM241382  (68)  and 
SCH420814  (66),  both  of  them  bears  a  free  amino  moiety,  a  2-furyl  group  and  a  long 
substituent on the other side. These characteristics present in several A2AAR antagonists are 
responsible of the high affinity towards this receptor subtype.69,73-74

Recently,  McGuinness  and  co.  have  been identified,  by  high-throughput  screening  of  an 
encoded combinatorial  compound collection, a  novel  orally  available AR antagonists  (78) 
with  a  2-amino-3H-imidazo[4,5-b]pyridine  scaffold.75 Instead,  Vernalis  have  reported  the 
thieno[3,2-d]pyrimidine  79 as  a  result  of  investigations  around  the  antimalarial  drug 
mefloquine that displays also an affinity towards A2AAR. This compound shows promising in  
vivo activity, suggesting potential utility in the treatment of PD.76

Thiazolotriazolopyrimidine derivatives, were synthesised by Mishra et al. as A2AR antagonists 
based on non-xanthine tricyclic pharmacophore structural necessities such as tricyclic ring 
structure and furan ring, a positively ionizable group and hydrogen bond acceptor. Practically, 
they  replaced  the  pyrazole  ring  of  the  pyrazolotriazolopyrimidines  by  thiazole  ring  and 
compound 80 is the most potent derivative of the series and display a 1250 fold selectivity 
against  A1AR.77 The  same  authors  reported  also  simplified  bicyclic  derivatives  with  a 
thiazolopyrimidine  scaffold,  compound  81 is  a  strong  A2AAR  antagonist  and  further 
investigations on their potential in the Parkinson's disease therapy is needed.78

Other promising class of tricyclic derivatives are represented by the  indenopyrimidines, in 
particular derivative 82 that shows A2A affinity in the low nanomolar range.69

SYN11527 (83) is a benzothiazole reported in phase II clinical trials for the treatment of PD. A 
very  similar  compound  was  recently  reported  by  Saku  et  al.,  in  this  article  compounds 
possesses a  benzofuran scaffold but the substitutions are very similar to those of SYN115 
(83),  such  as  for  compound  84 that  represents  a  good starting  point  in  order  to  future 
structure optimizations.79

The aim of researchers is to discover possible drug candidates, for this reason a molecule 
with a low molecular weight is preferable. So in the last years many efforts have been carried 
out to discover  little molecules as adenosine receptor antagonists (figure 10). Towards A2AAR 
pyridines, pyrimidines, triazoles and thiazoles were reported. The 2-Amino-4-thiophen-2-yl-
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6-furan-2-yl-nicotinonitrile (85)  was designed by Ijzerman and co.  on the basis  of a non-
xanthine A2A antagonists pharmacophore and displays a good profile of affinity and selectivity 
versus the A2AAR subtype.80 Instead in the pyrimidine series, compound  86 isn't the most 
potent at A2AAR, but the introduction of a methyl on the furan ring seems to prevent the 
formation of reactive metabolites, so further optimizations for in vivo efficacy are possible.81 

An high troughput approach carried out by La Roche resulted in the identification of potent, 
selective and permeable 1,2,4-triazoles such as  87; further optimization and  evaluation  in  
vivo will  be  performed.82 Finally,  several  studies  investigated  on  the  thiazole  nucleus; 
compound  88 is an example of antagonist in the nanomolar range at A2AAR that shows an 
optimal  selectivity  versus  the  A1AR  subtype.83 Recently,  Sams  et  al.  reported  a  very 
efficacious  molecule:  the  4-(3,3-Dimethyl-butyrylamino)-3,5-difluoro-N-thiazol-2-yl-
benzamide (90),  which  also  possesses  a  good  ADME  profile.  In  order  to  overcome  its 
solubility  problems,  researchers  developed  the  prodrug  LuAA47070  (89)  that  efficiently 
delivered  90 into  systemic  circulation,  with  no  detectable  levels  of  prodrug  in  plasma 
samples.84

In conclusion, considering that adenosine A1 antagonists may improve learning and memory, 
a dual A2A/A1 antagonists may offer improved benefit to Parkinson disease patients. Because 
it  is  known that  cognitive  disorders  increase  as  the  disease  progresses.  Very  recently,  a 
Johnson & Johnson Pharmaceuticals research group have been discovered a novel series of 

arylindenopyrimidines.85 Within these derivatives compound 91 was in vivo characterized in 
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animal models of Parkinson's disease and showed an excellent efficacy, comparable to that 
seen with KW6002 (59).86

1.2.2.4 Allosteric modulators of A2A adenosine receptor

Amiloride (50) and analogues demonstrated to increase the dissociation rate of the A2AAR 
antagonists  [3H]ZM241385  from  the  A2A receptor.  Among  the  analogues,  HMA  (5-(N,N-
hexamethylene)amiloride,  92)  proved  to  be  the  most  potent  allosteric  inhibitor.  This 
derivatives didn't show any effect on agonist binding. In contrast, sodium ions decreased the 
rate  of  dissociation  of  [3H]ZM241385.  Studies  suggest  that  sodium  ions  and  amiloride 
analogues act at a common allosteric site on the A2AAR receptor. 87

Recently  Giorgi  et  al.  evaluated  a  series  of  adenines  and  8-azaadenines  as  allosteric  
modulators of A2AAR. this derivatives are A1/A3AR competitive inhibitors and some of them 
act also as A2AAR inhibitors while others,  such as compound  93 possess non-competitive 
enhancer properties, suggesting an allosteric modulation.88

Also the universal allosteric modulator SCH202676 (49) acts at the A2AAR, where it accelerate 
the antagonist dissociation rate.48

1.2.3 A2B adenosine receptor

1.2.3.1 Signalling pathways and regulation

Adenosine affinity at  A2BAR is  about 5,000 nM, so it's  defined as a  low affinity  receptor. 
hA2BAR protein is formed by 328 aa, it have a mass of 36 KDa and display ca 45% overall  
sequence identity at the amino acid level with A2AAR. A2BAR is positively coupled to adenylate 
cyclase and PLC through Gs and Gq protein respectively.21 (Figure 16) A direct activation of an 
ion channel  mediated by Gs was observed for this receptor subtype. Also arachidonic acid 
pathway was demonstrated for this adenosine receptor subtype.5 In human mast-cells (HMC) 
A2B receptors activate MAPK via Gq proteins, but it is the only adenosine receptor subtype 
that, in addition to the activation of ERK1/2, activate also JNK and p38. The MAPK activation 
lead to IL-8 (interleukin-8) secretion which is necessary for the mast-cells activation.20

Few studies were reported on A2B receptor interacting proteins and they involved arrestin, 
adenosine deaminase (ADA), SNARE complex and NHERF-2. In cells with reduced levels of 
arrestin,  endogenous  A2BAR  resensitization  was  affected.  Agonist  activation  of  A2BAR 
promoted  arrestin  traslocation  from  cytosol  to  cell  membrane  and  then  underwent 
internalization, so A2BAR internalized in an arrestin-sensitive fashion. Ser329, a residue close 
to the end of  the COOH terminus of  the receptor,  was critical  for  rapid agonist-induced 
desensitization and internalization of the receptor. In polarized epithelial cells, under resting 
conditions,  the  receptor  accumulates  in  the  intracellular compartments. When an agonist
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 was  present  in  the  apical  or  basolateral  surface,  the  receptor  was  recruited  by  SNARE 
proteins to the apical membrane where it is anchored with its signalling complex formed by 
NHERF and ezrin ( a PKA anchoring protein). This complex act as a stabilizing scaffold that 
may  enhance  signalling  after  the  receptor  is  stimulated.  Instead  ADA-A2BAR  interaction 
increased  the  agonist  affinity  at  the  receptor  and  cAMP  production  was  enhanced.  In 
dendritic cells an ADA/A2BAR-mediated interaction with CD26 led to a costimulatory signal 
that enhance the T cell activation, enabling an improved immune response.21 
Differently of the other receptor subtypes, for A2BAR interactions with other receptor systems 
are not reported but its signalling was strongly influenced by concurrent signalling via other  
receptors that affect PLC-Ca2+, PKC.6

1.2.3.2 Pathophysiological role

A2BAR tissue distribution was reported in peripheral organs like bowel, bladder, lung and vase 
deference, eyes. It  is  moderately expressed on mast-cells,  while in the brain protein was 
detected in hippocampal neurones and glial cells.22

Central Nervous System

A2BAR  activation  in  astrocytes  increased the  IL-6  levels,  mediating  neuroprotection,  thus 
suggesting a possible role of this adenosine receptor subtype in the control of damage during 
a CNS injury.22

Cardiovascular system

A2BAR is present in the vasculature and could be associated to vasodilation in both smooth 
muscle and endothelium, but in areas where A2AAR effect isn't predominant; excepted for 
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Figure 16. A2BAR signalling pathways
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coronary  vasodilation  where  recently,  also  an  involvement  of  A2B receptor  subtype  was 
proposed.  26 Recent results demonstrated that A2BAR mediate preconditioning in the heart 
(but also in the kidney) through a decreased NF-kB activation that prevents inflammation.20

A2BAR is involved in the adenosine protective effect through the ischemic post-conditioning 
involving the PKC- and PI3K-pathway.22

Adenosine  inhibits  the  growth  of  cardiac  fibroblasts  and  of  aortic  and  vascular  smooth 
muscle cells by the activation of A2BAR, so it may play a critical role in regulating cardiac 
remodelling associated with hypertension, myocardial infarction and myocardial reperfusion 
injury after ischemia.13

In  Human  Retinal  Microvascular  Endothelial  Cells  (HREC)  A2BAR  activation  lead  to  an 
increased  expression  of  angiogenic  growth  factors,  thus  antagonists  could  be  useful  in 
pathologies with aberrant neovascularization such as diabetic and prematurity retinopathy.17

Asthma and COPD

Asthma and chronic obstructive pulmonary disease are inflammatory disorders and A2BAR 
activation was documented to lead to proinflammatory effects. Activation of A2BAR mediate 
degranulation and activation of human mast-cells that release IL-8, IL-1β, IL-3, IL-4 and IL-13. 
Adenosine has been shown to induce IL-6 and MCP-1 secretion from human airway smooth 
muscle cells, IL-19 from human bronchial epithelial cells and IL-6 from fibroblasts, all through 
activation of the A2B receptor, in addition to inducing the differentiation of fibroblasts into 
myofibroblasts.15,25

Bowel

Malfunction  of  the  inflammatory  activity  in  intestinal  epithelial  cells  is  the  cause  of 
inflammatory  bowel  disease,  Chron's  disease  and  ulcerative  colitis.  A2BAR  blockade 
suppresses intestinal inflammation, this is correlated with decreased production of IL-6 and 
keratinocyte-derived  chemokine  (involved  in  chemotaxis  and  cell  activation  of 
neutrophiles).20 
cAMP increased levels, by A2BAR activation in intestinal epithelial cells, is responsible for Cl- 

secretion  and  consequentially  of  isotonic  fluid  movement  into  the  lumen,  that  cause 
secretory diarrhoea. So antagonists for this receptor subtype are suitable in treatment of 
secretory diarrhoea.22

Cancer

Recently it was demonstrated the A2BAR-involvement in the growth of Lewis lung carcinoma 
in  mice.  It  promotes  the  production  of  VEGF  in  host  dendritic  cells,  thus  inducing 
angiogenesis in tumours. This receptor subtype is over-expressed in several tumours types so 
it's possible its involvement in the growth of also other tumours.20

On the contrary, adenosine, via A2B receptors, inhibits macrophage proliferation. But its effect 
on the neovascularization seems to have more interesting implications in cancer therapy.17

Endocrine disorders

Non  insulin-dependent  diabetes  mellitus  is  a  disease  characterized  by  abnormal  insulin 
secretion, decrease in the response of peripheral tissues to insulin (insulin resistance), and 

30



1.Introduction

increased hepatic glucose production. All this malfunctions cause hyperglycemia. Adenosine 
induce glucose production in primary cultered rat hepatocytes through A2BAR, so antagonists 
for this receptor subtype are under consideration for diabetes treatment.63

Sickle cell disease

Sickle cell  disease (SCD) is an hemolytic disorder that affects red blood cells (RBC) and is 
caused by a point mutation that results in the substitution of Val for Glu at the sixth position  
of  the  β-globin  chain  of  hemoglobin.  Hypoxic  conditions  are  known  to  promote 
deoxygenation and subsequent polymerization of sickle hemoglobin (HbS), resulting in RBCs 
sickling ,  hemolysis  and eventual  end organ damage.  Very recently,  using a matabolomic 
profiling, Zhang et al. found that adenosine concentration was elevated in blood of humans 
with SCD. They proved that adenosine promotes sickling, hemolysis and damage to multiple 
tissues in SCD transgenic mice. These effects are mediated by A2BAR so antagonists for this 
receptor subtypes could be promising for the chronic treatment of SCD patients.89

1.2.3.3 Agonists of A2B adenosine receptor 

The lack of highly selective agents has so far hampered efforts to better characterize the 
adenosine A2B receptor subtype and consequently to fully define its therapeutic potential. 
NECA (51) has been considered one of the most useful ligands at the A2BAR  (Ki=140 nM), 

although it shows high affinity toward all other adenosine receptors.5

In 2007, Baraldi et al. reported a series of N6-[(substituted)carbamoyl-methoxy-phenyl]- 5′-N 
ethylcarboxamido-adenosine  as  agonists  for  the A2BAR  (94). These  molecules  can  be 
considered as molecular hybrids obtained by the introduction of an arylcarbamoyl-methoxy-
phenyl chain (present in xanthines with potency at the A2BAR) at the N6-position of the typical 
nucleoside nucleus responsible for AR activation.90

 The first potent and selective agonist for 
the adenosine hA2B receptor was reported by the same group and bears a 2-furylhydrazide at 

31

N

NN

N
HN

O

OHOH

H
N

H
N

95
hA1=1,050 nM hA2A=1,550 nM

 EC50hA2B=82 nM hA3>5,000 nM

O

O

O

N

NN

N
NH2

O

OHOH

HO
O NH

Br

MRS3997, 96
hA1=253 nM hA2A=150 nM
 hA2B=128 nM hA3=90 nM

N

NH2 N

S

N

H2N

O O

BAY60-6583, 97
hA1>10,000 nM hA2A>10,000 nM

 hA2B=3 nM hA3>10,000 nM
 functional assays

N

NN

N
HN

O

OHOH

H
N O

O N
H

O

94
hA1=8.5 nM hA2A>1,000 nM

 EC50hA2B=7.3 nM hA3=38.4 nM

Figure 17. A2B adenosine receptor agonists



1. Introduction

the 6 position of NECA nucleus (95). In this study a preliminary SAR investigation seems to 
suggest that the steric hindrance at the N6 chain could play a primary role for the receptor-
ligand interaction. A loss of activity has been observed for those derivatives in which the 
heterocycle has been expanded from five to six members or when a small substituent, such 
as  a  bromine atom or  a  methyl  group,  has  been introduced into  five-membered rings.91 

Instead MRS3997 (96) is a non selective agonists but it shows a good potency towards A2BAR 
and the substitutions on the purine nucleus are quite different respect to derivative  95.92 

Bayer developed a non-nucleosidic hA2BAR agonists (97) that displays an high selectivity and 
affinity  at  this  receptor  subtype,  thus  representing  an  optimal   candidate  to  drug-
development.27

1.2.3.4 Antagonists of A2B adenosine receptor 

Xanthine derivatives
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Figure 18. Xanthines as A2B adenosine receptor antagonists
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In 2000, MRS1754 (98) was reported as a potent and selective A2BAR antagonist; its tritiated 
form (*)  was largely used as  pharmacological  tool  in  order to investigate  this  adenosine 
receptor subtype.93 The replacement of the phenyl at the 8 position with a pyrazole gave also 
high selective compounds and the optimization of substituions lead to MRE2029F20 (99). A 
pyrazole ring was present also in CVT6883 (GS6201, 100) which is potent and orally available 
and it's  currently  in  phase  I  clinical  trials  for  the  treatment  of  asthma with  once a  day  
dosing.22

In order to improve the metabolic stability of derivatives, Zablocki et al. constraint the liable 
amide moiety of MRS1754 in a [1,2,4]oxadiazole, obtaining derivative CVT5440 (101) which 
shows a better selectivity and a comparable affinity at hA2BAR. CVT chemists developed also 
a  N3-unsubstituted derivative,  CVT6694 (102)  where in  addition to the oxadiazole  ring  a 
pyrazole ring was present in substitution of the 8-phenyl ring. This derivative shows high 
affinity at the A2B adenosine receptor subtype and with CVT6883 (GS6291, 100) was chosen 
for further  evaluation  of  the  pharmacological  and  pharmaceutical  properties.94 Further 
investigations on the xanthine scaffold revealed that substitution at the N3 position was not 
necessary in order to have potency and selectivity versus A2BAR, in fact PSB603 (103) displays 
a subnanomolar affinity at this receptor subtype. Instead, PSB1115 (104), that bears a free 
sulfonic acid group, exhibits high water-solubility however its A2B affinity is lower than that of 
PSB603 (103). In this work was also reported derivative 105, as a water soluble antagonists, 
but even if shows a better affinity at A2BAR, it lose in selectivity, particularly versus A1 and A3 

ARs. Recently the same group have been reported derivative 106, PSB09120 that represents 
the most potent A2B antagonist known to date.95,96 

Recently, derivative 107 was reported as a potent A2BAR antagonist. This compound presents 
a  para-3,6,9,12-tetraoxatricos-22-enyloxy  substituted  phenyl  ring  at  position  8  of 
theophylline, that confer an increased water-solubility.97

Deazaxanthine derivatives

9-Deazaxanthines displayed a retention of affinity and selectivity towards A2BAR. Derivatives 
108 and  109,98,99 in  fact,  show  affinity  in  the  low  nanomolar  range,  confirming  that 
deazaxanthines have a similar binding mode than xanthines A2BAR. So it may be possible to 
introduce the same substitutions that gave a good A2BAR profile on the xanthine scaffold, in 
the deazaxanthine nucleus.

Heterocyclic derivatives

In  the  last  years  many  efforts  were  carried  out  to  discover  new  potent  A2B adenosine 
receptor  antagonists  with  a  non-xanthine  nature.  This  goal  was  achieved  with  the 
pyrrolopyrimidine OSIP339391 (110)  that  displays a KihA2B of  0.5 nM and a high level  of 
selectivity against the other receptors. This derivative was also tritiated (*) and widely used 
as pharmacological tool for receptor investigations.100 The optimization of substitutions at 
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positions 1, 3, 4, 6 on the  quinoline scaffold led to derivative  111 that shows high affinity 
towards A2BAR but it completely lacks of selectivity versus A2AAR subtype (KihA2B=28 nM vs 
KihA2A=1.3 nM).101 Conversely, the quinazoline CMB6446 (112) was quite potent at the hA2BAR 
and display  a  good selectivity-profile  against  the  rat  A1 and  A2A subtypes.  Unfortunately 
several modification has been made on this scaffold but no more active compounds were 
obtained.29 Vernalis reported a thienopyrimidine series where compound 113 shows almost a 
300-fold  difference  in  functional  activity  at  the  A2B vs  A2A receptor  subtypes,  and  the 
methylamino moiety led to an increased water solubility.102

The  benzothiazole 114 is  a  Hoffmann-La Roche Inc.  compound that was studied in a  rat 
pharmacokinetic study and was found to have moderate volume of distribution, moderately 
high  clearance  and  excellent  oral  bioavailability.103 Instead,  derivative  115,  an  adenine 

developed by Eisai company, is a potent, even if not so selective, A2BAR antagonist. It showed 
hypoglycemic activity in an animal model of noninsulin-dependent diabetes mellitus.  This 
inhibitory  effect  was  much  more  potent  than  those  of  FK453  (25),  KF17837  (60),  and 
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Figure 20. Non-xanthine A2B adenosine receptor antagonists
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L249313 which have been reported to be respectively A1, A2A, and A3 selective antagonists, 
demonstrating that it's an A2BAR-dependent effect.63 

There are not examples of tricyclic A2BAR antagonists displaying both affinity and selectivity 
for this receptor subtype, excepted for the triazolopyrazolopyrimidine 116 that shows high 
A2BAR-affinity and also high selectivity versus the other receptors.104  Unfortunately, we have 
recently  tested  this  derivative  using  a  different  assay  (see  section  5.1)  and  it  display  a 
completely inactivity towards A2BAR subtype.
Also simplified derivatives were developed, such as the pyrimidine LAS38096 (117) that was 
a high selective derivative. The same group have been reported also  pyridines derivatives 
that  show  an  increased  affinity  towards  A2BAR  subtype  (118).  These  two  series  possess 
common  features  such  as  a  central  heteroaromatic  ring  containing  a  hydrogen  bond 
acceptor, two aromatic rings attached to the central core in an  ortho arrangement, one of 
which  is  weakly  basic  in  nature,  and  a  hydrogen  bond  donating  NH  group.105 In  the 
quinazoline dione 119 the liable aryl–amide moiety of pyridines, such as in derivative  118, 
was replaced by a bioisosteric bicyclic moiety. In this study several bicycles were introduced 
but although the majority of compounds had generally improved microsomal stability, this 
was  not  translated  into  overall  improvements  in  the  pharmacokinetic  profiles  of  a 
representative set of compounds.106

The aminothiazole derivative QAF 805 (120), a dual A2B/A3 antagonist developed by Novartis, 
has failed to attenuate bronchial hyperresponsivelness to inhaled AMP in a phase I clinical  
trial in asthmatics, but has also been investigated for other indications.27

1.2.4 A3 adenosine receptor

1.2.4.1 Signalling pathways and regulation

Adenosine affinity at A3AR is about 6,500 nM, so it is the lowest affinity receptor. As A2BAR, 
A3AR have a mass of 36 KDa, there are 320 aminoacids that formed the receptor protein.24 

The hA3AR presents a sequence homology of about 61% with hA1, 54% with hA2A and 52% 
with hA2B subtypes.107 While the cDNA sequences of  the other ARs are highly  conserved 
between rat and human, (89% identity for A1 receptors) A3ARs of these species share only 
72% identity,  which determines different pharmacological  profiles.5  A3AR is  coupled to Gi 

proteins, thus causing an inhibitory effect on adenylate cyclase activity, and to PLC through 
Gq protein (Figure 21). Additional secondary pathways have been reported to be activated by 
A3AR, such as the ATP-sensitive potassium channel and PLD.108 The A3AR has been suggested 
to activate ERK1/2 in different cell lines by releasing of  βγ from Gi proteins, which activate 
the PI3K, Ras and MEK signalling pathway. Another important effector activated by A3AR is 
PKB/Akt that lead to the derugalation of the Wnt signalling pathway, which, with MAPKs, is 
involved in cell proliferation processes. For this reason A3ARs were extensively studied for 
their implication in cancer.25 
The  A3AR  does  not  have  any  specific  protein  described  to  interact  with,  apart  from 
hypothesized for GPCRs functioning (e.g. G proteins). However, GRK2 was suggested to be 
involved in the receptor desensitization, although no direct interaction was proven. Arrestin 
does not mediate the receptor trafficking because it doesn't co-localize with the receptor-
protein.21 Studies were carried out in order to investigate which aminoacid residues in the C 
terminus are responsible for the rapid A3AR desensitization. A T307A, T318A, T319A triple 
mutant has exhibited dramatically reduced desensitization of the rA3AR. Thr318,319 are the 
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most  important  sites  of  phosphorylation.  The  mutation  of  Cys302,305  to  Ala,  that  are 
supposed  to  be  palmitoylation  sites,  resulted  in  a  constitutive  phosphorylation  of  the 
receptor. This suggesting a critical role of palmitoylation to impede the accessibility of GRKs 
to  C  terminus. MAPK  cascade  is  also  essential  for  A3AR  receptor  regulation,  through  a 
feedback mechanism which controls GRK2 activity.20

1.2.3.2 Pathophysiological role

As regards the tissue distribution, rA3AR is largely  found in testis, lung, kidneys, heart and 
brain. Conversely, the highest concentrations of human A3AR are in the lung, immunity cells 
and liver, and the lower density is in heart, kidney, and brain.107

Central Nervous System

A dual role of  A3AR has been reported in the brain. The activation of  A3AR can produce 
different effects, depending on the concentration of the agonists used; in astroglia higher 
concentrations  (>10μM)  are  shown  to  be  cytotoxic,  while  low  concentrations  are 
cytoprotective. 108 It seems that astrocytes destruction is aimed to isolate the damaged areas 
through the stimulation of caspase 3.109

In the hippocampal  regions of the CNS, both the activation of A3ARs and the concomitant 
desensitization  of  A1ARs  have  resulted  in  lack  of  neuroprotective  effect  originating  from 
activity  of  cAMP-coupled  metabotropic  glutamate  receptors  (mGluRs).110,111 Instead  in 
cortical neurons, the A3AR activation determines a depression of synaptic transmission by 
inhibiting glutamate release independently from A1AR and it provides neuroprotection.112

The  chronic  pre-treatment  with  an  A3AR  agonist  or  the  use  of  antagonists  has  shown 
remarkable  neuroprotection  by  a  rapid  desensitization  of  the  receptor,  while  the  acute 
administration of the agonist determined a worsening of neuronal damage, with increased 
postischemic mortality.113,114 Additional experiments conducted with mice deprived of A3AR 
have been showed that wild animals subjected to ischemia and under treatment with Cl-IB-
MECA (A3AR-selective  agonist)  increased deambulation  and decreased cerebral  ischemia, 
while  A3AR-deprived mice enhanced brain  ischemia,  thus  indicating that  neuroprotection 
was mediated by A3AR.115 This potential neuroprotection could be determined by the A3AR-
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mediated synthesis of neuroprotective CCL2 or suppression of TNF-α production via PI3K/ 
serine-threonine  kinase  (Akt)  inhibition  and  nuclear  factor-kappaB  (NFkB)  stimulation, 
implying an important role of this receptor also in brain inflammation. 116,117

With regard to nociception, activation of A3ARs is associated with pain due to the release of 
5-hydroxytryptamine  and  histamine  from  mast  cells  and  additional  effects  on  sensory 
nerves.118

Cardiovascular system

Some  studies  have  indicated  that  A3AR  receptor  could  be  involved  in  ischemic 
preconditioning (IPC) The mechanism responsible for such pre-ischemic phenomenon seems 
to  rely  on the activation of  PKC and especially  the A3AR-mediated opening  of  the KATP 
channels.13 Consistently, overexpression of A3AR has been correlated with decreased cardiac 
rate  and  contractility,  and  lower  postischemic  dysfunction,119 although  its  role  in 
electrophysiology of  adenosine remains uncertain: in transgenic  mice, low levels of  A3AR 
overexpression seemed cardioprotective, while high levels resulted cardiotoxic.120

Inflammation

The activation of A3AR causes inhibition of the pro-inflammatory cytokine TNF-α release via 
lipopolysaccharide  (LPS)  and  reduction  of  Ca2+-dependent  activation  of  NF-kB.121 In 
monocytes,  stimulation of  A3AR decreases also the synthesis  of  another cytokine usually 
produced in response to parasitic and bacterial infections, IL-12, most probably through the 
PI3K pathway.122

The involvement of  A3AR in  asthma is  still  unclear.  In general,  A3AR shows an important 
function  in  adenosine-induced  bronchoconstriction,  eosinophilia,  mast-cell  degranulation 
and mucus production. Still, the rationale for the implication of the A3AR in asthma derives 
from the elevated A3AR density in eosinophiles of patients suffering from either asthmatic 
conditions  or  chronic  obstructive  pulmonary  disease  (COPD),  suggesting  that  A3AR 
antagonists might help to reduce eosinophilia. In view of these results, in addition to the 
previously reported dual A2B/A3AR antagonist QAF 805 (120), also a dual A2AAR agonist and 
A3AR  antagonist  was  developed.  This  derivative  was  developed  by  GlaxoSmithKline  and 
demonstrated  to  inhibit  both  formation  of  ROS  and  eosinophils  degranulation  in  vitro, 
although with much less effect  in vivo. In contrast with these findings,  was also found that 
A3AR activation on human eosinophils causes inhibition of chemokine-induced migration and 
the inhibition of degranulation and superoxide anion release, suggesting A3AR agonists might 
have  utility  in  the  treatment  of  asthma.  The  discrepancies  between  findings  in  human 
cellular  systems and those in  animal  models  might  be due to species  differences  or  the 
inability to adequately assess the function of A3AR in vivo in humans.25,107

In case of rheumatoid arthritis, anti-TNF-α monoclonal antibody drugs are widely used, and 
it was observed that A3AR agonists (e.g. IB-MECA or Cl- IB-MECA) could provide protective 
effects via inhibition of  MIP-α and TNF-α production,  or  suppression of  proinflammatory 
cytokine  secretion  through  PI3K  NF-kb  pathway.  Interestingly,  the  therapeutic  agent 
methotrexate  determines  its  antiinflammatory  properties  through  adenosine,  most 
presumably through A3AR since this receptor seems to be overexpressed on peripheral blood 
mononuclear cells (PBMC) in patients suffering from such pathological condition. Moreover, 
once  internalized,  MTX  is  converted  into  polyglutamates,  which  are  known  to  preserve 
adenosine from degradation, thus eliciting drug accumulation in the extracellular fluid.107
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Additionally, A3AR have demonstrated a protective role in vivo in case of lung injury following 
ischemia  and  reperfusion,  suggesting  an  implication  of  A3AR  agonists  in  inflammatory 
diseases.123,124

Cancer

In most cases, A3AR density has shown to be at least 1.6-fold higher in all tumoral tissues 
than in normal specimens. Colon and breast carcinomas represent two examples of tumors 
with A3AR overexpression (about 2.3 folds) in comparison to adiacent normal tissue. Further  
studies by the same research group showed that lymph nodes metastasis presented an even 
higher A3AR mRNA concentration, suggesting that A3AR levels may also indicate the state of 
progression of the disease.125 Activated A3AR inhibits adenylate cyclase, so the levels of cAMP 
are decreased and PKA and PKB/Akt are not activated. PKA and PKB/Akt induce transcription 
of cyclin D1 and  c-Myc via  β-catenin and NF-kb pathways;126,127 So A3AR activation leads to 
cell proliferation arrest and tumor growth inhibition.
To confirm these results, two selective A3AR agonists, namely IB-MECA and Cl-IB-MECA, have 
been extensively tested to investigate their effect on the proliferation of various tumor cells. 
The concentration used both in in vitro and in vivo (Phase I clinical trial) studies were enough 
low to avoid systemic toxicities and to activate only this AR.128 At such doses, they were able 
to inhibit  the growth of primary murine melanoma tumors,129 colon cancers130 or  human 
prostate cancers.131 Moreover, IB-MECA potentiated both the efficacy of 5-fluorouracil130 and 
the cytotoxicity of Taxol.131 To reiterate, these compounds showed an added value in case of 
cancer treatment, since they also (i) promoted a chemoprotective effect (by reestablishing 
normal levels of white blood cells and neutrophil count),132 (ii) increased Natural Killer (NK) 
cell  activity133 and  up-regulated  IL-12  both  in  melanoma-  and  human-colon  carcinoma-
bearing mice.130

On  the  contrary,  Gessi  and  co-workers  demonstrated  that  Cl-IB-MECA (100  nM)  instead 
favoured proliferation of cancer cells.134 These results were substantiated by Abbracchio and 
collaborators,  who  observed  an  increased  expression  of  Rho  168  and  an  enhanced 
production of anti-apoptotic protein Bcl-XL;135 hence they suggested that stimulation of A3AR 
by agonists  might  determine different effects on the basis  of  cell  type and experimental 
conditions (e.g. concentrations). As concerns this last aspect, high concentrations (10-60 μM) 
of A3AR agonists136 determined both a receptor-dependent or -independent inhibitory effect 
towards cancer cell  proliferation through arrest  at  the G0/G1 phase.  In some cases these 
effects were abolished by selective antagonists, while in other experiments the results were 
not affected by A3AR modulation (i.e. inhibition);137 most likely, there seems to be another 
mechanism  involved,  such  as  the  down-regulation  of  another  receptor  called  estrogen 
receptor (ER) alpha, which influences G1-S cell  cycle.138 Very recently, a newly synthesized 
A3AR antagonist (pyrazolo[3,4-d]pyrimidine, see compound 130) demonstrated to counteract 
the A3AR agonists Cl-IB-MECA- and IB-MECA-mediated proliferation of human glioma U87MG 
cells through the inhibition of A3AR agonist-mediated ERK 1/2 activation.139,140 These findings 
indeed  implied  that  A3AR  antagonists  could  represent  promising  adjuvant  agents  in  the 
glioma chemotherapy.140

In view of these observations, both pro- and anti-apoptotic effects have been attributed to 
A3AR modulation.

Glaucoma

All  four  AR  subtypes  have  shown  to  be  co-expressed  in  ocular  tissues.  In  patients  with 
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galucoma, it was observed a 10-fold upregulation of A3AR mRNA in comparison to healthy 
eyes, and this was most probably due to hypoxia and oxidative stress rather than to the 
disease  itself.  In  general,  A3AR agonists  have  been  demonstrated  to  open  the  chloride 
channels  and increase ocular  hypertension in ciliary epithelial  cells,  suggesting that  A3AR 
antagonists  would  be  useful  in  the  treatment  of  glaucoma by  reducing  aqueous  humor 
secretion and thus the intraocular pressure (IOP).141

Finally,  mice  lacking  the  A3AR  or  wild-type  mice  in  which  the  A3AR  was  blocked 
pharmacologically, are protected against ischemia-induced renal failure, suggesting that A3AR 
antagonists might have general renal-protective properties.142

1.2.4.3 Agonists of A3 adenosine receptor 

Substitution  with  an  N6-benzylgroup  or  substituted  benzyl  group  lead  to  high  selective 
compounds  at  the  hA3AR  (121,  132).  Also  for  the  A3 adenosine  receptor  subtype  the 
introduction of 5'-uronamide increased selectivity such as for IB-MECA (121) and its 2-chloro 
analogue Cl-IB-MECA (122) which are the most representative agonists active at the A3AR.5 

About Cl-IB-MECA (122),  the introduction of the chlorine atom at position-2 enhance the 
A3AR selectivity respect to IB-MECA (121).5 The substitution of the adenosine nucleus in Cl-
IB-MECA (122) with a 4'-thioadenosine give derivative LJ-529 (LJ568,  123), which acts as a 
highly potent and selective A3AR agonist with a subnanomolar affinity.143 Furthermore, the 
5'-uronamide may be constricted in a isoxazole without detrimental effects on affinity at the 
A3AR, such as for compound 124.107

However, at the N6 position both bulky substituents, as in compound 125,144 and small groups 
(e.g. methyl) as in compounds 126, 127 are well tolerated. In compound 126 a phenylethynyl 
moiety was present at position 2 leading to high affinity and selectivity at A3AR.145 Instead, 
the introduction of a 2-triazole-substituted moiety lead to compound 127 that also displays 
an high affinity at A3AR, as well as a good selectivity profile.146

Jacobson  and  co-workers  have  been  reported  series  of  congeners  of  A3AR-selective 
nucleosides  containing  a  bicyclo[3.1.0]hexane  ring  (128-130).  This  ring  resembles  to  the 
north conformation of ribose that was found to be preferred conformation for binding to the 
A3AR.  5'-uronamide  derivatives  demonstrated  selectivity  as  A3 adenosine  receptor  (AR) 
agonists, on the contrary, 5'-truncated derivatives display an antagonistic activity. MRS3558 
(CF502, 128)5 bears a chlorine at the 2 position and shows a K i of 0.29 nM towards A3AR, the 
substitution with a hexynoic acid at the same position increase the selectivity versus both A1 

and A2AAR (MRS5151,  129).147 The amine congener  130  is less selective versus A2AAR than 
MRS5151  (129)  but  the  flexibility  of  chain  substitution  allowed  the  conjugation  with  a 
fluorescent dye or biotin.148

CP608,039 (131) and CP532,903 (132) contain an amino group instead of a hydroxy group at 
position 3' of ribose.  CP-608,039 shows a 1,260-fold selectivity for the hA3AR versus hA1AR 
receptor. CP-532,903 retained human A3 receptor selectivity (210-fold versus hA1AR) and also 
possesses a good rabbit A3 receptor selectivity (90-fold; rabbit A3/rabbit A1 Ki= 23/2,000 nM) 
and was used for the demonstration of A3-mediated cardioprotection in rabbit models.149

1.2.4.4 Antagonists of A3 adenosine receptor 

Xanthine derivatives
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The introduction of 8-phenyl  substitution and even of  large 3-substituents on the purine 
nucleus has led to I-ABOPX (133), which showed a good affinity for hA3 receptors, although 
selectivity versus other AR subtypes was still poor.95,150,151 Better results were obtained with 

the cyclization  between positions  7 and 8  of  the purine nucleus,  as  represented by the  
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pyridopurine-2,4-dione  derivative (134),  that  shows  high  selectivity  against  other  AR.214 

Similarly, incorporation of an imidazole or a pyrrole ring at the same positions (7 and 8) of 
the xanthine scaffold gave a new series of derivatives (135, 136), which were highly potent 
and selective hA3 antagonists.153,154

Another kind of cyclization involved the 1- and the 6- positions of the purine nucleus and it  
led  to  the  discovery  of  2-phenyl-substituted  imidazolepurin-5-one  derivatives  (137,138); 
these  compounds  displayed  an  increased water-solubility  due  to  a  basic  nitrogen  atom, 
which can be protonated under physiological conditions.155,156 In this kind of derivatives the 
(R)-enantiomer  gave  better  results  towards A3AR  than (S)-enantiomer. 155 PBS-11 (137) was
also tritiated (*) and used as radioligand.157 Any enlargement of the non-xanthinic ring gave 
inactive derivatives, while the concurrent incorporation of a N4-propyl moiety and of a 4-
bromo on the phenyl ring of 2-phenyl-imidazolepurin-5-one nucleus was found to further 
improve the hA3 affinity to subnanomolar ranges, as shown in KF-26777 (138).158

Heterocyclic derivatives

Starting  from  tricyclic  scaffolds,  the triazoloquinazoline derivatives  are  one  of  the  first 
heterocyles  that  have  been  identified  as  potential  AR  antagonists.  The  non-selective 
antagonist CGS15943 (64) has served as a starting template for the design and synthesis of 
other potent and selective hA3AR antagonists. Notably, the acylation of the free amino group 
at the N5 position with aryl  or arylalkyl  moieties has enhanced both the hA3 affinity and 
selectivity, as illustrated by MRS1220 (139).159,160 Okamura et al.161 reported another series of 
triazoloquinazoline derivatives bearing a C2-phenyl ring and a C5-butyl chain, which showed 
good hA3 affinity in nanomolar range together with significantly improved selectivity against 
other AR subtypes, as demonstrated by compound 140.161

The  pyrazolo-triazolo-pyrimidines  (PTP),  in  which  the  tricylic  nucleus  resembles  the 
triazoloquinoline core of CGS15943 (64), are derived from a hybrid molecule between a hA2A 

receptor antagonist and an agonist of the A3AR subtype.162 Studies have indicated that small 
substituents at the N8-position, an unsubstituted phenyl ring at the N5-position and a furyl 
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ring at the 2-position, were crucial for hA3 affinity, as confirmed by compound 141.163-166

MRE3008-F20 (142) displays an enhanced affinity at the A3AR and its tritiated form (*) [3H]-
MRE3008-F20 was developed and may be used to investigate the physiopathological role of 
A3AR. In order to improve water solubility, the N5-phenyl ring was later substituted with a 
pyridinium  salt  (143, water  solubility=  15  mM),  which  also  significantly  improved  hA3 

affinity.167 Another strategy employed to improve water solubility  was to introduce polar 
groups on the ureidic phenyl ring at the 5 position, but an affinity decrease at the A3AR was 
observed (144).167

The incorporation of a triazole ring between positions 1 and 6 of the purine core led to 
triazolopurine derivatives  which  were  highly  potent  and  selective  hA3 antagonists  (145). 
Introduction of a 2-phenyl ring and a butyl group gave rise to OT-7999 (145) that was very 
potent  and  selective  for  this  receptor  subtype  and  it  demonstrated  to  decrease  the 
intraocular pressure, thus indicating its potential application in treatment of glaucoma.168

Several  tricyclic  scaffolds  structurally  related to CGS15943 (64)  were reported in the last 
years;  triazolo-[4,3-a]quinoxalines (146-152),169-171 triazolo-[1,5-a]quinoxalines (153-154),172-

173 pyrazolo[3,4-c]quinolines  (155-157),174,175 2-phenyl-2,5-dihydro-pyrazolo[4,3-c]quinolin-4-
ones (158),176 pyrido-triazolo-pyrazinone (159-161)177 and triazolobenzotriazinones (162)178 

are the most representative.  Briefly, all these series display few conservative features that 
confer them affinity and selectivity towards A3AR subtype. The introduction of a carbonyl 
group at the 4 position (5 position in triazolobenzotriazinone series), either by acylation of 
the 4-amino group with alkyl, aryl or arylalkyl substituents, or in some cases by replacement 
of the amino group with an oxo group, appeared essential for hA3 affinity and selectivity. 
Different substituents on the 2-phenyl ring seemed important in modulating the hA3 affinity 
and selectivity.
Concerning the bicyclic  scaffolds,  from the broad screening of  phytochemicals,  flavonoid 
derivatives were discovered to possess micromolar affinity at the hA3 receptor.179 Structural 
optimization of these derivatives gave rise to MRS1067 (163), which was the most potent 
and selective compound of this series at the hA3 receptor.180,181

The 3-(2-pyridinyl)isoquinoline VUF8504 (164) derivative and the corresponding quinazoline 
derivative VUF5574 (165) (with a bioisosteric replacement of a carbon by a nitrogen atom at 
the  4-position),  have  been  developed  as  novel  hA3AR  antagonists  by  IJzerman  and  co-
workers.182-184 In particular,  VUF8504 (164) was discovered to have also allosteric effects on 
A3AR, as discussed in the following section 1.2.4.4. In addition the quinazoline derivatives 
166,  167 and the quinoxaline derivative  168 were developed, as A3AR antagonists, using in 
silico strategies of drug design.185,186

Pyrazolo[3,4-d]pyrimidines  represent  a  novel  series  of  bicyclic  scaffold-derived  hA3AR 
antagonists  reported  recently,187  which  displayed  high  hA3 affinity  and  selectivity  profile 
(169).
The 6-phenyl substituent at the bicyclic scaffold was a key pharmacophoric element for the 
recognition  at  the  AR,  small  alkyl  groups  at  the  N2-position  and  N4-acyl  substituents 
conferred  good  hA3 affinity.  Compound  170 was  subsequently  tested  on  human  glioma 
U87MG cells, and it was shown to counteract the A3AR agonist-mediated proliferation of the 
glioma cells being a promising lead compound for the development of adjuvant agents in the 
glioma chemotherapy.188

Besides that, a bioisoster [1,2,3]triazolo[4,5-d]pyrimidines series were synthesized. In fact, 
compound  171189 was  less  potent  but  showed  a  quite  similar  selectivity  profile  at  hA 3 
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receptor if compared to pyrazolo[3,4-d]pyrimidine derivative 170.
Since adenosine tends to bind well at A3AR subtype across different species, some studies 
have focused on the design of adenosine-based derivatives as potential species-independent 
A3 antagonists. The flexibility at the 5’-region of ribose moiety acted as main contributing 

factor towards the complete activation of hA3 receptor. By imposing a bicyclic constraint at 
the 5’-region of the ribose ring, a blockage of the receptor activation was observed, as shown 
by MRS1292 (172),190 which was a potent  A3 antagonist  both in  human and rat  models. 
Subsequently, it was noticed that the removal of the ability of 5’-N-alkyluronamide to donate 
an H-bond could eventually convert agonists  into selective antagonists;191-195 for  example, 
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some interesting derivatives were obtained through a N-dimethylation, such as for MRS3771 
(173) or a complete removal of substituents at 4' position (174195, LJ1251 (MRS3820) 175191). 
Similarly,  removing  completely  the  5'-CONHCH3 moiety  in  a  series  of  agonists  bearing  a 
bicyclo[3.1.0]hexane ring instead of the ribose ring, converted them into pure antagonists 
(MRS5147, 176).148

Other adenosine-based derivatives maintained an intact ribose, while all the modifications 
were  performed on  the  purine  nucleus.  Introduction  of  extended substituents  at  the  8-
position  (177)  has  successfully  converted  agonists  into  antagonists.196,197 Notably,  among 
these adenosine-derived A3AR antagonists there is no substantial AR binding activity seen 
with the corresponding L-nucleosides.
A series of adenine-based derivatives was also synthesized using ‘reversine’ as a template, 
since it has been found to confer a moderate antagonistic activity at the A3AR (KihA3 = 0.66 
μM).  The  resulting  compound  was  MRS3777  (178)198 that  shows  good  hA3 affinity  and 
selectivity.

In order to obtain derivatives with a better pharmacokinetic profile, researchers have been 
investigated  several  monocyclic  scaffolds  as  adenosine  receptor  antagonists.  The 1,4-
dihydropyridine (DHP) derivatives, besides being known as L-type calcium channel inhibitors, 
are also found to possess antagonistic effect at the AR.199 It was observed that sterically bulky 
groups were well tolerated at the 4-, 5- and 6-positions for the hA3 affinity and also resulted 
in significantly lower binding to the L-type calcium channels such as for MRS1334 (179).200 

Simultaneously, the hA3 affinity of the pyridine compounds has also been investigated. 201,202 

Structurally, the C4-hybridization from sp3 in DHP to sp2 in the pyridine core has changed the 
C5-C4-R4 angle from 68.1˚ to 0.2˚, leading to a different steric control where only small alkyl  
groups at the 4-position and an ester at the 5 position were tolerated to retain affinity and 
selectivity at the hA3 receptor as for MRS1523 (180), which also possesses good affinity at 
the rat A3AR in the submicromolar range.201,201 Also diarylpyrimidine series were reported as 
A3AR antagonists. Recently Yaziji et al. discovered ISVY133 (181) that shows a good profile 
both in terms of affinity and selectivity at A3AR.203
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Thiadiazoles (182) and thiazoles (183), have been reported as potential potent and selective 
hA3 antagonists.204 Derivative (183) was also able to selectively block the rat A3 receptor in 
animal studies.

1.2.4.5 Allosteric modulators of the A3 adenosine receptor

The first study that demonstrated allosteric modulation of A3AR consisted of a number of 3-
(2-pyridinyl)isoquinoline  derivatives.205 All  the  tested  compounds  that  displayed allosteric 
effects contained a benzamide carbonyl group. The replacement of the carbonyl group with 
an imino group resulted in a loss of the allosteric property of these compounds. For  VUF5455 
(184) and VUF8504 (164) species differences in A3 antagonistic effect were pronounced (184 
hA3=1.7 µM vs rA3=12.8 µM versus 164 hA3=17.3 nM vs rA3=4.2 µM), whereas the allosteric 
contributions were comparable in rat and human (k  -1=0.024÷0.022 min-1; ctrl k -1=0.042 min-

1). This suggested that the structural requirements needed for binding enhancement could 
be separated from those required for competitive antagonism. Application of the modulators 
as  described  in  this  study  may  have  limitations  for  the  antagonistic  properties  of  the 
derivatives.205

During the screening of potential allosteric modulators for A3 receptors, it was found that a 
series  of  1H-imidazo-[4,5-c]quinolines,  including DU124183 (185),  enhanced both  agonist 
binding and function at A3AR. Interestingly, this derivative neither influence the dissociation 
rate of the A3AR antagonist [3H]PSB-11 nor enhance the binding of A1  and A2AAR agonists.206 

The 1H-imidazo-[4,5-c]quinoline derivatives were also found to be competitive antagonists at 
the  A3 receptors.207 Further  investigations  gave  rise  to LUF6000  (186),  that  showed  a 
modulatory  effect  depending  on  the  Emax of  a  given  nucleoside  derivative,  being  more 
effective for low-Emax agonists than for high-Emax agonists. LUF6000 (186) was relatively potent 
as an enhancer of A3AR agonistic activity in comparison to its A3AR antagonistic properties 
(45% displ. at 10 µM). Also, it did not bind appreciably to the other AR subtypes. 208 Multiple 
bridged cycloalkyl substitution in the 2-(1-adamantyl)-4-(3,4-dichlorophenyl)amino analogue 
(187)  resulted  in  high  allosteric  potentiation  with  minimal  effects  on  the  binding  of  
orthosteric ligands at AR.209
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LUF6000 ring (186) was opened, thus resulting in a new class, namely the 2,4-disubstituted 
quinolines. LUF6096 (188) was the most potent enhancer of this series (k  -1=0.029 min-1 vs ctrl 
k -1=0.089 min-1) with a decreased orthosteric effect (17% displ. at 10 µM). 210

Gao and coworkers then demonstrated that amiloride  analogues (not amiloride,  50) were 
not  only allosteric  inhibitors for  the antagonist  binding at  A3AR but also antagonists  and 
allosteric  modulators  for  agonist  binding  at  the  same  receptor  subtype.  HMA (92),  an 
amiloride analogue, exerted relatively low effects on A3AR (2-fold decrease or increase in 
agonist/antagonist  dissociation rate) compared with its  effect on the antagonist-occupied 
A2AAR (10-fold increase).49

Also  at  A3AR,  SCH-202676  (49)  inhibited  ligand  binding.48 This  compound  increased  the 
dissociation rate of the A3AR agonist [125I]I-AB-MECA from both human and rat adenosine A3 

receptors(k -1=0.046  min-1  vs  ctrl  k -1=0.028  min-1)  but  it  don't  influence  the  antagonists 
binding. It was suggested that the allosteric effects of SCH-202676 (49) may occur through a 
structural  motif  common  to  many  GPCRs  or  possibly  through  the  modulation  of  an 
unidentified accessory protein that regulates several GPCRs.
The  food  dye  and  pharmaceutical  excipient Brilliant  Black  BN  (189)  is  routinely  used in 
calcium  assays  at  concentrations  ranging  from  100  to  500  µM  to  quench  extracellular 
fluorescence and to avoid washing cells before stimulation. This compound was found to 
inhibit ligand affinity at A3AR. Hence it could be concluded that Brilliant Black BN is not an 
inert substance and as such it should be carefully evaluated before being used as a food dye 
or pharmaceutical excipient.211

The endocannabinoid 2-AG (190) has been shown to decrease the immunological activation 
of  guinea  pig,  an  opposite  effect  to  that  mediated  by  adenosine.  Lane  et  al. provided 
evidence  that  this  phenomenon  is independent  from  any  interaction  with  cannabinoid 
receptors  (either  CB1  or  CB2).  It  was  shown  that  2-AG (190)  was  able  to  decrease  the 
potency  of  Cl-IB-MECA agonist  at  the hA3AR.  Also  other  ligands  (e.g.  AM251,  191)  have 
demonstrated to be negative allosteric modulators of the ligand binding at the A3AR.212
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2 AIM OF THE WORK
Discovery of new potent and selective adenosine receptor antagonists is important not only 
for the possible therapeutic applications of this compounds but also because antagonists are 
preferred as tools for pharmacological characterization of receptors.
The aim of this work consist in: 

1. Investigations on the pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine scaffold.

2. Molecular simplifications.

3. Validation of computational approaches to predict AR subtype selectivity.

2.1 INVESTIGATIONS ON THE PYRAZOLO[4,3-e]-1,2,4-TRIAZOLO[1,5-c]  
PYRIMIDINE SCAFFOLD

The pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine (PTP) nucleus have been demonstrated to 
give rise to potent adenosine receptor antagonists, especially for A2AAR and A3AR, depending 
on the pattern of substitutions on the PTP scaffold. Part of the aim of this work is to better 
investigate this kind of molecule by:

 M  odifications  at  position  5  .   To  date,  all  the  PTP  antagonists 
contain  a  free  amino  group  (A2AAR  antagonism)  or  a  carbonyl-
containing moiety such as arylacetamides and arylureas (A2BAR and 
A3AR  antagonism),  so  the  effect  of  the  introduction  of  alkyl  or 
arylamines at the 5 position was investigated. In addition the synthetic strategy used 
to obtain this derivatives permit to introduce amines with very different structures 
such as diamines and aminoacids, which were further substituted 
on the second functional group. 

 M  odifications at position 2.   At  position two a furan ring was 
supposed to mime the adenosine ribose and so to be essential in 
order to have activity towards ARs.  Several studies reported that 
furan was subjected to a metabolic cleavage rising to toxic metabolites, so a series of 
PTP bearing at the 2 position a substituted phenyl ring was evaluated at the four 
adenosine receptor subtypes.

 Synthesis of fluorescent probes.   The bifunctional 
moieties introduced at the 5 position of PTP were 
used to introduce the fluorescent dye fluorescein. 
The  derivatives  obtained  are  fluorescent  probes 
that  could  be  used  for  pharmacological  receptor 
characterization,  such  as  in  vivo receptor 
localization and fluorescent polarization.
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2.2 MOLECULAR SIMPLIFICATIONS

The PTP nucleus possesses a complex structure that requires a difficult synthesis that was 
accompanied  by  low yields.  This  in  addition  to  a  lot  of  endocyclic-nitrogen  atoms,  high 
molecular  weight  and low water  solubility.  It's  clear  that  a  molecular  simplification  was 
needed, thus it is the goal of the second part of this work:

 1  ,2,4-Triazolo  [  1,5-  a  ]  -1,3,5-triazines.   A  series  of  derivatives 
related  to  ZM241385  (68)  as  antagonists  of  the  A2AAR  was 
explored. The A2AAR X-ray structure was used to identify a point of 
substitution for the attachment of solubilizing groups to enhance 
both  aqueous  solubility  and  physicochemical  properties,  maintaining  potent 
interactions with the A2AAR.

 1  ,2,4-Triazolo[1,5-c]pyrimidines.   A  preliminary  investigation  on 
these  molecules  revealed  that  poorly  active  compounds  were 
obtained introducing  arylacetyl or arylcarbamoyl moieties at the N5 

position,  which  enhanced  affinity  at  the  hA2B and  hA3 ARs,  when 
utilized on the pyrazolo-triazolo-pyrimidine nucleus. Thus, in order to 
better  investigate  the  possible  substitutions  on  this  scaffold,  moieties  without  a 
carbonyl group (alkyl and aryl moieties) were introduced at N5 position.

 Stilbenes and 2-Styril-furanes.   This compounds derive from a further simplification 
of  the  triazolo-pyrimidine  nucleus.  The  triazole-pyrimidine  pentatomic  ring  was 
substituted with a vinyl moiety, while the pyrimidine ring was isosterically substituted 
with a phenyl  ring, thus eliminating the majority of nitrogen atoms and obtaining 
highly simplified derivatives.

2.3 VALIDATION OF COMPUTATIONAL APPROACHES TO PREDICT AR SUBTYPE  
SELECTIVITY

At the present,  in  medicinal  chemistry  adenosine receptors  represent some of  the most 
studied  targets,  and  there  is  growing  interest  on  the  different  adenosine  receptor  (AR) 
subtypes. The AR subtypes selectivity is highly desired in the development of potent ligands 
to  achieve  the  therapeutic  success.  So  far,  very  few  ligand-based  strategies  have  been 
investigated to predict the receptor subtypes selectivity.

So Prof. Stefano Moro of the University of Padua developed two computational approaches 
to predict both selectivity and affinities at the AR:

 An alternative application of the Support Vector Machine (SVM) and Support Vector 
Regression  (SVR)  methodologies  was developed to simultaneously  describe both 
A2AAR  versus  A3AR  subtypes  selectivity  profile  and  the  corresponding  receptor 
binding  affinities.  To  validate  this  approach,  51  new pyrazolo-triazolo-pyrimidine 
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2. Aim of the work

derivatives  were  synthesised   anticipating 
both  A2AAR/A3AR  subtypes  selectivity  and 
receptor binding affinity profiles.

 A  novel  application  of  the  multilabel 
classification  approach  was  carried  out  by 
combining  autocorrelated  molecular 
descriptors  encoding  for  the  molecular 
electrostatic  potential  (autoMEP)  with  support  vector  machines 
(SVMs).  Thus  permitting  the  simultaneous  prediction  of  the 
hA1AR, hA2AAR, hA2BAR, and hA3AR subtypes potency profile and 
selectivity of a large collection of known antagonists.  A series of 
13 newly pyrazolo-triazolo-pyrimidine derivatives was synthesised 
in order to validate this computational approach, comparing the 
model-inferred  full  adenosine  receptor  potency  spectrum  and  hAR  subtypes 
selectivity profile with the experimental data.

51

N N

N
N

N

N

R1

O

HN R

O

N N

N
N

N

N O

NH2

HN

O R

N N

N
N

N

N

R2

O

HN R1

O





3. Pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidines 

3 INVESTIGATIONS ON THE PYRAZOLO[4,3-e]-1,2,4-TRIAZOLO[1,5-
c]PYRIMIDINE SCAFFOLD

3.1 MODIFICATIONS AT POSITION 5

3.1.1 Introduction

Regarding  the  A3AR  subtype,  up  to  now,  only  phenylureidic  and  phenylacetamidic 
substitutions at the 5 position of PTP were known to give rise to potent antagonists (141-
143).163-167 In all this PTPs a carbonyl moiety is always present, so we decided to synthesise a 
novel class of pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidines bearing a N8-methyl group that 
was  known  to  confer  potency  and  selectivity  against  the  A3AR  subtype,  in  addition  to 
different amino moieties in position 5.  These kind of  derivatives could demonstrate that 
carbonyl moiety is not essential to have affinity towards A3AR.
In addition the novel synthesis approach permits the introduction of a large variety of amines 
allowing  a  deep  investigation  on  the  possible  interaction  occurring  in  the  A3AR  binding 
pocket.

3.1.2 Chemistry

The  pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidine  scaffold  was  prepared  following  the 
synthetic strategy reported in scheme 1. The N2-methyl-4-cyano-5-aminopyrazole (195) was 
regioselectively prepared starting from the reaction of methyl hydrazine with benzaldehyde 
that give the N-benzylidene-N'-methyl-hydrazine (193) and followed by reaction with the 2-
ethoxymethylene-malononitrile.213

Pyrazole (195) was transformed into the corresponding imidate (196)  through refluxing in 
triethyl orthoformate. The imino ether (196) was reacted with 2-furoic hydrazide in refluxing 
2-methoxy-ethanol to provide a pyrazolo[3,4-d]pyrimidine intermediate. This were converted 
through a thermally induced cyclization in diphenyl ether to the desired derivative (197). 
Hydrolysis  with  aqueous  10%  HCl  afforded  the  aminotriazole  (198),  which  was  in  turn 
converted  to  the  2-furan-2-yl-8-methyl-6,8-dihydro-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-one (198)  by using diphosgene.  The 5-chloro-derivative (199)  was  obtained 
from the 5-oxo derivative (199) through refluxing in phosphoryltrichloride with phosphorous 
pentachloride and pyridine.  Final  products  (201-267,  276-281)  were prepared adding the 
appropriate amine to the 5-chloro-derivative 199 in ethanol.
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3. Pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidines 

The  5-monoBoc-diamino-derivatives  259-267 were  then  deprotected  with  ethyl  acetate 
saturated by hydrochloric acid giving the diamine derivatives as hydrochloride salts (268-
275), which were reacted with acylchlorides leading to compounds 282-296. (Scheme 2)

3.1.3 Results and Discussion

All the synthesized compounds were tested on the four adenosine receptor subtypes by Prof.  
Karl-Norbert Klotz of University of Würzburg. 

The intermediate compound 199 didn't exhibit affinity versus all the AR, while the 5-chloro 
derivative (200) have been displayed an affinity for the A3AR subtype in the high nanomolar 
range  (KihA3AR=337  nM).  (Table  1)  In  this  series  of  pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidines high affinity derivatives against the A1, A2A and A2B AR were not present. At the 
A2AAR the only compounds that possess affinity values under the 100 nM bear a benzyl (e.g.  
223), phenethyl (e.g.  232) or a 3-indolylethyl (235) moiety at the N5 position. On the A2BAR 
the most potent derivatives are those substituted with cyclopropryl  (212)  and cyclobutyl 
(213) moieties, the Ki value is about 1,750 and 1,110 nM respectively. The micromolar affinity 
value is  a  good result  at  the A2BAR,  because the Ki  derived from a functional  assay that 
measures  the inhibition  of  NECA-stimulated  adenylyl  cyclase  activity  and  not  the 
displacement of a A2BAR selective radioligand.
Best  results  were  obtained versus  the A3AR,  with good affinity  and different  degrees  of 
selectivity. Affinity increases passing from 5-methyl- (201) to 5-ethyl (202), 5-isopropyl (203) 
and  5-sec-butyl-amino  derivatives  (204)  and  then  decrease  with  the  5-pentylamino 
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compound (207). Interestingly the 1-methylhexyl chain give a more active compound than 
the pentyl chain (207, KihA3=14.6 nM vs 208, KihA3=8.62 nM).

Compd. R hA1 a

(Ki nM)
hA2A b

(Ki nM)
hA2B c

(Ki nM)
hA3 d

(Ki nM)

199 - > 30,000 > 30,000 > 10,000 5,280
(4,220-6.610)

200 - 6,560
(5,440-7,910)

29,900
(21,300-42,100)

> 10,000 367
(306-441)

201 Me 1,930
(1,620-2,300)

368
(213-636)

2,110
(1,700-2,610)

63.4
(56.0-71.9)

202 Et 604
(476-765)

208
(124-352)

2,160
(2,110-2,210)

44.4
(29.8-66.2)

203 i-Pr 333
(283-390)

389
(296-511)

9,720
(6,250-15,100)

34.1
(25.6-45.5)

204 CH(CH3)CH2CH3 (R,S) 131
(91.9-187)

248
(152-405)

3,860
(2,570-5,770)

5.23
(4.11-6.66)

205 CH(CH3)CH2CH3 (S) 129
(112-149)

244
(177-337)

2,600
(1,970-3,430)

11.0
(6.69-18.0)

206 CH(CH3)CH2CH3 (R) 165
(130-209)

272
(154-483)

4,810
(3,300-7,020)

5.93
(5.10-6.90)

207 n-C5H11 481
(420-550)

168
(95.5-295)

3,980
(2,410-6,450)

14.6
(10.5-20.4)

208 CH(CH3)(CH2)4CH3 248
(236-260)

446
(311-640)

7,660
(5,450-10,700)

8.62
(6.00-12.4)

209 CH(CH3)(CH2)5CH3 265
(150-469)

701
(427-1,150)

>10,000 23.8
(22.1-25.5)

210 CH2CH(Et)(CH2)3CH3 605
(540-679)

512
(340-770)

>10,000 3.82
(3.01-4.85)

211 C(CH3)2C(CH3)3 982
(910-1,060)

3,230
(2,120-4,940)

> 10,000 130
(101-168)

212 c-C3H5 208
(187-232)

113
(104-124)

1,750
(1,120-2,740)

69.3
(53.0-90.6)

213 c-C4H7 169
(129-221)

83.9
(69.9-101)

1,110
(869-1,410)

17.6
(15.9-19.4)

214 c-C5H9 80.1
(63.9-100)

130
(105-162)

2,650
(1,730-4,040)

7.68
(4.43-13.3)

215 c-C6H11 166
8147-186)

233
(170-320)

6,320
(4,200-9,460)

8.57
(7.73-9.50)
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216 c-C7H13 223
(177-282)

336
(233-483)

6,590
(5,070-8,530)

15.4
(8.98-26.3)

217 c-C8H15 484
(472-496)

279
(214-363)

> 10,000 15.5
(8.49-28.1)

218 CH2-c-C6H11 802
(709-908)

814
(682-972)

9,650
(8,980-10,200)

47.3
(32.4-68.9)

219 1-Adamantyl 3,310
(2,010-5,460)

> 30,000 > 10,000 37.8
(28.6-50.1)

220 2-Adamantyl 750
(410-1,370)

848
(327-2,200)

> 10,000 18.8
(17.9-19.8)

221 CH2-Ph 527
(438-634)

91.0
(40.8-203)

3,330
(2,460-4,550)

2.49
(2.36-2.63)

222 CH(CH3)Ph (S) 338
(293-391)

55.2
(28.7-106)

5,290
(4,100-6,800)

0.30
(0.21-0.42)

223 CH(CH3)Ph (R) 945
(780-1,150)

38.2
(29.8-48.9)

12,200
(8,400-17,700)

3.71
(2.72-5.05)

224 CH2-Ph-4-CH3 538
(447-648)

117
(93-148)

3,940
(1,890-8,300)

1.07
(0.73-1.55)

225 CH2-Ph-4-OCH3 442
(382-512)

177
(148-212)

9,840
(7,760-12,500)

6.92
(4.51-10.6)

226 CH2-Ph-4-Cl 322
(318-325)

75.4
(61.9-91.8)

2,620
(2,130-3,240)

1.99
(1.80-2.19)

227 CH2-Ph-4-F 823
(589-1,150)

87.5
(81.3-94.1)

3,180
(1,580-6,410)

4.93
(4.29-5.66)

228 CH2-Ph-4-CF3 1,230
(1,120-1,360)

245
(165-362)

> 3,000 14.9
(13.4-16.5)

229 CH2-Ph-3,4-(OCH3)2 2,720
(1,910-3,890)

64.1
(49.5-82.9)

> 3,000 21.1
(18.9-23.6)

230 CH2-Ph-4-Ph 17,500
(10,300-
29,900)

593
(532-660)

> 10,000 187
(150-233)

231 CH-Ph2 169
(159-181)

900
(664-1,220)

> 10,000 0.83
(0.76-0.92)

232 CH2-CH2-Ph 733
(656-820)

46.1
(28.5-74.6)

2,790
(1,650-4,710)

52.8
(52.2-53.4)

233 CH2-CH2-Ph-3,4-(OCH3)2 1,580
(1,120-2,230)

92.5
(65.6-130)

3,880
(2,980-5,070)

37.6
(27.5-51.4)

234 CH(CH3)-CH2-CH2-Ph 133
(88.2-199)

147
(128-170)

5,260
(3,560-7,800)

37.8
(34.9-41.0)

235 CH2-CH2-3-Indolyl 1,250
(781-1,990)

77.0
(42.9-138)

2,870
(2,320-3,530)

30.9
(27.7-34.4)

236 OCH3 2,750
(2,050-3,700)

185
(146-234)

8,500
(6,160-11,700)

404
(368-442)

237 CH2CH2OCH3 2,400
(1,580-3,630)

407
(315-528)

> 10,000 246
(204-297)
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238 CH2-CH2-OPh 646
(469-889)

121
(101-144)

7,500
(5,100-11,100)

38.6
(32.5-46.0)

aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase activity in CHO cells expressing  human A2B receptors.  dDisplacement of specific [3H]-NECA binding at human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

In addition, the 5-(2-ethylhexyl)amino-derivative (210) shows a Ki at A3AR of 3.82 nM, thus 
suggesting  that a small ramification in the side chain near the 5-nitrogen was well tolerated. 
The limit imposed by the length of the substitution at the 5 position was confirmed with the 
1-methylheptyl compound (209) where was observed a detrimental effect on A3AR affinity 
was observed. An excessive ramification such as a tert-octyl chain (211) was detrimental in 
term of affinity both at the A3AR and at the other AR subtypes. (Table 1)
Even in the 5-cycloalkylamino series affinity increases with the size of the cycle since the 5-
terms ring: c-Pro«c-But<c-Hex≤ c-Pent(212, 213, 215 and 214 respectively); then it decrease 
with the introduction of a 5-c-heptylamine (216) or a 5-c-octylamine (217). However were 
more  tolerated  bulky  substituents  such  the  c-octyl  and  2-adamantyl  moieties  than  the 
smaller cyclopropyl group (217, KihA3 =15.5 nM; 220, KihA3 =18.8 nM vs 212, KihA3 =69.3 nM).
In the 5-benzylamino series, the derivative with an unsubstituted phenyl ring (221) possesses 
a KihA3 of 2.49 nM that improves to 1.07 and 1.99 nM if a para-methyl (224) or a para-chloro 
(226) group were respectively present on the phenyl ring. Instead, a 4-OCH3, 4-F or a 4-CF3 

(225, 227-228) moieties have a detrimental effect on A3AR affinity that was more evident if 
another methoxy group was added at the 3-position of the ring (229, KihA3 =21.1 nM) and in 
the phenethyl analogue (233), where the Ki value at the hA3AR was of 37,6 nM. In the case of 
derivative bearing a 1-phenyl-ethyl  moiety at the N5 position both the enantiomers were 
tested and S-compound is twelve-fold more active than R-compound (222, KihA3 =0.30 nM vs 
223,  KihA3  =3.71 nM),  thus revealing that  binding pocket is enantiomer sensitive.  On the 
contrary,  in  derivatives  bearing  the  sec-butyl-amino  group  at  the  5  position  is  the  R-
enantiomer that shows higher potency at the A3AR (S-enantiomer 205, KihA3 =11.00 nM vs R-
enantiomer 206, KihA3 =5.93 nM).
When an additional phenyl group was present in the para-position (230), the affinity at the 
A3AR decreased to 187 nM. Thus it was possible thought that the binding pocket in which the 
5-aminosubstituent was accommodated is  not too deep but it  may be quite large if  the 
benzhydryl moiety (231) was well tolerated giving a Ki hA3 of 0.83 nM and a good selectivity 
profile versus A1 (204-fold) and A2A AR (more than 1000-fold) while it was completely inactive 
at the A2BAR.
Methoxy (236) and methoxyethyl (237) groups doesn't give potent A3AR antagonists, besides 
that, compound 236 was about 2-fold selective at the A2AAR. (Table 1)
The di-substitution on the 5-amino group of PTP scaffold have a detrimental effect on affinity 
at the A3AR but also on the other receptor subtypes. A methyl moiety (239) was unable to 
give the necessary interactions in the A3 receptor binding pocket; as in the monosubstituted 
series, the ethyl group cause an enhancement of affinity against the A3AR (241).Maintaining 
a fixed methyl group and varying the length of the other substituent it's possible to observe 
an increase in A3AR affinity (240, KihA3=36.7 nM). Best results were obtained with the benzyl 
group that give rise to derivative 244 which shows a Ki at the hA3AR of 18 nM.
Among the heterocyclic derivatives directly introduced at the 5 position (247-250) of PTP, 
pyrrolidine (247) and piperidine (248) demonstrated a good affinity at the A3AR with a Ki of 
35.5 and 38.1 nM respectively. For derivative 247 selectivity was quite poor against the A2AAR 
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subtype (3.7-fold), while derivative 248 was selective for the A3AR. (Table 2)

Compd. R R1 hA1
a 

(Ki nM)
hA2A

b 
(Ki nM)

hA2B
c 

(Ki nM)
hA3

d 
(Ki nM)

239 CH3 CH3 4,760
(2,830-8,010)

1,030
(844-1,250)

> 10,000 394
(343-453)

240 CH3 CH2-(CH2)2-CH3 1,060
(931-1,220)

1,380
(1,260-1,510)

> 10,000 36.7
(31.3-43.0)

241 CH3-CH2 CH3-CH2 1,450
(1,280-1,650)

798
(426-1,500)

> 10,000 96.3
(61.7-150)

242 CH3-(CH2)3-CH2 CH3-(CH2)3-CH2 3,330
(3,090-3,590)

7,490
(6,270-8,960)

> 10,000 824
(639-1,060)

243 CH3 cC6H11 1,020
(777-1,330)

2,730
(2,380-3,130)

> 10,000 32.7
(22.5-47.5)

244 CH3 CH2Ph 566
(481-668)

1,080
(719-1,620)

> 10,000 18.0
(16.1-20.2)

245 CH2Ph CH2Ph 711
(658- CH3768)

1,150
(743-1,770)

> 10,000 404
(349-467)

246 CH3-CH2 CH2-CH2-OH 15,000
(13,400-16,700)

6,430
(6,120-6,760)

> 10,000 1,360
(732-2,540)

247 N-pyrrolidinyl 328
(262-409)

132
(81.0-215)

> 10,000 35.5
(29.3-43.1)

248 N-pyperidinyl 2,150
(1,580-2,910)

352
(258-481)

> 10,000 38.1
(19.5-74.3)

249 4-methyl-1-piperazinyl 15,200
(13,500-17,100)

7,690
(4,660-12,700)

> 10,000 1,330
(1,030-1,730)

250 4-morpholinyl 2,420
(1,970-2,990)

1,670
(1,070-2,600)

> 10,000 514
(469-563)

aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase activity in CHO cells expressing  human A2B receptors.  dDisplacement of specific [3H]-NECA binding at human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

All derivatives bearing an hydroxyl group at the 5 position (251-258) display an affinity up to 
100 nM towards A3AR. In addition a completely loose of selectivity versus A1 and A2A AR could 
be observed for these compounds. In particular, for derivative 252 the affinity was better for 
A1AR and expecially for A2AAR than for A3AR (KihA1=212 nM, KihA2A=155 nM  vs KihA3=241 
nM). This suggests that in the area where the hydroxyl moiety places itself the hydrogen 
bonding interactions doesn't take place, while demonstrating the existence of a hydrophobic 
pocket.(Table3)
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Compd. R hA1 
(Ki nM)

hA2A 
(Ki nM)

hA2B 
(Ki nM)

hA3 
(Ki nM)

251 CH2-CH2-OH 649
(500-842)

157
(143-173)

7,470
(6,450-8,660)

309
(271-353)

252 CH2-CH2-CH2-OH 212
(187-239)

155
(131-183)

9,300
(7,050-12,300)

241
(163-355)

253 CH2-CH(OH)-CH3 375
(308-457)

136
(123-151)

> 3,000 356
(179-707)

254 CH(CH2CH3)CH2OH 219
(165-292)

207
(187-228)

> 10,000 62.9
(41.5-95.3)

255 CH(CH2OH)2 639
(422-967)

597
(415-859)

> 10,000 536
(343-835)

256 CH2-(CH2)2-CH2-OH 1,040
(930-1,170)

251
(215-293)

> 10,000 252
(176-360)

257 CH2-(CH2)3-CH2-OH 525
(437-630)

124
(104-148)

> 10,000 136
(108-172)

258 CH2(CH2)4CH2OH 483
(406-574)

109
(77.3-155)

> 10,000 156
(141-172)

aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase activity in CHO cells expressing  human A2B receptors.  dDisplacement of specific [3H]-NECA binding at human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

In  the  Boc-procted-diamino  series  we  observed  a  clearly  hA3AR  affinity  enhancement 
comparing derivative 260 with derivative 261, that bears respectively an ethyl and a propyl 
chain  between  amino  functions  (260,  KihA3=  553  nM  vs 261,  KihA3=  32.1  nM  ).The 
enlargement of the alkyl chain to 4 or 5 atoms cause a progressively decrease of affinity at  
the A3AR (262, 263). Two different diamino oxygen-containing chains were also introduced at 
the 5 position of PTP, in order to improve water solubility. Interestingly, derivative bearing 
the longer 3-{2-[2-(3-Amino-propoxy)-ethoxy]-ethoxy}-propylamine moiety was more active 
than  2-[2-(2-Amino-ethoxy)-ethoxy]-ethylamine  derivative  towards  hA3AR.  This  behaviour 
was present both in Boc-protected (265,  KihA3= 264 nM vs 264, KihA3= 585 nM  ) and in 
hydrochloride salts derivatives (274, KihA3= 312 nM vs 273, KihA3= 2,662 nM ), where a more 
remarkable  effect  was  observed.  Probably  such  extended  chains  stayed  out  of  receptor 
binding site. (Table 4)
Free  amino  derivatives  (269-275)  showed  a  decrease  of  affinity  towards  A3AR  subtype, 
excepted the hydrazine derivatives where affinities of boc and hydrochloride analogues were 
comparable  (259,  KihA3=  173 nM  vs  268,  KihA3=  174 nM).  Compound  274  showed only a 
small decrease of A3 affinity if compared to its Boc-protected analogue 265 (KihA3= 312 and 
264 nM respectively) but it completely lost selectivity against hA2AAR. Instead, considering 
the A2AAR subtype an affinity enhancement in amine salts  was observed respect to tert-
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butiloxycarbonyl derivatives (e.g. 272, KihA2A= 52.6 nM vs 263, KihA2A= 346 nM); except when 
a 2 or 3 carbon chain-containing derivative was present (260,  261 vs  269,  270). This is in 
accord with previews data on this receptor subtype that demonstrate that A2AAR was more 
able to accommodate free amine groups in its binding pocket. (Table 4)

Compd. R hA1 
(Ki nM)

hA2A 
(Ki nM)

hA2B 
(Ki nM)

hA3 
(Ki nM)

259 NHCOOC(CH3)3 7,820
(6,510-9,380)

3,900
(3,630-4,200)

> 10,000 173
(124-241)

260 (CH2)2NHCOOC(CH3)3 2,550
(1,740-3,760)

624
(467-834)

> 10,000 553
(470-651)

261 (CH2)3NHCOOC(CH3)3 1,770
(1,430-2,200)

195
(129-295)

> 3,000 32.1
(21-49.1)

262 (CH2)4NHCOOC(CH3)3 1,750
(1,310-2,340)

313
(256-383)

11,500
(8,590-15,300)

84.4
(79.5-89.7)

263 (CH2)5NHCOOC(CH3)3 2,580
(1,690-3,940)

346
(299-401)

3000 129
(98.1-171)

264 (CH2CH2O)2CH2CH2

NHCOOC(CH3)3

12,200
(10,700-13,800)

1,260
(995-1,590)

> 10,000 585
(438-781)

265 CH2CH2CH2O-
(CH2CH2O)2CH2CH2CH2-

NHCOOC(CH3)3

8,480
(5,960-12,060)

674
(568-799)

> 10,000 264
(136-515)

266 NHBoc 4,070
(3,470-4,770)

2,170
(1,980-2,370)

~ 10,000 856
(696-1,053)

267 - > 100,000 21,400
(18,900-24,300)

> 10,000 737
(505-1,077)

268 NH2 x HCl 7,100
(4,870-10,300)

233
(128-422)

> 10,000 174
(126-241)

269 (CH2)2NH2 x HCl 2,500
(1,480-4,230)

756
(454-1,260)

> 10,000 2,400
(1,938-2,971)

270 (CH2)3NH2 x HCl 1,440
(1,290-1,610)

253
(186-344)

> 10,000 3,784
(3,031-4,723)

271 (CH2)4NH2 x HCl 1,220
(1,080-1,370)

169
(108-263)

> 3,000 4,205
(3,715-4,760)

272 (CH2)5NH2 x HCl 778
(608-994)

52.6
(45.1-61.4)

> 3,000 2,246
(2,139-2,359)

273 (CH2CH2O)2CH2CH2

NH2 x HCl
5,110

(4,830-5,400)
314

(256-387)
> 10,000 2,662

(2,461-2,880)
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274 CH2CH2CH2O-
(CH2CH2O)2CH2CH2CH2-

NH2 x HCl

1,660
(1,350-2,050)

348
(269-450)

> 10,000 312
(264-368)

275 - > 100,000 12,900
(10,400-15,900)

> 10,000 8,646
(7,293-10,250)

aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase activity in CHO cells expressing  human A2B receptors.  dDisplacement of specific [3H]-NECA binding at human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

Also aminoesters where inytroduced at the 5 position; at the A3AR branched substituents 
(276, KihA3= 15.5 nM,  277, KihA3= 0.5 nM) gave better results than linear one (278,  KihA3= 
108 nM). These derivatives exhibit a good selectivity versus the other adenosine receptors.
Then, the diamino derivatives were further functionalized with acyl derivatives, in particular  
we have introduced acetyl, 2-furoyl and benzoyl moieties (Table 5). In this series derivatives 
didn't exhibit affinity towards A1AR but especially towards A2BAR subtype.
Only derivatives 287, 290 and 293, bearing a benzoyl moiety on amino function, shown a Ki < 
5,000 nM towards hA2BAR.
Introduction on primary amine of acyl derivative cause an increase of affinity versus A3AR. 
On the contrary, comparing acyl derivatives (279-296) to Boc-protected derivatives (Table 4: 
259-263,267), a generally decrease of affinity towards this receptor subtype was shown (261, 
KihA3= 32.1  nM vs  286, KihA3= 104 nM ).  Also  in  this  case,  hydrazine derivatives  are  an 
exception because they retain affinity versus A3AR affinity (279-281).

Compd. R hA1 
(Ki nM)

hA2A 
(Ki nM)

hA2B 
(Ki nM)

hA3 
(Ki nM)

276 CH(CH3)CO2Et 2,200
(1,690-2,870)

820
(611-1,100)

> 10,000 15.5
(14.4-16.6)

277 CH(secButyl)CO2Et 322
(272-380)

398
(343-462)

> 10,000 0.50
(0.42-0.60)

278 (CH2)3CO2Et 901
(685-1,190)

231
(209-255)

> 10,000 108
(93.7-125)

279 NHCOCH3 14,800
(11,900-18,400)

2,080
(1,480-2,910)

> 10,000 122
(94.2-157)

280 NHCO-2-furyl 7,670
(4,360-13,500)

3,100
(1,930-4,970)

> 10,000 35.8
(33.7-38)

281 NHCOPh 13,000
(9,900-17,100)

2,000
(1,510-2,650)

> 10,000 167
(134-207)

282 (CH2)2NHCOCH3 9,740
(8,760-10,800)

1,370
(1,250-1,510)

> 10,000 1,948
(1,467-2,586)
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283 (CH2)2NHCO-2-furyl 1,030
(790-1,350)

319
(305-335)

~ 10,000 744
(464-1,192)

284 (CH2)2NHCOPh 684
(560-836)

188
(178-198)

~ 10,000 795
(557-1,134)

285 (CH2)3NHCOCH3 6,610
(5,390-8,100)

657
(604-715)

> 10,000 301
(262-345)

286 (CH2)3NHCO-2-furyl 666
(552-802)

387
(350-428)

~ 10,000 104
(84.2-128)

287 (CH2)3NHCOPh 202
(163-252)

178
(155-205)

2,490
(1,985-3,130)

155
(141-171)

288 (CH2)4NHCOCH3 4,770
(4,340-5,240)

572
(443-738)

> 10,000 318
(298-340)

289 (CH2)4NHCO-2-furyl 1,010
(857-1,200)

263
(226-307)

~ 10,000 62.7
(52.9-74.2)

290 (CH2)4NHCOPh 1,420
(953-2,120)

139
(132-147)

4,390
(3,460-5,580)

129
(116-144)

291 (CH2)5NHCOCH3 3,920
(2,460-6,230)

508
(378-682)

~ 10,000 448
(336-598)

292 (CH2)5NHCO-2-furyl 1,680
(1,620-1,730)

145
(103-205)

7,280
(5,550-9.560)

262
(222-309)

293 (CH2)5NHCOPh 1,550
(1,360-1,770)

233
(122-445)

4,520
(2,960-6,890)

322
(281-370)

294 COCH3 38,000
(30,700-46,900)

8,650
(6,510-11,200)

> 10,000 2,348
(1,510-3,650)

295 2-furoyl 8,700
(8,080-9,370)

8,090
(5,150-12,700)

> 10,000 7,433
(6,021-9,176)

296 COPh 5,980
(5,400-6,610)

806
(562-1,160) 

> 10,000 1,001
(582-1,721)

aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase activity in CHO cells expressing  human A2B receptors.  dDisplacement of specific [3H]-NECA binding at human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

Regarding  A3AR  subtype,  in  the  acyl  sub-series,  we  observed  a  gradually  affinity 
improvement in the following order of  substitutions: furoyl  >  benzoyl  >  acetyl;  except in 
hydrazine derivatives where acetyl substitution (279, KihA3= 122 nM) was quite better than 
benzoyl (281, KihA3= 167 nM) one, and in pyperazinyl derivatives where introduction of a 
furoyl moiety on the primary amine gave the worst results in terms of A3 affinity (295, KihA3= 
7,433 nM). On the other hand, on A2AAR, affinity generally decrease from benzoyl, to furoyl 
and acetyl derivatives (284, KihA2A= 188 nM  vs 283, KihA2A= 319 nM vs  282, KihA2A= 1,370 
nM).  Although  Boc-protected  derivatives  were  A3AR  selective  and,  instead,  deprotected 
derivatives were A2AAR selective: in acyl  derivatives selectivity between this two receptor 
subtypes  was  lost.  Only  hydrazine-acylated  compounds  maintained  a  selectivity  towards 
A3AR against A2AAR (280, KihA3= 35.8 nM vs KihA2A= 3,100 nM).
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3.1.4 Conclusions

 Considering these results it should be observed that the carbonyl group seems to be not  
essential for having affinity and selectivity towards A3AR, even if PTP reference compounds 
with a carbonyl moiety showed more potency and selectivity at the A3AR. Little substituents 
avoid  the  required  hydrophobic  interactions  in  to  the  binding  pocket.  In  fact,  the 
introduction of branched substituents in  α or β position respect to 5 nitrogen atom gave 
good results in terms of A3AR affinity.

 A hydroxy group at the 5 position decreased the affinity at the A3AR leading also to a 
lost of receptor selectivity.

 Diamino derivatives were not so potent on A3AR and there was often a comparable or 
even a better affinity profile on A2AAR. Derivatives that exhibited a good profile in terms of 
both affinity and selectivity versus A3AR are 261 and 280, with a Ki of 32.1 nM and 35.8 nM 
respectively. The diamino derivatives with a free amino group could be used as a bridge for  
the attachment of other molecules in order to obtain compounds with a double function, 
such as fluorescent probes, agonists/antagonists for other adenosine receptor subtypes or 
even other receptor systems, etc.

 Isoleucine and leucine ethylesters at position 5 of PTP nucleus gave the better results  
in  terms  of  affinity  versus  A3AR  probably  due  to  their  ramifications  that  could  permit 
interactions with hydrophobic residues in the binding pocket.

3.1.5 Experimental Section

3.1.5.1.Chemistry

Synthesis of the   N-Benzylidene-N'-methyl-hydrazine (  193  )  

To  6.9  g  of  methylhydrazine  (0.15  mol)  dissolved  in  25  mL  of  ethanol,  15.9  g  of 
benzhaldehyde (0.15 mol) were added. The mixture was stirred and refluxed for three hours. 
Then the solvent was removed under reduced pressure and the residue was dissolved in  
diethylether and washed with water.  The organic  layer  was dried and concentrated.  The 
residue oil was distilled at 20 mm Hg to give a pale yellow oil with a bp of 129-133 °C.

Synthesis of the 2-(N'-Benzylidene-N-methyl-hydrazinomethylene)-malononitrile   (  194  )

13.4  g  (0.1  mol)  of  N-Benzylidene-N'-methyl-hydrazine  (193)  were  dissolved  in  20  mL 
toluene.  To  this  solution  were  added  12.2  g  (0.115  mol)  of  2-Ethoxymethylene-
malononitriledissolved in 30 mL of toluene. The mixture was refluxed for one hour and then 
the reaction was leave to reach room temperature. The precipitate was filtered off and 18 g 
of final product (194) were obtained.
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Synthesis of the 3-Amino-1-methyl-1H-pyrazole-4-carbonitrile   (  195  )  

A solution of 10g of compound 194 (0.048 mol) in 30 mL of ethanol and 4.5 mL (0.04 mol) of 
hydrochloric  acid  37%  was  stirred  and  refluxed  for  30  minutes.  The  solvent  was  then 
removed under reduced pressure, the residue dissolved in diethyl ether and heated again for  
ten minutes. Finally, the mixture was cooled to room temperature and filtered. 8 mL (0.04 
mol) of sodium hydroxide 5N were added to the solid and diluted with distilled water. The 
product  was then extracted with chloroform,  the organic  layers were collected together,  
dried and concentrated to give 4.5 g of the desired product (195) as a yellow solid.
Yield 78%; yellow solid; mp 118°C (EtOAc-Petroleum ether); IR (KBr): 3300-2950, 2110, 1610,  
1530 cm-1; 1H-NMR (200 MHz, d6-dmso) δ: 3.80 (s, 3H), 7.30 (s, 1H), 5.20 (bs, 2H).

Synthesis of the 4-(5-Furan-2-yl-2H-[1,2,4]triazol-3-yl)-1-methyl-1H-pyrazol-3-ylamine   (  196  )  

4 g of compound 195 (32.7 mmol) were dissolved in triethyl orthoformate (40 mL), and the 
solution was refluxed under argon for 8 h. Then the solvent was removed under reduced 
pressure, and the oily residue was dissolved in light petroleum and roughly purified on silica 
gel (EtOAc/light petroleum, 1:1) to afford the corresponding iminoether (196). Compound 
196 was then dissolved in 40 mL of 2-methoxyethanol and 4.5 g of  2-furoic acid hydrazide 
(36 mmol) was added. The mixture was refluxed for 5-10 h, then, after cooling, the solvent 
was removed under reduced pressure and the dark oily residue was cyclized further any 
other purification in diphenyl ether (50mL) at 260 °C. After 1.5 h, the mixture was poured 
onto  light  petroleum  (300  mL)  and  cooled.  The  precipitate  (197)  was  filtered  off  and 
dissolved in 10 mL of dioxane and 50 mL of hydrochloric acid 10% and it was refluxed for 3 h.
Then the solution was cooled, the solvent was removed under reduced pressure and the 
residue was basified with a saturated solution of sodium bicarbonate in water. since pH 8.  
The compound was extracted with EtOAc (ethyl acetate); the organic layers were dried with 
Na2SO4 and evaporated under vacuum. The residue was purified by chromatography (EtOAc) 
to afford the desired compound (198) as a solid.
Yield 40%; yellow solid; mp 210°C; 1H-NMR (200 MHz, d6-DMSO) δ: 3.69 (s, 3H), 5.47 (bs, 1H), 
6.64 (dd, J=2, J=4, 1H), 6.96 (1H, d, J=4), 7.81 (1H, d, J=2), 7.86 (s, 1H). ES-MS (methanol): 
253.00 (M+23). C10H10N6O2. M.W.: 230.23.

Synthesis  of  the  2-Furan-2-yl-8-methyl-6,8-dihydro-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-one   (  199  )  

Compound  198 (200 mg, 0.869 mmol) was dissolved in dioxane dry and diphosgene was 
added (1.13 mmol, 0.136 mL). The mixture was heated at 70°C for 1.5 hours. Reaction was  
monitored by TLC (EtOAc 9 : MeOH 1) and when the starting material disappears the solvent  
was  removed.  The  product  (199)  was  precipitated  from  EtOAc  adding  light  petroleum 
obtaining an ivory powder that was used without firther purification.
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Yield 46%; ivory solid; mp>300°C; 1H-NMR (200 MHz, d6-DMSO) δ: 3.96 (3H, s), 6.71 (1H, dd, 
J=2, J=4), 7.18 (1H, d, J=4), 7.93 (1H, d, J=2), 8.58 (1H, s). ES-MS (methanol): 279.00 (M+23).  
C11H8N6O2. M.W.: 256.22.

Synthesis  of  the  5-Chloro-2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidine   (  200  )  

Compound 199 (100 mg, 0.390 mmol) was dissolved in phosphoryl chloride (21.46 mmol, 2 
mL) and phosphorous pentachloride (0.117 mmol, 24 mg) and pyridine (0.975 mmol, 0.079 
mL) were added.  The mixture was refluxed for  24 hours,  then the solvent was removed 
under reduced pressure and the residue was dissolved in chloroform and washed with water

 and brine (1:1). The organic layer was dried and concentrated and purified through flash 
chromatography using EtOAc 9.5 : MeOH 0.5 to afford the desired compound (200).
Yield 34%; white solid; mp 285°C; 1H-NMR (200 MHz, d6-DMSO) δ: 4.12 (3H, s), 6.73 (1H, dd, 
J=2, J=4), 7.22 (1H, d, J=4), 7. 95 (1H, d, J=2), 8.61 (1H, s). ES-MS (methanol): 297.00 (M+23).  
C11H7N6OCl. M.W.: 274.66.

General  procedure  for  the  synthesis  of  the  5-aminosubstituted-2-furan-2-yl-8-methyl-8H-
pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidine   (  201-267,279-281  )  

5-Chloro-derivative  200 (100 mg, 0.364 mmol) was dissolved in 5 mL of ethanol in a tube. 
Triethylamine  (TEA,  0.364  mmol,  51  μL)  and  the  appropriate  amine  (1.092  mmol)  were 
added to the mixture, the tube was closed and heated at 110°C for 2 hours. The reaction was 
monitored through TLC (EtOAc 9 : MeOH 1). When the reaction was finished, the solvent was 
removed under pressure and the residue purified by flash cromatography (EtOAc 9.5 : MeOH 
0.5) affording the desired compound.

(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-methyl-amine 
(201): yield 75%; pale yellow solid; mp 285°C; 1H-NMR (200 MHz, CDCl3) δ: 3.24 (3H, d, J=5), 
4.11 (3H, s), 6.23 (1H, bs), 6.60 (1H, dd, J=2, J=4), 7.18 (1H, d, J=4), 7.61 (1H, d, J=2), 8.07 (1H,  
s). C12H11N7O. M.W.: 269.30.
Ethyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-amine 
(202): yield 83%; pale yellow solid; mp 256°C; 1H-NMR (200 MHz, CDCl3) δ: 1.38 (3H, t, J=7), 
3.68-3.78 (2H, m), 4.10 (3H, s), 6.21 (1H, bs), 6.58 (1H, dd, J=2, J=4), 7.18 (1H, d, J=4), 7. 62 
(1H, d, J=2), 8.07 (1H, s). ES-MS (methanol)  m/z:  284.10 (M+1),306.10 (M+23). C13H13N7O. 
M.W.: 283.33.
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(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-isopropyl-
amine (203): yield 78%; pale yellow solid; mp 214°C; 1H-NMR (200 MHz, CDCl3) δ: 1.40 (6H, d, 
J=6), 4.11 (3H, s), 4.46-4.47 (1H, m), 6.08 (1H, d, J=8), 6.60 (1H, dd, J=2, J=4), 7.22 (1H, d,  
J=4), 7.63 (1H, d, J=2), 8.10 (1H, s). C14H15N7O. M.W.: 297.13.
(R,S)-(+,-)-sec-Butyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-
5-yl)-amine (204):yield 77%; white solid; mp 190°C; 1H-NMR (200 MHz, CDCl3) δ: 1.01 (3H, t, 
J=7), 1.35 (3H, t, J=7), 1.60-1.83 (2H, m), 4.10 (3H, s), 4.25-4.45 (1H, m), 6.05 (1H, d, J=8),  
6.59 (1H, dd, J=2, J=4),  7.20 (1H, d, J=4), 7.62 (1H, d, J=2), 8.08 (1H, s).  C 15H17N7O. M.W.: 
311.39.
(S)-(+)-sec-Butyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl)-amine (205): yield 65%; old pink solid; mp 162°C; 1H-NMR (200 MHz, CDCl3) δ: 1.01 (3H, t, 
J=7), 1.35 (3H, t, J=7), 1.59-1.85 (2H, m), 4.11 (3H, s), 4.27-4.45 (1H, m), 6.07 (1H, d, J=8),  
6.60 (1H, dd, J=2, J=4),  7.30 (1H, d, J=4), 7.64 (1H, d, J=2), 8.19 (1H, s).  C 15H17N7O. M.W.: 
311.39.
(R)-(-)-sec-Butyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl)-amine (206): yield 82%; old pink solid; mp 180°C; 1H-NMR (200 MHz, CDCl3) δ: 1.01 (3H, t, 
J=7), 1.35 (3H, t, J=7), 1.59-1.83 (2H, m), 4.10 (3H, s), 4.23-4.45 (1H, m), 6.07 (1H, d, J=8),  
6.60 (1H, dd, J=2, J=4),  7.28 (1H, d, J=4), 7.64 (1H, d, J=2), 8.17 (1H, s).  C 15H17N7O. M.W.: 
311.39.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-pentyl-amine 
(207): yield 74%; pale yellow solid; mp 157°C; 1H-NMR (200 MHz, CDCl3) δ: 1.01 (3H, t, J=7), 
1.33-1.52 (4H, m), 1.67-1.83 (2H, m), 3.67 (2H, q, J=7), 4.10 (3H, s), 6.26 (1H, bs), 6.59 (1H,  
dd, J=2, J=4), 7.22 (1H, d, J=4), 7.62 (1H, d, J=2), 8.09 (1H, s). C16H19N7O. M.W.: 325.42.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(1-methyl-
hexyl)-amine (208): yield 88%; yellow solid; mp 150°C; 1H-NMR (200 MHz, CDCl3) δ: 0.87 (3H, 
t, J=7), 1.19-1.73 (11H, m), 4.10 (3H, s), 4.33-4.56 (1H, m ), 6.04 (1H, d, J=8), 6.59 (1H, dd,  
J=2, J=4), 7.20 (1H, d, J=4), 7.62 (1H, d, J=2), 8.07 (1H, s). C18H23N7O. M.W.: 353.42.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(1-methyl-
heptyl)-amine (209):  yield 84%; yellow solid; mp 149°C;  1H-NMR (200 MHz, CDCl3) δ: 0.85 
(3H, t, J=7), 1.13-1.55 (11H, m), 1.57-1.73 (2H, m), 4.09 (3H, s), 4.33-4.55 (1H, m ), 5.81 (1H, 
d, J=9), 6.60 (1H, dd, J=2, J=4), 7.22 (1H, d, J=4), 7.63 (1H, d, J=2), 8.09 (1H, s). C 19H25N7O. 
M.W.: 367.45.
(2-Ethyl-hexyl)-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (210): yield 72%; pale yellow solid; mp 114°C; 1H-NMR (200 MHz, CDCl3) δ: 0.89-0.98 
(6H, m), 1.27-1.53 (8H, m), 1.68-1.81 (1H, m), 3.62 (2H, t, J=6), 4.10 (3H, s), 6.22 (1H, bs),  
6.58 (1H, dd, J=2, J=4),  7.23 (1H, d, J=4), 7.63 (1H, d, J=2), 8.10 (1H, s).  C 19H25N7O. M.W.: 
367.45.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(1,1,3,3-
tetramethyl-butyl)-amine (211):  yield 81%; pale yellow solid; mp 176°C;  1H-NMR (200 MHz, 
CDCl3) δ: 1.03 (9H, s), 1.68 (6H, s), 2.04 (2H, s), 4.10 (3H, s), 6.29 (1H, bs), 6.58 (1H, dd, J=2,  
J=4), 7.22 (1H, d, J=4), 7.62 (1H, d, J=2), 8.10 (1H, s). C19H25N7O. M.W.: 367.45.
Cyclopropyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (212): yield 88%; yellow solid; mp 280°C; 1H-NMR (200 MHz, CDCl3) δ: 0.75-0.82 (2H, 
m), 0.95-1.00 (2H, m), 2.95-3.15 (1H, m), 4.12 (3H, s), 6.43 (1H, bs), 6.60 (1H, dd, J=2, J=4),  
7.20 (1H, d, J=4), 7.62 (1H, d, J=2), 8.09 (1H, s). C14H13N7O. M.W.: 295.30.
Cyclobutyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (213):  yield 80%; beige solid; mp 250°C;  1H-NMR (200 MHz, CDCl3) δ: 1.73-1.91 (2H, 
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m), 1.98-2.21 (2H, m), 2.45-2.63 (2H, m), 4.10 (3H, s), 4.71-4.83 (1H, m), 6.37 (1H, d, J=7),  
6.60 (1H, dd, J=2, J=4), 7.21 (1H, d, J=4),  7.63 (1H, d, J=2), 8.06 (1H, s). C 15H15N7O. M.W.: 
309.33.
Cyclopentyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (214): yield 76%; pale brown solid; mp 226°C; 1H-NMR (200 MHz, CDCl3) δ: 1.59-2.00 
(6H, m), 2.14-2.34 (2H, m), 4.10 (3H, s), 4.54-4.62 (1H, m), 6.18 (1H, d, J=7), 6.59 (1H, dd, J=2, 
J=4), 7.20 (1H, d, J=4), 7.62 (1H, d, J=2), 8.06 (1H, s). C16H17N7O. M.W.: 323.35.
Cyclohexyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (215): yield 63%; brown solid; mp 188°C; 1H-NMR (200 MHz, CDCl3) δ: 1.25-1.92 (8H, 
m), 2.15-2.24 (2H, m), 4.09-4.19 (4H, m), 6.10 (1H, bs), 6.58 (1H, dd, J=2, J=4), 7.20 (1H, d,  
J=4), 7.62 (1H, d, J=2), 8.06 (1H, s). C17H19N7O. M.W.: 337.43.
Cycloheptyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (216): yield 76%; orange solid; mp 130°C; 1H-NMR (200 MHz, CDCl3) δ: 1.50-1.89 (10H, 
m), 2.15-2.31 (2H, m), 4.10 (3H, s), 4.32-4.45 (1H, m), 6.19 (1H, d, J=8), 6.60 (1H, dd, J=2, 
J=4), 7.20 (1H, d, J=4), 7.63 (1H, d, J=2), 8.07 (1H, s). C18H21N7O. M.W.: 351.41.
Cyclooctyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (217): yield 78%; brown solid; mp 149°C; 1H-NMR (200 MHz, CDCl3) δ: 1.61-2.15 (14H, 
m), 4.10 (3H, s), 4.35-4.53 (1H, m), 6.19 (1H, d, J=8), 6.60 (1H, dd, J=2, J=4), 7.21 (1H, d, J=4),  
7.63 (1H, d, J=2), 8.07 (1H, s). C19H23N7O. M.W.: 365.43.
Cyclohexylmethyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl)-amine (218):  yield 74%; brown solid; mp 169°C;  1H-NMR (200 MHz, CDCl3) δ: 0.83-1.39 
(4H, m), 1.55-1.93 (6H, m), 2.76 (1H, d, J=7), 3.53 (2H, t, J=7), 4.10 (3H, s), 6.33 (1H, bs), 6.60  
(1H, dd, J=2, J=4), 7.21 (1H, d, J=4), 7.63 (1H, d, J=2), 8.07 (1H, s). C18H21N7O. M.W.: 351.41.
Adamantan-2-yl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl)-amine (219):  yield 83%; pale yellow solid; mp 286°C;  1H-NMR (200 MHz, CDCl3) δ: 1.68-
2.04 (12H, m), 2.24 (2H, s), 4.09 (3H, s), 4.44 (1H, bs), 6.53-6.58 (2H, m),  7.23 (1H, d, J=4),  
7.63 (1H, d, J=2), 8.09 (1H, s). C21H23N7O. M.W.: 389.45.
Adamantan-1-yl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl)-amine (220):  yield 75%; pale yellow solid; mp 282°C;  1H-NMR (200 MHz, CDCl3) δ: 1.67-
1.83 (6H, m), 2.17 (3H, s), 2.32 (6H, s), 4.10 (3H, s), 6.14 (1H, bs), 6.60 (1H, dd, J=4, J=2), 7.32  
(1H, d, J=4), 7.63 (1H, d, J=2), 8.13 (1H, s). C21H23N7O. M.W.: 389.45.
Benzyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-amine 
(221): yield 87%; yellow solid; mp 188°C; 1H-NMR (200 MHz, CDCl3) δ 4.12 (3H, s), 4.87 (2H, 
d, J=5), 5.56-5.62 (2H, m), 7.17-7.46 (6H, m), 7.69 (1H, d, J=2), 8.09 (1H, s). C 18H15N7O. M.W.: 
345.36.
(S)-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(1-phenyl-
ethyl)-amine (222): yield 84%; pale yellow solid; mp 189°C; 1H-NMR (200 MHz, CDCl3) δ: 1.72 
(3H, d, J=7), 4.09 (3H, s), 5.49-5.63 (1H, m), 6.48 (1H, bs), 6.58 (1H, dd, J=2, J=4), 7.19-7.39 
(4H, m), 7.50 (2H, d, J=7), 7.61 (1H, d, J=2), 8.06 (1H, s). C19H17N7O. M.W.: 359.38.
(R)-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(1-phenyl-
ethyl)-amine (223): yield 92%; yellow solid; mp 69°C; 1H-NMR (200 MHz, CDCl3) δ: 1.72 (3H, 
d, J=7), 4.09 (3H, s), 5.47-5.62 (1H, m), 6.48-6.63 (2H, m), 7.20-7.51 (5H, m), 7.61 (1H, d, J=2),  
8.06 (1H, s). C19H17N7O. M.W.: 359.38.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(4-methyl-
benzyl)-amine (224):  yield 79%; pale brown solid; mp 160°C;  1H-NMR (200 MHz, CDCl3) δ: 
2.45 (3H, s), 4.12 (3H, s), 5.82 (2H, d, J=7), 6.60-6.68 (2H, m), 7.03-7.48 (5H, m), 7.70 (1H, d,  
J=2), 8.19 (1H, s). C19H17N7O. M.W.: 359.38.
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(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(4-methoxy-
benzyl)-amine (225):  yield 82%; pale orange solid; mp 175°C;  1H-NMR (200 MHz, CDCl3) δ: 
3.80 (3H, s), 4.12 (3H, s), 4.79 (2H, d, J=5), 6.50 (1H, bs), 6.58 (1H, dd, J=4, J=2), 6.89 (2H, d, 
J=8), 7.23 (1H, d, J=4), 7.39 (2H, d, J=8), 7.61 (1H, d, J=2), 8.16 (1H, s). C 19H17N7O2.  M.W.: 
375.38.
(4-Chloro-benzyl)-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl)-amine (226):  yield 79%; pale yellow solid; mp 212°C;  1H-NMR (200 MHz, CDCl3) δ: 4.12 
(3H, s), 4.84 (2H, d, J=6), 6.55-6.63 (2H, m), 7.21-7.43 (5H, m), 7.61 (1H, d, J=2), 8.12 (1H, s).  
C18H14N7OCl. M.W.: 379.80.
(4-Fluoro-benzyl)-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl)-amine (227):  yield 84%; pale yellow solid; mp 186°C;  1H-NMR (200 MHz, CDCl3) δ: 4.12 
(3H, s), 4.94 (2H, d, J=6), 6.57-6.59 (2H, m), 6.99-7.08 (2H, m), 7.22 (1H, d, J=4), 7.41-7.47  
(2H, m), 7.61 (1H, d, J=2), 8.13 (1H, s). C18H14N7OF. M.W.: 363.35.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(4-
trifluoromethyl-benzyl)-amine (228):  yield 78%; pale yellow solid; mp 172°C;  1H-NMR (200 
MHz, CDCl3) δ: 4.12 (3H, s), 4.94 (2H, d, J=6), 6.58 (1H, dd, J=2, J=4), 6.67 (1H, bs), 7.21 (1H,  
d, J=4), 7.59 (5H, m), 8.12 (1H, s). C19H14N7OF3. M.W.: 413.36.
(3,4-Dimethoxy-benzyl)-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-yl)-amine (229):  yield 74%; yellow solid; mp 109°C;  1H-NMR (200 MHz, CDCl3) 
δ: 3.88 (6H, s), 4.12 (3H, s), 4.80 (2H, d, J=5), 6.45-6.62 (2H, m), 6.83 (1H, d, J=7), 6.93-7.05  
(2H, m), 7.19 (1H, d, J=4), 7.60 (1H, d, J=2), 8.10 (1H, s). C20H19N7O3. M.W.: 405.41.
Biphenyl-4-ylmethyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-
5-yl)-amine (230): yield 82%; yellow solid; mp 240°C; 1H-NMR (200 MHz, CDCl3) δ: 4.13 (3H, 
s), 4.92 (2H, d, J=6), 6.57-6.59 (2H, m), 7.19-7.60 (11H, m), 8.11 (1H, s). C24H19N7O. M.W.: 
421.45.
Benzhydryl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (231): yield 64%; pale yellow solid; mp 205°C; 1H-NMR (200 MHz, CDCl3) δ: 4.10 (3H, 
s), 6.61 (1H, dd, J=2, J=4), 6.74 (1H, d, J=8), 7.31-7.38 (11H, m), 7.64 (1H, d, J=2), 8.22 (1H, s).  
C24H19N7O. M.W.: 421.45.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-phenethyl-
amine (232): yield 76%; pale brown solid; mp 120°C; 1H-NMR (200 MHz, CDCl3) δ: 3.08 (2H, t, 
J=7), 3.89-3.96 (2H, m), 4.11 (3H, s), 5.34 (1H, bs), 6.58 (1H, dd, J=2, J=4), 7.16-7.37 (6H, m),  
7.59 (1H, d, J=2), 8.09 (1H, s). C19H17N7O. M.W.: 359.38.
[2-(3,4-Dimethoxy-phenyl)-ethyl]-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e]
[1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-amine (233): yield 89%; pale brown solid; mp 165°C; 1H-
NMR (200 MHz, CDCl3) δ: 3.01 (2H, t, J=7), 3.87-3.97 (8H, m), 4.12 (3H, s), 6.35 (1H, bs), 6.59 
(1H, dd, J=2, J=4), 6.81 (3H, m), 7.18 (1H, d, J=4), 7.61 (1H, d, J=2), 8.09 (1H, s). C21H21N7O3. 
M.W.: 419.44.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(1-methyl-3-
phenyl-propyl)-amine (234):  yield  71%;  pale  yellow  solid;  mp  177°C;  1H-NMR  (200  MHz, 
CDCl3) δ: 1.40 (3H, d, J=7), 1.99-2.09 (2H, m), 2.78 (2H, t, J=8), 4.11 (3H, s), 4.51 (1H, m), 6.08  
(1H,  d,  J=8),  6.60  (1H,  dd,  J=2,  J=4),  7.14-7.21  (6H,  m),  7.63  (1H,  d,  J=2),  8.08  (1H,  s).  
C21H21N7O. M.W.: 387.44.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-[2-(1H-indol-3-
yl)-ethyl]-amine (235):  yield 67%; pale brown solid; mp 160°C; 1H-NMR (200 MHz, CDCl3) δ: 
3.25 (2H, t, J=7), 4.00-4.14 (5H, m), 6.54 (1H, bs), 6.60 (1H, dd, J=2, J=4), 6.93-7.22 (2H, m), 
7.39 (2H, d, J=6), 7.50-7.68 (2H, m), 8.11 (1H, bs), 8.33 (1H, s). C21H18N8O. M.W.: 398.42.
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N-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-O-methyl-
hydroxylamine (236):  yield 54%; yellow solid; mp 205°C;  1H-NMR (200 MHz, CDCl3) δ: 4.01-
4.04 (6H, m), 6.57 (1H, dd, J=2, J=4), 7.20 (1H, d, J=4), 7.60 (1H, d, J=2), 7.90 (1H, s), 8.40 (1H,  
bs). C12H11N7O. M.W.: 285.26.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(2-methoxy-
ethyl)-amine (237): yield 72%; brown solid; mp 105°C; 1H-NMR (200 MHz, CDCl3) δ: 3.32 (3H, 
s), 3.69-4.00 (4H, m), 4.11 (3H, s), 6.60 (2H, m), 7.24 (1H, d, J=4), 7.63 (1H, d, J=2), 8.11 (1H,  
s). C14H15N7O2. M.W.: 313.31.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-(2-phenoxy-
ethyl)-amine (238): yield 54%; brown solid; mp 140°C; 1H-NMR (200 MHz, CDCl3) δ: 4.05-4.17 
(5H, m), 4.24-4.32 (2H, m), 6.59 (1H, dd, J=2, J=4), 6.70 (1H, bs), 7.23-7.24 (3H, m), 7.63 (1H,  
d, J=2), 8.12 (1H, s). C19H17N7O2. M.W.: 375.38.
Dimethyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amine (239): yield 65%; yellow solid; mp 171°C;  1H-NMR (200 MHz, CDCl3) δ: 3.45 (6H, s), 
4.13 (3H, s), 6.59 (1H, dd, J=2, J=4), 7.24 (1H, d, J=4), 7.63 (1H, d, J=2), 8.22 (1H, s). C13H13N7O. 
M.W.: 283.29.
Butyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-methyl-
amine (240): yield 76%; pale yellow solid; mp 151°C; 1H-NMR (200 MHz, CDCl3) δ: 0.97 (3H, t, 
J=7), 1.36-1.46 (2H, m), 1.76-1.83 (2H, m), 3.44 (3H, s), 3.94 (2H, t, J=7), 4.14 (3H, s), 6.63  
(1H, dd, J=2, J=4), 7.49 (1H, d, J=4), 7.67 (1H, d, J=2), 8.48 (1H, s). C17H23N7O. M.W.: 341.41.
Diethyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-amine 
(241): yield 95%; yellow solid; mp 165°C; 1H-NMR (200 MHz, CDCl3) δ: 1.38 (6H, t, J=7), 3.95 
(4H, q, J=7), 4.10 (3H, s), 6.58 (1H, dd, J=2, J=4), 7.19 (1H, d, J=4), 7.61 (1H, d, J=2), 8.12 (1H,  
s). C15H17N7O. M.W.: 311.34.
(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-dipentyl-amine 
(242): yield 81%; pale yellow solid; mp 106°C; 1H-NMR (200 MHz, CDCl3) δ: 0.91 (6H, t, J=7), 
1.34-1.46 (8H, m), 1.68-1.87 (4H, m), 3.87 (4H, q, J=7), 4.10 (3H, s), 6.59 (1H, dd, J=2, J=4),  
7.18 (1H, d, J=4), 7.62 (1H, d, J=2), 8.12 (1H, s). C21H29N7O. M.W.: 395.50.
Cyclohexyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
methyl-amine (243):  yield 78%; pale yellow solid; mp 178°C;  1H-NMR (200 MHz, CDCl3) δ: 
1.42-1.74 (4H, m), 1.85-2.04 (6H, m), 3.28 (3H, s), 4.11 (3H, s), 4.71 (1H, t, J=7), 6.58 (1H, dd,  
J=2, J=4), 7.19 (1H, d, J=4), 7.62 (1H, d, J=2), 8.12 (1H, s). C18H21N7O. M.W.: 351.41.
Benzyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-methyl-
amine (244): yield 78%; pale yellow solid; mp 145°C; 1H-NMR (200 MHz, CDCl3) δ: 3.34 (3H, 
s), 4.13 (3H, s), 5.22 (2H, s), 6.56 (1H, dd, J=2, J=4), 7.16 (1H, d, J=4), 7.30-7.40 (5H, m), 7.59  
(1H, d, J=2), 8.17 (1H, s). C19H17N7O. M.W.: 359.38.
Dibenzyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-amine  
(245): yield 62%; white solid; mp 108°C; 1H-NMR (200 MHz, CDCl3) δ: 4.13 (3H, s), 5.15 (4H, 
s), 6.54 (1H, dd, J=2, J=4), 7.00 (1H, d, J=4), 7.31-7.35 (10H, m), 7.59 (1H, d, J=2), 8.17 (1H, s).  
C25H21N7O. M.W.: 435.48.
2-[Ethyl-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
amino]-ethanol (246):  yield 88%; pale yellow solid; mp 183°C;  1H-NMR (200 MHz, CDCl3) δ: 
1.32 (3H, t, J=7), 3.53-3.62 (4H, m), 3.88 (3H, s), 4.62 (2H, t, J=8), 6.51 (1H, dd, J=2, J=4), 7.03 
(1H, d, J=4), 7.53 (1H, d, J=2), 8.00 (1H, s). C15H17N7O2. M.W.: 327.34.
2-Furan-2-yl-8-methyl-5-pyrrolidin-1-yl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidine 
(247):  yield 91%; pale yellow solid; mp 270°C;  1H-NMR (200 MHz, CDCl3) δ: 2.03 (4H, bs), 
4.03-4.12 (7H, m), 6.57 (1H, dd, J=2, J=4), 7.18 (1H, d, J=4), 7.61 (1H, d, J=2), 8.06 (1H, s).  
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C15H15N7O. M.W.: 309.33.
2-Furan-2-yl-8-methyl-5-piperidin-1-yl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidine 
(248):  yield 89%; pale yellow solid; mp 181°C;  1H-NMR (200 MHz, CDCl3) δ: 1.76 (6H, bs), 
3.92-3.95 (4H, m), 4.13 (3H, s), 6.58 (1H, dd, J=2, J=4), 7.22 (1H, d, J=4), 7.62 (1H, d, J=2), 8.14 
(1H, s). C16H17N7O. M.W.: 323.35.
2-Furan-2-yl-8-methyl-5-(4-methyl-piperazin-1-yl)-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidine (249): yield 76%; pale yellow solid; mp 221°C; 1H-NMR (200 MHz, CDCl3) δ: 2.56 
(3H, s), 2.81-3.03 (4H, m), 4.15-4.33 (7H, m), 6.58 (1H, dd, J=2, J=4), 7.19 (1H, d, J=4), 7.62  
(1H, d, J=2), 8.14 (1H, s). C16H18N8O. M.W.: 338.37.
2-Furan-2-yl-8-methyl-5-morpholin-4-yl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidine 
(250):  yield 93%; pale orange solid; mp 246°C;  1H-NMR (200 MHz, CDCl3) δ: 3.94-4.05 (8H, 
m), 4.14 (3H, s), 6.58 (1H, dd, J=2, J=4),  7.22 (1H, d, J=4), 7.63 (1H, d, J=2),  8.17 (1H, s).  
C15H15N7O2. M.W.: 325.33.
2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
ethanol (251): yield 67%; yellow solid; mp 188°C; 1H-NMR (200 MHz, CDCl3) δ: 3.88-4.06 (4H, 
m), 4.11 (3H, s), 6.62 (1H, dd, J=2, J=4), 7.30 (1H, d, J=4), 7.65 (1H, d, J=2), 8.18 (1H, s). ES-MS  
(methanol): 300.1 (M+1), 322.1 (M+23). C13H13N7O2. M.W.: 299.29.
3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
propan-1-ol (252): yield 87%; pale yellow solid; mp 185°C; 1H-NMR (200 MHz, CDCl3) δ: 1.97 
(2H, t, J=6), 3.76-3.94 (4H, m), 4.13 (3H, s), 4.50 (1H, bs), 6.53 (1H, dd, J=2, J=4), 6.74 (1H, bs),  
7.40 (1H, d, J=4), 7.66 (1H, d, J=2), 8.31 (1H, s). C14H15N7O2. M.W.: 313.31.
1-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
propan-2-ol (253): yield 73%; brown solid; mp 215°C; 1H-NMR (200 MHz, CDCl3) δ: 1.32 (3H, 
d, J=6), 3.44-3.61 (1H, m), 3.83-3.99 (1H, m), 4.10 (3H, s), 4.11-4.31 (1H, m), 6.60-6.64 (2H,  
m), 7.21 (1H, d, J=4), 7.62 (1H, d, J=2), 8.07 (1H, s). ES-MS (methanol)  m/z: 336.1 (M+23). 
C14H15N7O2. M.W.: 313.31.
2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-butan-
1-ol (254): yield 75%; yellow solid; mp 161°C; 1H-NMR (200 MHz, CDCl3) δ: 1.07 (3H, t, J=7), 
1.83 (2H, m), 3.80-3.85 (1H, m), 3.96-4.08 (1H, m), 4.13 (3H, s), 4.38-4.74 (2H, m), 6.45 (1H,  
bs), 6.63 (1H, dd, J=2, J=4), 7.39 (1H, d, J=4), 7.67 (1H, d, J=2), 8.27 (1H, s). C15H17N7O2. M.W.: 
327.34.
2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
propane-1,3-diol (255): yield 61%; yellow solid; mp 215°C; 1H-NMR (200 MHz, CDCl3) δ: 3.66 
(4H, bs), 4.02 (3H, s), 4.17 (1H, m), 4.90 (2H, bs), 6.73 (1H, dd, J=2, J=4), 7.07 (1H, d, J=8),  
7.23 (1H, d, J=4), 7.94 (1H, d, J=2), 8.59 (1H, s). C14H15N7O3. M.W.: 329.31.
4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-butan-
1-ol (256): yield 78%; yellow solid; mp=161°C; 1H-NMR (200 MHz, CDCl3) δ: 1.74-1.99 (4H, m), 
3.76 (4H, bs), 4.12 (3H, s), 6.59-6.62 (2H, m), 7.34 (1H, d, J=4), 7.65 (1H, d, J=2), 8.24 (1H, s).  
C15H17N7O2. M.W.: 327.34.
5-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
pentan-1-ol (257):  yield 67%; pale brown solid; mp 81°C;  1H-NMR (200 MHz, CDCl3) δ 1.48-
1.84 (6H, m), 3.65-3.75 (4H, m), 4.10 (3H, s), 6.34 (1H, bs), 6.59 (1H, dd, J=2, J=4), 7.23 (1H, d,  
J=4), 7.62 (1H, d, J=2), 8.11 (1H, s). C16H19N7O2. M.W.: 341.37.
6-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-hexan-
1-ol (258): yield 82%; orange solid; mp 139°C; 1H-NMR (200 MHz, CDCl3) δ: 1.48-1.79 (8H, m), 
3.63-3.75 (4H, m), 4.11 (3H, s), 6.30 (1H, bs), 6.61 (1H, dd, J=2, J=4), 7.30 (1H, d, J=4), 7.64 
(1H, d, J=2), 8.14 (1H, s). C17H21N7O2. M.W.: 355.39.
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N'-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-hydrazine  
carboxylic acid tert-butyl ester (259):  yield 90%; white solid; mp 160°C;  1H-NMR (200 MHz, 
CDCl3) δ: 1.49 (9H, s), 4.13 (3H, s), 6.59 (1H, dd, J=2, J=4), 6.81 (1H, bs), 7.21 (1H, d, J=4), 7.62  
(1H, d, J=2), 7.90 (1H, bs), 8.16 (1H, s). C16H18N8O3. M.W.: 370.37.
[2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-ethyl]  
-carbamic acid tert-butyl ester (260):  yield 85%; white solid; mp 217°C;  1H-NMR (200 MHz, 
CDCl3) δ: 1.43 (9H, s), 3.50-3.55 (2H, m), 4.11 (3H, s), 4.96 (1H, bs), 6.58-6.65 (2H, m), 7.20 
(1H, d, J=4), 7.62 (1H, d, J=2), 8.10 (1H, s). C18H22N8O3. M.W.: 398.42.
[3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)  
propyl]-carbamic acid tert-butyl ester (261): yield 66%; white solid; mp 217°C; 1H-NMR (200 
MHz, CDCl3) δ: 1.46 (9H, s), 1.93 (2H, quint, J=6), 3.27 (2H, bs), 3.75 (2H, q, J=6), 4.11 (3H, s),  
5.11 (1H, bs), 6.53-6.59 (2H, m), 7.21 (1H, d, J=4), 7.62 (1H, d, J=2), 8.08 (1H, s). C 19H24N8O3. 
M.W.: 412.45.
[4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-butyl]  
-carbamic acid tert-butyl ester (262):  yield 79%; white solid; mp 167°C;  1H-NMR (200 MHz, 
CDCl3) δ: 1.44 (9H, s), 1.60-1.84 (4H, m), 3.14-3.26 (2H, m), 3.48-3.80 (2H, m), 4.10 (3H, s),  
4.59 (1H, bs), 6.31 (1H, bs), 6.59 (1H, dd, J=2, J=4), 7.21 (1H, d, J=4), 7.62 (1H, d, J=2), 8.08 
(1H, s). C20H26N8O3. ES-MS (methanol) m/z: 449.47 (M+23). M.W.: 426.47.
[5-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
pentyl]-carbamic acid tert-butyl ester (263): yield 82%; white solid; mp 119°C; 1H-NMR (200 
MHz, CDCl3) δ: 1.43-1.82 (15H, m), 3.08-3.18 (2H, m), 3.69 (2H, dd, J=7, J=14), 4.11 (3H, s),  
4.54 (1H, bs), 6.27 (1H, bs), 6.60 (1H, dd, J=2, J=4), 7.22 (1H, d, J=4), 7.63 (1H, d, J=2), 8.09 
(1H, s). C21H28N8O3. ES-MS (methanol) m/z:463.2 (M+23). M.W.: 440.50.
(2-{2-[2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
ethoxy]-ethoxy}-ethyl)-carbamic acid tert-butyl ester  (264):  yield 55%; sticky foam;  1H-NMR 
(200 MHz, CDCl3) δ: 1.41 (9H, s), 3.36 (2H, bs), 3.56-3.66 (6H, m), 3.80-3.92 (4H, m), 4.11 (3H, 
s), 5.14 (1H, bs), 6.59 (1H, dd, J=2, J=4), 6.62(1H, bs), 7.23 (1H, d, J=4), 7.62 (1H, d, J=2), 8.11  
(1H, s). C22H30N8O5.  M.W.: 486.52.
[3-(2-{2-[3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
ylamino)-propoxy]-ethoxy}-ethoxy)-propyl]-carbamic  acid  tert-butyl  ester (265):  yield  67%; 
pale pink solid; mp 69°C; 1H-NMR (200 MHz, CDCl3) δ: 1.44 (9H, s), 1.68-1.82 (2H, m), 1.96-
2.15 (2H, m), 3.24 (2H, bs), 3.51-3.86 (14H, m), 4.12 (3H, s), 5.00 (1H, bs), 6.60 (1H, dd, J=2,  
J=4), 6.84 (1H, bs), 7.22 (1H, d, J=4), 7.62 (1H, d, J=2), 8.08 (1H, s). C26H38N8O6.  M.W.: 558.63.
{4-[(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
methyl]-cyclohexylmethyl}-carbamic acid tert-butyl  ester  (266):  yield 79%; white solid;  mp 
65°C 1H-NMR (200 MHz, CDCl3) δ: 1.43-1.80 (13H, m), 2.95-3.08 (5H, m), 3.49-3.62 (3H, m), 
4.10 (3H, s), 4.56 (2H, bs), 6.35 (1H, bs), 6.59 (1H, dd, J=2, J=4), 7.20 (1H, d, J=4), 7.62 (1H, d,  
J=2), 8.07 (1H, s). C24H32N8O3. M.W.: 480.56.
4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-piperazine-1-
carboxylic acid tert-butyl ester (267):  yield 63%; pale yellow solid; mp 112°C;  1H-NMR (200 
MHz, CDCl3) δ: 1.52 (9H, s), 3.68-3.70 (4H, m), 3.99 (4H, bs), 4.15 (3H, s), 6.59 (1H, dd, J=2, 
J=4), 7.23 (1H, d, J=4), 7.64 (1H, d, J=2), 8.19 (1H, s). C20H24N8O3. M.W.: 424.46.
Acetic acid N'-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
hydrazide (279): yield 45%; white solid; mp 252°C 1H-NMR (200 MHz, d6-DMSO) δ: 1.97 (3H, 
s), 4.05 (3H, s), 6.75 (1H, dd, J=2, J=4), 7.22 (1H, d, J=4), 7.97 (1H, d, J=2), 8.66 (1H, s), 9.86 
(1H, bs), 10.11 (1H, bs). ES-MS (methanol) m/z: 335.1 (M+23). C13H12N8O2. M.W.: 312.29.
Furan-2-carboxylic  acid  N'-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
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c]pyrimidin-5-yl)-hydrazide  (280):  yield 45%; white solid; mp 275°C  1H-NMR (200 MHz, d6-
DMSO) δ: 4.03 (3H, s), 6.73-6.76 (2H, m), 7.25-7.33 (2H, m), 7.98 (2H, bs), 8.67 (1H, s), 10.12  
(1H, bs), 10.70 (1H, bs). ES-MS (methanol): m/z 387.1 (M+23). C16H12N8O3. M.W.: 364.32.
Benzoic  acid  N'-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl)-hydrazide (281):  yield 56%; yellow solid; mp 218°C 1H-NMR (200 MHz, d6-DMSO) δ: 4.02 
(3H, s), 6.76 (1H, dd, J=2, J=4), 7.38 (1H, d, J=4), 7.52-7.63 (3H, m), 7.96-7.99 (3H, m), 8.65  
(1H, s). ES-MS (methanol) m/z: 397.36 (M+23). C18H14N8O2. M.W.: 374.36.

General procedure for the Boc deprotection of derivatives     259-267  

Tertbutyloxycarbonyl  derivatives  (100 mg)  259-267 were dissolved in  EtOAc saturated by 
HCl(g) (5 mL) and stirred at room temperature for 1 hour. Reaction was monitored by TLC 
(EtOAc 9 : MeOH 1, the desired compound doesn't move). Solvent was then removed under 
reduced pressure and the desired compound (268-275) was filtered off.

N'-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
hydrazinium; chloride (268):  yield 65%; yellow solid; mp 192°C;  1H-NMR (200 MHz, CDCl3-
D2O) δ: 4.13 (3H, s), 4.77-4.83 (3H, m), 6.59 (1H, dd, J=2, J=4), 7.21 (1H, d, J=4), 7.63 (1H, d,  
J=2), 8.13 (1H, s). C11H11N8OCl. M.W.: 306.71.
2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-ethyl-
ammonium; chloride (269): yield 62%; pale yellow solid; mp 212°C; 1H-NMR (200 MHz, D2O) 
δ: 3.36 (2H, t, J=7), 3.82 (2H, t, J=7), 3.92 (3H, s), 6.56 (1H, dd, J=2, J=4), 6.86 (1H, d, J=4),  
7.59 (1H, d, J=2), 7.97 (1H, s). C13H15N8OCl. M.W.: 334.76.
3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
propyl-ammonium; chloride (270):  yield  75%;  pale  yellow solid;  mp 198°C;  1H-NMR (200 
MHz, D2O) δ: 2.06 (2H, m), 3.12 (2H, t, J=7), 3.56 (2H, t, J=7), 3.93 (3H, s), 6.57 (1H, dd, J=2,  
J=4), 6.94 (1H, d, J=4), 7.59 (1H, d, J=2), 8.00 (1H, s). C14H17N8OCl. M.W.: 348.79.
4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-butyl-
ammonium; chloride (271): yield 69%; pale brown solid; mp 224°C; 1H-NMR (200 MHz, D2O) 
δ: 1.72-1.88 (4H, m), 3.05 (2H, t, J=7), 3.43 (2H, t, J=7), 3.92 (3H, s), 6.59 (1H, dd, J=2, J=4),  
6.92 (1H, d, J=4), 7.62 (1H, d, J=2), 8.01 (1H, s). C15H19N8OCl. M.W.: 362.82.
5-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-pentyl-
ammonium; chloride (272): yield 73%; pale yellow solid; mp 126°C; 1H-NMR (200 MHz, D2O) 
δ: 1.41-1.56 (2H, m), 1.70-1.74 (4H, m), 3.03 (2H, t, J=7), 3.37 (2H, t, J=7), 3.91 (3H, s), 6.56  
(1H, dd, J=2, J=4), 6.88 (1H, d, J=4), 7.58 (1H, d, J=2), 7.95 (1H, s). C16H21N8OCl. M.W.: 376.84.
2-{2-[2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
ethoxy]-ethoxy}-ethyl-ammonium; chloride (273): yield 61%; sticky foam; 1H-NMR (200 MHz, 
D2O) δ: 3.16 (2H, bs), 3.74-3.87 (10H, m), 3.96 (3H, s), 6.61 (1H, dd, J=2, J=4), 6.96 (1H, d,  
J=4), 7.64 (1H, d, J=2), 8.07 (1H, s). C17H23N8O3Cl. M.W.: 422.87.
3-(2-{2-[3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
ylamino)-propoxy]-ethoxy}-ethoxy)-propyl-ammonium; chloride (274): yield 56%; sticky foam; 
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1H-NMR (200 MHz, D2O) δ: 1.87-1.99 (4H, m), 3.05 (2H, t, J=7), 3.55-3.75 (14H, m), 3.97 (3H,  
s), 6.62 (1H, dd, J=2, J=4), 6.99 (1H, d, J=4), 7.65 (1H, d, J=2), 8.08 (1H, s). C 21H31N8O4Cl. M.W.: 
494.98.
4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-piperazin-1-
ium; chloride (275): yield 67%; white solid; mp>300°C; 1H-NMR (200 MHz, D2O) δ: 3.46-3.54 
(4H, bs), 3.98-4.14 (7H, m), 4.04 (3H, s), 6.63 (1H, dd, J=2, J=4), 7.06 (1H, d, J=4), 7.68 (1H, d,  
J=2), 8.21 (1H, s). C15H17N8OCl. M.W.: 360.80.

General  procedure  for  the  synthesis  of  the  5-aminoesters-2-furan-2-yl-8-methyl-8H-
pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidine   (  276-278  )  

5-Chloro-derivative  200 (100 mg, 0.364 mmol) was dissolved in 5 mL of ethanol in a tube. 
Triethylamine (1.092 mmol, 152 μL) and the appropriate aminoacid ethyl ester (1.092 mmol) 
were added to the mixture,  the tube was closed and heated at  110°C for  2  hours.  The 
reaction was monitored through TLC (EtOAc 9 : MeOH 1). After that the solvent was removed 
under pressure and the residue purified by flash cromatography (EtOAc 9.5 :  MeOH 0.5) 
affording the desired compounds (276-278).

2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
propanoic acid ethyl ester (276):yield 35%; yellow solid; mp 55°C 1H-NMR (200 MHz, CDCl3) δ: 
1.29 (3H, t, J=7), 1.66 (3H, d, J=8), 4.12 (3H, s), 4.26 (1H, q, J=7), 6.60 (1H, dd, J=2, J=4), 6.74 
(1H, bs), 7.31 (1H, d, J=4), 7.65 (1H, d, J=2), 8.20 (1H, s). C16H17N7O3. M.W.: 355.35.
2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-4-
methyl-pentanoic acid ethyl ester (277): yield 46%; pale orange solid; mp 145°C 1H-NMR (200 
MHz, CDCl3) δ: 1.01 (6H, d, J=5), 1.29 (3H, t, J=7), 1.86 (3H, m), 4.11 (3H, s), 4.22 (2H, q, J=7), 
5.07 (1H, t, J=7), 6.29 (1H, d, J=8.8), 6.60 (1H, dd, J=2, J=4), 7.23 (1H, d, J=4), 7.64 (1H, d, J=2),  
8.11 (1H, s). C19H23N7O3. M.W.: 397.43.
4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-butyric  
acid ethyl ester  (278):yield 57%; pale yellow solid; mp 174°C  1H-NMR (200 MHz, CDCl3) δ: 
1.25 (3H, t, J=7), 2.11 (2H, quint, J=7), 2.47 (2H, t, J=7), 3.51 (2H, q, J=7), 4.11-4.20 (5H, m),  
6.38  (1H,  bs),  6.59  (1H,  dd,  J=2,  J=4),  7.20  (1H,  d,  J=4),  7.62  (1H,  d,  J=2),  8.09  (1H,  s). 
C17H19N7O3. M.W.: 369.38.

General procedure for the synthesis of the acylated derivatives of the 5-diamino-2-furan-2-yl-
8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidines   (  282-296  )  

The diamino compound (269-275, 0.209 mmol) as hydrochloride salt was dissolved in dry 
dioxane (10 mL) and triethylamine (0.418 mmol)  and the appropriate acylchloride (0.251 
mmol)  were added.  The mixture  was stirred and refluxed for  8 hours.  The reaction was 
monitored by TLC (EtOAc 9 : MeOH 1) then solvent was evaporated under vacuum and the 
residue was dissolved in ethyl acetate and washed with distilled water. The organic layer was 
dried,  concentrated  and  purified  by  flash  cromatography  (EtOAc)  that  give  the  desired 
compound (282-296) as a solid.
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N-[2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
ethyl]-acetamide (282): yield 56%; pale green solid; mp 128°C 1H-NMR (200 MHz, d6-DMSO) 
δ: 1.80 (3H, s), 3.33 (2H, bs), 3.54 (2H, bs), 4.02 (3H, s), 6.73 (1H, dd, J=2, J=4), 7.21 (1H, d,  
J=4), 7.94-8.01 (3H, m), 8.57 (1H, s). C15H16N8O2. M.W.: 340.34.
Furan-2-carboxylic  acid  [2-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-ylamino)-ethyl]-amide  (283):  yield 42%; white solid;  mp 130°C  1H-NMR (200 
MHz, d6-DMSO) δ: 3.59-3.65 (4H, m), 3.93 (3H, s), 6.61 (1H, dd, J=2, J=4), 6.74 (1H, dd, J=2,  
J=4), 7.08 (1H, d, J=4), 7.20 (1H, d, J=4), 7.82 (1H, d, J=2), 7.94 (1H, d, J=2), 8.13 (1H, bs), 8.57  
(2H, bs). C18H16N8O3. M.W.: 392.37.
N-[2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
ethyl]-benzamide (284): yield 63%; white solid; mp 248°C 1H-NMR (200 MHz, CDCl3) δ: 3.89-
3.97 (4H, m), 4.09 (3H, s), 6.59 (1H, dd, J=2, J=4), 6.72 (1H, bs), 7.18 (1H, d, J=4), 7.38-7.47 
(3H, m), 7.61 (1H, d, J=2), 7.92-8.03 (4H, m). C20H18N8O2. M.W.: 402.41.
N-[3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
propyl]-acetamide (285): yield 48%; pale brown solid; mp 50°C 1H-NMR (200 MHz, d6-DMSO) 
δ: 1.61-1.72 (2H, m), 2.32 (3H, s), 3.49-3.52 (2H, m), 3.73 (2H, t, J=7), 4.02 (3H, s), 6.73 (1H,  
dd, J=2, J=4), 7.20 (1H, d, J=4), 7.94 (1H, d, J=2), 8.01 (1H, bs), 8.57 (1H, s). C16H18N8O2. M.W.: 
354.37.
Furan-2-carboxylic  acid  [3-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-ylamino)-propyl]-amide (286): yield 45%; pale brown solid; mp 95°C  1H-NMR 
(200 MHz, CDCl3) δ: 1.96-2.04 (2H, m), 3.56-3.62 (2H, m), 3.74-3.86 (2H, m), 4.08 (3H, s), 6.47 
(1H, dd, J=2, J=4), 6.57 (1H, dd, J=2, J=4), 6.76 (1H, bs), 7.17-7.22 (2H, m), 7.34 (1H, bs), 7.45  
(1H, d, J=2), 7.60 (1H, d, J=2), 8.10 (1H, s). C19H18N8O3. M.W.: 406.40.
N-[3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
propyl]-benzamide (287): yield 57%; white solid; mp 160°C 1H-NMR (200 MHz, CDCl3) δ: 1.96-
2.04 (2H, m), 3.59-3.61 (2H, m), 3.83-3.86 (2H, m), 4.14 (3H, s), 6.58-6.64 (2H, m), 7.22 (1H,  
d, J=4),  7.49-7.51 (3H, m), 7.64 (1H, d, J=2),  7.86 (1H, bs),  8.12-8.15 (3H, m). C 21H20N8O2. 
M.W.: 416.44.
N-[4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
butyl]-acetamide (288):  yield 52%; pale yellow solid; mp 65°C  1H-NMR (200 MHz, CDCl3) δ: 
1.66-1.85 (4H, m), 2.01 (3H, s), 3.34-3.36 (2H, m), 3.70-3.73 (2H, m), 4.11 (3H, s), 5.93 (1H,  
bs), 6.37 (1H, dd, J=2, J=4), 6.60 (1H, d, J=4), 7.20 (1H, bs), 7.63 (1H, d, J=2), 8.11 (1H, s).  
C17H20N8O2. M.W.: 368.39.
Furan-2-carboxylic  acid  [4-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-ylamino)-butyl]-amide (289):  yield 43%; white solid; mp 110°C  1H-NMR (200 
MHz, CDCl3) δ: 1.72-1.83 (4H, m), 3.46-3.52 (2H, m), 3.69-3.75 (2H, m), 4.10 (3H, s), 6.33 (1H,  
bs), 6.47-6.49 (2H, m), 6.59 (1H, dd, J=2, J=4), 7.09 (1H, d, J=4), 7.24 (1H, d, J=4), 7.41 (1H, d,  
J=2), 7.62 (1H, d, J=2),  8.09 (1H, s). C20H20N8O3. M.W.: 420.42.
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N-[4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
butyl]-benzamide (290): yield 66%; white solid; mp 109°C 1H-NMR (200 MHz, CDCl3) δ: 1.79-
1.88 (4H, m), 3.55-3.58 (2H, m), 3.74-3.77 (2H, m), 4.10 (3H, s), 6.43 (2H, bs), 6.60 (1H, dd, 
J=2, J=4), 7.40-7.47 (4H, m), 7.63 (1H, d, J=2), 7.77-7.81 (2H, m), 8.14 (1H, s). C 22H22N8O2. 
M.W.: 430.46.
N-[5-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
pentyl]-acetamide (291): yield 35%; brown sticky foam 1H-NMR (200 MHz, CDCl3) δ: 1.50-1.65 
(4H, m), 1.76-1.84 (2H, m), 2.39 (3H, s), 3.67-3.75 (4H, m), 4.10 (3H, s), 6.34 (1H, bs), 6.59 
(1H, dd, J=2, J=4), 7.22 (1H, d, J=4), 7.62 (1H, d, J=2), 7.78 (1H, bs), 8.10 (1H, s). C 18H22N8O2. 
M.W.: 382.42.
Furan-2-carboxylic  acid  [5-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-ylamino)-pentyl]-amide (292):  yield 49%; pale brown solid; mp 112°C 1H-NMR 
(200 MHz, CDCl3) δ: 1.55-1.85 (6H, m), 3.43-3.49 (2H, m), 3.68-3.71 (2H, m), 4.10 (3H, s),  
6.30-6.59 (4H, m), 7.09 (1H, d, J=4), 7.20 (1H, d, J=4), 7.40 (1H, d, J=2), 7.61 (1H, d, J=2), 8.09 
(1H, s). C21H22N8O3. M.W.: 434.45.
N-[5-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
pentyl]-benzamide (293): yield 72%; white solid; mp 165°C 1H-NMR (200 MHz, CDCl3) δ: 1.50-
1.83 (6H, m), 3.47-3.53 (2H, m), 3.69-3.75 (2H, m), 4.08 (3H, s), 6.34 (2H, bs), 6.60 (1H, dd, 
J=2, J=4), 7.21 (1H, d, J=4), 7.39-7.43 (3H, m), 7.62 (1H, d, J=2), 7.72-7.76 (2H, m), 8.07 (1H,  
s). C23H24N8O2. M.W.: 444.49.
1-[4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-piperazin-
1-yl]-ethanone (294): yield 82%; white solid; mp 194°C 1H-NMR (200 MHz, CDCl3) δ: 2.18 (3H, 
s), 3.74 (2H, bs), 3.85 (2H, bs), 4.02 (4H, bs), 4.15 (3H, s), 6.60 (1H, dd, J=2, J=4), 7.24 (1H, d,  
J=4), 7.64 (1H, d, J=2), 8.20 (1H, s). C17H18N8O2. M.W.: 366.38.
Furan-2-yl-[4-(2-furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-
piperazin-1-yl]-methanone (295): yield 63%; white solid; mp=232°C 1H-NMR (200 MHz, CDCl3) 
δ: 4.10-4.15 (11H, m), 6.51 (1H, dd, J=2, J=4), 6.59 (1H, dd, J=2, J=4), 7.08 (1H, d, J=4), 7.21  
(1H, d, J=4), 7.53 (1H, d, J=2), 7.63 (1H, d, J=2), 8.16 (1H, s). C20H18N8O3. M.W.: 418.41.
[4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)-piperazin-1-
yl]-phenyl-methanone (296):  yield 70%; white solid; mp 120°C 1H-NMR (200 MHz, CDCl3) δ: 
3.68-3.80 (2H, m), 4.04-4.15 (9H, m), 6.58 (1H, dd, J=2, J=4), 7.19 (1H, d, J=4), 7.45 (5H, s),  
7.62 (1H, d, J=2), 8.16 (1H, s). C22H20N8O2. M.W.: 428.45.
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3.2 MODIFICATIONS AT POSITION 2

3.2.1 Introduction

On the pyrazolo-triazolo-pyrimidine (PTP) nucleus the exploitation of substituents, mainly at 
positions  N8 and  N5,  has  resulted  in  highly  potent  and  selective  hA3AR  antagonists.  In 
particular, the combination of a methyl group in N8 and a 4-pyridyl carbamoyl chain in N5 has 
led to the most potent and selective hA3 antagonist ever synthesized (143).167 Conversely, the 
substitution at position C2 of the same tricyclic system has not been deeply explored, being 
essentially  limited  to  the introduction  of  a  furyl  group.  In  fact,  the furan  ring  has  been  
considered  as  an  essential  requirement  for  the  binding  of  antagonists  at  all  4  receptor 
subtypes.  In other  words,  its  removal  from the tricyclic  system or  its  functionalization is 
associated to an irreversible loss of affinity and selectivity,  regardless the receptor under 
investigation.214

However, in most of the cases, substitution at the pyrazolo occurred at the N7, rather than at 
the N8 position, hence these compounds might not reflect the same binding profile as their 
N8 analogues. On the other side, many studies reported derivatives structurally related to PTP 
nucleus  displaying  high  affinity  towards  A3AR  but  bearing  a  phenyl  ring  at  the  position 
equivalent to that of furan ring in PTP derivatives.169-176

Besides these structure-activity relationships, it has been recently reported that the furan 
ring is a metabolically unstable group215, since it generates opened-ring derivatives, which are 
responsible for a remarkable hepato-toxicity in treated mice.216 Several studies have reported 
that drugs containing a furan in their chemical structure (e.g. prazosin and frusemide), were 
subjected to a metabolic cleavage of the furyl ring by the Cytochrome P450 enzymes in the 
liver 216-217 (Chart 1). On the other hand, metabolites derived from the biotransformation of 
the phenyl ring such as phenolic groups through oxidation by CYP450 enzymes, are expected 
to be relatively less reactive than those found in the metabolism of furan ring. On top of that,  
the typical oxidation targeted at para-position of the phenyl ring could be bypassed by the 

synthesis of para-substituted derivatives.
Therefore, on the basis of these considerations, we have designed and synthesized a new 
series of pyrazolo-triazolo-pyrimidines bearing a (para-substituted)-phenyl ring in C2, while 
maintaining  either  methyl  or  phenyl-ethyl  groups  in  N8 and  a  phenyl  acetamide  or  a 
benzylamide in N5  position.  Moreover,  in  order  to explain  the observed structure-affinity 
relationship and the selectivity profile of this new series of derivatives, a receptor-driven 
molecular  modeling  investigation,  based  on  a  recently  proposed  model  of  hA3 receptor 
derived from the crystallographic structure of human A2A receptor218 was also performed in 
this study by Prof. Stefano Moro of the University of Padua. This additional computational  
approach is not only able to rationalize the experimental binding data, but also provide a 
justification on the enhanced selectivity against the other adenosine receptor subtypes of 
this series of compounds.
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3.2.2 Chemistry
In general, alkylation of 5-amino-4-cyano-pyrazole with the appropriate alkyl halide in dry 
dimethylformamide led to an inseparable mixture of regioisomers N1 and N2 in a 1:4 ratio. 
Instead, in the case of compounds bearing a methyl group was used the previously reported 
(Section  3.1.2)  procedure  that  give  selectively  the  N2-alkylated-pyrazole  (195).163,213 The 
obtained intermediates (195, 297-300) were directly refluxed in triethyl orthoformate to give 
the  corresponding  imidates  (196,  301-304),  which  were  subsequently  reacted  with  the 
appropriate (para-substituted)benzoic hydrazide in refluxing 2-methoxy-ethanol to afford the 
pyrazolo[3,4-d]pyrimidines. Subsequently, these compounds underwent a thermally induced 
cyclization in diphenyl ether (at 260 °C) and, after chromatographic separation of N7 (minor 
product)  and  N8  (major  product)  regioisomers  (this  last  step  was  necessary  only  for 

derivatives with substituents different from the methyl group), they provided the tricyclic 
compounds (305-318)  in quite good yields (about 60% for N8 derivatives and 30% for N7 

derivatives). Hydrolysis in 20% HCl gave the corresponding open-derivatives (319-332), which 
were  subsequently  converted  into  the  5-amino-8-(substituted)-2-[(para-
substituted)phenyl]pyrazolo-[4,3-e]1,2,4-triazolo[1,5-c]  pyrimidine  derivatives  (333-
346).163,213 (Scheme 3) Some of the compounds bearing either a methyl group (333-338) or a 
phenylethyl group (341,345) at N8 were dispersed in toluene and treated with either benzoic 
anhydride or phenylacetyl chloride (Scheme 4). The mixture was heated under reflux and 
stirred for 6-12 h. The solvent was removed under reduced pressure, and the residue was 
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crystallized from an appropriate  solvent  or  subjected to chromatographic  purification,  to 
afford the desired compounds (347-352, 355-362). 
On top of that, two additional compounds, obtained from the reaction of compounds  335 
and 337 with benzoyl chloride, were further isolated from the alcoholic mixtures of methanol 
or ethanol: they included the bis-acylated products 353 and 354.

3.2.3 Results and Discussion

All the synthesized compounds were tested on the four adenosine receptor subtypes by Prof.  
Karl-Norbert Klotz of University of Würzburg. 
We introduced very little modifications in the pyrazole ring in order to focus our investigation 
on  the  exploitation  at  position  C2.  In  fact,  only  two  compounds  (339,  343)  bearing  a 
substituent  at  N7 instead  of  N8 were  strategically  included in  the  library  to  confirm the 
necessity to have a small alkyl group at N8 for an optimal interaction with the hA3AR subtype. 
Thus,  for  the  rest  of  the  derivatives,  we  fixed  the  methyl  (333-338),  ethyl  (340),  and 
phenylethyl  (341,  342,  344-346)  groups  at  N8,  with  concurrent  introduction  of  different 
moieties at positions C2 and N5 (347-362). The binding assay results showed that the new 
series of 2-aryl-pyrazolo-triazolo- pyrimidines presented good affinity at hA3AR, as indicated 
by low nanomolar range of Ki values and considerably improved selectivity toward the other 
AR subtypes (Table 6).

3.2.3.1 Structure-activity relationship

C2 Position
Comparing the binding assay results of compounds bearing the 2-furyl (363-364) and the 2
-aryl (333, 357), it was observed that the bioisosteric replacement of existing furan ring with 
a  phenyl  ring resulted in a  3-7-fold increase in  affinity  toward the hA3AR and significant 
improvement  in  selectivity  (of  2-3  order  of  magnitude)  over  other  adenosine  receptor 
subtypes.
The substituents at  the  para  position of  the C2-phenyl  ring were found to modulate the 
affinity at hA3AR to a certain extent. In particular, both the OCH3 and F groups have exerted 
relatively more favorable effect on the affinity at  hA3AR in all  the N5-unsubstituted (337, 
KihA3=16.7 nM, hA1/hA3=583; hA2A/hA3=71.3), N5-benzamide-substituted (351, KihA3=2.1 nM, 
hA1/hA3>14300; hA2A/hA3>47600) and N5-phenylacetamidesubstituted (361, KihA3=0.241 nM; 
hA1/hA3>124,000; hA2A/hA3>415,000) derivatives. Interestingly, although all the compounds 
with  a  4-bromo  group in  the  N8-methyl  series  showed good affinity  at  the  hA3AR (360, 
KihA3=0.345  nM;  hA1/hA3=70,700;  hA2A/hA3>290,000),  its  presence  in  the  N8-phenylethyl-
substituted  derivatives  (356,  KihA3=153  nM;  hA1/hA3=1.76;  hA2A/hA3>654)  caused  the 
opposite effect to the affinity at hA3AR. This could be possibly due to the additional steric 
hindrance caused by the phenylethyl  group, which further limited the  binding site of the 
hA3AR. Besides that, it was observed that some N8-methyl-substituted compounds bearing a 
2-(para-nitro)phenyl ring (338, 352) only demonstrated moderate affinity  at  hA3AR  receptor
 in comparison to the other derivatives with different substituents at  C2 position.  These 
observations could again be attributed to the steric constraint of the relatively bigger NO2 

group as compared to other substituents, so it was excluded from the subsequent series of 
N8-phenylethyl derivatives.
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Compd. R R1 R2 hA1 a

(Ki nM)
hA2A b

(Ki nM)
hA2B c

(Ki nM)
hA3 d

(Ki nM)

333 NH2 H N8-CH3 339
(319-359)

121
(100-147)

>10,000 75
(63.1-90.4)

334 NH2 F N8-CH3 1,010
(815-1,240)

355
(307-409)

>10,000 31.4
(26.9-36.6)

335 NH2 Cl N8-CH3 4,860
(3,360-7,010)

2,020
(1,060-3,840)

>10,000 72.4
(71.3-73.6)

336 NH2 Br N8-CH3 2890
(2,230-3,730)

1500
(1,370-1,640)

>10,000 38.6
(35.9-41.5)

337 NH2 OCH3 N8-CH3 9730
(7,740-12,200)

1,190
(1,050-1,340)

>10,000 16.7
(9.80-28.3)

338 NH2 NO2 N8-CH3 >300,000 9,650
(5,490-16,900)

>10,000 655
(563-763)

339 NH2 Cl N7-CH2CH3 121
(94.9-154)

83.8
(42.3-166)

> 10,000 565
(518-615)

340 NH2 Cl N8-CH2CH3 1,570
(1,350-1,820)

843
(566-1,260)

> 10,000 68.7
(52.9-89.3)

341 NH2 H N8-CH2CH2Ph 74.8
(51.9-108)

196
(121-317)

>10,000 76.7
(59.5-99.0)

342 NH2 F N8-CH2CH2Ph 39.1
(31.9-47.9)

127
(106-151)

>10,000 50.6
(32.9-78.0)

343 NH2 Cl N7-CH2CH2Ph > 100,000 5,970
(4,090-8,720)

> 10,000 > 30,000

344 NH2 Cl N8-CH2CH2Ph 204
(159-262)

2,180
(1400-3,410)

>10,000 79.7
(67.9-93.6)

345 NH2 Br N8-CH2CH2Ph 498
(327-758)

>30,000 >10,000 221
(152-320)

346 NH2 OCH3 N8-CH2CH2Ph 289
(232-359)

1,400
(895-2,210)

>10,000 25
(17.5-35.6)

347 NHCOPh H N8-CH3 622
(498-779)

324
(265-396)

>10,000 5
(2.93-5.56)

348 NHCOPh F N8-CH3 2,530
(1,550-4,120)

>100,000 >10,000 3.43
(1.97-5.98)

349 NHCOPh Cl N8-CH3 >30,000 >100,000 >10,000 2.82
(2.24-3.56)

350 NHCOPh Br N8-CH3 >30,000 >100,000 >10,000 5.24
(4.16-6.60)

351 NHCOPh OCH3 N8-CH3 >30,000 >100,000 >10,000 2.1
(1.37-3.24)
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352 NHCOPh NO2 N8-CH3 >30,000 >100,000 >10,000 56.4

353 (NHCOPh)2 OCH3 N8-CH3 > 10,000 > 10,000 > 10,000 6.88
(3.94-12.0)

354 (NHCOPh)2 Cl N8-CH3 > 10,000 > 10,000 >10,000 6.94
(4.58-10.5)

355 NHCOPh H N8-CH2CH2Ph 313
(209-468)

963
(749-1,240)

>10,000 23.9
(20.3-28.1)

356 NHCOPh Br N8-CH2CH2Ph 270
(191-382)

>100,000 >10,000 153
(120-195)

357 NHCOCH2Ph H N8-CH3 562
(446-706)

778
(554-1,090)

>10,000 0.108
(0.089-0.131)

358 NHCOCH2Ph F N8-CH3 2,290
(1,780-2,930)

2,540
(1,590-4,060)

>10,000 0.201
(0.175-0.230)

359 NHCOCH2Ph Cl N8-CH3 4,850
(3,680-6,400)

8,320
(6,180-11,200)

>10,000 0.248
(0.211-0.292)

360 NHCOCH2Ph Br N8-CH3 24,400
(13,900-42,900)

>100,000 >10,000 0.345
(0.313-0.381)

361 NHCOCH2Ph OCH3 N8-CH3 >30,000 >100,000 >10,000 0.241
(0.214-0.272)

362 NHCOCH2Ph NO2 N8-CH3 23,200
(9,620-55,700)

23,900
(15,300-37,500)

> 10,000 0.624
(0.529-0.735)

363163 NH2 - N8-CH3 101 2.8 90 300

364164 NHCOCH2Ph - N8-CH3 702 423 165 0.81
aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase activity in CHO cells expressing  human A2B receptors.  dDisplacement of specific [3H]-NECA binding at human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

N  5   Position  
From the binding assay results, it was observed that the absence of any substituent at N5 

position  (333-346)  did  not  allow  good  discrimination  among  the  adenosine  receptor 
subtypes, except for the hA2B receptor. This observation was consistent with previous SAR 
studies, which indicated high affinity at both hA1 and hA2AAR in N5-unsubstituted derivatives. 
In fact, further incorporation of benzoyl or phenyl acetyl groups at the N5 position (347-362) 
enabled a shift of affinity toward the hA3AR subtype with a concomitant decrease of affinity 
at hA1 and hA2A AR, thus improving selectivity in favor of the hA3AR subtype. Between these 
two substituents,  the longer phenyl  acetyl  group (350, KihA3=0.345 nM, hA1/hA3=70,700; 
hA2A/ hA3>290,000) showed relatively better binding profile than the shorter benzoyl chain 
(360,  KihA3=5.24  nM,  hA1/hA3>5730;  hA2A/hA3>19,100).  Moreover,  the  spare  H  on  the 
nitrogen atom at N5 did not seem to be crucial because its replacement with an additional 
benzoyl  chain  (353,  KihA3=6.88nM),  although  less  favourable  than  a  single  chain,  still 
maintained  affinity  at  hA3AR  and  good  selectivity  against  other  receptor  subtypes.  This 
finding confirmed the postulation that the binding pocket of A3AR around this N5 position 
was roomy enough to accommodate the bulky and branched bis-benzamidic substituent; at 
A1AR and  A2AAR  subtypes,  there  was  limited  space  available  for  such  bulky  groups  and 
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resulted in decrease of affinity with subsequent increase of  selectivity against  these two 
receptors. 

N  8   Position  
It was found that when a small alkyl group was present at N8, the compounds (333-338, 347-
354,  357-362)  showed  a  preference  for  hA3AR.  This  was  further  confirmed  by  the 
introduction of  a slightly longer alkyl  chain such as an ethyl  group (340,  KihA3=68.7 nM; 
hA1/hA3=22.9;  hA2A/hA3=12.3),  which  still  showed  hA3AR  antagonism  and  moderate 
selectivity.  Notably,  when the same substituent was shifted from position N8 to N7 (339, 
KihA3=565 nM), the affinity at hA3AR dropped to at least 8 times, with the resulting binding 
affinity profile  inclined toward hA2AAR. This  observation was substantiated by the results 
previously reported on N7-substituted PTP as potent hA2AAR antagonists. Conversely, when a 
group bigger than ethyl was introduced at N8 such as a phenethyl group (341, 342, 344-346, 
355, 356), a decrease of affinity at hA3AR was observed. In derivatives with free amino group 
at N5 position, the substitution of the methyl group  to the long and bulky phenylethyl group 
(337 vs  346) only showed a slight decrease of the hA3AR affinity. When a substituent was 
introduced at the N5 position (355,  KihA3= 23.9 nM), the presence of the phenylethyl group 
seemed to have resulted in a great decrease of hA3AR affinity in comparison to its N8-methyl 
counterpart (347, KihA3= 5.0 nM). This might be due to reason that in the N5- unsubstituted 
derivatives, there was still enough space for the bulky phenylethyl group to orientate itself  
inside  the  binding  cavity.  On the  whole,  these  results  confirmed the  importance  of  the 
contemporary introduction, in the PTP system, of (a) small substituents (e.g., CH 3) at the N8 

position  to  maintain  affinity  and  selectivity  at  hA3AR,  (b)  a  longer  chain  such  as  a 
phenylacetyl group at the N5 position to confer higher affinity and   selectivity, (c) a 2-(para-
substituted) phenyl ring at C2 to improve affinity and selectivity profile at hA3AR receptors in 
relative to the 2-furyl counterparts and protect from enzyme deactivation with subsequent 
higher plasma bioavailability. Among the newly synthesized PTP derivatives, compound 357, 
with a phenyl at C2, a methyl group at N8, and a phenylacetamidic chain at N5, showed the 
best hA3AR affinity profile (KihA3=0.108 nM) and good selectivity against the other adenosine 
receptors (hA1/hA3=5,200; hA2A/hA3= 7,200).

3.2.3.2 Molecular Modeling Studies

All the molecular modeling studies were conducted by Prof. Stefano Moro of the University 
of Padua.
A  receptor-driven  molecular  modeling  investigation  has  been  performed  in  order  to 
rationalize the results obtained from the pharmacological evaluation. For that purpose, we 
performed molecular docking simulations on both the crystallographic structure of hA2AAR218 

and  the  recently  published  hA3AR  model187,219.  All  the  newly  synthesized  2-aryl-PTP 
derivatives  were  docked  into  the  orthosteric  TMs  binding  cavities  of  both  adenosine 
receptors. In addition, docking studies were also performed on the two previously reported 
PTPs bearing a furan ring at C2 (363, 364) with the aim of comparing the possible differences 
in  binding  mode  between  the  2-aryl  and  2-furyl  derivatives.  On  top  of  that,  individual 
electrostatic contribution (ΔEel int) to the interaction energy (ΔEint) of each receptor residue 
involved in binding interaction with the ligands was also calculated in order to analyse the 
ligand-receptor recognition mechanism in a more quantitative manner. 
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N  5  -Unsubstituted Derivatives  

From the docking simulation analysis, almost all the new derivatives with free amino group 
at N5 (333-346) were seen to share a similar binding pose in the TM region of the hA3AR. The 
ligand recognition occurred in the upper region of the TM bundle, and the PTP scaffold was 
surrounded by TMs 3, 5, 6, and 7 with the 2-aryl ring oriented toward TM2.

Figure 29B showed the hypothetical  binding pose of compound  333.  This compound was 
anchored, inside the binding cleft, by two stabilizing hydrogen-bonding interactions with the 
side chain of Asn250 (6.55), which is highly conserved among all AR subtypes and found to  
be  important  for  ligand  binding  at  the  hA3AR.  It  also  formed  an  aromatic  π-π  stacking 
interaction with Phe168 (EL2), while the methyl group at N8 was in proximity with the highly 
conserved  Trp243  (6.48),  an  important  residue  in  receptor  activation  and  antagonist 
recognition. It was also found to form hydrophobic interactions with many residues of the 
binding site including  Ala69 (2.61),  Val72 (2.64),  Thr87 (3.29),  Leu90 (3.32),  Leu91  (3.33), 
Phe168 (EL2), Trp243 (6.48), Leu246 (6.51), Leu264 (7.35), Tyr265 (7.36), and Ile268 (7.39).
On the other hand, by comparing the binding mode of the 2-furyl counterpart (363) at the 
hA3AR receptor (Figure 29D), we observed a slight different binding orientation as compared 
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Figure 29. Hypothetical binding modes of the N5-unsubstituted derivatives obtained after docking simulations: 
(A)  compound  333 inside  the  hA2AAR  binding  site;  (B)  compound  333 inside  the  hA3AR  binding  site;  (C) 
compound  363 inside the hA2AAR binding site; (D) compound  363 inside the hA3AR binding site. Poses are 
viewed from the membrane side facing TM6, TM7, and TM1. The view of TM7 is voluntarily omitted. Side chains 
of some amino acids important for ligand recognition and H-bonding interactions are highlighted. Hydrogen  
atoms are not displayed.
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to compound 333.
In fact, this compound was found to be oriented almost parallel to the membrane plane, and 
it  formed only  one H-bond with Asn250 (6.55)  with concurrent  loss  of  the  π-π  stacking 
interaction  with  Phe168  (EL2).  Through  the  analysis  of  electrostatic  contributions  per 
residues  to  the  whole  interaction  energy,  we  found  that  Asn250  (6.55)  showed  a  very 
negative electrostatic interaction energy in complex between compound 333 and hA3AR due 
to  the  two  stabilizing  H-bonding  interactions  with  the  ligand.  Conversely,  for  complex 
between  compound  363 and  hA3AR,  the  same  residue  showed  only  a  weak  stabilizing 
electrostatic interaction (graph 1). Therefore, the loss of one H-bond with Asn250 (6.55) and 
the  π-π  stacking  interaction  with  Phe168  (EL2)  could  be  the  reason  to  account  for  the 
observation that the 2-furyl derivative possessed lower affinity toward the hA3AR receptor as 
compared to the 2-aryl  derivative  (333,  KihA3=75nM;  363,  KihA3=300nM).  As  regards  the 
compounds with bulkier substituents at N8, such as ethyl group (340) and phenylethyl group 
(341, 342, 344-346), they showed similar binding mode at hA3AR receptor as compared to 
the  N8-methyl  derivatives.  There  seemed  to  be  enough  space  in  the  binding  cavity  to 
accommodate such substituents at this position. Moreover, the presence of different groups 
at the para position of the phenyl ring at C2 (e.g., Cl, F, Br, OCH3) was well tolerated at this 
receptor with the only exception for the nitro group. Both steric and/or dipolar contributions 
of nitro group can be responsible for the loss of activity of compound 338.

In the context of hypothetical binding poses of compound 333 and compound 363 inside the 
cavity of hA2AAR (Figure 29, panels A and C, respectively),  we noted that they were very 
similar  to each other.  In fact,  at  the hA2AAR, both compounds formed two H-bonds with 
Asn253 (6.55) and another H-bond with Glu169 (EL2), in which these two residues have been 
indicated to play an important role in ligand binding at the hA2AAR. In addition, a π-π stacking 
interaction  with  Phe168  (EL2)  and  hydrophobic  interactions  with  many  residues  of  the 
binding site including Val84 (3.32), Leu85 (3.33), Thr88 (3.36), Met177 (5.38), Trp246 (6.48),  
Leu249 (6.51), His250 (6.52), Met270 (7.35), and Ile274 (7.39), were also observed. Two of 
the strongly negative electrostatic contributions to the interaction energy were found to be 
related to the Glu169 (EL2) and Asn253 (6.55) for both complexes; however, the contribution 
due to Glu169 (EL2) was of around -8 kcal/mol for the compound 333-hA2AAR complex and 
-14 kcal/mol for the compound  363-hA2AAR complex (graph 1). This finding explained why 
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Graph 1. Electrostatic interaction energy (in kcal/mol) between the ligand and each single amino acid involved  
in ligand recognition observed from the hypothetical binding modes of compound  333 and compound  363 
inside the hA2AAR and hA3AR binding sites.
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compound 333 still possessed affinity for the hA2AAR (KihA2A=121 nM) but less as compared 
to the analogue with a 2- furyl  ring (363,  KihA2A=2.80 nM). Besides that,  the presence of 
substituents at the  para  position of the C2- phenyl ring has imparted a detrimental effect 
toward the hA2AAR affinity. With the increase in size of the parasubstituents, a decrease in 
affinity at the hA2AAR receptor was observed, these could affect the approaching of ligands 
into the hA2AAR binding cavity and subsequently mediating some interactions with residues 
at the entrance of the binding site. The presence of polar residues at the entrance of the 
hA2AAR receptor binding cavity, such as Glu169 (EL2) and His264 (EL3), might affect ligand 
orientation  while  approaching  the  binding  pocket,  as  already  proposed.  As  for  the  N7-
substituted derivative, it  was found that compound  339 showed similar  binding mode at 
both the hA3AR and hA2AAR subtypes to that of the N8-substituted derivatives.

N  5  -Substituted Derivatives  
As shown in Figure 30, the hypothetical  binding modes at hA2AAR and hA3AR for the N5-
substituted derivatives with a 2-aryl ring (347-362) were the same as those obtained for 2-
furyl counterpart (364). For these compounds, recognition at hA3AR occurred in the upper 
region of the TM bundle, and the PTP scaffold was surrounded by TMs 3, 5, 6, and 7 with the  
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Figure 30. Hypothetical binding modes of the N5-substituted derivatives obtained after docking simulations: (A) 
compound 357 inside the hA2AAR binding site; (B) compound 357 inside the hA3AR binding site; (C) compound 
364 inside the hA2AAR binding site; (D) compound 364 inside the hA3AR binding site. Poses are viewed from the 
membrane side facing TM6, TM7, and TM1. The view of TM7 is voluntarily omitted. Side chains of some amino  
acids important for ligand recognition and H-bonding interactions are highlighted. Hydrogen atoms are not  
displayed.



3. Pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidines 

2-aryl or 2-furyl ring oriented toward TM2 and the substituent at N8 located deep into the 
binding cavity. At the hA3AR receptor, compounds  357 and  364 formed two stabilizing H-
bonding interactions with Asn250 (6.55), a π-π stacking interaction between the triazole ring 
and Phe168 (EL2)  and hydrophobic  interactions  with several  residues  of  the binding site 
including Ala69 (2.61), Val72 (2.64), Thr87 (3.29), Leu90 (3.32), Leu91 (3.33), Phe168 (EL2),  
Val169 (EL2), Trp243 (6.48), Leu246 (6.51), Ile249 (6.54), Ile253 (6.58), Val259 (EL3), Leu264 
(7.35), Tyr265 (7.36), and Ile268 (7.39) (Figure 30B,D).

By analyzing the calculated individual electrostatic contribution to the interaction energy of 
each receptor residue, it was evident that the Asn250 (6.55) strongly stabilized the ligand-
hA3AR complex (negative electrostatic interaction energy) due to the two hydrogen bonding 
interactions. (Graph 2)
Considering the hypothetical binding pose of these compounds at the hA2AAR (Figure 30A,C), 
it could be seen that the PTP core was rotated of about 40 compared to the binding pose of 
the same compounds at the hA3AR. Because of this different orientation of the molecules 
inside the binding cleft at the hA2AAR, both compounds 357 and 364 formed only one H-bond 
with Asn253 (6.55). Coherently, for these complexes, the electrostatic contributions to the 
interaction energy of Asn253 (6.55) were shown to be weakly stabilizing and no other amino 
acid with a noteworthy negative electrostatic interaction energy was identified. In fact, it has 
to be pointed out that at the position 169 (EL2) of the hA3AR subtype, a valine residue is 
present  while  at  the  corresponding  position  of  the  hA2AAR,  this  valine  is  replaced  by  a 
glutamate residue (Glu169), impeding to the substituent at N5 of these derivatives to occupy 
the same position as that of the hA3AR and hence, the whole molecule was shifted away 
from the Asn253. This finding could be accounted for the low affinity profile at the hA 2AAR, as 
observed in the majority of the N5-substituted derivatives (347-362). In addition, due to the 
presence of N5-substitutions, these derivatives could not  form the H-bonding interactions 
with Glu169 (EL2) as observed for N5-unsubstituted analogues.
Therefore, the mutation of the valine at the position 169 with a glutamate was hypothesized 
to  be  critical  for  the  hA3AR  versus  hA2AAR  selectivity  profile.  Moreover,  at  the  hA2AAR 
receptor, the hydrophobic side cleft delimited by TM2 and TM3 could well accommodate the 
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Graph 2. Electrostatic interaction energy (in kcal/mol) between the ligand and each single amino acid involved 
in ligand recognition observed from the hypothetical binding modes of compound 357 and compound 364 
inside the hA2AAR and hA3AR binding sites
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2-furyl ring of compound 364 but hardly accommodated the 2-phenyl ring of compound 357. 
This steric effect could be the reason of the difference in affinity between the 2-aryl and the 
2-furyl  analogues  at  this  receptor  subtype.  For  the  same reason,  the  presence  of  para-
substituents on the phenyl ring led to a drastic decrease in affinity at hA 2AAR. Conversely, the 
2- phenyl and 2-furyl rings of compounds 357 and 364, respectively, were located less deeply 
in the binding cavity of hA3AR and hence, more space was available to accommodate them. 
Therefore,  at  the  hA3AR  subtype,  the  2-phenyl  ring  was  preferred,  and  different  para-
substituents were also well tolerated.

3.2.4 Conclusions

In summary,  the bioisosteric  replacement of  the furan ring with a phenyl  ring at  the C2 
position  has  led  to  the  identification  of  new  series  of  2-(para-substituted)phenyl-
pyrazolotriazolo-pyrimidine  derivatives  as  hA3AR  antagonists  with  good  affinity  and 
remarkably improved selectivity profile toward the other adenosine receptor subtypes in 
comparison to the 2-furyl PTP derivatives. Moreover, the substitution of 2-furyl with an aryl  
group in the new PTP derivatives is expected to overcome the metabolic instability due to 
the C2-furan ring. Through an additional molecular modeling investigation, the experimental 
structure-affinity  relationship  (SAR)  findings  have  been  rationalized  by  depicting  the 
hypothetical  binding mode between these newly synthesized derivatives and the specific 
amino acid residues within the binding site of hA3AR and hA2AAR. In short, the rational design 
and synthesis of this new series of 2-(para-substituted)phenylpyrazolo-triazolo-pyrimidines 
has  given  rise  to  a  class  of  potent,  highly  selective,  and  metabolically  stable  hA 3AR 
antagonists.

3.2.5 Experimental Section

3.2.5.1.Chemistry

General  procedure    for  the  preparation  of  8-methyl-2-(4-substituted)pyrazolo[4,3-e]1,2,4-  
triazolo[1,5-c]pyrimidines  (  305-310  ),  7-  or  8-ethyl-2-(4-chloro)pyrazolo[4,3-e]1,2,4-  
triazolo[1,5-c]pyrimidines (  311, 312  )  and 7- or 8-phenylethyl-2-(4-substituted)pyrazolo[4,3-  
e]1,2,4-triazolo[1,5-c]pyrimidines (  313-318  )  

The  compounds  were  prepared  following  a  similar  procedure  as  described  in  the 
literatures.163,213

For the methyl series, the selective synthesis of imidate  196 (N2 isomer) was performed as 
previously reported in section 3.1.  As for the ethyl and phenylethyl series, a solution of  5-
amino-4-cyanopyrazolo (10 mmol) in 40 mL of DMF was cooled to 0°C and then treated with 
NaH (60% in oil, 12 mmol) in several portions over 10 min. After 30 min, the appropriate 
alkyl halide (12 mmol) was added and the reaction mixture was allowed to warm to 25 °C 
and stirred for 12 h. The reaction was quenched by addition of H2O (80 mL), and the aqueous 
layer was extracted with EtOAc (30 mL). The organic layers were recombined, dried (Na2SO4), 
filtered  and  concentrated  at  reduced  pressure,  to  obtain  the  alkylated  pyrazole  as  an 
inseparable mixture of N1 and N2 regioisomers. 
This  mixture  of  N1 and  N2 substituted  5-amino-4-cyanopyrazoles  was  then  dissolved  in 
triethyl orthoformate (60 mL) and the solution was refluxed at 150°C under nitrogen for 12 h.  
Then, the solvent was removed at reduced pressure, and an oily residue was obtained, which 
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was constituted by the mixture of imidates (301-304).

The mixture  of  imidates  (301-304,  and  the  N2-methyl  imidate  196)  were  dissolved in  2-
methoxyethanol (50 mL), and (4-substituted)-benzoic hydrazide (13 mmol) was added. The 
mixture was refluxed for 12h at 150°C, then, after cooling, the solvent was removed under 
reduced pressure and the dark oily residue was cyclized further in diphenyl ether (50 mL) at 
260  °C.  After  3h,  the  mixture  was  poured  onto  cold  petroleum  ether  (300  mL).  The 
precipitate  was  filtered  off  and  purified  by  chromatography (EtOAc  :  Light  petroleum in 
different  ratios).  In  this  way,  the major product (N8-substituted-compounds that  was the 
unique in the case of N8-methyl-compound) was obtained in good overall yield (60%). 
The obtained regiosiomers (305-318) were dissolved in 20 mL of 1,4-dioxane, followed by 
addition of 5 mL of concentrated hydrochloric acid, 37%w/w into the solution (with final  
concentration of HCl ~ 10%). The mixture was refluxed for 2 h at 120°C, then, after cooling, 
the solvent was removed under reduced pressure. The mixture was further basified with 
saturated sodium bicarbonate, and extracted with EtOAc (3 x 50ml). The organic layers were 
dried  over  anhydrous  Na2SO4 and  evaporated  under  vacuum.  The  residue  obtained  was 
crystallized from EtOAc to afford the hydrolyzed compound as solid (319-332); this derivative 
represented the  hydrolyzed  form  of  previous  regioisomers,  and  it  was  utilized  without 
further purification for the next step of reaction. 
These derivatives (319-332) (1 mmol) were subsequently dissolved in 10 mL of 1-methyl-2-
pyrrolidinone and cyanamide (12 mmol) was added into the solution, followed by p-toluene 
sulfonic acid monohydrate (3 mmol). The mixture was refluxed for 12 h at 160°C. Then, the 
excess of cyanamide was removed by addition of 80 mL of ethyl acetate, while the solvent 
was removed via  microdistillation.  A brown color  mixture  consisting  of  pyrazolo-triazolo-
pyrimidines (333-346) was obtained. The mixture was purified by column chromatography 
(EtOAc : Light Petroleum in different ratios). 

5-Amino-8-methyl-2-(phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (333)  :  yield 52%, 
pale yellow solid, mp 243°C. (EtOAc-Light Petroleum)  1H NMR (300MHz, DMSO-d6) δ: 4.03 
(3H, s), 7.56-7.63 (5H, m), 8.23 (2H, d, J=8), 8.59 (1H, s). MS-APCI (methanol) m/z: 266 (M+1). 
Anal. (C13H11N7) C, H, N.
5-amino-8-methyl-2-(4-fluoro-phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (334)  : 

87

N
N
H

CN

NH2

RX

NaH
DMF

N
N

CN

NH2

R2

HC(OEt)3

rfx
N

N

CN

N
R2

OCH3

CH3O(CH2)2OH Ph2O
260°C

N N

N
N

N

N

HCl 10%

dioxane

NH2CN
pTsOH

NMP
140°C

H2N HN

N
N

N

N

separation

R2

N N

N
N

N

N

R2

N N

N
N

N

N

NH2

R2 R2

R1= 4-Cl, 4-F, 4-Br, 4-NO2, 4-OMe

NHNH2

O

N N

CN

N
196

OCH3

R2= Et, Ph-Et R2= Et, Ph-Et

R2= Et, Ph-Et

R2= Me, Et, Ph-Et

R2= Me, Et, Ph-Et R2= Me, Et, Ph-Et

297-300 301-304

305-318 319-332
333-346

R1

R1

R1

R1
R1



3. Pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidines 

yield 54%, pale yellow solid,  mp >300 dec°C.  (EtOAc-Light  Petroleum)  1H NMR (300MHz, 
DMSO-d6) δ: 4.02 (3H, s), 7.37-7.42 (2H, bd), 7.61 (2H, s), 8.23-8.27 (2H, bd), 8.59 (1H, s). MS-
APCI (methanol) m/z: 284.3 (M+1) Anal. (C13H10N7F) C, H, N.
5-amino-8-methyl-2-(4-chloro-phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine  (335)  : 
yield 25%, brown solid, mp 178°C. (EtOAc-Light Petroleum) 1H NMR (300MHz, DMSO-d6)  δ: 
4.19 (3H, s), 7.62 (2H, s), 7.66 (2H, d, J=8), 8.23 (2H, d, J=8), 8.58 (1H, s). MS-APCI (methanol) 
m/z: 299.5 (M+)+. Anal. (C13H10N7Cl) C, H, N.
5-amino-8-methyl-2-(4-bromo-phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (336)  : 
yield 47%, brown solid, mp >300 dec°C. (EtOAc-Light Petroleum) 1H NMR (300MHz, DMSO-
d6)  δ: 4.21 (3H, s), 7.62 (2H, s), 7.89 (2H, d,  J=8), 8.12 (2H, d,  J=8), 8.29 (1H, s). MS-APCI 
(methanol) m/z: 345.4 (M+1) Anal. (C13H10N7Br) C, H, N.
5-amino-8-methyl-2-(4-methoxy-phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (337) : 
yield 54%, mp 313°C (DMF:EtOH); 1H NMR (300 MHz, DMSO-d6): δ 3.85 (3H, s), 4.03 (3H, s), 
7.11 (2H, d, J=8.7), 7.57 (2H, s), 8.16 (2H, d, J=8.7), 8.57 (1H, s); 13C NMR (75 MHz, DMSO-d6): 
δ 39.6 (NMe), 55.2 (OMe), 97.4, 114.6 (2CH), 122.5, 125.4 (CH), 128.3 (2CH), 145.6, 148.8,  
155.3, 160.8, 161.5.
5-amino-8-methyl-2-(4-nitro-phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (338)  : 
yield 53%, mp >300 dec°C (DMF:EtOH);  1H NMR (300 MHz, DMSO-d6):  δ 4.04 (3H, s), 7.72 
(2H, s), 8.43 (2H, d, J=9), 8.47 (2H, d, J=9), 8.63 (1H, s, H-9). Anal. (C13H10N8O2) C, H, N.
5-Amino-7-ethyl-2-(4-chloro-phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (339)  : 
yield 35%, pale yellow solid,  mp >300 dec°C.  (EtOAc-Light Petroleum)  1H NMR (300MHz, 
CDCl3) δ: 1.59 (3H, t, J=7), 4.61 (2H, q, J=7), 7.49 (2H, d, J=8), 8.00 (2H, s), 8.21-8.31 (3H, m). 
MS-APCI (methanol) m/z: 314.2 (M+1). Anal. (C14H12N7Cl) C, H, N.
5-Amino-8-ethyl-2-(4-chloro-phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (340)  : 
yield 18%, brown solid, mp >300 dec°C. (EtOAc-Light Petroleum) 1H NMR (300MHz, DMSO-
d6) δ: 1.47 (3H, t, J=7), 4.31 (2H, q, J=7), 7.61 (2H, s), 7.67 (2H, d, J=8), 8.22 (2H, d, J=8), 8.61 
(1H, s). MS-APCI (methanol) m/z: 314.4 (M+1) Anal. (C20H16ClN7) C, H, N. 
5-amino-8-phenylethyl-2-(phenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (341)  :  yield 
17%, yellow solid, mp 138°C. (EtOAc-Light Petroleum) 1H NMR (300MHz, DMSO-d6)  δ: 3.22 
(2H, t, J=7), 4.54 (2H, t, J=7), 7.16-7.28 (5H, m), 7.56 (5H, m), 8.25 (2H, d), 8.49 (1H, s). MS-
APCI (methanol) m/z: 356.5 (M+1) Anal. (C20H17N7) C, H, N.
5-amino-8-phenylethyl-2-(4-fluorophenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (342) 
: yield 21%, pale yellow solid, mp 262°C. (EtOAc-Light Petroleum) 1H NMR (300MHz, DMSO-
d6) δ: 3.22 (2H, t, J=7), 4.54 (2H, t, J=7), 7.12-7.28 (5H, m), 7.39 (2H, t, J=9), 7.61 (2H, s), 8.24 
(2H, q, J=7), 8.47 (1H, s). MS-APCI (methanol) m/z: 374.8 (M+1). Anal. (C20H16FN7) C, H, N. 
5-amino-7-phenylethyl-2-(4-chlorophenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (343) 
: yield 25%, dark yellow solid, mp 277-279°C.  (EtOAc-Light Petroleum)  1H NMR (300MHz, 
DMSO-d6) δ: 3.18 (2H, t, J=7), 4.49 (2H, t, J=7), 7.18-7.26 (5H, m), 7.60 (2H, d, J=8), 8.01 (2H, 
s), 8.14-8.24 (3H, m). MS-APCI (methanol) m/z: 390.4 (M+) Anal. (C20H16ClN7) C, H, N. 
5-amino-8-phenylethyl-2-(4-chlorophenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (344) 
: yield 17%, orange solid, mp 288°C. (EtOAc-Light Petroleum) 1H NMR (300MHz, DMSO-d6) δ: 
3.22 (2H, t, J=7), 4.54 (2H, t, J=7), 7.18-7.29 (5H, m), 7.64 (4H, m), 8.21 (2H, d, J=8), 8.49 (1H, 
s). MS-APCI (methanol) m/z: 390.7 (M+1). Anal. (C20H16ClN7) C, H, N. 
5-amino-8-phenylethyl-2-(4-bromophenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine (345) 
: yield 20%, beige solid, mp 296°C. (EtOAc-Light Petroleum) 1H NMR (300MHz, DMSO-d6) δ: 
3.22 (2H, t, J=7), 4.54 (2H, t, J=7), 7.18-7.29 (5H, m), 7.65 (2H, s), 7.77 (2H, d, J=8), 8.14 (2H, 
d, J=8), 8.48 (1H, s). MS-APCI (methanol) m/z: 434.6 (M+1). Anal. (C20H16BrN7) C, H, N.
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5-amino-8-phenylethyl-2-(4-methoxyphenyl)pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidine 
(346)  :  yield 15%, pale yellow solid, mp 218°C. (EtOAc-Light Petroleum)  1H NMR (300MHz, 
DMSO-d6) δ: 3.22 (2H, t, J=7), 3.84 (3H, s), 4.54 (2H, t, J=7), 7.10 (2H, d, J=9), 7.13-7.26 (5H, 
m), 7.58 (2H, s), 8.14 (2H, d, J=9), 8.46 (1H, s). MS-APCI (methanol) m/z: 386.8 (M+1). Anal.  
(C21H19N7O) C, H, N.

General  procedure    procedure  for  N-(2-aryl-8-methylpyrazolo[4,3-  e  ][1,2,4]triazolo[1,5-  
c  ]pyrimidin-5-yl)benzamide (  347-352  )  

To  a  suspension  of  2-aryl-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-amine 
(333-338, 0.3 mmol) in toluene (10 ml), benzoic anhydride 0.27 g (1.2 mmol) was added. The 
mixture was heated under reflux and stirred for 6-12 h. The solvent was removed under 
reduced pressure and the residue was crystallized from an appropriate solvent. 

N-[2-(phenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl]benzamide (347)  : 
yield 53%, pale yellow solid, mp 266 °C. (EtOAc-Light Petroleum) 1H NMR (300MHz, CDCl3, ) δ 
4.21 (3H, s, Me); 7.43-7.72 (6H, m), 8.08-8.15 (2H, m), 8.25 (1H, s), 8.27-8.38 (2H, m), 9.84  
(1H, s). MS-APCI (methanol) m/z: 370.2 (M+1). Anal. (C20H15N7O) C, H, N.
N-[2-(4-Fluorophenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl]benzamide 
(348) : yield 77%, mp 271°C (EtOH); 1H NMR (300 MHz, DMSO-d6):  δ 4.20 (3H, s), 7.37 (2H, 
dd, J = 8.7, J = 8.7 Hz), 7.62 (2H, t, J=7.3), 7.71 (1H, t, J=7.3), 8.08 (2H, d, J=7.2), 8.22 (2H, dd, 
J=8.7, J=5.7), 8.93 (1H, s), 11.48 (1H, s). Anal. (C20H14FN7O) C, H, N.
N-[2-(4-Chlorophenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl]benzamide 
(349) : yield 54%, mp 296°C (MeOH); 1H NMR (300 MHz, DMSO-d6): δ 4.20 (3H, s), 7.61 (2H, 
d, J=8.7), 7.62 (2H, t, J=7.3), 7.71 (1H, t, J=7.3), 8.08 (2H, d, J=7.2), 8.18 (2H, d, J=8.7), 8.93 
(1H, s), 11.48 (1H, s). Anal. (C20H14ClN7O) C, H, N.
N-[2-(4-Bromophenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl]benzamide 
(350): yield 73%, mp 293°C (EtOH); 1H NMR (300 MHz, DMSO-d6): δ 4.20 (3H, s), 7.62 (2H, t, 
J=7.5), 7.71 (1H, t, J=7.3), 7.75 (2H, d, J=8.3), 8.08 (2H, d, J=7.2), 8.11 (2H, d, J=8.3), 8.93 (1H, 
s), 11.50 (1H, s); 13C NMR (75 MHz, DMSO-d6): δ 40.4 (CH3), 100.3, 124.0, 126.5 (CH), 128.3 
(2CH),  128.7  (2CH),  128.8  (2CH+C),  132.0  (2CH),  132.6,  132.8  (CH),  139.5,  149.6,  153.1, 
161.0, 165.9. Anal. (C20H14BrN7O) C, H, N.
N-[2-(4-Methoxyphenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl]benzamide (351) : yield 74%, mp 295°C (EtOH); 1H NMR (300 MHz, DMSO-d6): δ 3.83 (3H, 
s), 4.20 (3H, s), 7.09 (2H, d, J=8.7), 7.62 (2H, t, J=7.3), 7.71 (1H, t, J=7.5), 8.08 (2H, d, J=7.2), 
8.11 (2H, d, J=8.7), 8.91 (1H, s), 11.42 (1H, s). Anal. (C21H17N7O2) C, H, N.
N-[2-(4-Nitrophenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl]benzamide 
(352) : yield 47%, mp 295°C (EtOH); 1H NMR (300 MHz, DMSO-d6): δ 4.20 (3H, s), 7.61 (2H, t, 
J=7.5), 7.70 (1H, t, J=7.3), 8.10 (2H, d, J=7.5), 8.39 (2H, d, J=9.0), 8.43 (2H, d, J=9.0), 8.94 (1H, 
s), 11.57 (1H, bs). Anal. (C20H14N8O3) C, H, N.
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General  procedure  for  N,  N-di-benzoyl(2-aryl-8-methylpyrazolo[4,3-  e  ][1,2,4]triazolo[1,5-  
c  ]pyrimidin-5-yl)benzamide (  353-354  )  

To  a  suspension  of  0.3  mmol  of  2-(4-methoxyphenyl)-8-methylpyrazolo[4,3-e]
[1,2,4]triazolo[1,5-c]pyrimidin-5-amine  (337)  in  5  mL  of  toluene,  0.35  mL  (3.0  mmol)  of 
benzoyl chloride was added followed by diisopropylethylamine (DIPEA, 0.52 mL, 3.0 mmol). 
The mixture was heated under reflux with stirring for 8 h. The solvent was removed under 
reduced pressure, and the bis-acylated  product, 353 was later  crystallized from ethanol. For 
the synthesis  of 354,  thesame procedure was followed, with the exceptions that 0.3 mmol 
of  2-(4-chloro)phenyl-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]-pyrimidin-5-amine  (335) 
were suspended in 5 mL of dioxane in the presence of TEA (0.42mL, 3.0mmol), and finally 
the bis-acylated product was crystallized from the methanol.

N,N-di-benzoyl-N-[8-methyl-2-(4-methoxyphenyl)-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-yl]benzamide (353) : yield 93%, mp 249°C (EtOH);  1H NMR (300 MHz, DMSO-
d6): δ 3.81 (3H, s), 4.15 (3H, s), 7.08 (2H, d, J=8.7), 7.52 (4H, t, J= 7.5), 7.64 (2H, t, J= 7.3), 7.88 
(4H, d, J=7.5), 8.00 (2H, d, J=8.7), 8.96 (1H, s); 13C NMR (75 MHz, DMSO-d6): δ 40.6 (Me), 55.3 
(OMe), 87.8, 100.7, 114.4 (2CH), 121.4, 126.9, 128.5 (2CH), 128.6 (6CH), 129.2 (4CH), 132.7,  
133.7 (C-9), 139.6, 149.5, 152.4, 161.4, 162.9, 170.8. Anal (C28H21N7O3) C, H, N.
N,N-di-benzoyl-N-[8-methyl-2-(4-chlorophenyl)-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-yl]benzamide (354) : yield 50%, mp 279°C (MeOH); 1H NMR (300 MHz, DMSO-
d6):  δ 4.15 (3H, s), 7.51 (4H, t,  J=7.3),  7.58-7.69 (4H, m), 7.89 (4H, d, J=7.2),  8.08 (2H, d, 
J=8.7), 8.99 (1H, s). Anal (C27H18ClN7O2) C, H, N. 

General  procedure    for  N-(2-aryl-8-phenylethylpyrazolo[4,3-  e  ][1,2,4]triazolo[1,5-  c  ]pyrimidin-  
5-yl)benzamide (  355-356  )  

The pyrazolo-triazolo-pyrimidines (341,  345) (1 mmol) were dissolved in 10 mL of toluene. 
diisopropylamine (8 mmol) was added into the solution followed by benzoic anhydride (8 
mmol).  The mixture was refluxed for 12 hours at  120°C.  Then, the solvent was removed 
under vacuum. The precipitate was purified via column chromatography (AcOEt: Petrolium 
Ether  in  different  ratios),  to  obtain  the  pure  N5 substituted  pyrazolo-triazolo-pyrimidine 
derivatives (355,356).

N-[2-(phenyl)-8-phenylethyl-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl]benzamide 
(355) : yield 27%, light yellow solid, mp 123°C. (EtOAc-Light Petroleum)  1H NMR (300MHz, 
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CDCl3) δ: 3.34 (2H, t, J=7), 4.62 (2H, t, J=7), 7.06-7.22 (5H, m), 7.52-7.68 (6H, m), 7.96 (1H, s), 
8.08 (2H,  d),  8.26-8.27 (2H,  m),  9.85 (1H,  s).  MS-APCI (methanol)  m/z:  457.7 (M-2) Anal 
(C27H21N7O) C, H, N.
N-[2-(4-Bromophenyl)-8-phenylethyl-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl]benzamide (356) : yield 62%, light yellow solid, mp 238°C. (EtOAc-Light Petroleum) 1H NMR 
(300MHz, CDCl3) δ: 3.34 (2H, t, J=7), 4.62 (2H, t,  J=7), 7.06-7.25 (5H, m), 7.58-7.68 (5H, m), 
7.95 (1H, s), 8.07-8.16 (4H, m), 9.80 (1H, bs). MS-APCI (methanol) m/z: 539.0 (M+1). Anal  
(C27H20BrN7O) C, H, N. 

General  procedure   for  N-(2-aryl-8-methylpyrazolo[4,3-  e  ][1,2,4]triazolo[1,5-  c  ]pyrimidin-5-  
yl)phenylacetamide (  357-362  ).  

To a suspension of 2-aryl-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-amine (0.3 
mmol) in toluene (15 ml), phenylacetyl chloride 0.16 ml (1.2 mmol) was added followed by 
diisopropylethylamine 0.2-0.5 ml (1.2-3 mmol).  The mixture was heated under reflux with 
stirring for 6-12 h. The solvent was removed under reduced pressure and the residue was 
crystallized from an appropriate solvent. 

N-[2-(phenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl]phenylacetamide 
(357) : yield 50%, pale yellow solid, mp 284°C. (EtOAc-Light Petroleum)  1H NMR (300MHz, 
DMSO-d6) δ:  4.03 (2H, s),  4.15 (3H, s); 7.28-7.46 (5H, m), 7.57-7.59 (3H, m), 8.20-8.23 (2H, 
m), 8.83 (1H, s),  10.90 (1H, bs). 13C NMR (75MHz, DMSO-d6) 61.3, 73.7, 98.6, 126.7, 127.5, 
127.9, 129.4, 129.7, 130.0, 130.4, 131.1, 131.4, 146.7, 150.1, 156.5, 162.7, 173.4. MS-APCI  
(methanol) m/z: 384.3 (M+1). Anal (C21H17N7O) C, H, N.
N-[2-(4-Fluorophenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl]phenylacetamide (358) : yield 38%, mp 230°C (MeOH);  1H NMR (300 MHz, DMSO-d6) δ: 
4.03 (2H, s), 4.16 (3H, s), 7.03 (1H, t,  J=7.0), 7.35-7.49 (6H, m), 8.25 (2H, dd,  J=8.5,  J=5.5), 
8.84 (1H, s), 10.90 (1H, s). Anal (C21H16FN7O) C, H, N.
N-[2-(4-Chlorophenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl]phenylacetamide (359) : yield 36%, mp 224°C (EtOH); 1H NMR (300 MHz, DMSO-d6) δ: 4.03 
(2H, s), 4.16 (3H, s), 7.31 (1H, t,  J=7.2), 7.38 (2H, t,  J=7.3), 7.45 (2H, d,  J=7.5), 7.66 (2H, d, 
J=8.7), 8.21 (2H, d,  J=8.7), 8.84 (1H, s), 10.93 (1H, s);  13C NMR (75 MHz, DMSO-d6): δ 40.3 
(CH3), 42.7 (CH2), 99.9, 126.2 (CH), 126.7 (CH), 128.3 (2CH), 128.5, 128.6 (2CH), 129.0 (2CH), 
129.4 (2CH), 134.9, 135.2, 138.5, 149.4, 153.2, 160.7, 169.6. Anal (C21H16ClN7O) C, H, N.
N-[2-(4-Bromophenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl]phenylacetamide (360) : yield 63%, mp 218°C (MeOH);  1H NMR (300 MHz, DMSO-d6) δ: 
4.03 (2H, s), 4.16 (3H, s), 7.31 (1H, t, J=7.2), 7.38 (2H, t, J=7.3), 7.45 (2H, d, J=7.5), 7.80 (2H, d, 
J=8.7), 8.14 (2H, d, J=8.7), 8.84 (1H, s), 10.93 (1H, s). Anal (C21H16BrN7O) C, H, N.
N-[2-(4-Methoxyphenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
yl]phenylacetamide (361) : yield 52%, mp 225°C (EtOH); 1H NMR (300 MHz, DMSO-d6) δ: 3.86 
(3H, s), 4.03 (2H, s), 4.15 (3H, s), 7.13 (2H, d, J=8.7), 7.31 (1H, t, J=7.2), 7.39 (2H, t,  J=7.2 ), 
7.45 (2H, d, J=7.2), 8.15 (2H, d, J=8.7), 8.82 (1H, s), 10.83 (1H, s). Anal (C22H19N7O2) C, H, N.
N-[2-(4-Nitrophenyl)-8-methylpyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-
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yl]phenylacetamide (362) : yield 57%, mp 248°C (MeOH);  1H NMR (300 MHz, DMSO-d6) δ: 
4.04 (2H, s), 4.17 (3H, s), 7.32 (1H, t, J=7.0), 7.40 (2H, t, J=7.3), 7.45 (2H, d, J=6.8), 8.45 (4H, 
s), 8.88 (1H, s), 11.02 (1H, s). Anal (C21H16N8O3) C, H, N.

3.3 SYNTHESIS OF FLUORESCENT PROBES

3.3.1 Introduction

Fluorescent probes are useful tools to investigate specific subcellular components in cells, 
tissues  and  organisms.  In  cultured  cell  systems,  methods  based  on  fluorescence  have 
permitted  the  visualisation  of  the  cycle  of  agonist-stimulated  receptor  clustering,  so  the 
endocytic  internalisation  to  the  perinuclear  region,  degradation  of  the  receptor-ligand 
complex  and  recycling  to  the  surface  membrane  but  also  the  formation  of  oligomeric 
receptor complexes could be investigated. Now, fluorescent agonist or antagonist ligands are 
being used, in parallel with GFP (Green Fluorescent Protein) and antibodies, in studies of 
receptor cycling.220,221

In  addition,  a  more  classic  application  of  fluorescent  ligands  of  a  specific  GPCR  is  the 
investigation of  the receptor  location,  and,  if  their  binding is  reversible,  it  could provide 
pharmacological information such as affinity and proximity between interacting molecules. In 
high throughput screening, fluorescent ligands represents a safer, more powerful and more 
versatile alternative to radioligands.221

Fluorescent ligands have been used since the mid-1970s but giving little consideration to the 
affinity  and  selectivity  of  the  fluorescence-conjugated  molecule.  The  introduction  of  the 
bulky fluorophore into a small molecule ligand could lead to deep modifications not only 
from a physicochemical  point  of  view but  also in  its  pharmacological  properties.  So,  it's 
important to know the affinity and selectivity of the new molecule.222

In order to allow a correct interaction of the pharmacophore with its receptor, it is usually  
separated from the fluorophore by a linker or a spacer, which should be attached at a specific 
position that doesn't interfere with the ligand activity. Length and chemical nature of this 
spacer are optimised in order to obtain the desired biological activity. Also, the choice of the 
fluorescent molecule to link to the ligand is very important. First, the relatively high elastin 
concentration in certain tissues and the presence of NADH, cause the autofluorescence of  
cells at 483 nm, so in order to reduce the detection problem, a fluorescent molecule with an 
absorption maximum major of 483 nm should be used. Other characteristics that we have to 
consider are for example the pH sensitivity and stability (photobleaching).221,223

We  decided  to  develop  a  fluorescent-ligand  for  the  A3AR  subtype  using  the  PTP  5-
alkyldiamino derivatives  268,270-274 that possess a  terminal  amino group that could be 
functionalized  with  the  fluorescein  isothiocyanate  (FITC),  giving  a  thiourea  that  it's  a 
reasonably stable group. FITC have a  λex at 492 nm and a  λem at 518 nm, that it's quite far 
from the autofluorescence wavelenght (483 nm).The alkyldiamino moiety act  as a spacer 
between the active ligand (N8-methylPTP) and the fluorescent molecule (FITC). In addition, 
FITC has a significant extinction coefficent, high quantum yield, and water solubility.223

The homology model of the hA3AR based on the crystal structure of the hA2AAR was used to 
perform the docking  studies  of  conjugated derivatives  (Prof.  Stefano Moro,  University  of 
Padua) in order to evaluate what interactions occurs inside the binding pocket.
Figure 31 shows poses of some conjugated-derivatives  and it is possible to see that the N 8-
methyl moiety was directed towards the inner part of receptor, while fluorescein stay out of 
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the  cavity.  Ligands  are  able  to  form  three  stabilizing  hydrogen  bonds  with  Asn250  and 
aromatic ππ interactions with Phe168. These interactions are important in ligand binding at 
the A3AR.

3.3.2 Chemistry

Derivatives 268,  270-274 were synthesised as previously reported in section 3.1.2 and then 
were  dissolved  in  dimethylformamide.  The  free  amino  group  was  released  from  the 
hydrochloride salt by TEA and the FITC was added. The mixture was stirred overnight.

3.3.3 Results and discussion

Initially we have synthesised the conjugate bearing a spacer of five carbon atoms (365) that 
resembles to permit the completely exclusion of fluorescein moiety from the hA3AR pocket, 
as could be seen in figure 32.
Absorbtion spectrum of FITC (Sigma-Aldrich, Isomer 1, 90%) solution 10-4 M in dmso displays 
a maximum at 458 nm (Figure 32A), so all the emission spectra were performed using an 
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excitation wavelength of 458 nm and detecting emission from 470 to 700 nm. Figure 32B 
shows the  lack  of  emission  in  the  PTP  derivative  272 (in  grey)  and the  presence  of  an 
emission peak at 541 nm in the fluorescent derivative 365 (in black).
Then, compound 365 was tested, by Prof. Kenneth A. Jacobson of the National Institute of 
Health in Bethesda (USA), on the human A1, A2A and A3 adenosine receptor subtypes and 
unfortunately it  displays a poor affinity at the hA3AR and a completely lack of selectivity 
specially towards the A2AAR.

KihA1 = 9500 nM     KihA2A = 880 nM     KihA3 = 780 nM
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Figure 32. (A) --UV spectrum of FITC at 10-4 M in dmso; ___ emission spectrum of FITC at 10-4 M in DMSO (B) 
---UV spectrum of 365 (black) and 272 (grey) at 10-4 M in dmso; ___ emission spectrum of 365 (black) and 272 
(grey) at  10-4 M in DMSO. Excitation wavelength 458 nm. (C) Hypothetical  binding mode of derivative  365 
obtained after docking simulations inside the hA3AR binding site. Poses are viewed from the membrane side 
facing TM6, TM7, and TM1. Side chains of some amino acids important for ligand recognition and H-bonding 
interactions are highlighted. Hydrogen atoms are not displayed.
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So we tried to explain the lost of affinity: it is possible that the spacer it isn't enough long to 
permit to FITC to stay out of the binding pocket,  thus giving negative interactions in the 
proximity of the cavity. Otherwise, in a such unfavourable long chain at the 5 position of the 
PTP,  a  carbonyl  moiety in  α to N5 atom could restore  the affinity at  the hA3AR subtype, 
considering that the most potent adenosine receptor antagonists possess a carbonyl moiety 
at this position (141-143).
In  order  to  better  rationalize  this  result  we  decided  to  perform  a  structure-activity 
relationship synthesising  other  5  compounds varying the length  of  the spacer  from zero 
atoms   (hydrazine  carbothioamide  linker)  to  a  propyl,  butyl,  diethoxyethyl  and 
propoxydiethoxy-propyl spacers (366-370). The aim of developing derivatives with a shorter 
linker than derivative  365 is to explore if the big fluorescein molecule could be tolerated 
inside the binding pocket; in addition a short spacer imply that also the thiourea carbonyl is 
inside the cavity and it may interact with important residues at the hA3AR active site.

3.3.4 Conclusions

We  are  still  attending  the  binding  data  of  derivatives  366-370 so  we  can't  make  SAR 
considerations. If derivatives will result inactive at the ARs we will evaluate another strategy, 
such as modifying the spacer or changing the fluorescent molecule if data will suggest that 
FITC impede the molecule approach to the receptor binding site.

3.3.5 Experimental Section

3.2.5.1.Chemistry

G  eneral procedure for the preparation of fluorescein-pyrazolo  triazolopyrimidines derivatives  

0.214 mmol of compounds 268,270-274 were dissolved in 5 mL of dry MeOH, then 30 µL of 
TEA (0.214 mmol) were added and the mixture was stirred for few minutes. At the reaction 
were  added  83  mg of  FITC  (0.214  mmol)  and  it  was  stirred  for  48h.  The  reaction  was 
monitored  with TCL using 9  EtOAc:  1  MeOH as  eluent.  The solvent  was removed under 
reduced  pressure  and  the  residue  was  purified  by  preparative  TLC  in  the  same  solvent 
dissolving the residue in a little amount of methanol and the final  compounds (365-370) 
were obtained as an orange solid.

1-[5-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
pentyl]-3-(5-fluorescein)-thiourea (365) : yield 49%, orange solid, mp 220°C (MeOH); 1H NMR 
(500 MHz, DMSO-d6) δ: 1.37-1.47 (2H, m), 1.65-1.76 (2H, m), 3.49 (4H, m), 4.00 (3H, s), 6.37-
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6.54 (4H, m), 6.64(2H, d, J=9), 6.71 (1H, dd,  J = 4, J=2), 7.06 (1H, d, J=8), 7.19 (1H, d, J=4), 
7.75 (1H, d, J=8), 7.92 (1H, s), 7.98 (1H, t, J=7), 8.24 (1H, s), 8.45-8.68 (2H, m), 10.50 (1H, bs).  
UV: λmax 522. Fluorescence: λex 458, λem 541. C37H31N9O6S. M.W.: 729.76.
1-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-3-(5-
fluorescein)-thiourea (366) :yield 63%, orange solid, mp 180°C (MeOH); 1H NMR (500 MHz, 
DMSO-d6) δ: 3.78 (3H, s), 6.44 (4H, bs), 6.57 (1H, s), 6.75 (2H, bs), 6.85 (1H, s), 7.32 (1H, d, 
J=7.3), 7.72 (2H, m), 8.05 (2H, m), 8.11 (1H, s), 10.83 (1H, bs), 12.45 (1H, bs). UV: λmax 525. 
Fluorescence: λex 458, λem 541. C32H21N9O6S. M.W.: 659.63.
1-[3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
propyl]-3-(5-fluorescein)-thiourea (367) : yield 54%, orange solid, mp>250°C (MeOH); 1H NMR 
(500 MHz, DMSO-d6) δ: 1.97 (m, 2H), 3.51-3.70 (4H, m), 3.99 (3H, s), 6.30 (4H, m), 6.68 (2H,  
d, J=8.3), 6.71 (1H, s), 7. 10 (1H, d, J=7.6), 7.19 (1H, s), 7.67 (1H, s), 7.92 (1H, s), 8.06 (1H, s),  
8.18 (1H, s), 8.45-8.54 (2H, m), 10.17 (1H, bs).  UV: λmax 518. Fluorescence: λex 458,  λem 541. 
C35H27N9O6S. M.W.: 701.71.
1-[4-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-
butyl]-3-(5-fluorescein)-thiourea (368) : yield 56%, orange solid, mp>250°C (MeOH); 1H NMR 
(500 MHz, DMSO-d6) δ:1.67 (m, 2H), 1.70-1,77 (2H, m), 3.48-3.66 (4H, m), 4.00 (3H, s), 6.53 
(2H, d, J=8.3), 6.57-6.66 (4H, m), 6.72 (1H, s), 7. 13 (1H, d, J=8.3), 7.20 (1H, d, J=3.2), 7.77  
(1H, d, J=8.2), 7.92 (1H, s), 8.02 (1H, t, J=5.6), 8.27 (1H, s), 8.55 (1H, s), 8.59 (1H, s), 10.36 
(1H, bs). UV: λmax 521. Fluorescence: λex 458, λem 537. C36H29N9O6S. M.W.: 715.74.
1-{2-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-[2-
(2-Amino-ethoxy)-ethoxy]-ethyl}-3-(5-fluorescein)-thiourea (369)  :  yield  43%,  orange  solid, 
mp 216°C (MeOH); 1H NMR (500 MHz, DMSO-d6) δ: 3.30 (m, 2H), 3.60 (6H, m), 3.67 (4H, m), 
4.00 (3H, s), 6.37-6.54 (4H, m), 6.63 (2H, d, J=7.7), 6.71 (1H, s), 7. 12 (1H, d, J=8.1), 7.19 (1H,  
d, J=2.9), 7.72 (1H, s), 7.83 (1H, s), 7.92 (1H, s), 8.17 (1H, s), 8.25 (1H, s), 8.55 (1H, s), 10.11 
(1H, bs). UV: λmax 522. Fluorescence: λex 458, λem 538. C38H33N9O8S. M.W.: 775.79.
1-{3-(2-Furan-2-yl-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-ylamino)-(2-
[2-(3-Amino-propoxy)-ethoxy]-ethoxy)-propyl)}-3-(5-fluorescein)-thiourea (370)  :  yield  53%, 
orange solid, mp 245°C (MeOH); 1H NMR (500 MHz, DMSO-d6) δ: 1.74 (2H, m), 1.92 (2H, m), 
2.89-3.30 (m, 16H), 4.00 (3H, s), 6.27 (4H, m), 6.57-6.88 (3H, m), 7.04 (1H, s), 7.19 (1H, s),  
7.68 (1H, s), 7.92 (1H, s), 8.14 (1H, s), 8.50 (1H, s), 10.31 (1H, bs). UV: λmax 512. Fluorescence: 
λex 458, λem 540. C42H41N9O9S. M.W.: 847.89.
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4 MOLECULAR SIMPLIFICATIONS

4.1 1,2,4-TRIAZOLO[1,5-a]-1,3,5-TRIAZINES

4.1.1 Introduction

In the last years the synthesis of more simplified heterocyclic derivatives has been strongly 
investigated in order to obtain derivatives with a better pharmacokinetic profile. In particular 
bicyclic systems such as adenine, triazolo-pyrazine, triazolo-pyrimidines and triazolo-triazine 
could be considered some of  the most promising targets.67-73

 One of  the most appealing 
bicyclic core is the triazolo-triazine nucleus, which led in the past to the discovery of potent  
and selective A2A AR antagonists, such as ZM241385 (68).224

Very recently, our group performed a study on this nucleus trying to optimize substitution at 
the C5 and N7 positions with the aim of improving affinity and selectivity versus the hA2BAR 
and hA3AR subtypes. In particular, inclusion at the N7

 position of arylcarbamoyl (for A3) or 
arylacetyl (for A2B) moieties, which gave good results in the pyrazolotriazolopyrimidine family, 
has  been  investigated.68

 Unfortunately,  none  of  these  substitutions  led  to  the  desired 
selectivity;  in fact  introduction of  bulky substituents at  the N7

 position (371)  significantly 
increased the potency at the hA3AR with respect to ZM241385 (68), leading to low selectivity 
versus the A1AR. In contrast, a free amino group at the 7 position (70) provided intermediate 

potency at the A2BAR, but the potency at the A2AAR still predominated (Chart 2).68

Considering these experimental observations,we decided to better investigate the nucleus, in 
particular  exploring the C5 position by the introduction of  substituted amino or diamino 
functions,  with  the  aim  to  modulate  the  activity  at  the  A2AAR  and  most  importantly  to 
improve the water solubility.  In contrast at  the 7 position the free amino group was the 
principal  characteristic  of  this  new  class  of  derivatives,  but  in  few  compounds  small  
substituents  were introduced with  the  aim to increase  the  interaction  into  the  receptor 
binding pocket.

The  analogues  were  docked  in  the  crystallographic  structure  of  the  hA2AAR  and  in  a 
homology  model  of  the  hA3AR,  and  the  per  residue  electrostatic  and  hydrophobic 
contributions to the binding were assessed and stabilizing factors were proposed.
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4.1.2 Chemistry

Derivative  70  was obtained reacting the commercial available 2,4,6-trichloro[1,3,5]triazine 
with an excess of phenol and heating at 200°C for 5 h. The resulting white solid is the 2,4,6- 
triphenoxy[1,3,5]triazine  (372)  that  was  successively  dissolved  in  dichloromethane  and 
hydrazine  monohydrate  to  give  (4,6-Diphenoxy-[1,3,5]triazin-2-yl)-hydrazine  (373).  At  this 
derivative  (373),  2-furoylchloride  was  added  and  the  compound  374  was  obtained,  the 
following treatment with phosphorus pentoxide in xylene at reflux give the 2-Furan-2-yl-5,7-
diphenoxy-[1,2,4]triazolo[1,5-a][1,3,5]triazine  (375).  Finally,  the  addition  of  methanolic 
ammonia to derivative 375, followed by refluxing the mixture lead to the desired compound 
70.225 (Scheme 5)

Reacting  the  key  intermediate  70  with  pyrrolidine  or  the  appropriate  mono-tert-
butyloxyprotected  diamine in ethanol solution in a sealed tube at 120 °C,  the desired 5-
substituted triazolotriazine derivatives ( 378, 380, 382-385, 390) were obtained. Treatment of 
these  compounds  (378,  380,  382-385)  with  10%  trifluoroacetic  acidic  CH2Cl2  at  room 
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temperature  led  to  the  corresponding  amino  derivatives  (379,  381,  386-389)  as 
trifluoroacetate salts (Scheme 6). Alternately, by reacting  70  with an excess of mono-Boc-
ethylendiamine  in  a  sealed  tube  at  180  °C  the  5,7-disubstituted  derivative  (376)  was 
obtained. After N-Boc deprotection in acidic conditions, the bis-trifluoroacetate salt 377 was 
obtained (Scheme 6).

By treatment of derivative  379  with the appropriate benzyl halide or acyl chloride in dry 
dioxane in the presence of TEA at room temperature, the corresponding N-benzyl or N-acyl
 derivatives (391-407) were obtained (Scheme 7). Disubstituted derivatives at the 5 and 7 
positions (408-412) were prepared starting from  70  as depicted in Scheme 8. Treating  70 
with  ethanolic  ammonia  in  a  sealed  tube  at  120°C  afforded  derivative  408.  Otherwise, 
acylation at the 7 position with benzoyl chloride in standard conditions led to compound 
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409,  which  after  treatment  in  a  sealed  tube  at  120  °C  with  ethanolic  ammonia  gave 
compound 411 (Scheme 8). Instead, treatment of 70 with 2 N KOH in ethanol at reflux led to 
the 5-hydroxy derivative 410, which after treatment with benzoyl chloride in the presence of 
TEA afforded the desired product 412.

4.1.3 Results and Discussion

4.1.3.1 Structure-activity relationship

All the synthesized compounds were tested on the four adenosine receptor subtypes by Prof.  
Karl-Norbert Klotz of University of Würzburg. All the analogues generally were inactive at the 
hA3AR  independent  of  the  substitution  at  the  5  and  7  positions,  with  the  exception  of 
compounds 382 and 399 having affinity in the range of 1 mM. A similar behaviour, in contrast 
to expectations, could be observed at the hA2BAR; in fact all the analogues were inactive or 
poorly active (e.g. 380, 381, 408, 411) in the functional assay. (Table 7)
Nevertheless,  the binding profile of this class of compounds at the hA2AAR demonstrated 
affinity in the nanomolar range and with different degrees of selectivity versus the hA1AR 
subtype. In particular, the presence of a pyrrolidine (390) at the 5 position favoured affinity 
at the A2AAR (59.1 nM) but poor selectivity (33-fold) versus the A1 subtype, while introduction 
of  Boc-piperazine  (378)  or  Bocethylendiamine  (382)  seem  to  improve  both  affinity  and 
selectivity  at  the  A2AAR  (378, KihA2A=21  nM,  A1/A2A=257).  Interestingly,  elongation  of  the 
diamino chain at the C5 position to 3 or 5 carbon atoms (383, 384) led to derivatives which 
still  retained good affinity  at  the hA2AAR but  less  selectivity  versus  the A1 subtype (384, 
KihA2A=44.7 nM, A1/A2A = 21.5), while longer chains such as a Boctriethylenoxydiamino moiety 
(385) gave good results both in terms of affinity and selectivity (KihA2A= 17.8 nM, A1/A2A= 89).

Compd. R hA1 a

or displ. 
at 10 μM
(Ki nM)

hA2A b

or displ.
 at 10 μM
(Ki nM)

hA2B c

(IC50 nM)
hA3 d

or displ. 
at 10 μM 
(Ki nM)

376 - 7.44 ± 4.48 % 4,360 ± 1,670 > 100,000 8,490 ± 4,810

377 - 10.7 ± 1.5 % 38,200 ± 14,600 > 100,000 17.7 ± 3.6%

378 N N Boc 5,396.9 ± 518 21 ± 4.5 > 10,000 56.6 ± 1.3%

379 N NH2
+ 28.6 ± 6.0% 153 ± 32 > 30,000 29.9 ± 0.4%

100
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380
BocHN

NH 3,890 ± 560 69.7 ± 12.7 7,140
(4,780 - 10,700)

75.5 ± 0.3%

381
+H3N

NH 1,345.7 ± 70.4 16.9 ± 2.3 10,700
(7,650 – 15,000)

72.8 ± 0.4%

382 NH-CH2CH2NHBoc 3,730 ± 740 40.9 ± 5.7 > 10,000 1,490 ± 480

383 NH-(CH2)2CH2NHBoc 344 ± 16 38.6 ± 11.5 20,600
19,600 – 21,800

77.3 ± 0.3%

384 NH-(CH2)4CH2NHBoc 963 ± 139 44.7 ± 9.9 > 10,000 68.6 ± 0.9%

385 NH-(CH2CH2O)2CH2CH2NHBoc 1,583 ± 98 17.8 ± 6.7 > 10,000 74.0 ± 0.8%

386 NH-CH2CH2NH3
+ 35.8 ± 4.9 % 567 ± 43 > 100,000 30.8 ± 3.7%

387 NH-(CH2)2CH2NH3
+ 44.3 ± 1.6 % 270 ± 9 > 30,000 40.5 ± 0.2%

388 NH-(CH2)4CH2NH3
+ 2,946 ± 262 90.1 ± 15.9 > 10,000 49.9 ± 3.5%

389 NH-(CH2CH2O)2CH2CH2NH3
+ 769 ± 308 11.5 ± 2.2 > 10,000 59.2 ± 2.6%

390 N 1,938.7 ± 74. 59.1 ± 13.7 > 30,000 75.0 ± 4.7%

391 N N-CH2Ph 978 ± 146 20.6 ± 14.5 > 30,000 71.9 ± 0.7%

392 N N-CH2-3Cl-Ph 1,510 ± 500 51.8 ± 23.0 > 30,000 52.7 ± 1.2%

393 N N-CH2-4F-Ph 655 ± 100 52.3 ± 32.3 > 10,000 71.3 ± 1.9%

394 N N-CH2-4Cl-Ph 220 ± 88 102 ± 108 > 30,000 66.8 ± 6.0%

395 N N-CH2-4Br-Ph 86.7 ± 22.6 27.3 ± 18.0 > 10,000 49.8 ± 0.8%
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396 N N-C-CH2C(CH3)3
O

53.1 ± 4.7 % 11.1 ± 6.3 > 100,000 41.9 ± 8.3 %

397 N N-C-C(CH3)3
O

38.7 ± 4.8 % 58.4 ± 18.9 > 100,000 32.3 ± 3.37%

398 N N-C-CHPh2
O

7,473.2 ± 
6,824

92.9 ± 24.7 > 100,000 40.6 ± 22.2%

399 N N-C-CH2-4Cl-Ph
O

991.8 ± 226 39.1 ± 13.9 > 100,000 1,262 ± 490

400 N N-C-α naphthyl
O

4.90 ± 0.79 % 7,680 ± 2,190 > 100,000 31.1 ± 8.4%

401 N N-C-Ph
O

27.7 ± 3.3 % 348 ± 76 > 100,000 22.6 ± 1.7%

402 N N-C-4-NO2-Ph
O

35.5 ± 7.4 % 212 ± 49 > 100,000 50.9 ± 6.9%

403 N N-C-CHCl2
O

34.6 ± 1.5 % 282 ± 164 > 100,000 33.6 ± 0.7%

404 N N-C-(CH2)2COCH3
O O

19.4 ± 2.5 % 66.2 ± 10.4 > 100,000 37.2 ± 6.6%

405 N N-C-CH2Ph
O

3,510 ± 220 94.8 ± 40.7 > 100,000 64.5 ± 1.8%

406 N N-C-(CH2)3CH3
O

10.8 ± 5.3 % 124 ± 50.0 > 100,000 56.2 ± 8.1%

407 N N-C-CH2-2Br-Ph
O

1,010 ± 150 86.2 ± 41.4 > 30,000 3,100 ± 1,100

aDisplacement of specific [3H]DPCPX binding at the hA1AR expressed in HEK-293 cells. bDisplacement of specific 

[3H]ZM241385  binding  at  hA2AAR  expressed  in  HEK-293  cells.  Data  are  expressed  as  Ki.  cMeasurement  of 
adenylyl  cyclase  activity  in  CHO cells  stably  transfected  with  recombinant  hA2BAR,  expressed as  IC50 (nM). 
dDisplacement of specific [125I]I-AB-MECA binding at hA3AR expressed in CHO cells. Data are expressed as Ki.

Trifluoroacetate  salt  derivatives  (379,  386-388)  were  in  general  less  potent  than  the 
corresponding Boc derivatives (378 KihA2A=21 nM, A1/A2A= 257 vs 379 KihA2A= 153 nM, A1/A2A= 
65). An exception occurred when long or bulky chains were present at the C5 position, such 
for derivatives 381 and 389 (381, KihA2A=16.9 nM, A1/A2A= 79 vs 380, KihA2A= 69.7 nM, A1/A2A= 
56), that importantly both compounds were readily water soluble up to 10 mM. In particular,  
compound  389, which displayed an affinity at the hA2AAR of 11.5 nM and good selectivity 
versus A1, was the most potent compound of this series. Double substitution with diamino 
functions at the C5 and N7

 positions led to completely inactive compounds at all  four AR 
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subtypes (376, 377). An altered binding profile was observed for the piperazine derivatives 
alkylated or acylated at the piperazine secondary amine. In particular, in the N-benzyl series 
(391-395) good affinity at the hA2AAR was retained, but also an increased affinity at the hA1 

was  observed  with  a  consequent  reduction  of  selectivity,  independently  of  the  type  of  
substitution on the phenyl ring. A more complex profile was present when an acyl group was  
present  on  the  piperazine  secondary  amine.  In  particular,  when  a  benzoyl  group  was 
introduced  on  the  piperazine  nitrogen  (401, 402)  a  significant  reduction  of affinity at the 
hA2AAR (range 212-348 nM) was observed with a subsequent reduction of selectivity  ( 35- 48
 fold). If  the phenyl ring was replaced with a more bulky substituent such as a naphthyl 
nucleus  (400)  a  complete  loss  of  affinity  at  all  four  hAR was observed.  The aroyl  group 
replacement by a phenylacetyl (405) or a substituted-phenylacetyl group (399, 407) at the 
piperazine secondary amine, led to compounds that still retained good affinity at the hA2AAR 
in the range of 40-95 nM with poor selectivity versus A1 (12-37 fold).

Compd. R R1 hA1 a

or displ. 
at 10 μM
(Ki nM)

hA2A b

or displ.
 at 10 μM
(Ki nM)

hA2B c

(IC50 nM)
hA3 d

or displ. 
at 10 μM 
(Ki nM)

408 NH2 NH2 1,414.5 ± 78.3 160 ± 42 11.100
(7,830 – 15,600)

36.4 ± 0.2%

409 OPh NHCOPh 26.2 ± 5.5 % 1,000 ± 110 > 10,000 32.3 ± 9.7%

410 OH NH2 3,110 ± 973 201 ± 61 > 10,000 43.9 ± 6.0%

411 NH2 NHCOPh 1,803.1 ± 153 44.1 ± 13.6 7,060
(4,870 – 10,200)

67.2 ± 3.3%

412 OH NHCOPh 34.4 ± 9.2 % 1,750 ± 393 > 100.000 75.9 ± 1.2%

aDisplacement of specific [3H]DPCPX binding at the hA1AR expressed in HEK-293 cells. bDisplacement of specific 

[3H]ZM241385  binding  at  hA2AAR expressed  in  HEK-293  cells.  Data  are  expressed  as  Ki.  cMeasurement  of 
adenylyl  cyclase  activity  in  CHO cells  stably  transfected with  recombinant  hA2BAR,  expressed  as  IC50 (nM). 
dDisplacement of specific [125I]I-AB-MECA binding at hA3AR expressed in CHO cells. Data are expressed as Ki.

In  contrast,  introduction  of  a  bulky  substituent  such  as  a  diphenylacetyl  moiety  (398) 
provided a compound with a  quite  good affinity  at  the hA2AAR (KihA2A= 93 nM) and the 
selectivity  versus  the  hA1 subtype  (A1/A2A=80)  was  high,  which  was  exactly  the  opposite 
observed for the nearly inactive bulky aroyl derivative 400. A quite different profile could be 
observed when the piperazine secondary amine was acylated with alkyl groups. In particular, 
introduction of a small group (403) or unbranched chains (404, 406) led to compounds which 
proved to be quite potent (range 66-280 nM) at the hA2AAR. Branched chains such as  tert-
butylcarbonyl  (397)  and  3,3-  dimethylbutanoyl  (396)  increased  the  affinity  and  also  the 
selectivity at the hA2AAR (396 KihA2A = 11.1 nM, A1/A2A=900). The derivatives substituted both 
at the C5 and N7

 positions with small groups (408-412) showed in general weak affinity at the 
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hA2AAR  and  low  levels  of  selectivity.  Moreover,  the  diamino  compound  408  and  the 
corresponding 5-hydroxy derivative  410  showed hA2A affinity in the high nanomolar range 
(160-200 nM), but the levels of selectivity versus the hA1AR were very low, ranging from 2 to 
12-fold.  When a  benzoyl  group  was  present  at  the  N7 position,  the  presence  at  the  C5 
position of a hydroxy (412) or phenoxy (409) moiety greatly reduced activity at the four AR, 
with affinity at the hA2A subtype in the micromolar range. In contrast, when an amino group 
was present at the C5 position (411), affinity at the hA2AAR (KihA2A= 44.1 nM) was recovered 
with good levels of selectivity versus other receptor subtypes. (Table 8)

4.1.3.2 Molecular Modeling

In order to rationalize the observed binding data, a molecular modeling investigation was 
performed  for  all  the  newly  synthesized  analogues  using  both  the  crystallographic 
structureof  hA2AAR  and  the  hA3AR  model.187,218,219 The  analysis  was  extended  to  docking 
simulations  and  per  residue  electrostatic  and  hydrophobic  contributions  maps.  The  first 
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Figure 33. (A) Per residue electrostatic interaction energy map and (B) per residue hydrophobic interaction 
score map. The maps are calculated for a selected pose of each compound (376-412) inside the hA2AAR binding 
site. Electrostatic energy values are expressed in kcal/mol, while hydrophobic scores are expressed in arbitrary 
hydrophobic units.
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important consideration is that almost all  the selected poses at the hA2AAR of these new 
analogues showed some common features, as highlighted by the calculated electrostatic and 
hydrophobic contributions to the interaction energy collected in figure 33. In particular, all 
ligands made contacts mainly with residues belonging to TM2, TM3, TM6, TM7, and EL2. The  
per  residue  electrostatic  interaction  energy  map  (Figure  33A)  showed  two  bands  with 
negative energy (coloured in green) corresponding to Glu169 in EL2 and Asn253 in TM6, 
indicating that these two residues were responsible for the main electrostatic interactions 
with all the tested analogues, with a few exceptions. On the other hand, the map of the per 
residue hydrophobic interaction score (Figure 33B) highlighted several residues involved in 
hydrophobic contacts with ligands, including Leu85 in TM3, Phe168 in EL2, Trp246, Leu249, 
His250  in  TM6  and  Tyr271,  Ile274  in  TM7.  Therefore,  the  analysis  of  these  maps  gave 
important preliminary data concerning similarity and differences in the binding modes at the 
hA2AAR  of  these  new  compounds;  this  information  was  then  confirmed  by  a  detailed 
investigation of the docking poses as reported below.

Docking of 7-Amino Derivatives (   378   -   408   ,   410   )  
From the docking simulation analysis, all the new derivatives with free amino group at the 7 
position, with the exception of compound 400, were seen to share a  similar  binding  pose in

the TM region of the hA2AAR. For these compounds, ligand-recognition occurred in the upper 
region of the TM bundle, and the triazolotriazine nucleus was surrounded by TMs 3, 5, 6, 7  
with the 2-furyl ring located deep in the binding cavity. Considering Figure 34, it is evident 
that the binding poses of these ligands were very similar  to the crystallographic pose of 
ZM241385  bound  to  the  hA2AAR.218

 In  fact,  the  triazolotriazine  cores  were  completely 
superposable, while the only slight difference was in the orientationof the substituents at the 
5-position. Moreover, all the crucial interactions established by ZM241385 with amino acid 
residues of the hA2AAR binding site were also found for all these new 7-amino derivatives. 
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Figure  34.  Structure  superimposition  of  the crystallographic  pose  of  ZM241385  (in  magenta)  and of  the  
docking poses of all  the 7-aminoderivatives (in white) inside the hA 2AARbinding site. Side chains of some 
amino acids important for ligand recognition and H-bonding interactions are highlighted. Hydrogen atoms are 
not displayed.
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The analysis in Figure 35 (panel A) showing the hypothetical binding pose of compound 396 
(KihA2A=11.1  nM)at  the  hA2AAR  helps  to  clarify  this  point.  It  appeared  that  the  bicyclic 
triazolotriazine core  was anchored within the binding cleft  through an aromatic  stacking 
interaction with Phe168 (EL2) and a H-bonding interaction with Asn253 (6.55). Moreover, the 
exocyclic  amino  group  at  the  7-position  of  the  bicyclic  core  interacted  with  two  polar 
residues, Asn253 (6.55) and Glu169 (EL2), forming two H-bonds. Interestingly, the important 
role  in  ligand  binding  of  these  two  residues  was  previously  revealed  by  site-directed 
mutagenesis studies.221,222 The 4-(3,3-dimethylbutanoyl)-piperazinyl chain of the ligand was 
directed toward the more solvent exposed extracellular region (EL2 and EL3) and interacted, 
through a H-bond, with Tyr271 (7.36).However, the furan ring was located deep within the 
ligand binding cavity and formed hydrophobic interactions with the highly conserved Trp246 
(6.48),  an  important  residue  in  receptor  activation.  Finally,  compound  396  also  formed 
hydrophobic interactions with many residues of the binding site including Val84 (3.32),Leu85 
(3.33), Met177 (5.38), Leu249 (6.51), and Ile274 (7.39).
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Figure 35.Hypothetical binding modes of compound  396 obtained after docking simulations: (A) inside the 
hA2AARbinding site; (B) inside the hA3ARbinding site. Poses are viewed from the membrane side facing TM6, 
TM7, and TM1. The view of TM7 is partially omitted. Side chains of some amino acids important for ligand  
recognition  and  H-bonding  interactions  are  highlighted.  Hydrogen  atoms  are  not  displayed.  Electrostatic 
interaction energy (in kcal/mol) between the ligand and each single amino acid involved in ligand recognition  
observed from the hypothetical binding modes of compound 396 inside (C) hA2AAR and (D) hA3AR binding sites. 
Hydrophobic interaction scores (in arbitrary hydrophobic units) between the ligand and each single amino acid 
involved in ligand recognition observed from the hypothetical  binding modes of  compound  396 inside (E) 
hA2AAR
and (F) hA3AR binding sites.
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Analysing the electrostatic contribution per residue to the whole interaction energy for the 
compound 396-hA2AAR complex (Figure 35C), the three main stabilizing factors were found to 
be  related  to  Glu169  (EL2),  Asn253  (6.55),  and  Tyr271  (7.36),  due  to  the  H-bonding 
interactions with the ligand above described, whereas, as shown in Figure 35 (panel E), the 
hydrophobic  interaction  scores  pattern  showed  two  strong  stabilizing  contributions 
corresponding to the interactions of the bicyclic core with Phe168 (EL2) and Leu249 (6.51).
Therefore, as exemplified by the binding pose of compound 396, all the newly synthesized 7-
amino  derivatives  strongly  interacted  with  the  hA2AAR  in  a  manner  similar  to  the 
crystallographic pose of ZM241385 (68).218

In  fact,  the  presence  of  an  (alkyl/acyl)amino  group  at  the  7  position  prevented  these 
compounds from forming a H-bonding network with Asn253 (6.55) and Glu169 (EL2), already 
seen to be critical for the binding of ZM241385 (68) at this receptor subtype. This fact led 
these compounds to assume a different orientation inside the binding cavity of the receptor, 
although ligand recognition occurred in the same upper region of the TM bundle, and the 
triazolotriazine nucleus  was surrounded by  TMs 3,  5,  6,  7  with the 2-furyl  ring  directed 
toward the inner part of the binding cavity. Therefore, their binding mode showed only a 
weak H-bond with Glu169 (EL2) and a stacking interaction with Phe168 (EL2). These findings 
were  in  agreement  with  the  experimental  data  showing  micromolar  Ki  values  for  these 
compounds. In contrast to the 5 position derivatives described above, compound 411 (KihA2A 

= 44.1 nM), due to the presence of a free amino group at C5, showed a characteristic mode 
of binding at the hA2AAR (Figure 36B). The triazolotriazine nucleus was oriented parallel to 
the membrane plane, and the 2-furyl ring was directed toward TM2, while the substituent at 
the 7 position was located in the inner part of the binding cavity. Compound  411  formed 
three H-bonding interactions, two with Asn253 (6.55) and one with Glu169 (EL2), and a π-π 
stacking interaction with Phe168 (EL2). Therefore, the presence of a H-bonding network with 
the residues of the hA2AAR, similar to the one seen for the 7-amino derivatives, seemed to 
explain why compound 411, among the 7-(alkyl/ acyl)amino derivatives, is the only one that 
showed affinity at the hA2AAR in the nanomolar range.
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Figure 36. Hypothetical binding mode of compounds 376 (A) and 411 (B) obtained after docking simulations 
inside the hA2AAR binding site. The pose is viewed from the membrane side facing TM6, TM7 and TM1. The 
view of TM7 is partially omitted. Side chains of some amino acids important for ligand recognition and H-
bonding interactions are highlighted. Hydrogen atoms are not displayed.

A BA B



4. Molecular Simplifications

4.1.4 Conclusions

In  conclusion,  we  have  synthesized  AR  antagonists  of  the  triazolotriazine  class  and  use 
molecular modeling studies to explain the SAR. Among the most potent and selective novel  
compounds  were  a  long-chain  ether-containing  amine  congener  389  and  its 
urethaneprotected derivative 385. Compound 389 and a 5-(aminomethyl)cyclohexylmethyl-
amino derivative 381 were readily water-soluble up to 10 mM, thus overcoming a common 
limitation  of  other  bicyclic  and  tricyclic  AR  antagonists.  N-Alkylated  and  N-acylated 
piperazine derivatives also displayed high affinity at the human A2AAR, including a N-benzyl 
antagonist  395  and  a  N-3,3-dimethylbutanoyl  derivative  396  that  was  roughly  900-fold 
selective  versus  both  human  A1AR  and  A3AR.  The  analogues  were  docked  in  the 
crystallographic structure of hA2AAR and in a homology model of the hA3AR, and the per 
residue  electrostatic  and  hydrophobic  contributions  to  the  binding  were  assessed.  The 
presence of a free amino group that seemed to be critical for the hA2A affinity by allowing the 
ligands to participate in a H-bonding network with two critical residues of the binding site, 
Asn253 (6.55) and Glu169 (EL2).  Another interaction found to be important  for  the hA2A 

affinity of this series was the aromatic stacking between the triazole ring and Phe168 (EL2).  
Thus,we have probed points of substitution for attachment of solubilizing groups to enhance 
the  aqueous  solubility  of  this  class  of  triazolotriazines,  which  are  characterized  by  poor 
physicochemical  properties. At the same time, potent interactions with the A2AAR and, in 
some cases, receptor subtype selectivity have been maintained. In general, the strategy of 
grafting a terminal polar tail on a pharmacophore, which increases the polar surface area,  
can have a detrimental effect on bioavailability and ion channel activity. Therefore, it will be 
necessary to evaluate these molecules in further pharmacological testing to see if they will  
be useful for in vivo studies.

4.1.5 Experimental Section

Synthesis of the 2,4,6-Triphenoxy-[1,3,5]triazine (   372   )  

A mixture of 2,4,6-trichloro-[1,3,5]triazine (184.4 g, 1.0 mol) was dissolved in phenol (3.0-4.0  
mol) and refluxed for 5h. The hot reaction was extracted with methanol and a white solid  
was obtained.
Yield quantative; mp 235 °C (EtOAc-light petroleum); 1H NMR (DMSO d6) δ: 7.8 (15H, s).

Synthesis of the (4,6-Diphenoxy-[1,3,5]triazin-2-yl)-hydrazine (   373   )  

To  a  solution  of  2,4,6-triphenoxy-[1,3,5]triazine  (372,  36  g,  0.1  mol)  in  CH2Cl2  (500  mL), 
hydrazine monohydrate was added (5 mL, 0.1 mol) and the reaction was stirred overnight. 
The solvent was removed and the residue suspended in isopropanol (300 mL) and stirred for 
14 hours. Then the solid 373 was filtered off.
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Yield 84%; mp 107°C; 1H NMR (DMSO d6) δ: 4.3 (2H, bs), 7.1-7.3 (6H, m), 7.3-7.5 (4H, m),
9.2 (1H, bs).

Synthesis of the Furan-2-carboxylic acid N'-(4,6-diphenoxy[1,3,5]triazin-2-yl)-hydrazide (  374   )

Compound  373  (15 g,  0.05 mol) was dissolved in dichloromethane (200 mL) and to  the 
solution was added TEA (7.0 mL, 0.05 mol), and then a solution of 2-furoyl chloride (3.8 g, 
0.05 mol) in dichloromethane (50 mL) was added slowly. The mixture was stirred for 3 hours  
then 2-furoyl chloride was added again (0.76 g, 0.01 mol) and the reaction was stirred for 12 
hours. The mixture was washed with water (2x200 mL) and brine (100 mL). The organic layer 
was dried, concentrated and purified by flash chromatography (EtOAc 4/ Light petroleum 6) 
to give compound 374 as a white solid.
Yield 51%; mp 183 °C; 1H NMR (DMSO d6) δ: 6.7 (1H, dd, J=2, J=4), 7.1-7.6 (11H, m), 7.9 (1H, 
d, J=4), 10.0 (1H, bs), 10.42 (1H, bs).

Synthesis of the 2-Furan-2-yl-5,7-diphenoxy-[1,2,4]triazolo[1,5-a][1,3,5]triazine (   375   )  

The hydrazide derivative 374 (7.0 g, 0.018 mol) was dissolved in xylene and P2O5  (17 g) was 
added and the mixture was refluxed for 14 hours. The solvent was removed under reduced 
pressure and the residue was dissolved in dichloromethane and washed with water  and 
brine.  The  organic  layer  was  dried,  concentrated  and  purified  by  flash  chromatography 
(EtOAc 2/ Light Petroleum 8).
Yield 58%; mp246-248 °C; 1H NMR (DMSO d6) δ: 6.7 (1H, dd, J=2, J=4), 7.2 -7.6 (11H, m), 8.0
(1H, d, J=4).

Synthesis of the 2-Furan-2-yl-5-phenoxy-[1,2,4]triazolo[1,5-a][1,3,5]triazin-7-ylamine (   70   )  

A solution of compound 375 in ethanol satured with ammonia was refluxed for 3 hours. The 
solvent was removed under reduced pressure and the residue was precipitate from diethyl 
ether and light petroleum, giving the desired compound 70.
Yield 55%; pale yellow solid; mp 253 °C (EtOAc-Light petroleum); IR (KBr): 3300, 1615, 1515 
cm-1; 1H NMR (DMSO d6) δ: 6.7 (1H, dd, J=2, J=4), 7.1 (1H, d, J=2), 7.2-7.6 (5H, m), 7.9 (1H, d,  
J=4), 9.1 (2H, bd).

Procedure for preparation of 5,7-bis-[(2-tert-butyloxycarbonylamino) ethyl]-amino-2(2-furyl) 
1,2,4 triazolo [1,5-a] 1,3,5-triazine (   376   )  
A mixture of compound 70 (0.29 g, 1 mmol) and the mono Boc ethylendiamine (0.8 g, 5 eq) 
in absolute ethanol (5 mL) was poured into a sealed tube and heated at 180 °C for 8 h. Then 
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the solvent was removed under reduced pressure and the residue crystallized from EtOAc-
light petroleum to afford the desired compound (376) as a white solid in a good yield (70%). 
mp 154 °C.  1H NMR  (DMSO d6 ) δ: 1.4 (s, 18H); 3.0-3.4 (m, 8H); 6.7 (dd, 1H, J=2, J=4); 6.9 (bs,

1H); 7.1 (d, 1H, J=2);7.6 (bs, 1H); 7.9 (d, 1H, J=4); 8.5 (bs, 1H); 8.7 (bs, 1H). IR (Nujol) cm -1: 
3450, 1730, 1610, 1450. Anal. (C22H33N9O5) C, H, N.

General procedure for nucleophilic substitution with amino compounds (  378   ,   380   ,   382   -   385   

,  390  )  
A mixture of compound 70 (0.29 g, 1 mmol) and the appropriate amine (1.5 eq) in absolute 
ethanol (5mL) was poured into a sealed tube and heated at 120 °C for 3 h. Then the solvent 
was  removed  under  reduced  pressure  and  the  residue  crystallized  from  EtOAc-light 
petroleum to afford the desired compounds (378, 380, 382-385, 390) as a solids.

7-Amino-5-[(4-tert-butyloxycarbonyl)1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-  
triazine (378) : yield 73%; white solid (EtOAc-light petroleum) mp 250 °C. 1H NMR (DMSO d6) 
δ: 1.4 (s, 9H); 3.4 (s, 4H); 3.8 (s, 4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H, J=4);  
8.4 (bs, 2H). IR (Nujol) cm-1: 3400-3150, 1735, 1630, 1510. Anal. (C17H22N8O3) C, H, N.
7-Amino-5-[(4-tert-butyloxycarbonylaminomethyl)cyclohexylmethyl]-amino-2(2-furyl)  1,2,4-  
triazolo [1,5-a] 1,3,5-triazine (380) : yield 76%; white solid (EtOAc-light petroleum) mp 148 
°C.  1H NMR (CDCl3) δ: 1.2-2.0 (m, 6H); 1.4 (s, 9H); 2.9-3.2 (m, 2H); 3.3-3.5 (m, 2H); 4.6 (bs,  
1H); 5.4 (bs,1H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.3 (bs, 2H); 7.9 (bs, 2H). IR (Nujol) 
cm-1: 3450-3100, 1735, 1620, 1470. Anal. (C21H28N8O3) C, H, N.
7-Amino-5-[(2-tert-butyloxycarbonylamino)ethyl]-amino-2(2-furyl) 1,2,4-triazolo [1,5-a]1,3,5-
triazine (382) : yield 63%; white solid (EtOAc-light petroleum) mp 168 °C. 1H NMR (DMSO d6) 
δ: 1.4 (s, 9H); 3.1-3.4 (m, 4H); 6.7 (dd, 1H, J=2, J=4); 6.9 (bs, 1H); 7.1 (d, 1H, J=2); 7.4 (bs, 1H);  
7.9 (d, 1H, J=4); 8.2 (bs, 2H). IR (Nujol) cm-1: 3450-3150, 1740, 1630, 1500. Anal. (C15H20N8O3) 
C, H, N.
7-Amino-5-[(3-tert-butyloxycarbonylamino)propyl]-amino-2(2-furyl)  1,2,4-triazolo  [1,5-
a]1,3,5-triazine  (383) : yield 76%; white solid (EtOAc-light petroleum) mp 155 °C.  1H NMR 
(CDCl3) δ: 1.5 (s, 9H); 1.80-1.85 (m, 2H); 3.20-3.25 (m, 2H); 3.5-3.6 (m, 2H); 4.9 (bs, 1H); 5.4  
(bs,1H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H, J=4); 7.9 (bs, 2H). IR (Nujol) cm -

1:3400-3100, 1740, 1620, 1510. Anal. (C16H22N8O3) C, H, N.
7-Amino-5-[(5-tert-butyloxycarbonylamino)n-pentyl]-amino-2(2-furyl)  1,2,4-triazolo  [1,5-
a]1,3,5-triazine  (384) : yield 71%; white solid (EtOAc-light petroleum) mp 140 °C.  1H NMR 
(CDCl3) δ: 1.4 (s, 9H); 1.6-1.8 (m, 6H); 3.2-3.3 (m, 2H); 3.50-3.55 (m, 2H); 4.7 (bs, 1H); 5.5 (bs,  
1H); 6.40-6.43 (m, 2H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H, J=4). IR (Nujol) cm -1: 
3450-3150, 1735, 1625, 1475. Anal. (C18H26N8O3) C, H, N.
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4. Molecular Simplifications

7-Amino-5-[(8-tert-butyloxycarbonylamino)triethylenoxy]-amino-2(2-furyl)  1,2,4-triazolo[1,5-
a] 1,3,5-triazine  (385) : yield 64%; brown solid (EtOAc-light petroleum) mp 130 °C.  1HNMR 
(CDCl3) δ: 1.5 (s, 9H); 3.4-3.8 (m, 12H); 5.5 (bs, 1H); 6.2 (bs,1H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 
1H, J=2); 7.9 (d, 1H, J=4); 9.4 (bs, 2H). IR (Nujol) cm -1: 3400-3100, 1740, 1610, 1450. Anal. 
(C19H28N8O5) C, H, N.
7-Amino-5-(N-pyrrolidinyl)-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  (390)  :  yield:  88%; 
brown solid (EtOAc-light petroleum) mp>250 °C (dec.) 1H NMR (DMSO d6) δ: 1.9-2.1 (m,4H); 
3.4-3.7 (m,4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H, J=4); 8.4 (bs, 2H). IR (Nujol) 
cm-1: 3350-3200, 1620, 1480. Anal. (C12H13N7O) C, H, N.

General procedure for   N   -Boc deprotection (   377   ,   379   ,   381   ,   386   -   389   )  

10 mmol of the appropriate N-Boc derivative (376,  378,  380,  382-385) was suspended in a 
10% solution of CF3COOH in dry CH2Cl2  and stirred at room temperature for 3 h. Then the 
solvent was removed under reduced pressure and the residue crystallized form EtOAc-Light 
petroleum to give the desired trifluoroacetate salts (377, 379, 381, 386-389) as solids.

5,7-bis-(Amino)ethyl-amino-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-triazine bis-trifluoroacetate  
(377) : yield 63%; brown solid (EtOAc-light petroleum) mp 203 °C. 1H NMR (DMSO d6) δ: 3.4- 
3.6 (m, 8H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H, J=4); 8.0 (bs, 1H); 8.0 (bs, 3H).  
IR (Nujol) cm-1: 3500-3100, 1630, 1500. Anal. (C16H19N9O5 F6) C, H, N.
7-Amino-5-(1-piperazinyl)-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  trifluoroacetate  
(379) : yield 58%; brown solid (EtOAc-light petroleum) mp 243 °C. 1H NMR (DMSO d6) δ: 3.20-
3.25 (m, 4H); 4.0-4.1 (m, 4H); 6.0 (bs, 2H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H,  
J=4); 9.0 (bs, 2H). IR (Nujol) cm-1: 3500-3000, 1630, 1510. Anal. (C14H15N8O3F3) C, H, N.
7-Amino-5-(aminomethyl)cyclohexylmethyl-amino-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-
triazine trifluoroacetate (381) : yield 66%; brown solid (EtOAc-light petroleum) mp 150 °C. 1H 
NMR (DMSO d6) δ: 1.2-2.0 (m, 10H); 2.4-3.0 (m, 4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2);  
7.9 (d, 1H, J=4); 8.0 (bs, 2H). IR (Nujol) cm -1: 3500-3050, 1640, 1500. Anal. (C18H23N8O3F3) C, H, 
N.
7-Amino-5(2-aminoethyl)-amino-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
trifluoroacetate  (386) : yield 54%; brown solid (EtOAc-light petroleum) mp 243 °C.  1H NMR 
(DMSO d6) δ: 3.4-3.6 (m, 4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.5 (d, 1H, J=4); 7.8 
(bs,2H); 8.4 (bs, 2H); 8.0 (bs, 3H). IR (Nujol) cm-1: 3450-3150, 1630, 1510. Anal. (C12H13N8O3F3) 
C, H, N.
7-Amino-5(3-amino)propyl-amino-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
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4. Molecular Simplifications

trifluoroacetate (387) : yield 69%; brown solid (EtOAc-light petroleum) mp 235 °C.  1H NMR 
(DMSO d6) δ: 3.4-3.6 (m, 6H); 6.7 (dd,1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.5 (d, 1H, J=4); 7.8 
(bs,2H); 8.4 (bs, 2H); 8.0 (bs, 3H). IR (Nujol) cm-1: 3470-3140, 1640, 1510. Anal. (C13H15N8O3F3) 
C, H, N.
7-Amino-5(5-amino)pentyl-amino-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
trifluoroacetate (388) : yield 71%; brown solid (EtOAc-light petroleum) mp 160 °C.  1H NMR 
(DMSO d6) δ: 1.6-1.8 (m, 6H); 3.2 (m, 2H); 3.5 (m, 2H); 5.5 (bs, 1H); 6.4 (bd, 2H); 6.7 (dd, 1H, 
J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H, J=4); 8.0 (bs, 3H). IR (Nujol) cm-1: 3480-3120, 1640, 
1500. Anal. (C15H19N8O3F3) C, H, N.
7-Amino-5-[(8-amino)triethylenoxy]-amino-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
trifluoroacetate (389) : yield 52%; brown solid (EtOAc-light petroleum) mp 243 °C.  1H NMR 
(DMSO d6) δ: 3.4-3.8 (m, 12H); 5.5 (bs, 1H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H,  
J=4); 9.4 (bs, 2H); 8.0 (bs, 3H). IR (Nujol) cm-1: 3510-3150, 1630, 1510. Anal. (C15H22N8O5F3) C, 
H, N.

General procedure for   N   -benzylation of a piperazine moiety (   391-395   )  

A mixture of compound 379 (0.2 g, 0.05 mmol) the appropriate benzyl halide (1.2 eq), TEA 
(7.2 μL, 0.06 mmol) in dry dioxane (10 mL) was stirred at room temperature for 6 h. The 
solvent was removed in vacuo e the residue dissolved in EtOAc (15 mL) and washed with 
water (3 x 5 mL). The organic phase was dried and solvent removed under reduced pressure. 
The crude was purified by flash chromatography (EtOAc) to give the final compounds (391- 
395) as solids.

7-Amino-5-[(4-benzyl)1-piperazinyl]-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-triazine (391) : yield 
63%; white solid (EtOAc-light petroleum) mp 242 °C. 1H NMR (DMSO d6) δ: 2.5 (s, 4H); 3.6 (s, 
2H); 3.9 (s, 4H); 6.2 (bs, 2H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.6 (d, 1H, J=4); 7.1-7.4 
(m, 5H). IR (Nujol) cm-1: 3350-3100, 1610, 1470. Anal. (C19H20N8O) C, H, N.
7-Amino-5-[(4(3-chloro-benzyl)1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
(392) : yield 70%; white solid (EtOAc-light petroleum) mp 227 °C. 1H NMR (DMSO d6) δ: 2.5 (s, 
4H); 3.5 (s, 2H); 3.8 (s, 4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.3-7.5 (m, 4H); 7.9 (d, 1H,  
J=4); 8.4 (bs, 2H). IR (Nujol) cm-1: 3340-3100, 1620, 1480 Anal. (C19H19N8OCl) C, H, N.
7-Amino-5-[(4(4-fluoro-benzyl)1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
(393) : yield 66%; white solid (EtOAc-light petroleum) mp 260 °C. 1H NMR (DMSO d6) δ: 2.5 (s, 
4H); 3.5 (s, 2H); 3.8 (s, 4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.1-7.4 (m, 4H); 7.9 (d, 1H,  
J=4); 8.4 (bs, 2H). IR (Nujol) cm-1: 3340-3110, 1630, 1480. Anal. (C19H19N8OF) C, H, N. 
7-Amino-5-[(4(4-chloro-benzyl)1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
(394) : yield 73%; white solid (EtOAc-light petroleum) mp 274 °C. 1H NMR (DMSO d6) δ: 2.5 (s, 
4H); 3.5 (s, 2H); 3.8 (s, 4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.3-7.5 (m, 4H); 7.9 (d, 1H,  
J=4); 8.4 (bs, 2H). IR (Nujol) cm-1: 3350-3110, 1620, 1470. Anal. (C19H19N8OCl) C, H, N.
7-Amino-5-[(4(4-bromo-benzyl)1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
(395): yield 68%; white solid (EtOAc-light petroleum) mp 284 °C. 1H NMR (DMSO d6) δ: 2.5 (s, 
4H); 3.5 (s, 2H); 3.8 (s, 4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.3 (d, 2H); 7.5 (d, 2H); 7.9  
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4. Molecular Simplifications

(d, 1H, J=4); 8.4 (bs, 2H). IR (Nujol) cm-1: 3340-3110, 1630, 1480. Anal. (C19H19N8OBr) C, H, N.

General procedure for N-piperazine acylation (  396-407  )  

A mixture of compound 379 (0.2 g, 0.05 mmol) the appropriate acyl chloride (1.2 eq), TEA 
(7.2 μL, 0.06 mmol) in dry dioxane (10 mL) was stirred at room temperature for 2 h. The 
solvent was removed in vacuo and the residue dissolved in EtOAc (15 mL) and washed with 
water (3 x 5 mL). The organic phase was dried and solvent removed under reduced pressure. 
The crude was purified by flash chromatography (EtOAc) to give the final compounds (396- 
407) as solids.

7-Amino-5-[(4(3,3-dimethylbutanoyl))1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-  
triazine (396) : yield 77%; white solid (EtOAc-light petroleum) mp 297 °C. 1H NMR (DMSO d6 

δ: 1.0 (s, 9H); 2.3 (s, 2H); 3.6 (s, 4H); 3.8 (s, 4H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d,  
1H, J=4); 8.4 (bs, 2H). IR (Nujol) cm-1: 3290-3100, 1680, 1615, 1510. Anal. (C18H24N8O2) C, H, N.
7-Amino-5-[(4(tert-butylcarbonyl))1-piperazinyl]-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-triazine  
(397) : yield 74%; white solid (EtOAc-light petroleum) mp >300 °C. 1H NMR (DMSO d6) δ: 1.2 
(s, 9H); 3.6-3.8 (m, 8H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d, 1H, J=4); 8.4 (bs, 2H). IR  
(Nujol) cm-1: 3300-3110, 1675, 1610, 1500. Anal. (C17H22N8O2) C, H, N.
7-Amino-5-[(4(diphenylmethylcarbonyl))1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-  
triazine (398) : yield 63%; white solid (EtOAc-light petroleum) mp 295 °C. 1H NMR (DMSO d6) 
δ: 3.6 (s, 4H); 3.8 (s, 4H); 5.6 (s, 1H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.2-7.4 (m, 10H); 
7.9 (d, 1H, J=4); 8.4 (bs, 2H). IR (Nujol) cm-1: 3310-3110, 1675, 1620, 1510. Anal. (C26H24N8O2) 
C, H, N.
7-Amino-5-[(4(4-chloro-benzyl-carbonyl))1-piperazinyl]-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-  
triazine (399) : yield 74%; white solid (EtOAc-light petroleum) mp 260 °C. 1H NMR (DMSO d6) 
δ: 3.7-3.9 (m, 8H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.2 (d, 2H); 7.3 (d, 2H); 7.7 (d, 2H,  
J=9); 7.9 (d, 1H, J=4); 8.3 (d, 2H, J=9); 8.4 (bs, 2H). IR (Nujol) cm-1: 3300-3100, 1675, 1625, 
1500. Anal. (C20H17N8O2Cl) C, H, N.
7-Amino-5-[(4(α-naphthoyl))1-piperazinyl]-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-triazine (400) 
: yield 69%; white solid (EtOAc-light petroleum) mp 305 °C. 1H NMR (DMSO d6) δ: 3.6-4.0 (m, 
8H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.5-8.1 (m, 7H); 7.9 (d, 1H, J=4); 8.4 (bs, 2H). IR 
(Nujol) cm-1: 3305-3100, 1670, 1610, 1500. Anal. (C23H20N8O2) C, H, N.
7-Amino-5-[(4(benzoyl))1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  (401)  : 
yield 69%; white solid (EtOAc-light petroleum) mp 290 °C. 1H NMR (DMSO d6) δ: 3.4-3.9 (m, 
8H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.5 (m, 5H); 7.9 (d, 1H, J=4); 8.4 (bs, 2H). IR (Nujol)  
cm-1: 3360-3120, 1670, 1620, 1510. Anal. (C19H18N8O2) C, H, N.
7-Amino-5-[(4(4-nitrobenzoyl))1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
(402) : yield 69%; pale yellow solid (EtOAc-light petroleum) mp >300 °C (dec) 1H NMR (DMSO 
d6) δ: 3.7-3.9 (m, 8H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.7 (d, 2H); 7.9 (d, 1H, J=4); 8.3 
(d, 2H); 8.4 (bs, 2H). IR (Nujol) cm-1: 3300-3110, 1665, 1615, 1510. Anal. (C19H17N9O4) C, H, N. 
7-Amino-5-[(4(dichloromethylcarbonyl))1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-  
triazine (403) : yield 70%; white solid (EtOAc-light petroleum) mp 261 °C. 1H NMR (DMSO d6) 
δ: 3.6 (s, 4H); 3.8 (s, 4H); 6.7 (dd, 1H, J=2, J=4); 7.0 (s, 1H); 7.1 (d, 1H, J=2); 7.9 (d, 1H, J=4);  
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4. Molecular Simplifications

8.4 (bs, 2H). IR (Nujol) cm-1: 3320-3100, 1670, 1610, 1520. Anal. (C14H14N8O2Cl2) C, H, N.
7-Amino-5-[(4(methoxycarbonylethylcarbonyl))1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  
1,3,5-triazine  (404)  :  yield  74%;  white  solid  (EtOAc-light  petroleum) mp 160 °C.  1H NMR 
(DMSO d6) δ: 2.3-2.7 (m, 4H); 3.3 (s, 3H); 3.7-3.9 (m, 8H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H,  
J=2);  7.9  (d,  1H,  J=4);  8.4  (bs,  2H).  IR  (Nujol)  cm -1:  3330-3110,  1665,  1615,  1510.  Anal. 
(C17H20N8O4) C, H, N.
7-Amino-5-[(4(benzyl-carbonyl))1-piperazinyl]-2(2-furyl)  1,2,4-triazolo  [1,5-a]  1,3,5-triazine  
(405) : yield 64%; pale brown solid (EtOAc-light petroleum) mp 240 °C. 1H NMR (DMSO d6) δ: 
3.5-3.7 (m, 8H); 3.8 (s, 2H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.2-7.4 (m, 5H); 7.9 (d, 1H, 
J=4); 8.4 (bs, 2H). IR (Nujol) cm-1: 3320-3100, 1680, 1610, 1500. Anal. (C20H20N8O2) C, H, N.
7-Amino-5-[(4(pentanoyl))1-piperazinyl]-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-triazine  (406) : 
yield 66%; yellow solid (EtOAc-light petroleum) mp 167 °C. 1H NMR (DMSO d6) δ: 0.9 (t, 3H, 
J=7); 3.0-3.2 (m, 10H); 3.5 (s, 2H); 3.8 (s, 2H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.9 (d,  
1H, J=4); 8.4 (bs,2H). IR (Nujol) cm-1: 3350-3100, 1685, 1620, 1500. Anal. (C17H22N8O2) C, H, N. 
7-Amino-5-[(4(2-bromo-benzyl-carbonyl))1-piperazinyl]-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-  
triazine (407) : yield 76%; white solid (EtOAc-light petroleum) mp 223 °C. 1H NMR (DMSO d6) 
δ: 3.5-3.7 (m, 8H); 3.8 (s, 2H); 6.7 (dd, 1H, J=2, J=4); 7.1 (d, 1H, J=2); 7.2-7.4 (m, 4H); 7.9 (d,  
1H, J=4); 8.4 (bs, 2H). IR (Nujol) cm-1: 3315-3080, 1670, 1620, 1500. Anal. (C20H19N8O2Br) C, H, 
N.

Procedure for the preparation of 5,7-diamino-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-triazine
(   408   )  

A mixture of compound 70 (0.29 g, 1 mmol) in absolute ethanol saturated with gas ammonia 
(2 mL) was poured into a sealed tube and heated at 120°C for 3 h. Then the solvent was  
removed under reduced pressure and the residue crystallized from EtOAc-light petroleum to 
afford the desired compound (410) as a solid in a good yield (88%). White solid (EtOAc-light 
petroleum) mp >300 °C. 1H NMR (DMSO d6) δ: 6.68 (dd, 1H, J=2, J=4); 6.98 (bs, 2H); 7.13 (d, 
1H, J=2); 7.81 (d, 1H, J=4); 8.03 (bs, 2H). IR (Nujol) cm-1: 3300-3110, 1640, 1600, 1525. Anal. 
(C8H7N7O) C, H, N.

Procedure for  the preparation of 7-amino 5-hydroxy-2(2-furyl)  1,2,4-triazolo [1,5-a]  1,3,5-
triazine (  410  )  

A mixture of compound  70  (0.29 g, 1 mmol) in 2M KOH in absolute ethanol (2 mL) was 
poured into a sealed tube and heated at 120 °C for 3 h. Then the solvent was removed under 
reduced  pressure  and  the  residue  crystallized  from  EtOAc-light  petroleum  to  afford  the 
desired compound (410) as a solid in a good yield (76%). White solid (EtOAc-light petroleum) 
mp 206 °C. 1H NMR (DMSO d6) δ: 6.65 (dd, 1H, J=2, J=4); 7.18 (d, 1H, J=2); 7.93 (d, 1H, J=4);  
8.81 (bs, 2H); 12.13 (bs, 1H). IR (Nujol) cm -1: 3350-3145, 1655, 1610, 1530. Anal. (C8H6N6O2) 
C, H, N.
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General procedure for the N  7   benzoylation (   409   ,   412  )  

A mixture of appropriate amino compound (70,  410) (0.1 mmol) benzoyl chloride (14 μL, 
0.12 mmol), Et3N (17 μL, 0.12 mmol) in dry dioxane (10 mL) was stirred at reflux for 12 h. The 
solvent was removed in vacuo e the residue dissolved in EtOAc (15 mL) and washed with 
water (3 x 5 mL). The organic phase was dried and solvent removed under reduced pressure. 
The  crude  was  purified  by  flash  chromatography  (EtOAc)  to  give  the  final  compounds 
(409,412) as solids.

5-Phenoxy-7-phenylcarbonylamino-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-triazine (409) : yield 
87%; pale yellow solid (EtOAc-light petroleum) mp 229 °C (dec.). 1H NMR (DMSO d6) δ: 6.60 
(dd, 1H, J=2, J=4); 7.12 (d, 1H, J=2); 7.25-7.65 (m, 7H); 7.80-7.99 (m, 4H). IR (Nujol) cm -1: 
3325-3070, 1695, 1620, 1510. Anal. (C21H14N6O3) C, H, N.
5-Hydroxy-7-phenylcarbonylamino-2(2-furyl) 1,2,4-triazolo [1,5-a] 1,3,5-triazine  (412) : yield 
75%; white solid (EtOAc-light petroleum) mp 201 °C. 1H NMR (DMSO d6) δ: 6.66 (dd, 1H, J=2, 
J=4); 7.21 (d, 1H, J=2); 7.45-7.98 (m, 7H); 10.52 (bs, 1H). IR (Nujol) cm -1: 3340-3150, 1687, 
1635, 1615, 1530. Anal. (C15H10N6O3) C, H, N.

Procedure for the preparation of 5-amino-7-phenylcarbonylamino-2(2-furyl) 1,2,4-triazolo
[1,5-a] 1,3,5-triazine trifluoroacetate (   411   )  

A  mixture  of  compound  409  (0.39  g,  1  mmol)  in  absolute  ethanol  saturated  with  gas 
ammonia (3 mL) was poured into a sealed tube and heated at 120 °C for 3 h. Then the  
solvent was removed under reduced pressure and the residue crystallized from EtOAc-light 
petroleum to afford the desired compound (411) as a solid in a good yield (70%). Pale brown 
solid (EtOAc-light petroleum) mp 187 °C. 1H NMR (DMSO d6) δ: 6.62 (dd, 1H, J=2, J=4); 7.18 
(d, 1H, J=2); 7.38-7.52 (m, 3H); 7.60-7.81 (m, 4H); 7.99 (d, 1H, J=4); 8.98 (bs, 1H). IR (Nujol)  
cm-1: 3325-3105, 1690, 1640, 1605, 1540. Anal. (C15H11N7O2) C, H, N.
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4.2 1,2,4-TRIAZOLO[1,5-c]PYRIMIDINES

4.2.1 Introduction
In the past years our research group have investigated the 1,2,4-triazolo[1,5-c]pyrimidine 
scaffold  as  a  molecular  simplification  of  the  pyrazolotriazolopyrimidine  (PTP)  nucleus.  In 
particular  arylcarbamoyl (for A3) or arylacetyl (for A2B) moieties, which gave good results in 
the  pyrazolotriazolopyrimidine  family,  were  introduced  at  the  N5 position,  while  various 
amides and esters are present at the 7 position.68 Unfortunately, this series didn't display the 
expected affinity, in particular, compounds are poorly active versus A3AR with Ki values in the 
high nanomolar or even micromolar range.Instead, as reported in figure 38 an urea or a 

phenylacetamide (413, 414) at the 5 position favoured the binding at the A2AAR. Surprisingly, 
derivative  415 showed  the  best  affinity  against  the  A3AR  (Ki of  38.7  nM)  which  is  an 
intermediate in the synthesis of the other compounds. So, with the aim to shift the affinity 
versus  the  A3AR,  we  decided  to  synthesise  a  new  triazolopyrimidine  series,  introducing 
various  amines  at  position-5  while  maintaining  an  ethyl  ester  (which  was  present  in 
derivative 415) or a hydroxycarbonyl group  at the 7 position.

4.2.2 Chemistry

The 5-methylsulfanyl[1,3,4]triazolo[1,5-c]pyrimidine derivative (419) was synthesised in four 
steps.228,229 First, the 2-methyl-thiopseudourea was dissolved in NaOH(aq) and then a solution 
of  diethylethoxymethilenemalonate in ethanol  was added giving the pyrimidine  416 as  a 
sodium salt. Compound 416 was treated with POCl3 at reflux and the chloro-derivative 417 
was obtained as a solid. This was readily reacted with the 2-furoylhydrazide in THF with the 
addition  of  DBU  to  afford  derivative  418.  Finally,  a  mixture  of  compound  418,  P2O5, 
hexamethyldisiloxane  in  xylene  give  the  desired  5-methylsulfanyl[1,3,4]triazolo[1,5-
c]pyrimidine (419). (Scheme 9)
Trough the treatment of the key derivative 419 with the appropriate amine in ethanol, the 
desired  5-aminoderivatives  were  obtained.  The  corresponding  carboxylic  acids  were 
obtained by basic hydrolysis with LiOH.H2O in ethanol. These compounds, after activation of 
the carboxylic group, could be coupled with amines or alchols to afford the appropriates 
amides or esters.

4.2.3 Results and Discussion

All the synthesized compounds were tested on the four adenosine receptor subtypes by Prof.  
Karl-Norbert Klotz of University of Würzburg. 
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All the compounds bearing a carboxyl acid group (439-455) at the 7 position are inactive or in 
some cases active at a micromolar range at all the adenosine receptor subtypes. (Table 8) At 
the A1AR,  compounds exhibit  affinities  in  the high nanomolar  or  even micromolar  range 
except for compounds 423, 425, 426, bearing an isopropyl, cyclopropyl or cyclopentyl moiety 
at the N5 position respectively  and  displaying  affinities  under  100  nM.

The potency at the A2BAR was evaluated by a functional assay rather than a binding assay 
such as for the other receptor subtypes. This is due to few available potent radioligands for 
the A2B adenosine receptor but also to the difficulty to obtain cloned cells that expressed 
high concentrations of this receptor subtype. Consequence of the different characterization 
of  the potency to A2BAR respect to the other receptors is  that a direct  data comparison 
couldn't be performed. However, it could be observed that little alkyl (420,421) or cycloalkyl 
(425)  amino  moieties  at  the  N5 position  were  well  tolerated  at  the  A2BAR,  such  as  for 
compounds  420 and  425 which display a  Ki of 2,450 and 2,260 nM respectively. Also the 
benzylamine give a  derivative with a  Ki of  2,510 nM (428)  that decrease if  a  chlorine,  a 
fluorine or a trifluoromethyl group were introduced at the para position of the phenyl ring. 
Concerning the A3AR subtype, ethyl ester derivatives show affinity values in the nanomolar 
range; in particular little alkyl moieties at the N5 position give compounds with high affinities 
at the A3AR and also a discrete selectivity versus A2AAR but especially versus A1AR, such as for 
compound 421 (KihA3=3.30 nM, A1/A3=49, A2A/A3=15). Also in the cycloalkyl derivatives a little 
moiety  such as  a  cyclopropyl  ring  (425,  KihA3=9.52 nM) allow better  interactions  than a 
cyclohexylmethyl ring (427, KihA3=41.2 nM). However they display a similar selectivity profile 
against A1AR (425, 6-fold; 427, 10-fold) and A2AAR (425, 4-fold; 427, 3-fold). Surprinsingly, the 
middle size ring cyclopentane of derivative 426 shows a completely lost of selectivity towards 
A1, A2A and A3AR, showing affinity values in the range of 34.4-43.4 nM. A benzyl amine at the 
5 position is well tolerated at the A3AR (428, KihA3=10 nM), while a decrease of affinity was 
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observed when substituents were introduced at the para position. of the phenyl ring (429-
434). In particular, when small groups were present, derivatives show a 5-fold detrimental 

Compd. R R1 hA1 a

(Ki nM)
hA2A b

(Ki nM)
hA2B c

(Ki nM)
hA3 d

(Ki nM)

420 NHCH3 OEt 978
(716-1,340)

104
(89.2-122)

2,450
(1,770-3,370)

4.14
(3.53-4.86)

421 NHCH2CH3 OEt 162
(157-167)

50.3
(48.8-51.9)

3,060
(2,230-4,200)

3.30
(2.85-3.83)

422 NHnC5H11 OEt 613
(439-856)

50.1
(46.1-54.4)

> 10,000 11.3
(9.75-13.1)

423 NHCH(CH3)2 OEt 40.0
(33.0-48.5)

103
(63.2-167)

~10,000 9.46
(7.70-11.6)

424 NHCH2CH(CH2CH
3)(CH2)3CH3

OEt 1,150
(974-1,350)

215
(172-269)

> 10,000 39.3
(27.3-56.7)

425 NHcC3H5 OEt 60.7
(47.7-77.2)

37.4
(31.2-44.8)

2,260
(1,700-3,000)

9.52
(7.24-12.5)

426 NHcC5H9 OEt 34.4
(33.2-35.7)

43.4
(36.8-51.1)

4,620
(3,090-6,890)

35
(30.2-40.6)

427 NHCH2cC6H11 OEt 432
(369-507)

121
(75.5-194)

> 10,000 41.2
(35-48.4)

428 NHCH2Ph OEt 940
(643-1,380)

32.0
(22.2-46.2)

2,510
(1,700-3,720)

10.0
(8.98-11.2)

429 NHCH2Ph-4CH3 OEt 1,340
(894-2,000)

122
(101-146)

~10,000 56.1
(42.9-73.2)

430 NHCH2Ph-4OCH3 OEt 1,250
(944-1,650)

142
(97.8-206)

4,810
(2,730-8,470

57.6
(34.7-95.6)

431 NHCH2Ph-4F OEt 932
(868-1,000)

39.3
(39.2-39.4)

1,970
(1,270-3,060)

46.3
(39.4-54.3)

432 NHCH2Ph-4Cl OEt 866
(616-1,220)

73.2
(51.7-104)

1,630
(901-2,960)

56.8
(38.8-83.2)

433 NHCH2Ph-4CF3 OEt 1,590
(1,510-1,670)

209
(159-275)

2,040
(1,550-2,680)

323
(282-370)

434 NHCH2Ph-4-Ph OEt 890
(701-1,130)

187
(150-233)

> 30,000 875
(773-990)
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435 NHCHPh2 OEt 943
(797-1,120)

385
(288-516)

> 30,000 336
(289-391)

436 NHCH2CH2NHCO2

C(CH3)3

OEt > 100,000 376
(337-420)

> 30,000 129
(124-133)

437 NHCH2CH2NH3
+ OEt 2,340

(1,880-2,900)
829

(772-890)
> 30,000 2,000

(1,620-2,480)

438 NHCH2Ph-
3,4OCH3

NHCH
Ph2

122
(77.0-193)

137
(115-163)

> 30,000 69.9
(46.8-105)

439 NHCH3 OH > 100,000 > 100,000 > 10,000 15,900
(15,400-16,400)

440 NHCH2CH3 OH 11,900
(9,460-15,000)

3,680
(3,000-4,520)

> 10,000 480
(391-590)

441 NHnC5H11 OH 10,400
(10,100-10,800)

26,900
(23,300-31,100)

> 10,000 26,300
(20,700-33,600)

442 NHCH2CH(CH2CH
3)(CH2)3CH3

OH 1,780
(1,170-2,720)

33,800
(27,700-41,100)

> 10,000 16,400
(13,400-20,200)

443 NHCH(CH3)2 OH 4,490
(4,250-4,740)

7,660
(5,660-10,400)

> 10,000 17,500
(12,700-24,200)

444 NHcC3H5 OH 1,110
(1,060-1,170)

596
(535-663)

> 10,000 165
(136-200)

445 NHcC5H9 OH 3,790
(3,440-4,170)

37,300
(29,000-47,900)

> 10,000 17,700
(15,100-20,700)

446 NHCH2cC6H11 OH 2,740
(2,090-3,610)

33,900
(32,100-35,700)

> 10,000 14,400
(6,940-29,800)

447 NHCH2Ph OH 5,090
(4,390-5,910)

3,660
(2,430-5,510)

> 10,000 2,230
(1,970-2,520)

448 NHCH2Ph-4CH3 OH 2,730
(2,300-3,250)

1,190
(850-1,660)

> 10,000 751
(680-830)

449 NHCH2Ph-4OCH3 OH 5,760
(4,090-8,100)

12,400
(10,400-14,800)

> 30,000 5,520
(4,120-7,390)

450 NHCH2Ph-4F OH > 100,000 6,390
(5,150-7,930)

> 30,000 14,000
(8,130-24,200)

451 NHCH2Ph-4Cl OH > 100,000 > 100,000 > 30,000 11,600
(9,040-14,900)

452 NHCH2Ph-4CF3 OH > 100,000 18,000
(16,200-20,000)

> 30,000 15,900
(8,450-30,000)

453 NHCH2Ph-4-Ph OH 30,100
(19,400-46,800)

> 100,000 > 30,000 28,300
(25,200-31,700)
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454 NHCHPh2 OH 2,450
(1,430-4,190)

> 100,000 > 30,000 2,070
(1,690-2,540)

455 NHCH2CH2NHCO2

C(CH3)3

OH > 100,000 22,600
(17,800-28,800)

> 30,000 7,750
(7,580-7,910)

aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A  receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase activity  in CHO cells  expressing human A2B  receptors.  dDisplacement of  specific  [3H]-NECA binding at  human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

effect  in  affinity  value  (e.g.  430,  KihA3=57.6  nM),  while  bigger  moieties  such as  a 
trifluoromethyl or a phenyl give rise to derivative active in a high nanomolar range (e.g. 434, 
KihA3=875 nM). Also the benzhydrylamino moiety lead to a poorly active compound at the 
A3AR subtype and the same behaviour was observed even at the A2AAR (435, KihA3=336 nM, 
KihA2A=385  nM).  In  the  substituted-benzyl  derivatives,  affinity  values  at  the  A3AR  are 
comparable (431,  KihA3=46.3 nM  vs KihA2A=39.3 nM) or even worse than those displayed 
towards the A2AAR, such as when a big moiety was present at position 4 of the phenyl ring 
(434,  KihA3=875 nM  vs KihA2A=187 nM). The Boc-ethylendiamine derivative display a poor 
affinity at the A3AR, but displays 3-fold selectivity versus the A2AAR subtype (436, KihA3=129 
nM  vs KihA2A=376 nM) while the same substitution at the PTP nucleus gave a comparable 
potency at  the two receptors  (Cap 3  260,  KihA3=553 nM  vs KihA2A=624 nM).  The N-boc-
deprotection of derivative 436 lead to an affinity decrease to micromolar values, only at the 
A2AAR, compound 437 shows affinity in submicromolar range.
Finally. a bulky benzhydryl amide instead of an ethyl ester moiety was introduced at the 8 
position of derivative 415, giving rise to compound 438 that displays a Ki about 69.9 nM at 
the A3AR and a little less potency at the A1 and A2A receptor subtypes, thus involving a poor 
selectivity (KihA1=122 nM, KihA2A=137 nM).

These results suggested that a little moiety should be present at the 5 position on this kind of 
molecules.  Prof.  Stefano  Moro  of  the  University  of  Padua  have  performed  a  docking 
simulation of the PTP derivative 140 and the triazolopyrimidine 420 inside the hA3AR binding 
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Figure 38. Hypothetical binding modes of the derivatives 141 (A) and 420 (B)obtained after docking simulations 
inside the hA3AR binding site. Poses are viewed from the membrane side facing TM6, TM7, and TM1. The view 
of TM7 is voluntarily omitted. Side chains of some amino acids important for ligand recognition and H-bonding 
interactions are highlighted. Hydrogen atoms are not displayed.
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pocket. In figure 38 is possible to observe that the molecules possess a different orientation 
in the binding site but both display fundamental interactions with residues that resemble 
necessary to the antagonist anchoring inside the A3AR binding site. This interactions consist 
in  hydrogen bonding  with Asn250 and π  π  interactions  with Phe 168.  The furan ring  in  
derivative 420 point towards the inner part of the receptor. Methylamino moiety is directed 
to  the  upper  region  of  the  binding  pocket,  while  the  chain  at  the  8  position  of  the 
triazolopyrimidine is located as the PTP furan ring, in a hydrophobic pocket delimited by 
Val65, Ala69, Thr87, Leu90, Tyr265 e Ile268. In view of these results,  the successive step 
consisted  to investigate  the 8  position of  the  1,2,4-triazolo[1,5-c]pyrimidine nucleus.  We 
have synthesised a new series of derivatives maintaining the little methylamino group at the 
5 position while introducing different esters or amides at the 8 position, particularly benzyl  
moieties, in order to improve the hydrophobic interactions inside the lateral pocket in which 
this chains are probably located in the A3AR.

Compd. R hA1 a

(Ki nM)
hA2A b

(Ki nM)
hA2B c

(Ki nM)
hA3 d

(Ki nM)

457 OCH(CH3)2 744
(577-959)

86.5
(63.9-117)

≈10,000 2.75
(2.43-3.12)

458 OCH2Ph 277
(220-350)

114
(80.3-161)

≈10,000 7.21
(4.22-12.3)

459 OCHPh2 48.3
(43.0-54.2)

197
(118-329)

> 10,000 1.99
(1.6-2.47)

460 OCH(CH3)Ph 51.0
(35.3-73.8)

11.0
(6.83-17.6)

≈7,000 3.19
(2.06-4.93)

461 OCH2Ph-2-CH3 93.9
(73.0-121)

37.2
(29.2-47.4)

> 10,000 30.6
(19.0-49.1)

462 OCH2Ph-3-CH3 79.7
(47.8-133)

21.0
(17.2-25.6)

> 10,000 10.8
(6.92-16.8)

463 OCH2Ph-4-CH3 190
(180-201)

62.2
(36.8-105)

> 10,000 3.72
(3.07-4.50)

464 OCH2Ph-4-CH2CH3 119
(79.1-178)

21.0
(17.2-25.6)

> 10,000 1.21
(0.907-1.62)

465 OCH2Ph-2-OCH3 55.2
(42.0-72.4)

13.2
(8.03-21.8)

> 10,000 1.71
(1.14-2.57)

466 OCH2Ph-3-OCH3 34.3
(28.6-41.0)

14.9
(10.5-21.0)

≈1,000 7.42
(5.51-9.99)

467 OCH2Ph-4-OCH3 102
(79.9-131)

194
(111-337)

> 10,000 5.62
(4.73-6.67)
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468 OCH2Ph-2-Cl 348
(249-485)

32.0
(23.8-43.2)

> 10,000 6.05
(4.61-7.95)

469 OCH2Ph-3-Cl 26.4
(15.1-46.2)

15.7
(13.5-18.4)

≈10,000 6.73
(4.06-11.2)

470 OCH2Ph-4-Cl 216
(195-238)

71.9
(61.1-84.5)

> 10,000 4.88
(3.03-7.86)

471 OCH2Ph-2-Br 313
(231-423)

24.3
(21.1-27.9)

> 10,000 14.3
(6.56-31.2)

472 OCH2Ph-3-F 130
(93.5-181)

32.5
(26.5-39.9)

> 10,000 3.37
(1.99-5.73)

473 OCH2Ph-4-F 556
(316-980)

71.5
(58.2-87.8)

> 10,000 5.21
(4.30-6.32)

474 NHCH2Ph 23.4
(19.0-28.9)

18.6
(10.8-32.1)

> 10,000 3.73
(3.00-4.65)

475 NHCH2Ph-
3,4(OCH3)2

246
(166-365)

141
(106-187)

> 10,000 102
(90.2-115)

476 NHCH2Ph-4-CH3 46.6
(41.5-52.4)

100
(75.6-132)

> 10,000 5.02
(3.9-6.46)

477 NHCH2Ph-4-OCH3 41.0
(29.3-57.3)

81.3
(60.3-110)

> 10,000 12.5
(9.9-15.8)

478 NHCH2Ph-4-Cl 137
(110-169)

59.4
(50.8-69.4)

> 10,000 10.0
(9.58-10.5)

479 NHCH2Ph-4-F 250
(228-274)

47.6
(39.8-56.8)

> 10,000 7.23
(5.96-8.77)

480 NHCH2Ph-4-CF3 3,850
(2,430-6,090)

2,950
(1,930-4,500)

> 10,000 15.3
(11.6-20.1)

481 NHCH2Ph-4-Ph > 100,000 9,390
(8,600-10,300)

> 10,000 521
(341-797)

482 NH(CH2)2Ph-
3,4(OCH3)2

177
(121-259)

169
(105-271)

> 10,000 107
(91.4-124)

483 NHCHPh2 28.3
(20.5-39.1)

61.6
(52.3-72.5)

≈10,000 5.08
(4.53-5.70)

484 NH(CH2)2Ph 73.1
(47.8-112)

29.7
(27.1-32.6)

> 10,000 6.82
(5.10-9.12)

485 NHC(CH3)2CH2Ph 38.0
(30.0-48.0)

6.12
(5.92-6.33)

≈3,000 6.52
(4.40-9.66)

486 NH(CH2)2OPh 172
(165-180)

38.2
(28.0-52.2)

> 10,000 16.4
(10.5-25.7)

487 NH-NH-Ph 58.7
(54.2-63.6)

342
(286-408)

> 10,000 15.1
(13.3-17.2)
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aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A  receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase  activity in  CHO cells  expressing human A2B  receptors.  dDisplacement of  specific  [3H]-NECA binding at  human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

All the synthesised compound (457-487) display good affinities at the hA3AR with different 
degrees  of  selectivity  versus  the  other  receptor  subtypes.  All  the  derivatives  are  totally 
inactive at the A2BAR receptor, while at the A1AR subtype, even if compounds don't show 
potent antagonistic activity, an affinity modulation, respect to the introduced substitution at 
the 7 position, was present. In the ester series a bulky substituent such as a benzhydryl (459, 
KiA1=48.3  nM)  or  1-phenylethyl  (460,  KiA1=51  nM)  moiety  was  preferred  than  the 
unsubstituted benzyl moiety (458, KiA1=277 nM). Introduction of a substituent on the phenyl 
ring improve the affinity at the A1AR except when a 2-Cl (468) or a 2-Br (471) are present. 
Generally a substitution at the 3 position  give better results than the 2 position and the 
more unfavourable interactions were given by the para-substitution (except for derivative 
468)  (2-OCH3 465,  KiA1=55.2  nM; 3-OCH3 466,  KiA1=34.3  nM; 4-OCH3 467,  KiA1=102 nM). 
Regarding the amide series, it could be observed that while the benzylester (458) is poorly 
active at the A1AR, the benzylamide derivative (474) display a Ki of 23.4 nM at the A2BAR. This 
affinity  value  was  comparable  to  that  showed  by  the  benzhydrylamide  derivative  483 
(KiA1=28.3 nM). Also the 1-methyl-1-phenylethylamide (485, KiA1=38 nM) gave good results 
in terms of affinity at the A1AR confirming that bulky substituents allow good interactions at 
the A1AR subtype. Finally, also a phenylhydrazide derivative was synthesised and it was well  
tolerated at the A1AR.
At the A2AAR affinities are better than at A1AR but the trend of affinity in relation to the 
introduced substituents was the same for  the two receptors,  except  for  compounds  459 
(KiA2A=197  nM)  and  483 (KiA2A=61.6  nM)  where  a  benzhydryl  moiety  have  a  detrimental 
effect on affinity value if compared to the benzyl moiety (458,  474). Instead, in contrast to 
that observed at A1AR, a phenylhydrazide derivative (487) gave unfavourable interaction at 
A2AAR.
Concerning the A3AR subtype, the isopropyl  derivative (457,  KihA3=2.75) exhibits  a better 
affinity  than  the  corresponding  ethyl  ester  (420,  KihA3=4.14  nM).  As  for  the  A1 and  A2A 

receptor subtypes, also at the A3AR bulky substituents are well tolerated into the binding site 
(e.g.  459, KihA3=1.99 nM). The introduction of a benzyl moiety give rise to compound  458 
that display a Ki of 7.21 nM towards A3AR. Substitution on the phenyl ring generally cause an 
improvement of affinity without a specific dependence with the substituent position. Good 
results in terms of both affinity and selectivity were obtained with compound 464, bearing 
an  ethyl  group  at  the  para position  of  phenyl  ring  (KihA3=1.21  nM,  KihA1/KihA3=98, 
KihA1/KihA3=17). Instead, in the amide series, the benzylamide group increase affinity respect 
to the benzylester group (474, KihA3=3.73 nM vs 458, KihA3=7.21 nM) and the substitution on 
the phenyl ring have a little detrimental effect in terms of affinity at the A3AR (e.g.  478), 
except for the 4-phenyl derivative that shows a Ki of 521 nM, probably for the excessive  
length of the introduced moiety. Derivatives bearing a phenylethyl (483, KihA3=5.08 nM), or a 
bulkier benzhydryl (484, KihA3=6.82 nM) and  α,α-dimethyl-phenethyl  (485, KihA3=6.52 nM) 
moieties  display  a  similar  affinity  to  the  benzylamide  compound  (474).  Surprisingly,  the 
phenylhydrazide moiety (487) was well tolerated at this receptor subtype, in fact derivative 
487 shows an affinity of  15 nM. Selectivity towards A2AAR was not very high,  but it  was 
completely loose in derivatives 461 and 485.
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4.2.4 Conclusions

We could conclude that in order to have a good affinity at the A3AR receptor, we need of a 
little moiety at the 5 position while at the 7 position we could introduce little alkyl (420, 457) 
esters  or  various  benzyl  esters  and  amides.  An  amide  group  was  preferred.  The  best 
compound of the series at the A3AR was the derivative 459 that bears a benzhydryl ester at 
the 7 position and a methylamino moiety at position 5. Compound 459 display high affinity 
at the A3AR and also a quite selectivity against the A1AR and a good selectivity towards A2AAR 
subtype (KihA1=48.3 nM, KihA2A=197 nM, KihA2B>10,000 nM, KihA3=1.99 nM). Probably the 
benzhydryl moiety enhance the hydrophobic interactions inside the A3AR, in according with 
the suggestion given by the docking simulation. Future perspective will be the investigation 
of the position-2 of the triazolopyrimidine scaffold with the aim to evaluate if a ring different  
from furan could give better interactions at the A3AR.

4.2.5 Experimental Section

P  rocedure  for  the  preparation  of  4-Hydroxy-2-methylthio-5-carbethoxypyrimidine  sodium   
salt (  416  )  228

To a solution of 34.4 g (0.860 mol) of sodium hydroxide in 215 mL of water at 20°C was  
added 59.8 g of 2-methyl-2-thio-pesudourea sulfate (0.215 mol). The mixture was stirred for 
5  minutes,  by  which  time  most  of  the  pseudo-thiourea  had  dissolved.  Diethyl 
ethoxymethylenemalonate (0.430 mol, 92.9 g), dissolved in 500 mL of ethanol, was added 
with stirring over a period of 1 hour. Stirring was continued for 3 hours after the addition was 
completed. After standing for 24 hours, the mixture was filtered to give a pink solid.
Yield 60-70%. pale pink solid; mp 310 °C; 1H-NMR (200 MHz, D2O) δ: 1.2 (2H, t, J = 7); 2.29 
(3H, s); 4.18 (2H, q, J = 7); 8.20 (1H, s). 

Procedure for the preparation of 4-chloro-2-methylthio-5-carbethoxypyrimidine (  417  )  

To 9 g (38mmol) of dried 416 was added 27 mL of phosphorous oxyxhloride at a such a rate 
that the temperature remained below 50°C. After the addition was complete, the mixture 
was refluxed for three hours. The excess phosphorous was then removed under removed 
pressure. Ice and ether were added to the solid residue, and the mixture was shaken until all 
the solid had dissolved. The ether layer was washed with water, dried over sodium sulfate, 
and the ether was removed by evaporation under reduced pressure. The crude product was 
readily used in the next step due to stability problems.

Procedure  for  the  preparation  of    4-[N'-(Furan-2-carbonyl)-hydrazino]-2-methylsulfanyl-  
pyrimidine-5-carboxylic acid ethyl ester (  418  )  

To 2 g (164 mmol)  of  chloropyrimidine (417)  and 1.91 g of  2-furoylhydrazide (15 mmol) 
dissolved in THF, was slowly added 2.23 mL of DBU (8 mmol), after that mixture was stirred 
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at  room  temperature  for  5  hours.  The  solvent  was  then  removed  and  the  residue  was 
dissolved in dichloromethane and the resulting solution was washed with water. The organic 
layer was concentrated, dried and purified by flash chromatography (eluent: diethyl ether 6 :  
ethylacetate 4).

Yield 60-70%; yellow solid; mp 125°C;  1H-NMR (200 MHz, CDCl3) δ: 1.36 (2H, t, J = 7); 2.55 
(3H, s); 4.40 (2H, q, J = 7); 6.51 (1H, dd, J = 2, J = 4); 7.20 (1H, d, J = 4); 7.50 (1H, d, J = 2); 8.66  
(1H, s); 9.15 (1H, bs), 10.01 (1H, bs).

Procedure  for  the  preparation  of  2-Furan-2-yl-5-methylsulfanyl-[1,2,4]triazolo[1,5-
c]pyrimidine-8-carboxylic acid ethyl ester (  419  )  229

To  73  mL  of  dry  xylene  were  added  2  g  of  P2O5 (14  mmol)  and  6.59  mL  of 
hexamethyldisoloxane (30 mmol) and the mixture was heated at 90°C for 2 hours. 3 g of dry 
compound  418 was  then added and the reaction  was refluxed overnight.  After  that  the 
solvent was removed under reduced pressure and the residue was dissolved in ethylacetate 
and washed with water. The organic layer was then dried, concentrated and purified by flash 
chromatography using light petroleum 9 : ethylacetate 1.
Yield 68%; white solid; mp 165 °C;1H-NMR (200 MHz, CDCl3) δ: 1.41 (2H, t, J = 7); 2.82 (3H, s); 
4.48 (2H, q, J = 7); 6.61 (1H, dd, J = 2, J = 4); 7.40 (1H, d, J = 4); 7.62 (1H, d, J = 2); 8.89 (1H, s). 

General p  rocedure for   nucleophilic substitution with amino compounds (  415  ,   420-436  )  

To 100 mg (0.328 mmol) of compound 419 dissolved in ethanol, was added the appropriate 
amine (0.986 mmol). The mixture was heated in a sealed tube at 120°C for three hours. The  
solvent  was then removed and the  residue  was purified by  flash  chromatography (Light 
petroleum, ethylacetate 8:2 or 7:3).

5-(3,4-Dimethoxy-benzylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  
acid ethyl ester (415): yield 72%; white solid; mp 140 °C;  1H-NMR (200 MHz, CDCl3) δ: 1.34 
(2H, t, J = 7); 3.71 (3H, s); 3.72 (3H, s); 4.31 (2H, q, J = 7); 4.67 (2H, s); 6.74 (1H, dd, J = 2, J =  
4); 6.82-6.98 (2H, m); 7.07 (1H, s); 7.24 (1H, s, J = 4); 7.98 (1H, d, J = 2); 8.57 (1H, s); 9.54 (1H, 
bs). C21H21N5O5. M.W.: 423.43.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  ethyl  ester 
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(420): yield 83%; pale yellow solid; mp 220°C;IR; 1H-NMR (200 MHz, CDCl3) δ 1.45 (3H, t, J=7), 
3.32 (3H, d, J=4.4), 4.48 (2H, q, J=7), 6.60 (1H, dd, J=2, J=4), 6.70 (1H, bs), 7.41 (1H, d, J=4),  
7.62 (1H, d, J=2), 8.73 (1H, s). C13H13N5O3. M.W.: 287.27.
5-Ethylamino-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid ethyl ester (421): 
yield 78%; pale yellow solid; mp 157°C;IR;  1H-NMR (200 MHz, CDCl3) δ 1.37-1.48 (6H, m), 
3.71-3.86 (2H, m), 4.48 (2H, q, J=7), 6.60 (1H, dd, J=2, J=4), 6.68 (1H, bs), 7.40 (1H, d, J=4),  
7.63 (1H, d, J=2), 8.71 (1H, s). C14H15N5O3. M.W.: 301.30.
2-Furan-2-yl-5-pentylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid ethyl  ester 
(422): yield 88%; pale yellow solid; mp 100°C;IR; 1H-NMR (200 MHz, CDCl3) δ 0.93-0.96 (3H, 
m),  1.41-1.48 (7H,  m),  1.72-1.81 (2H,  m),  3.67-3.82 (2H,  m),  4.47 (2H,  q,  J=7),  6.60-6.69 
(2H,m), 7.41 (1H, d, J=4) 7.63 (1H, d, J=2), 8.71 (1H, s). C17H21N5O3. M.W.: 343.38.
2-Furan-2-yl-5-isopropylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  ethyl  ester 
(423): yield 54%; white solid; mp 125°C;IR;  1H-NMR (200 MHz, CDCl3) δ 1.41-1.47 (6H, m), 
1.67-1.81 (3H, m), 3.65-3.69 (2H, m), 4.62 (2H, q, J=7), 6.47-6.60 (2H,m), 7.41 (1H, d, J=4)  
7.63  (1H,  d,  J=2),  8.70  (1H,  s).  ES-MS  (methanol)  m/z:  316.2  (M+1). C15H17N5O3.  M.W.: 
315.33.
5-(2-Ethyl-hexylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  ethyl  
ester (424): yield 89%; pale yellow solid; mp 100°C;IR; 1H-NMR (200 MHz, CDCl3) δ 0.95-0.99 
(6H, m), 1.35-1.48 (11H, m), 1.67-1.78 (1H, m), 3.67 (2H, t, J=6), 4.47 (2H, q, J=7), 6.56-6.63  
(2H,m), 7.38 (1H, d, J=4) 7.62 (1H, d, J=2), 8.70 (1H, s). ES-MS
5-Cyclopropylamino-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid ethyl  ester 
(425):  yield 75%; white solid; mp 137°C;IR;  1H-NMR (200 MHz, CDCl3) δ 0.83 (2H, bs), 1.05 
(2H, d, J=6), 1.44 (3H, t. J=7), 3.11 (1H, bs), 4.46 (2H, q, J=7), 6.59 (1H, dd, J=2, J=4), 6.84 (1H,  
bs), 7.40 (1H, d, J=4) 7.62 (1H, d, J=2), 8.77 (1H, s). C15H15N5O3. M.W.: 313.31.
5-Cyclopentylamino-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid ethyl ester 
(426): yield 64%; white solid; mp 127°C;IR; 1H-NMR (200 MHz, CDCl3) δ 1.44 (3H, t. J=7), 1.64-
1.85 (6H, m), 2.20 (2H, bs), 4.47 (2H, q, J=7), 4.6 (1H, bs), 6.59 (2H, bs), 7.41 (1H, d, J=4), 7.63  
(1H, d, J=2), 8.71 (1H, s). C17H19N5O3. M.W.: 341.36.
5-(Cyclohexylmethyl-amino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  
ethyl ester (427): yield 88%; white solid; mp 127°C;IR; 1H-NMR (200 MHz, CDCl3) δ 1.02-1.33 
(4H,m), 1.44 (3H, t. J=7), 1.66-1.87 (7H, m), 3.59 (2H, t, J=6), 4.47 (2H, q, J=7), 6.60 (1H, dd,  
J=2, J=4), 6.73 (1H, bs), 7.41 (1H, d, J=4), 7.63 (1H, d, J=2), 8.70 (1H, s). C19H23N5O3. M.W.: 
369.42.
5-Benzylamino-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  ethyl  ester 
(428): yield 76%; yellow solid; mp 130°C; 1H-NMR (200 MHz, CDCl3) δ 1.45 (3H, t. J=7), 4.48 
(2H, q, J=7), 4.92 (2H, d, J=5), 6.59 (1H, dd, J=2, J=4), 6.97 (1H, bs), 7.33-7.49 (6H, m), 7.60  
(1H, d, J=2),  8.74 (1H, s).  ES-MS (methanol) m/z: 364.1 (M+1), 386.1 (M+23). C19H17N5O3. 
M.W.: 363.37.
2-Furan-2-yl-5-(4-methyl-benzylamino)-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  
ethyl ester (429): yield 85%; pale yellow solid; mp 104°C;  1H-NMR (200 MHz, CDCl3) δ 1.45 
(3H, t. J=7), 2.35 (3H, s), 4.48 (2H, q, J=7), 4.87 (2H, d, J=5), 6.58 (1H, dd, J=2, J=4), 6.93 (1H, 
bs), 7.24 (4H, dd, J=8, J=24), 7.38 (1H, d, J=4), 7.60 (1H, d, J=2), 8.74 (1H, s). C20H19N5O3. M.W.: 
377.40.
2-Furan-2-yl-5-(4-methoxy-benzylamino)-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid  
ethyl ester (430): yield 76%; yellow solid; mp 149°C; 1H-NMR (200 MHz, CDCl3) δ 1.44 (3H, t. 
J=7), 3.81 (3H, s), 4.48 (2H, q, J=7), 4.84 (2H, d, J=5), 6.57 (1H, dd, J=2, J=4), 6.88-6.92 (3H, 

126



4. Molecular Simplifications

m), 7.32-7.36 (3H, m), 7.60 (1H, d, J=2), 8.74 (1H, s). C20H19N5O4. M.W.: 393.40.
5-(4-Fluoro-benzylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid ethyl  
ester (431): yield 84%; white solid; mp 150°C; 1H-NMR (200 MHz, CDCl3) δ 1.45 (3H, t. J=7), 
4.48 (2H, q, J=7), 4.88 (2H, d, J=6), 6.59 (1H, dd, J=2, J=4), 6.88 (1H, bs), 7.00-7.10 (2H, m),  
7.37-7.43 (3H,  m),  7.60 (1H,  d,  J=2),  8.73 (1H,  s).  ES-MS (methanol)  m/z:  404.1  (M+23). 
C19H16FN5O3. M.W.: 381.36.
5-(4-Chloro-benzylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid ethyl  
ester (432): yield 73%; yellow solid; mp 135°C; 1H-NMR (200 MHz, CDCl3) δ 1.45 (3H, t. J=7), 
4.49 (2H, q, J=7), 4.88 (2H, d, J=6), 6.59 (1H, dd, J=2, J=4), 6.96 (1H, bs), 7.30-7.35 (5H, m),  
7.37-7.43 (3H, m), 7.60 (1H, d, J=2), 8.72 (1H, s). ES-MS (methanol) m/z: 398.1 (M+1), 420.1 
(M+23). C19H16ClN5O3. M.W.: 397.82.
2-Furan-2-yl-5-(4-trifluoromethyl-benzylamino)-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  
acid ethyl ester (433): yield 85%; white solid; mp 163°C; 1H-NMR (200 MHz, CDCl3) δ 1.44 (3H, 
t. J=7), 4.48 (2H, q, J=7), 4.94 (2H, d, J=6), 6.59 (1H, dd, J=2, J=4), 7.02 (1H, bs), 7.39-7.66 (6H,  
m), 8.74 (1H, s). ES-MS (methanol) m/z: 454.1 (M+23). C20H16F3N5O3. M.W.: 431.37.
5-[(Biphenyl-4-ylmethyl)-amino]-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  
acid ethyl ester (434): yield 87%; orange solid; mp 110°C;  1H-NMR (200 MHz, CDCl3) δ 1.45 
(3H, t. J=7), 4.48 (2H, q, J=7), 4.95 (2H, d, J=6), 6.59 (1H, dd, J=2, J=4), 6.99 (1H, bs), 7.37-7.62  
(11H, m), 8.75 (1H, s). C25H21N5O3. M.W.: 439.47.
5-(Benzhydryl-amino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  ethyl  
ester (435): yield 71%; pale yellow solid; mp 160°C; 1H-NMR (200 MHz, CDCl3) δ 1.42 (3H, t. 
J=7), 4.45 (2H, q, J=7), 6.59 (1H, dd, J=2, J=4), 6.71 (1H, d, J=6), 7.23 (1H, bs), 7.28-7.48 (11H, 
m), 7.61 (1H, d, J=2), 8.67 (1H, s). C25H21N5O3. M.W.: 439.47.
5-(2-tert-Butoxycarbonylamino-ethylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-
carboxylic acid ethyl ester (436): yield 85%; pale yellow solid; mp 170°C; 1H-NMR (200 MHz, 
CDCl3) δ 1.43-1.53 (12H, m), 3.52 (2H, bs), 3.83 (2H, bs), 4.47 (2H, q, J=7), 4.92 (1H, bs), 6.59  
(1H, dd, J=2, J=4),  7.14 (1H,  bs),  7.37 (1H,  d,  J=4),  7.62 (1H, d,  J=2),  8.68 (1H,  s).  ES-MS 
(methanol) m/z: 439.2 (M+23). C19H24N6O5. M.W.: 416.43.

Procedure  for  the  preparation  of  2-(8-Ethoxycarbonyl-2-furan-2-yl-[1,2,4]triazolo[1,5-
c]pyrimidin-5-ylamino)-ethyl-amine trifluoroacetate salt (  437  )  

50 mg of derivative 436 were treated with dichloromethane and trifluoroacetic acid 1:1 (5 
mL) and stirred for 2 hours at room temperature. Solvent was then removed under reduced 
pressure and the solid was filtered off to give the desired compound 437.
Yield 75%; white solid; mp 250°C; 1H-NMR (200 MHz, d6-DMSO) δ 1.35 (3H, t, J=7), 3.14 (2H, 
bs), 3.93 (2H, bs), 4.34 (2H, q, J=7), 6.55 (1H, dd, J=2, J=4), 7.21  (1H, d, J=4), 7.61 (1H, d, J=2),  
8.30 (3H, bs), 8.53 (1H, s). ES-MS (methanol) m/z: 317.1 (M+1). C14H16N6O3. M.W.: 316.32.

General p  rocedure for the hydrolysis of ethyl ester compounds (  439-456  )  

To 0.167 mmol of ethyl ester compound (415, 420-436) dissolved in ethanol was added 1.67 
mmol of LiOH.H2O and 1.5 mmol of water. The mixture was refluxed and stirred for three 
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hours.  Then,  a  little  amount  of  water  was  added  and  HCl  was  added  since  pH  3.  The 
carboxylic acid derivative precipitate and the solid was filtered off.

2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  (439):  yield 
70%; pale yellow solid; mp 250°C;IR;  1H-NMR (200 MHz, CDCl3) δ 3.34 (3H, d, J=4.8),  6.64-
6.51 (2H, m), 7.30 (1H, d, J=4), 7.66 (1H, d, J=2), 8.80 (1H, s). C11H9N5O3. M.W.: 259.22.
), 4.48 (2H, q, J=7), 6.60 (1H, dd, J=2, J=4), 6.68 (1H, bs), 7.40 (1H, d, J=4), 7.63 (1H, d, J=2), 
8.71 (1H, s). C14H15N5O3. M.W.: 301.30.
5-Ethylamino-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid (440):  yield 76%; 
pale  yellow solid;  mp 240°C;IR;  1H-NMR (200  MHz,  CDCl3)  δ  1.41  (3H,  t,  J=7),  3.75-3.88 
(2H,m), 6.64 (2H, bs), 7.31 (1H, d, J=4), 7.66 (1H, d, J=2), 8.79 (1H, s).ES-MS (methanol) m/z: 
272.1 (M-1). C12H11N5O3. M.W.: 273.25.
2-Furan-2-yl-5-pentylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid (441):  yield 
60%; pale orange solid; mp 140°C;IR;  1H-NMR (200 MHz, CDCl3) δ 0.93-0.96 (3H, m), 1.34-
1.51 (4H,m), 1.65-1.88 (2H, m), 3.74-3.77 (2H,m), 6.63 (2H, bs), 7.30 (1H, d, J=4), 7.66 (1H, d, 
J=2), 8.78 (1H, s). C15H17N5O3. M.W.: 315.33.
5-(2-Ethyl-hexylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid (442): 
yield 76%; pale yellow solid; mp 100°C;IR;  1H-NMR (200 MHz, CDCl3) δ 0.66-1.11 (6H, m), 
1.14-1.57 (8H,m), 1.65-1.82 (1H, m), 3.70 (2H, t, J=6), 6.60 (2H, m), 7.28 (1H, d, J=4), 7.65  
(1H, d, J=2), 8.77 (1H, s). ES-MS (methanol) m/z: 304.3 (M-23). C18H23N5O3. M.W.: 357.41.
2-Furan-2-yl-5-isopropylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid (443): yield 
60%; pale yellow solid; mp 210°C;IR; 1H-NMR (200 MHz, CDCl3) δ 1.42 (3H, d, J=6.6), 4.49-
4.64 (1H, m), 6.48 (1H, d, J=6.6), 6.64 (1H, dd, J=2, J=4), 7.30 (1H, d, J=4), 7.67 (1H, d, J=2), 
8.78 (1H, s). ES-MS (methanol) m/z: 286.1 (M-1). C13H13N5O3. M.W.: 287.27.
5-Cyclopropylamino-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid (444): 
yield 81%; white solid; mp 135°C;IR;  1H-NMR (200 MHz, CDCl3) δ 0.84 (2H, bs), 1.06 (2H, d, 
J=6), 3.13 (1H, bs), 6.63 (1H, dd, J=2, J=4), 6.78 (1H, bs) 7.27 (1H, d, J=4), 7.66 (1H, d, J=2),  
8.85 (1H, s). C13H11N5O3. M.W.: 285.26.
5-Cyclopentylamino-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid (445): 
yield 77%; white solid; mp 250°C;IR; 1H-NMR (200 MHz, CDCl3) δ 1.60-1.91 (6H,m), 2.21 (2H, 
bs), 4.65 (1H, bs), 6.50-6.63 (2H, m), 7.31 (1H, d, J=4), 7.66 (1H, d, J=2), 8.78 (1H, s). ES-MS 
(methanol) m/z: 312.1 (M-1). C15H15N5O3. M.W.: 313.31.
5-(Cyclohexylmethyl-amino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid 
(446):  yield 70 %; white solid; mp 90°C;IR;  1H-NMR (200 MHz, CDCl3) δ 1.02-1.20 (4H,m), 
1.43-1.87 (7H, m), 3.61 (2H, t, J=6), 6.63 (1H, dd, J=2, J=4), 6.70 (1H, bs), 7.30 (1H, d, J=4),  
7.66 (1H, d, J=2), 8.77 (1H, s). C17H19N5O3. M.W.: 341.36.
5-Benzylamino-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid (447):  yield 
83%; pale yellow solid; mp 205°C; 1H-NMR (200 MHz, CDCl3) δ 4.94 (2H, d, J=5), 6.61 (1H, dd, 
J=2, J=4), 6.95 (1H, bs), 7.29-7.40 (6H, m), 7.63 (1H, d, J=2), 8.82 (1H, s). C 17H13N5O3. M.W.: 
335.32.
2-Furan-2-yl-5-(4-methyl-benzylamino)-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid 
(448): yield 92%; pale yellow solid; mp 105°C; 1H-NMR (200 MHz, CDCl3) δ 2.36 (3H, s), 4.88 
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(2H, bs), 6.61 (1H, dd, J=2, J=4), 6.95 (1H, bs), 7.17-7.38 (5H, m), 7.64 (1H, d, J=2), 8.81 (1H,  
s). ES-MS (methanol) m/z: 350.1 (M+1). C18H15N5O3. M.W.: 349.34.
2-Furan-2-yl-5-(4-methoxy-benzylamino)-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid 
(449): yield 88%; pale brown solid; mp 80°C; 1H-NMR (200 MHz, CDCl3) δ 3.81 (3H, s),  5.01 
(2H, d, J=5), 6.61 (1H, dd, J=2, J=4), 6.89-6.93 (3H, m), 7.27-7.36 (3H, m), 7.62 (1H, d, J=2),  
8.82 (1H, s). C18H15N5O4. M.W.: 365.34.
5-(4-Fluoro-benzylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid 
(450): yield 80%; pale yellow solid; mp 120°C; 1H-NMR (200 MHz, CDCl3) δ 4.91 (2H, d, J=6), 
6.63 (1H, dd, J=2, J=4), 6.93 (1H, bs), 7.08 (2H, t, J=8), 7.29 (1H, d, J=4), 7.37-7.43 (2H, m),  
7.64 (1H, d, J=2), 8.82 (1H, s). ES-MS (methanol) m/z: 352.1 (M-1). C17H12FN5O3. M.W.: 353.31.
5-(4-Chloro-benzylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid 
(451): yield 92%; pale yellow solid; mp 280°C;  1H-NMR (200 MHz, d6-DMSO) δ  4.74 (2H, d, 
J=6), 6.55 (1H, dd, J=2, J=4), 7.20 (2H, d, J=8), 7.35 (2H, d, J=8), 7.46 (1H, d, J=4), 7.59 (1H, d,  
J=2),  8.61 (1H,  s),  8.65 (1H, bs).  ES-MS (methanol)  m/z:  368.0 (M-1).  C17H12ClN5O3.  M.W.: 
369.76.
2-Furan-2-yl-5-(4-trifluoromethyl-benzylamino)-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  
acid (452): yield 80%; white solid; mp 250°C; 1H-NMR (200 MHz, CDCl3) δ 5.02 (2H, d, J=6), 
6.63 (1H,  dd,  J=2,  J=4),  7.02 (1H,  bs),  7.28 (1H,  d,  J=4),  7.52-7.66 (5H,  m),  8.80 (1H,  s).  
C18H12F3N5O3. M.W.: 403.31.
5-[(Biphenyl-4-ylmethyl)-amino]-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  
acid (453): yield 94%; pale orange solid; mp 300°C; 1H-NMR (200 MHz, CDCl3) δ  4.98 (2H, d, 
J=6), 6.61 (1H, dd, J=2, J=4), 6.97 (1H, bs), 7.29-7.63 (11H, m), 8.84 (1H, s). C23H17N5O3. M.W.: 
411.41.
5-(Benzhydryl-amino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid (454): 
yield 88%; pale yellow solid; mp 150°C; 1H-NMR (200 MHz, CDCl3) δ 6.62 (1H, dd, J=2, J=4), 
6.72 (1H, d, J=6), 7.19 (1H, bs), 7.30-7.43 (11H, m), 7.65 (1H, d, J=2), 8.75 (1H, s). C 23H17N5O3. 
M.W.: 411.41.
5-(2-tert-Butoxycarbonylamino-ethylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-
carboxylic acid(455): yield 78%; pale yellow solid; mp 150°C; 1H-NMR (400 MHz, d6-DMSO) δ 
1.30 (9H, s), 3.22 (2H, m), 3.68 (2H, m), 6.75 (1H, dd, J=2, J=4), 6.92 (1H, bs), 7.26 (1H, d, J=4),  
7.97 (1H, d, J=2), 8.53 (1H, s), 9.00 (1H, bs), 12.75 (1H, bs).  ES-MS (methanol) m/z: 411.1 
(M+23). C17H20N6O5. M.W.: 388.38.
5-(3,4-Dimethoxy-benzylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  
acid (456): yield 78%; white solid; mp 135 °C; 1H-NMR (200 MHz, CDCl3) δ: 3.70 (3H, s); 3.72 
(3H, s); 4.68 (2H, d, J = 6); 6.74 (1H, dd, J = 2, J = 4); 6.88-6.98 (2H, m); 7.07 (1H, s); 7.34 (1H,  
d, J = 4); 7.97 (1H, d, J = 2); 8.49 (1H, s); 9.31 (1H, bs); 13.03 (1H, bs). C19H17N5O5.  M.W.: 
395.38.

General p  rocedure for the coupling of carboxylic acids and esters/amides (  438, 457-487  )  

To 2.45 mmol of carboxylic acid derivatives (439-456) dissolved in 0.7 mL of dry pyridine 
were added 0.1 mL of phosphorous oxychloride. The mixture was led to -10°C and then was 

129

N N

N

N

O

NHR

N N

N

N

O

NHRNH2R / ROH
POCl3

Pyr

OHO O X
R

X = NH, O

439,456 438, 457-487
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added 39.2 mmol of the appropriate amine or alcohol. The reaction was stirred at room 
temperature for 1 hour, then was added water and the product extracted with ethylacetate. 
The organic layer was washed with a NaHCO3 solution, dried and concentrated. The residue 
was purified by flash chromatography (EtOAc 9 : Light Petroleum 1).
From derivative 456:
5-(3,4-Dimethoxy-benzylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  
acid benzhydryl-amide (438):  yield 63%; pale brown solid; mp 170°C;  1H-NMR (200 MHz, 
CDCl3) δ 3.85 (6H, s), 4.82 (2H, d,J=6), 6.48 (1H, d, J=6), 6.60 (1H, dd, J=2, J=4), 6.74 (1H, bs),  
6.82-6.98 (3H, m), 7.14 (1H, d, J=4), 7.32-7.46 (10H, m), 7.62 (1H, d, J=2), 8.88 (1H, s), 9.68 
(1H, d, J=6). ES-MS (methanol) m/z: 559.2 (M-1). C32H28N6O4. M.W.: 560.60.
From derivative 439:
5-(3,4-Dimethoxy-benzylamino)-2-furan-2-yl-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  
acid benzhydryl-amide (457):  yield 18%; pale brown solid; mp 170°C;  1H-NMR (200 MHz, 
CDCl3) δ 3.85 (6H, s), 4.82 (2H, d,J=6), 6.48 (1H, d, J=6), 6.60 (1H, dd, J=2, J=4), 6.74 (1H, bs),  
6.82-6.98 (3H, m), 7.14 (1H, d, J=4), 7.32-7.46 (10H, m), 7.62 (1H, d, J=2), 8.88 (1H, s), 9.68 
(1H, d, J=6). ES-MS (methanol) m/z: 559.2 (M-1). C32H28N6O4. M.W.: 560.60.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid isopropyl ester 
(458): yield 12%; pale yellow solid; mp 161°C; 1H-NMR (200 MHz, CDCl3) δ 1.41 (6H, d, J=6), 
3.30 (3H, d, J=5), 5.32 (1H, m), 6.58-6.65 (2H, m), 7.38 (1H, d, J=4), 7.61 (1H, d, J=2), 8.69 (1H, 
s). C14H14N5O3. M.W.: 298.22.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  benzyl  ester 
(459): yield 31%; brown solid; mp 130°C; 1H-NMR (200 MHz, CDCl3) δ 3.31 (3H, d, J=4),  5.47 
(2H,  s),  6.60-6.76  (2H,  m),  7.33-7.40  (5H,  m),  7.56-7.63  (2H,  m),  8.76  (1H,  s).  ES-MS 
(methanol): 350.1 (M+1), 372.1 (M+23). C18H14N5O3. M.W.: 360.19.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid benzhydryl  
ester (459): yield 23%; white solid; mp 117°C; 1H-NMR (200 MHz, CDCl3) δ 3.31 (3H, d, J=5), 
6.61-6.75 (2H, m), 7.16 (1H, s), 7.29-7.40 (8H, m), 7.59-7.63 (4H, m), 8.81 (1H, s). C24H18N5O3. 
M.W.: 425.45.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  1-methyl-2-
phenyl-ethyl ester (460): yield 18%; brown sticky foam; 1H-NMR (200 MHz, CDCl3) δ 1.39 (3H, 
d, J=6), 2.97-3.15 (2H, m), 3.28 (3H, s), 5.42-5.48 (1H, m), 6.58 (1H, dd, J=2, J=4), 6.76 (1H,  
bs),  7.19-7.39 (6H,  m),  7.61  (1H,  d,  J=2),  8.65 (1H,  s).  ES-MS (methanol):  400.1  (M+23). 
C20H19N5O3. M.W.: 377.40.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  2-methyl-
benzyl ester (461): yield 16%; white solid; mp 170°C; 1H-NMR (200 MHz, CDCl3) δ 2.48 (3H, s), 
3.30 (3H, d, J=5), 5.47 (2H, s), 6.60 (1H, dd, J=2, J=4), 6.47 (1H, bs), 7.22-7.28 (3H, m), 7.39 
(1H, d, J=4), 7.62-7.67 (2H, m), 8.74 (1H, s). C19H17N5O3. M.W.: 363.37.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  3-methyl-
benzyl ester (462): yield 13%; white solid; mp 170°C; 1H-NMR (200 MHz, CDCl3) δ 2.38 (3H, s), 
3.30 (3H, d, J=5), 5.43 (2H, s), 6.59 (1H, dd, J=2, J=4), 6.67 (1H, bs), 7.13-7.17 (1H, m), 7.24-
7.38 (5H, m), 7.61 (1H, d, J=2), 8.75 (1H, s). C19H17N5O3. M.W.: 363.37.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-methyl-
benzyl ester (463): yield 23%; white solid; mp 202°C; 1H-NMR (200 MHz, CDCl3) δ 2.36 (3H, s), 
3.29 (3H, d, J=5), 5.42 (2H, s), 6.59-6.64 (2H, m), 7.20 (2H, d, J=8), 7.37 (1H, d, J=4), 7.45 (2H,  
d, J=8), 7.62 (1H, d, J=2), 8.73 (1H, s). C19H17N5O3. M.W.: 363.37.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-ethyl-benzyl  
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ester (464): yield 16%; white solid; mp 175°C; 1H-NMR (200 MHz, CDCl3) δ 1.24 (3H, t, J=8), 
2.66 (2H, q, J=8), 3.29 (3H, d, J=5), 5.43 (2H, s), 6.59-6.65 (2H, m), 7.20-7.24 (2H, m), 7.36 
(1H, d, J=4), 7.47 (2H, d, J=8), 7.62 (1H, d, J=2), 8.74 (1H, bs). C20H19N5O3. M.W.: 377.40.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  2-methoxy-
benzyl ester (465): yield 19%; white solid; mp 181°C; 1H-NMR (200 MHz, CDCl3) δ 3.30 (3H, d, 
J=5), 3.87 (3H, s), 5.51 (2H, s), 6.58-6.63 (2H, m), 6.89-7.06 (2H, m), 7.37 (1H, d, J=4), 7.62  
(1H, d, J=2), 7.76 (1H, d, J=8), 8.76 (1H, s). C19H17N5O4. M.W.: 379.37.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  3-methoxy-
benzyl ester (466): yield 13%; white solid; mp 156°C; 1H-NMR (200 MHz, CDCl3) δ 3.30 (3H, d, 
J=5), 3.83 (3H, s), 5.45 (2H, s), 6.59 (1H, dd, J=2, J=4), 6.70 (1H, bs), 6.87 (1H, dd, J=1, J=8),  
7.11-7.14 (1H, m), 7.20 (1H, m), 7.31-7.35 (1H, m), 7.41 (1H, d, J=4), 7.61 (1H, d, J=2), 8.76 
(1H, s). C19H17N5O4. M.W.: 379.37.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-methoxy-
benzyl ester (467):  yield 23%; white solid; mp 189°C; 1H-NMR (200 MHz, CDCl3) δ 3.29 (3H, d, 
J=5), 3.81 (3H, s), 5.40 (2H, s), 6.60 (1H, dd, J=2, J=4), 6.70 (1H, bs), 6.91 (2H, dd, J=2, J=7),  
7.36 (1H, d, J=4) 7.47 (2H, dd, J=2, J=7), 7.61 (1H, d, J=2), 8.72 (1H, s).  C19H17N5O4.  M.W.: 
379.37.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  2-chloro-
benzyl ester (468): yield 29%; white solid; mp 205°C; 1H-NMR (200 MHz, CDCl3) δ 3.29 (3H, d, 
J=5), 5.56 (2H, s), 6.60 (1H, dd, J=2, J=4), 6.69 (1H, d, J=5), 7.28-7.52 (4H, m), 7.62 (1H, d,  
J=2), 7.90 (1H, dd, J=2, J=7), 8.78 (1H, s). C18H14ClN5O3. M.W.: 383.79.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  3-chloro-
benzyl ester (469): yield 32%; white solid; mp 195°C; 1H-NMR (200 MHz, CDCl3) δ 3.31 (3H, d, 
J=5), 5.44 (2H, s), 6.60 (1H, dd, J=2, J=4), 6.70 (1H, d, J=5), 7.30-7.33 (2H, m), 7.41-7.42 (2H, 
m), 7.63 (1H, d, J=1), 7.68 (1H, d, J=2), 8.77 (1H, s). C18H14ClN5O3. M.W.: 383.79.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-chloro-
benzyl ester (470): yield 32%; white solid; mp 205°C; 1H-NMR (200 MHz, CDCl3) δ 3.30 (3H, d, 
J=5), 5.43 (2H, s), 6.62 (1H, dd, J=2, J=4), 6.69 (1H, d, J=5), 7.32-7.40 (3H, m), 7.53 (2H, d,  
J=8), 7.62 (1H, d, J=2), 8.75 (1H, s). C18H14ClN5O3. M.W.: 383.79.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  2-bromo-
benzyl ester (471): yield 17%; white solid; mp 223°C; 1H-NMR (200 MHz, CDCl3) δ 3.31 (3H, d, 
J=5), 5.53 (2H, s), 6.60 (1H, dd, J=2, J=4), 6.68 (1H, bs), 7.19 (1H, d, J=6), 7.35-7.42 (2H, m),  
7.58-7.63 (2h, m), 7.91 (1H, d, J=8), 8.80 (1H, s). C18H14BrN5O3. M.W.: 428.24.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid 3-fluoro-benzyl  
ester (472): yield 4.4%; white solid; mp 193°C; 1H-NMR (200 MHz, CDCl3) δ 3.30 (3H, d, J=5), 
5.46 (2H, s), 6.61 (1H, dd, J=2, J=4), 6.70 (1H, d, J=5), 6.99-7.07 (1H, m), 7.31-7.41 (3H, m),  
7.53 (1H, d, J=10), 7.63 (1H, d, J=2), 8.77 (1H, s). C18H14FN5O3. M.W.: 367.33.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid 4-fluoro-benzyl  
ester (473): yield 16%; white solid; mp 181°C; 1H-NMR (200 MHz, CDCl3) δ 3.30 (3H, d, J=5), 
5.43 (2H, s), 6.61 (1H, dd, J=2, J=4), 6.68 (1H, bs), 7.03-7.12 (2H, m), 7.34 (1H, d, J=4), 7.53-
7.63 (3H, m), 8.74 (1H, s). C18H14FN5O3. M.W.: 367.33.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  benzylamide 
(474): yield 16%; white solid; mp 246°C; 1H-NMR (200 MHz, CDCl3) δ 3.30 (3H, d, J=5), 4.77 
(2H, d, J=6), 6.49 (1H, bs), 6.59 (1H, dd, J=2, J=4), 7.16 (1H, d, J=4), 7.32-7.46 (5H, m), 7.62  
(1H, d, J=2), 8.86 (1H, s). C14H15N6O2. M.W.: 348.36.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  3,4-
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dimethoxy-benzylamide (475): yield 23%; pale yellow solid; mp 190°C;  1H-NMR (200 MHz, 
CDCl3) δ 3.30 (3H, d, J=5), 3.88 (6H, s), 4.70 (2H, d, J=5), 6.51 (1H, bs), 6.58 (1H, dd, J=2, J=4),  
6.88 (1H, m), 7.33-7.40 (5H, m), 7.56-7.63 (2H, m), 8.76 (1H, s). C20H20N6O4. M.W.: 408.41.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-methyl-
benzylamide (476): yield 11%; white solid; mp 236°C; 1H-NMR (200 MHz, CDCl3) δ 2.35 (3H, 
s), 3.30 (3H, d, J=5), 4.72 (2H, d, J=5), 6.43 (1H, bs), 6.59 (1H, dd, J=2, J=4), 7.16-7.35 (5H, m),  
7.62 (1H, d, J=2), 8.66 (1H, s), 9.03 (1H, bs). C19H18N6O2. M.W.: 362.39.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-methoxy-
benzylamide (477): yield 20%; pale yellow solid; mp 232°C; 1H-NMR (200 MHz, CDCl3) δ 3.29 
(3H, d, J=5), 3.80 (3H, s), 4.69 (2H, d, J=5), 6.48 (1H, bs), 6.58 (1H, dd, J=2, J=4), 6.90 (2H, dd,  
J=2, J=7), 7.15 (1H, d, J=4), 7.37 (2H, dd, J=2, J=7), 7.62 (1H, d, J=2), 8.85 (1H, s), 8.99 (1H, bs).  
C19H18N6O3. M.W.: 378.38.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-chloro-
benzylamide (478): yield 13%; pale brown solid; mp 225°C; 1H-NMR (200 MHz, CDCl3) δ 3.30 
(3H, d, J=5), 4.72 (2H, d, J=5), 6.52 (1H, bs), 6.60 (1H, dd, J=2, J=4), 7.17 (1H, d, J=4), 7.29-
7.35 (4H, m), 7.63 (1H, d, J=2), 8.85 (1H, s), 9.06 (1H, bs). C18H15ClN6O2. M.W.: 382.80.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-fluoro-
benzylamide (479): yield 26%; white solid; mp 225°C; 1H-NMR (200 MHz, CDCl3) δ 3.30 (3H, d, 
J=5), 4.72 (2H, d, J=5), 6.51 (1H, bs), 6.59 (1H, dd, J=2, J=4), 7.00-7.09 (2H, m), 7.15 (1H, d,  
J=4),  7.36-7.43 (2H,  m),  7.63 (1H,  d,  J=2),  8.85 (1H,  s),  9.05 (1H,  bs).  C 18H15FN6O2.  M.W.: 
366.35.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  4-
trifluoromethyl-benzylamide (480):  yield 18%; orange solid; mp 249°C;  1H-NMR (200 MHz, 
CDCl3) δ 3.31 (3H, d, J=5), 4.82 (2H, d, J=5), 6.52 (1H, bs), 6.60 (1H, dd, J=2, J=4), 7.17 (1H, d,  
J=4), 7.52-7.64 (5H, m), 8.86 (1H, s), 9.13 (1H, bs). C19H15F3N6O2. M.W.: 416.36.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  (biphenyl-4-
ylmethyl)-amide (481):  yield 5.5%; pale yellow solid; mp>250°C;  1H-NMR (200 MHz, DMSO-
d6) δ 3.01 (3H, d, J=5), 4.70 (2H, d, J=5), 6.75 (1H, dd, J=2, J=4), 7.32 (1H, d, J=4), 7.38-7.50  
(5H,  m),  6.66  (4H,  d,  J=8),  7.98  (1H,  d,  J=2),  8.58  (1H,  s),  8.92  (1H,  bs),  9.10  (1H,  bs).  
C24H20N6O2. M.W.: 424.45.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  [2-(3,4-
dimethoxy-phenyl)-ethyl]-amide (482): yield 25%; pale yellow solid solid; mp 211°C; 1H-NMR 
(200 MHz, CDCl3) δ 2.94 (2H., t, J=7), 3.29 (3H, d, J=5), 3.74-3.86 (8H, m), 6.50 (1H, bs), 6.60  
(1H, dd, J=2, J=4), 6.83-6.88 (3H, m), 7.07 (1H, d, J=4), 7.64 (1H, d, J=2), 8.70 (1H, bs), 8.83  
(1H, s). C21H22N6O4. M.W.: 422.44.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  benzhydryl-
amide (483): yield 42%; pale yellow solid solid; mp 199°C; 1H-NMR (200 MHz, CDCl3) δ 3.32 
(3H, d, J=5), 6.50-6.53 (2H, m), 6.63 (1H, dd, J=2, J=4), 7.15 (1H, d, J=4),7.21-7.46 (10H, m),  
7.66 (1H, d, J=2), 8.85 (1H, s), 9.72 (1H, d, J=8). C24H20N6O2. M.W.: 424.45.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  phenethyl-
amide (484): yield 45%; pale yellow solid solid; mp 204°C; 1H-NMR (200 MHz, CDCl3) δ 3.00 
(2H., t, J=7), 3.29 (3H, d, J=5), 3.83 (2H, q, J=7), 6.49 (1H, bs), 6.60 (1H, dd, J=2, J=4), 7.09 (1H,  
d, J=4), 7.27-7.34 (5H, m), 7.64 (1H, d, J=2), 8.69 (1H, bs), 8.82 (1H, s). C 19H18N6O2.  M.W.: 
362.39.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid (1,1-dimethyl-
2-phenyl-ethyl)-amide (485): yield 40%; white solid solid; mp 172°C; 1H-NMR (200 MHz, 
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CDCl3) δ 1.52 (6H., s), 3.23 (2H, s), 3.29 (3H, d, J=5), 6.44 (1H, bs), 6.57 (1H, dd, J=2, J=4), 7.12 
(1H, d, J=4), 7.18-7.27 (5H, m), 7.62 (1H, d, J=2), 8.58 (1H, bs), 8.82 (1H, s). C21H22N6O2. M.W.: 
390.44.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic acid (2-phenoxy-
ethyl)-amide (486): yield 34%; white solid solid; mp 198°C; 1H-NMR (200 MHz, CDCl3) δ 3.29 
(3H, d, J=5), 3.96 (2H, q, J=5), 4.23 (2H, q, J=5) 6.50 (1H, d, J=5), 6.58 (1H, dd, J=2, J=4), 6.70-
7.03 (3H, m), 7.15 (1H, d, J=4), 7.30-7.34 (2H, m), 7.63 (1H, d, J=2), 8.83 (1H, bs), 9.13 (1H, s). 
C21H22N6O2. M.W.: 390.44.
2-Furan-2-yl-5-methylamino-[1,2,4]triazolo[1,5-c]pyrimidine-8-carboxylic  acid  N'-phenyl-
hydrazide (487):  yield 39%; pale yellow solid solid; mp>220°C;  1H-NMR (200 MHz, CDCl3) δ 
3.30 (3H, d, J=5), 6.60-6.63 (2H, m), 6.91-7.00 (3H, m), 7.21-7.29 (4H, m), 7.65 (1H, d, J=2),  
8.82 (1H, s), 10.03 (1H, bs). C17H15N7O2. M.W.: 349.35.
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4.3 STILBENES AND 2-STYRILFURANES

4.3.1 Introduction

Theoretically,  triazolopyrimidine  scaffold  could  be  replaced  by  oxazolopiridine  or 
oxazolopiridazine scaffolds (figure 39) without modifications in the molecule orientation and 
allowing the main interactions inside the A2AAR and A3AR binding pocket.  Analogously,  a 
benzooxazole  nucleus  should  be  tolerated  at  these  adenosine  receptors.  Benzooxazole 
scaffold  possess  a  simpler  structure  with  few  nitrogen  atoms  than  triazolopyrimidines. 
Diaryldiazenes could be considered a molecular simplification of the benzooxazole nucleus 
where the penta-atomic ring was opened to give a diazene bridge. Diazenes are unstable 
molecules, thus a vinyl moiety was preferable as link between phenyl and furan rings. On all  
these derivatives were performed docking studies both on A2A and A3AR rhodopsin-based 
models, which confirm that molecules are able to interact with such residues in the binding 
pocket that in several studies have demonstrated to be essential in order to have potency 
(data  not  shown).  So,  we  starting  with  the  synthesis  of  a  series  of  few  2-styrilfurane 
derivatives as a preliminary study on this kind of very simplified molecules. In addition a  
bioisosteric replacement of furan ring with a para-methoxy phenyl ring was performed.

134

Figure 39. Rationale for the design of stilbene and 2-styrylfuran derivatives
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4.3.2 Chemistry

2-vinylfuran  (488)  was  obtained  by  treatment  of  3-Furan-2-yl-acrylic  acid  with  cuprous 
sulphate  anhydrous  in  quinoline  as  solvent  and  heating.230 Alkylation  of  3-Bromo-4-
methylamino-benzoic acid methyl ester, using sodium hydride as base and the appropriate 
alkylhalide, give 489-490 as main products. The 4-amino and 4-alkylamino-2-bromo-benzoic 
acid methyl ester (489-490) were reacted with the appropriate vinyl compound (2-vinylfuran, 
488 or the commercial available 4-vinylanisole) by a palladium-catalyzed vinylic substitution 
and the desired compounds  491-496 were obtained.231 Finally,  derivative  491 bearing the 
amino free moiety and the furan ring was reduced to give rise to derivative 497.

4.3.3 Results and Discussion

All the synthesised compounds were tested by Prof. Karl-Norbert Klotz of the University of  
Wurzburg on the four adenosine receptor subtypes. Derivatives display poor affinity at all the 
adenosine receptors, values were in the micromolar or even in the low micromolar range. In 
particular,  at  the  A2BAR  derivatives  are  completely  inactive.  Instead,  at  the  A1AR  the  4-
methoxyphenyl  derivatives  are  inactive  (491-493)  while  a  furan  ring  give  rise  to  active 
compounds  (494-496)  even  if  at  a  low  micromolar  range.  For  this  adenosine  receptor 
subtype there isn't  a  correlation between affinity  and size of  substituent at  the 4-amino 
moiety: the amino free group was more tolerated than a substituted one (491, KiA1=3,530 
nM  vs 492,  KiA1=10,400 nM), but an ethylamino (492) increase the affinity at the A1AR if 
compared to methylamino derivative (493, KiA1=8,190 nM). 
Even at the A2AAR and A3AR a furan ring was preferred to a 4-methoxy-phenyl moiety. In the 
furan series, in according to literature data, a free amino group gave the best results in terms 
of affinity and selectivity at the A2AAR (491, KiA2A=587 nM). Affinity decrease in the methyl 
derivative (492, KiA2A=3,430 nM) and more consistently in the ethylamino compound (493, 
KiA2A=5,710 nM).  Surprisingly,  an  opposite  behaviour  was observed in  the anisole  series, 
where affinity improve with the size of substituent at the 5-position. A free amino group give 
rise  to  an  inactive  compound at  the A2AAR (494),  instead the  ethylamino derivative  496 
shows a  Ki of  13,700 nM towards  A2AAR.  Compound  491 was  docked inside the hA2AAR 
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(crystallographic data) and in figure 40 is possible to observe that the furan ring was deeply 
located inside the receptor, the methyl ester is positioned in a hydrophobic pocket while the 
free amino group is directed to the upper region of the binding pocket where forms two 
hydrogen bonding: with Glu169 and Asn253. Also aromatic π π interactions between the 
phenyl ring of derivative  491 and Phe168 may be observed. Thus, compound  491 display 
fundamental interactions with residues that resemble necessary to the antagonist anchoring 
inside the A2AAR binding site.

Compd. R R1 hA1 a

(Ki nM)
hA2A b

(Ki nM)
hA2B c

(Ki nM)
hA3 d

(Ki nM)

491 H 2-furyl 3,530
(2,380-5,230)

587
(441-781)

> 30,000 10,700
(7,980-14,300)

492 Me 2-furyl 10,400
(7,930-13,800)

3,430
(2,470-4,770)

> 30,000 973
(697-1,360)

493 Et 2-furyl 8,190
(5,230-12,800)

5,710
(3,690-8,840)

> 30,000 4,040
(3,300-4,940)

494 H Ph-4-OCH3 > 100,000 > 100,000 > 30,000 14,700
(11,400-19,000)

495 Me Ph-4-OCH3 > 30,000 16,200
(13,800-18,900)

> 30,000 3,500
(2,460-4,980)

496 Et Ph-4-OCH3 > 100,000 13,700
(11,000-16,900)

> 30,000 3,340
(2,800-3,990)

497 - - > 100,000 > 100,000 > 30,000 18,600
(17,300-20,000)

aDisplacement of specific [3H]-CCPA binding at human A1 receptors expressed in CHO cells, (n=3-6). bDisplacement of specific 
[3H]-NECA binding at human A2A  receptors expressed in CHO cells.  cKi values of the inhibition of NECA-stimulated adenylyl 
cyclase activity  in CHO cells  expressing human A2B  receptors.  dDisplacement of  specific  [3H]-NECA binding at  human A3 

receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

Concerning the A3AR the best compound is the 4-methylamino derivative of the furan series 
that displays a Ki of 973 nM (492) and a selectivity of 10 and 3.5 times at the A1 and A2AAR, 
respectively. A free amino group lead to a poorly active compound (491, KiA3=10,700 nM) 
instead compound 493, bearing an ethyl moiety at the N4 position (KiA3=4,040 nM), was four 
times less potent than compound  492.  A  similar  trend was observed also in the anisole 
series: 4-amino substitution (494, KiA3=14,700 nM) gave the worst results in terms of affinity 
at the A3AR, but in this derivatives the methyl (495, KiA3=3,500 nM) and ethylamino (496, 
KiA3=3,340 nM) compounds show a comparable both affinity and selectivity against A3AR 
subtype. Comparing derivative 494 with the reduced compound 497 it may be observed that 
both derivatives are inactive at  all  the adenosine receptor  subtypes except  at  the A3AR, 
where affinity is still  poor but reduction of the double bond, lead to a slight detrimental  
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effect (494, KiA3=14,700 nM vs 497, KiA3=18,600 nM) in terms of affinity.

4.3.4 Conclusions

Compounds don't display high potency at the four adenosine receptor subtypes, but this is a 
preliminary study and data are encouraging.  In particular  compounds  491 and  492 show 
affinity in the submicromolar range versus A2A and A3AR respectively and could represent a 
starting point to further and more deep investigations on this compounds. For compound 
491 also a docking study using the crystallographic structure of the A2AAR was performed, 
confirming the presence of interaction fundamental for A2AAR affinity.

4.3.5 Experimental Section

Procedure for the preparation of 2-vinylfuran (  488  )  

In a bottom flask 5 g of 3-furan-2-yl-acrylic acid (36.2 mmol) were dissolved in 15 mL of 
quinoline.  At  the  mixture  were  added  347  mg of  cuprous  (II)  sulphate  anhydrous  (2.17 
mmol). A distillation apparatus with a Vigreaux column was assembled and the reaction was 
stirred  and heated at  200°C  at  least,  to  allow CO2   evolution  and  to  distill  2-vinylfuran. 
Distillation continues since the thermometer shows 140°C.230

Yield 15%; pale yellow liquid; 1H NMR (200 MHz, CDCl3) δ 7.35 (d, J = 1.8 Hz, 1H), 6.51 (dd, J 
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= 17.5, 11.3 Hz, 1H), 6.37 (dd, J = 3.1, 1.8 Hz, 1H), 6.26 (d, J = 3.1 Hz, 1H), 5.65 (dd, J = 17.5 
Hz, J = 1.4 Hz, 1H), 5.16 (d, J = 11.3 Hz, J = 1.4 Hz, 1H).

General procedure for the preparation of 4-alkylamino-  3-bromo-benzoic acid methyl ester   
(  489-490  )  

300 mg of amine (1.304 mmol) were dissolved in 5 mL of dry DMF and then the solution was 
cooled to 0°C. 52.3 mg of sodium hydride 60% dispersion mineral oil (1.304 mmol, 31.3 mg)  
were added slowly and hydrogen evolution was observed. The mixture was stirred for 30 
minutes and then alkyl iodide (1.304 mmol) were added. The reaction was monitored by TLC 
after  2 h (Light Petroleum 9 :  Ethyl  acetate 1).  The solvent was removed under reduced 
pressure and the residue was dissolved in ethyl acetate and washed three times with water.  
The  organic  phase  was  dried  with  Na2SO4 and  concentrated  by  rotary  evaporation.  The 
residue was purified by column chromatography using Light Petroleum 9.75 : Ethyl acetate 
0.25 as eluent. 

3-Bromo-4-methylamino-benzoic  acid  methyl  ester  (490):  yield  29%;  white  solid;  1H NMR 
(200 MHz, CDCl3) δ 8.11 (d, J = 1.8 Hz, 1H), 7.89 (dd, J = 8.5, 1.8 Hz, 1H), 6.58 (d, J = 8.6 Hz, 
1H), 3.86 (s, 9H), 2.96 (s, 3H). C9H10BrNO2. M.W.: 244.09.
3-Bromo-4-ethylamino-benzoic acid methyl ester (489): yield 41%; white solid;1H NMR (200 
MHz, CDCl3) δ 8.12 (d, J = 1.9 Hz, 1H), 7.87 (dd, J = 8.6, 1.9 Hz, 1H), 6.62 (d, J = 8.6 Hz, 1H), 
3.86 (s, 3H), 3.27 (q, J = 7.2 Hz, 2H), 1.34 (t, J = 7.2 Hz, 3H). C10H12BrNO2. M.W.: 258.11.

General  procedure for  the preparation  of  4-aminosubstituted-3-[2-aryl-vinyl]-benzoic  acid 
methyl ester

A mixture of 1,304 mmol of methyl 4-amino-3-bromobenzoate, 1.63 mmol of 2-vinylfuran or 
vinylanisole, 227 µL of triethylamine  (1,63  mmol,  165 mg),  2.9  mg  of palladium(II) acetate  
(0.013 mmol) and 23.7 mg of tri-orto-tolylphosphine (0.078 mmol) was dissolved in 3 mL of 
dry  acetonitrile  and  then  it  was  stirred  and heated at  100°C  for  5  hours.  Reaction  was 
checked through TLC using 8 Light petroleum : 2 Ethylacetate as eluent. When the spot of the 
starting amine was disappeared , the mixture was left to cool and then it was diluted with  
ethyl  ether  and  water.  The  organic  layer  was  separated,  dried  with  sodium  sulphate 
anhydrous and the solvent removed under reduced pressure. The final product was purified 
through flash chromatography.231

4-Amino-3-(2-furan-2-yl-vinyl)-benzoic  acid  methyl  ester (491):  yield  30%;  yellow  solid 
(EtOAc-Light petroleum) mp 112°C; 1H NMR (200 MHz, DMSO) δ 7.94 (d, J = 1.8 Hz, 1H), 7.67 
(s, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.15 (d, J = 16.1 Hz, 1H), 6.90 (d, J = 16.0 Hz, 1H), 6.68 (d, J =  
8.5 Hz, 1H), 6.62 – 6.50 (m, 2H), 6.14 (s, 2H), 3.77 (s, 3H). C14H13NO3; M.W.=243.26.
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3-(2-Furan-2-yl-vinyl)-4-methylamino-benzoic acid methyl ester (492): yield 11%; pale brown 
sticky foam (EtOAc-Light petroleum); 1H NMR (200 MHz, CDCl3) δ 8.02 (d,  J = 1.8, 1H), 7.89 
(dd, J = 8.5, 1.6 Hz, 1H), 7.40 (d, J = 1.6 Hz 1H),  7.00 (d, J = 15.9 Hz, 1H), 6.84 (d, J = 15.8 Hz, 
1H), 6.66 (d, J = 8.6 Hz, 1H), 6.42 (dd, J = 3.4, 1.8 Hz, 1H), 6.36 (d, J = 3.4 Hz, 1H), 3.88 (s, 3H), 
2.95 (s, 3H). C15H15NO3; M.W.=257.28. ES-MASS (methanol) m/z (M+23) 280.1.
4-Ethylamino-3-(2-furan-2-yl-vinyl)-benzoic acid methyl  ester (493):  yield 27%;  pale brown 
sticky foam (EtOAc-Light petroleum); 1H NMR (200 MHz, CDCl3) δ 8.03 (d, J = 1.8 Hz, 1H), 7.86 
(dd, J = 8.6, 1.7 Hz, 1H), 7.42 (d, J = 1.7 Hz 1H), 7.01 (d, J = 15.6 Hz, 1H), 6.84 (d, J = 15.6 Hz, 
1H), 6.68 (d, J = 8.6 Hz, 1H), 6.44 (dd, J = 3.0, 1.8 Hz, 1H), 6.38 (d, J = 3.0 Hz, 1H), 3.88 (s, 3H), 
3.29 (q, J = 7.1 Hz, 2H), 1.34 (t, J = 7.1 Hz, 3H). C16H17NO3; M.W.=271.31. ES-MASS (methanol) 
m/z (M+23) 294.1.
4-Amino-3-[2-(4-methoxy-phenyl)-vinyl]-benzoic  acid  methyl  ester (494):  yield  61%;  white 
solid (EtOAc-Light petroleum); mp 116°C; 1H NMR (200 MHz, CDCl3) δ 8.08 (d, J = 2 Hz, 1H), 
7.77 (dd, J = 8, 2 Hz, 1H), 7.45 (d, J = 8 Hz, 2H),  6.94 (m, 3H), 6.69 (d, J = 8 Hz, 2H), 3.88 (s, 
3H), 3.84 (s, 3H). C17H17NO3; M.W.=283.32. ES-MASS (methanol) m/z (M+1) 284.2.
3-[2-(4-Methoxy-phenyl)-vinyl]-4-methylamino-benzoic  acid  methyl  ester (495):  yield  20%; 
brown sticky foam (EtOAc-Light petroleum); 1H NMR (200 MHz, CDCl3) δ 8.01 (d, J = 1.9 Hz, 
1H), 7.88 (dd, J = 8.6, 1.9 Hz, 1H), 7.43 (d, J = 8.7 Hz, 2H), 6.90 (m, 4H), 6.61 (d, J = 8.6 Hz, 
1H), 3.86 (s, 3H), 3.81 (s, 3H), 2.93 (s, 3H). C18H19NO3; M.W.=297.35. ES-MASS (methanol) m/z 
(M+1) 298.3, (M+23) 320.2.
4-Ethylamino-3-[2-(4-methoxy-phenyl)-vinyl]-benzoic acid methyl ester (496): yield 23%; pale 
brown sticky foam (EtOAc-Light petroleum); 1H NMR (200 MHz, Acetone) δ 8.52 (d, J = 1.8 Hz, 
1H), 8.26 (dd, J = 8.6, 1.8 Hz, 1H), 8.02 (d, J = 8.7 Hz, 2H), 7.72 (d, J = 15.9 Hz, 1H), 7.49 (d, J = 
15.8 Hz, 1H), 7.39 (d, J = 8.7 Hz, 2H), 7.27 (d, J = 8.6 Hz, 1H), 4.27 (s, 6H), 3.80 (q, J = 7.1 Hz, 
2H), 1.74 (t, J = 7.1 Hz, 3H). C19H21NO3; M.W.=311.37.

Procedure for  the preparation of  4-Amino-3-(2-furan-2-yl-ethyl)-benzoic acid methyl  ester 
(  497  )  

15.5  mg  of  ammonium  formate  (2.47  mmol)  were  dissolved  in  0.5  mL  of  water  and 
transferred   in  a   bottom   flask  containing  26  mg  of  Pd/C  10%  (0.0247  mmol,  2.63  mg)
previously suspended in 5 ml of isopropanol. The mixture was stirred for few minutes then 
were added 70 mg of amino compound 494. The reaction was left at room temperature for 
one hour. The reaction was filtered on celite, the solvent removed under reduced pressure 
and the residue dissolved in dichloromethane. The organic layer was washed three timed 
with  water  and  brine  and  then  was  dried,  concentrated  and  purified  by  flash 
chromatography  (Light  petroleum  8:  Ethylacetate  2).  The  desired  compound  (497)  was 
obtained as a brown sticky foam. Yield 30%; 1H NMR (200 MHz, CDCl3) δ 7.81 (d, J = 1.8 Hz, 
1H), 7.75 (dd, J = 1.8 Hz, J =8.2), 7.11 (d, J = 8.6, 2H), 6.80 (d, J = 8.6, 2H), 6.73 (d, J = 8.2, 1H), 
3.87 (s, 3H), 3.78 (s, 3H), 2.94-2.78 (m, 4H). C17H19NO3. M.W.: 285.34
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5 VALIDATION OF COMPUTATIONAL APPROACHES TO PREDICT AR 
SUBTYPE SELECTIVITY

5.1  COMBINING  SELECTIVITY  AND  AFFINITY  PREDICTIONS  USING  AN  
INTEGRATED SUPPORT VECTOR MACHINE APPROACH: An alternative tool  
to  discriminate  between  the  human  A2A and  A3 receptor  pyrazolo-
triazolo-pyrimidine antagonists binding sites

5.1.1 Introduction

Nowadays, very few valuable computational tools are available for the prediction of receptor 
subtypes  selectivity.  Conversely,  different  in  silico  approaches  are  accessible  for  the 
prediction  of  the  distinct  receptor–ligand  affinity.  In  particular,  the  generation  of  a 
quantitative structure–activity relationship (QSAR) is probably one of the most robust and 
validated approach to mathematically achieve the correlation between molecular properties 
and the corresponding receptor–ligand affinity.232,233

Interestingly,  both  A2AAR and  A3AR  selective  ligands  are  becoming  increasingly  attractive 
drugs due to the potential role of this receptor in several physiopathological processes. In 
particular, A2AAR antagonists seem to  play a role in the reduction of neuronal damage in 
Parkinson’s or Huntington’s diseases, while A3AR antagonists have a potential application in 
the tumor growth inhibition and in the treatment of  glaucoma.3,5,6 Consequently,  several 
receptor-based and ligand-based drug design approaches have been carried out with the aim 
to  improve  potency  and  selectivity  of  different  molecular  scaffolds.  Among  them,  the 
pyrazolo-triazolo-pyrimidine scaffold has been used as one of the most versatile scaffold in 
designing  novelty  among  adenosine  receptors  antagonists.164 In  particular,  proper 
substitutions at the N5 and N8 positions have driven the antagonist selectivity to the human 
A3AR subtype.164 On the other hand, it has been also demonstrated that the substitution at 
the position N7 shifts the selectivity profile to the human A2AAR subtype.234 Nevertheless, 
besides this very empirical rule derived only by experimental evidences, it is very difficult to 
anticipate the correct pharmacological receptor profiles of novel pyrazolo-triazolopyrimidine 
derivatives and, at the same time, inferring in their receptor–ligand affinities. In the present 
study,  we  present  an  alternative  application  of  the  Support  Vector  Machine  (SVM)  and 
Support  Vector  Regression  (SVR)  methodologies  to  simultaneously  describe  both  A2AAR 
versus A3AR subtypes selectivity profile and the corresponding receptor binding affinities. 
SVM  represents  a  group  of  supervised  learning  techniques,  firstly  applied  in  pattern 
recognition, but now very utilized to solve both classification and regression problems.235,236 

In  the  last  years,  several  classification  problems  have  been  solved,  in  fact,  using  SVM 
approach,  such  as,  for  example,  the  discrimination  between  active  and  non-active 
compounds.237–240 Moreover, Support Vector Regression (SVR) has been widely applied as a 
non-linear  methodology  to  derive  quantitative  structure–activity  relationships  for  the 
prediction of different chemical and biological properties.241–245 Moving from these examples, 
we have implemented an integrated application of SVM–SVR approach, based on the use of 
autocorrelated  molecular  descriptors  encoding  for  the  Molecular  Electrostatic  Potential 
(autoMEP), to simultaneously discriminate A2AAR versus A3AR antagonists and to predict their 
binding affinity to the corresponding receptor subtype of a large dataset of known pyrazolo-
triazolopyrimidine  analogs.246–250 To  validate  our  approach,  we  have  synthetized  51  new 
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5. Validation of computational approaches to predict AR subtype selectivity

pyrazolo-triazolo-pyrimidine  derivatives  anticipating  both  A2AAR/A3AR  subtypes  selectivity 
and receptor binding affinity profiles. The statistical quality of both training and validation 
models are very encouraging.

5.1.2 Experimental Section

5.1.2.1 Computational methodologies

All  modeling  studies  were  carried  out  on  a  linux  cluster  running  under  open  Mosix 
architecture.251 Molecular structure building and autocorrelation MEP descriptors have been 
carried  out  using  ADRIANACODE  software  (version  2.0).252 Support  Vector  Machine 
classification  and  Support  Vector  Regression  have  been  performed  using  SVM  light 
software.253

5.1.2.2 Molecular structure building

3D Models of the pyrazolo-triazolo-pyrimidine analogs in the training set and some analogs  
in the test set were obtained using the 3D structure generator Corina, which is an integral  
part of ADRIANACODE, setting parameters to standard values.252 Conformer selection is one 
of the most crucial steps in every 3D-QSAR approach. Unfortunately, the information about 
the  possible  binding  mode  of  all  A2A and  A3 receptor  antagonists  are  limited  and 
consequently we have decided to select the energetically most stable conformers produced 
by the software conformational analysis.

5.1.2.3 Training set 1

SVM classification (SVMclass)  model:  A collection of 104 selective N7-  and N8-substituted 
pyrazolo-triazolo-pyrimidine  analogues  (141,142,363,364,498–597)  has  been  selected  as 
training set in the SVMclass model.163,164,232,245,244–256 

Molecules R R1 Class in 
SVclass 
model

Experimental 
Ki (nM) hA2AR

Experimental
Ki  (nM) hA3R

498 CH3 3,4-Cl2-Ph-NH-CO -1 143 3.40

499 CH3 3,4-OCH2O-Ph-NH-CO -1 680 0.24

500 CH3 4-NO2-Ph-NH-CO -1 695 0.43

501 CH3 4-CH3-Ph-NH-CO -1 110 0.31

502 CH3 4-Br-Ph-NH-CO -1 100 0.46

503 CH3 4-F-Ph-NH-CO -1 120 0.34

504 CH3 4-CF3-Ph-NH-CO -1 140 0.74

505 CH3 2-OCH3-Ph-NH-CO -1 180 0.70
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506 CH3 3-OCH3-Ph-NH-CO -1 160 0.80

507 CH3 2-Cl-Ph-NH-CO -1 200 0.91

508 CH3 4-Cl-Ph-NH-CO -1 180 0.29

509 C2H5 3,4-Cl2-Ph-NH-CO -1 352 3.00

510 C2H5 3,4-OCH2O-Ph-NH-CO -1 576 0.27

511 C2H5 4-NO2-Ph-NH-CO -1 614 0.65

512 C2H5 2-OCH3-Ph-NH-CO -1 133 0.56

513 C2H5 3-OCH3-Ph-NH-CO -1 140 0.86

514 C2H5 2-Cl-Ph-NH-CO -1 150 0.30

515 C2H5 4-Cl-Ph-NH-CO -1 160 0.20

516 n-C3H7 3,4-Cl2-Ph-NH-CO -1 401 2.50

517 n-C3H7 3,4-OCH2O-Ph-NH-CO -1 667 0.30

518 n-C3H7 4-NO2-Ph-NH-CO -1 1115 0.81

519 n-C3H7 2-OCH3-Ph-NH-CO -1 100 0.34

520 n-C3H7 3-OCH3-Ph-NH-CO -1 113 0.40

521 n-C3H7 2-Cl-Ph-NH-CO -1 121 0.71

522 n-C3H7 4-Cl-Ph-NH-CO -1 140 0.34

523 n-C4H9 3,4-Cl2-Ph-NH-CO -1 495 3.70

524 n-C4H9 3,4-OCH2O-Ph-NH-CO -1 376 0.50

525 n-C4H9 4-NO2-Ph-NH-CO -1 503 0.55

526 n-C4H9 2-Cl-Ph-NH-CO -1 100 0.86

527 n-C4H9 4-Cl-Ph-NH-CO -1 111 0.43

364 CH3 Ph-CH2-CO -1 423 0.81

528 C2H5 Ph-CH2-CO -1 335 1.03

529 n-C3H7 Ph-CH2-CO -1 306 1.01

530 n-C4H9 Ph-CH2-CO -1 400 1.11

141 CH3 Ph-NH-CO -1 381 0.16

531 n-C4H9 Ph-NH-CO -1 148 0.21

532 CH3 4-OCH3-Ph-NH-CO -1 1390 0.20

533 CH3 3-Cl-Ph-NH-CO -1 1195 0.40

534 C2H5 4-OCH3-Ph-NH-CO -1 1040 0.60

535 C2H5 3-Cl-Ph-NH-CO -1 180 1.60

142 n-C3H7 4-OCH3-Ph-NH-CO -1 140 0.80

536 n-C3H7 3-Cl-Ph-NH-CO -1 1220 0.91
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537 H 4-OCH3-Ph-NH-CO -1 520 0.14

538 H 3-Cl-Ph-NH-CO -1 248 0.50

363 CH3 H 1 2.80 300

539 CH2-CH=CH2 4-OCH3-Ph-NH-CO -1 176 0.48

540 n-C4H9 H 1 1.60 600

541 t-C4H9 H 1 45 1149

542 t-C4H9 4-OCH3-Ph-NH-CO -1 545 0.80

543 t-C4H9 3-Cl-Ph-NH-CO -1 796 2.78

544 (CH3)2CH-CH2-
CH2

H 1 0.78 700

545 (CH3)2C=CH2-
CH2

H 1 0.80 811

546 (CH3)2C=CH2-
CH2

4-OCH3-Ph-NH-CO -1 1025 40

547 2,4,5-Br3-Ph-
CH2-CH2

4-OCH3-Ph-NH-CO -1 2030 25

548 2,4,5-Br3-Ph-
CH2-CH2

3-Cl-Ph-NH-CO -1 3600 71

549 2-(α-
naphthyl)ethy

l

4-OCH3-Ph-NH-CO -1 3260 16

550 C2H5 H 1 1.95 3759

551 n-C3H7 H 1 2.51 613

552 Ph-CH2-CH2 H 1 0.34 2785

553 Ph-CH2-CH2-
CH2

H 1 0.16 2666

554 Ph-CH2-CH2 4-OCH3-Ph-NH-CO -1 120 1.47

555 Ph-CH2-CH2-
CH2

4-OCH3-Ph-NH-CO -1 1010 19.81

556 CH2-CH3 Ph2CH-CO -1 131 0.98

557 CH2-CH2-
CH(CH3)2

2-thienyl-CH2-CO 1 2.03 308

558 CH2-CH2-
CH(CH3)2

3-thienyl-CH2-CO 1 3.88 540

559 CH2-CH2-CH2-
CH3

β-naphthyl-CH2-CO 1 7.94 174

560 CH3 Ph-O-CH2-CO 1 15.1 692

561 CH2-CH2-
CH(CH3)2

4-OCH3-Ph-CH2-CO 1 1.95 359

562 CH2-CH2-
CH(CH3)2

4-Cl-Ph-O-CH2-CO 1 16.1 2306
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563 CH2-CH2-Ph 4-Cl-Ph-O-CH2-CO 1 31.7 3251

564 CH2-CH2-CH2-
Ph

4-OCH3-Ph-CH2-CO 1 8.93 120

Molecules n R R1 Class in SVclass 
model

Experimental 
Ki  (nM) hA2AR

Experimental 
 Ki (nM) hA3R

565 2 N(CH2CH2OH)2 H 1 0.12 >10000

566 3 NH2 H 1 0.22 >10000

567 3 CH2 NH2 H 1 0.13 >10000

568 2 SO3H H 1 100 >10000

569 3 NO2 H 1 1.00 >10000

570 2 NHCOCH3 H 1 4.80 >10000

571 3 N(CH2CH2OH)2 H 1 1.10 >10000

572 3 CN H 1 86 >10000

573 3 COOEt H 1 4.00 >10000

574 2 OCH2COOEt H 1 0.43 >10000

575 3 C(NOH)NH2 H 1 6.00 >10000

576 2 NH2 H 1 55 >10000

577 3 C(NH)NH2 H 1 4.4 >10000

578 3 COOH H 1 4.63 >10000

579 2 SO2NH2 H 1 1.31 >10000

580 2 SO2N(CH2CH2OH)2 H 1 0.80 >10000

581 2
NN CH3SO2

H 1 3.80 >10000

582 2 SO2N(CH2CH2Cl)2 H 1 0.59 >10000

583 2 SO2NHCH2COOH H 1 50.00 >10000

584 3 SO3H H 1 140 >10000

585 3 H H 1 1.20 >10000

586 2 H H 1 1.10 >10000

587 3 OCH2O 1 3.30 >10000

588 3 OCH3 OCH3 1 2.7 >10000
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589 3 OH H 1 1.50 >10000

Molecules n R R1 R2 Class in 
SVclass model

Experimental 
Ki  (nM) hA2AR

Experimental 
Ki (nM) hA3R

590 3 CH2OH CH2OH H 1 0.19 >10000

591 3 H H SO3H 1 75 >10000

592 3 COOEt H H 1 5.48 >10000

593 3 COOH COOH H 1 120 >10000

594 3 COOH H H 1 59 >10000

Molecules R R1 R2 Class in 
SVclass model

Experimental
Ki  (nM) hA2AR

Experimental  
Ki (nM) hA3R

595 CH3 S(CH2)2CH3 H 1 2.1 224

596 CH3 SCH3 COCH2Ph-4-OCH3 1 15 >1000

597 CH3 SCH3 COCH2Ph-4-isobutyl 1 50 >1000

5.1.2.4 Training set 2

SVR regression (SVR) model: A collection of 104 N8-substituted pyrazolo-triazolo-pyrimidine 
derivatives  (141,142,363,364,498-564 and  144,598–629),  A2A and  A3 selective  and  non-
selective compounds, has been used as training set of both human A2AAR and A3AR non-
linear SVR models.163,164,233 ,254,257 

5.1.2.5 Test set

A test  set of  51 N8-substituted pyrazolo-triazolo-pyrimidine analogues (116,630–679)  has 
been selected to validate both SVMclass and SVR models. See Table 14.
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5. Validation of computational approaches to predict AR subtype selectivity

Mol R R1 A B C D E F

498a CH3 3,4-Cl2-Ph-NH-CO -2.24 0.62 -2.16 -0.53 143 3.40

499a CH3 3,4-OCH2O-Ph-NH-CO -2.71 0.60 -2.83 0.62 680 0.24

500a CH3 4-NO2-Ph-NH-CO -2.94 0.35 -2.84 0.37 695 0.43

501a CH3 4-CH3-Ph-NH-CO -2.14 1.22 -2.04 0.51 110 0.31

502a CH3 4-Br-Ph-NH-CO -2.06 0.33 -2.00 0.34 100 0.46

503a CH3 4-F-Ph-NH-CO -2.31 0.16 -2.08 0.47 120 0.34

504a CH3 4-CF3-Ph-NH-CO -2.14 0.04 -2.15 0.13 140 0.74

505a CH3 2-OCH3-Ph-NH-CO -2.84 0.13 -2.26 0.15 180 0.70

506a CH3 3-OCH3-Ph-NH-CO -2.60 0.53 -2.20 0.10 160 0.80

507a CH3 2-Cl-Ph-NH-CO -2.26 -0.14 -2.30 0.04 200 0.91

508a CH3 4-Cl-Ph-NH-CO -2.02 0.25 -2.26 0.54 180 0.29

509a C2H5 3,4-Cl2-Ph-NH-CO -2.34 -0.10 -2.55 -0.48 352 3.00

510a C2H5 3,4-OCH2O-Ph-NH-CO -2.04 0.25 -2.76 0.57 576 0.27

511a C2H5 4-NO2-Ph-NH-CO -2.63 -0.35 -2.79 0.19 614 0.65

512a C2H5 2-OCH3-Ph-NH-CO -2.39 0.81 -2.12 0.25 133 0.56

513a C2H5 3-OCH3-Ph-NH-CO -2.28 0.59 -2.15 0.07 140 0.86

514a C2H5 2-Cl-Ph-NH-CO -2.10 0.23 -2.18 0.52 150 0.30

515a C2H5 4-Cl-Ph-NH-CO -1.88 0.36 -2.20 0.70 160 0.20

516a n-C3H7 3,4-Cl2-Ph-NH-CO -2.65 -0.28 -2.60 -0.40 401 2.50

517a n-C3H7 3,4-OCH2O-Ph-NH-CO -2.61 0.51 -2.82 0.52 667 0.30

518a n-C3H7 4-NO2-Ph-NH-CO -2.80 -0.15 -3.05 0.09 1115 0.81

519a n-C3H7 2-OCH3-Ph-NH-CO -1.77 -0.28 -2.00 0.47 100 0.34

520a n-C3H7 3-OCH3-Ph-NH-CO -2.10 -0.14 -2.05 0.40 113 0.40

521a n-C3H7 2-Cl-Ph-NH-CO -1.89 -0.36 -2.08 0.15 121 0.71

522a n-C3H7 4-Cl-Ph-NH-CO -1.98 0.71 -2.15 0.47 140 0.34
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Table 13. SVM regression model: Training set.

A = Predicted pKi  (nM) hA2AR (SVM hA2AR model)
B= Predicted pKi  (nM) hA3R (SVM hA3R model)

C = Exp. pKi  (nM) hA2AR
D =Exp. pKi  (nM) hA3R
E= Exp. Ki (nM) hA2AR
F = Exp. Ki  (nM)  hA3R
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523a n-C4H9 3,4-Cl2-Ph-NH-CO -2.73 -0.68 -2.69 -0.57 495 3.70

524a n-C4H9 3,4-OCH2O-Ph-NH-CO -2.41 -0.06 -2.58 0.30 376 0.50

525a n-C4H9 4-NO2-Ph-NH-CO -2.93 -0.23 -2.70 0.26 503 0.55

526a n-C4H9 2-Cl-Ph-NH-CO -1.85 -0.70 -2.00 0.07 100 0.86

527a n-C4H9 4-Cl-Ph-NH-CO -2.13 0.39 -2.05 0.37 111 0.43

364a CH3 Ph-CH2-CO -1.43 0.25 -2.63 0.09 423 0.81

528a C2H5 Ph-CH2-CO -1.28 0.62 -2.53 -0.01 335 1.03

529a n-C3H7 Ph-CH2-CO -1.34 -0.86 -2.49 0.00 306 1.01

530a n-C4H9 Ph-CH2-CO -1.28 -1.75 -2.60 -0.05 400 1.11

141a CH3 Ph-NH-CO -1.78 0.13 -2.58 0.80 381 0.16

531a n-C4H9 Ph-NH-CO -1.75 0.37 -2.17 0.68 148 0.21

532a CH3 4-OCH3-Ph-NH-CO -2.30 0.27 -3.14 0.70 1390 0.20

533a CH3 3-Cl-Ph-NH-CO -2.39 0.19 -3.08 0.40 1195 0.40

534a C2H5 4-OCH3-Ph-NH-CO -2.26 0.07 -3.02 0.22 1040 0.60

535a C2H5 3-Cl-Ph-NH-CO -2.07 -0.15 -2.26 -0.20 180 1.60

142a n-C3H7 4-OCH3-Ph-NH-CO -2.06 -0.07 -2.15 0.10 140 0.80

536a n-C3H7 3-Cl-Ph-NH-CO -2.08 -0.70 -3.09 0.04 1220 0.91

537a H 4-OCH3-Ph-NH-CO -2.42 0.09 -2.72 0.85 520 0.14

538a H 3-Cl-Ph-NH-CO -2.60 0.81 -2.39 0.30 248 0.50

363a CH3 H -0.49 -2.55 -0.45 -2.48 2.80 300

539a CH2-CH=CH2 4-OCH3-Ph-NH-CO -2.36 -0.12 -2.25 0.32 176 0.48

540a n-C4H9 H -0.21 -3.41 -0.20 -2.78 1.60 600

541a t-C4H9 H -1.47 -1.97 -1.65 -3.06 45 1149

542a t-C4H9 4-OCH3-Ph-NH-CO -2.56 0.54 -2.74 0.10 545 0.80

543a t-C4H9 3-Cl-Ph-NH-CO -2.91 0.16 -2.90 -0.44 796 2.78

544a (CH3)2CH-CH2-CH2 H 0.08 -2.49 0.11 -2.85 0.78 700

545a (CH3)2C=CH2-CH2 H -0.32 -2.57 0.10 -2.91 0.80 811

546a (CH3)2C=CH2-CH2 4-OCH3-Ph-NH-CO -1.89 -0.08 -3.01 -1.60 1025 40

547a 2,4,5-Br3-Ph-CH2-CH2 4-OCH3-Ph-NH-CO -2.68 -1.55 -3.31 -1.40 2030 25

548a 2,4,5-Br3-Ph-CH2-CH2 3-Cl-Ph-NH-CO -2.62 -0.27 -3.56 -1.85 3600 71

549a 2-(α-naphthyl)ethyl 4-OCH3-Ph-NH-CO -1.83 -1.01 -3.51 -1.20 3260 16

550a C2H5 H -0.33 -2.97 -0.29 -3.58 1.95 3759

551a n-C3H7 H -0.31 -2.88 -0.40 -2.79 2.51 613

552a Ph-CH2-CH2 H 0.51 -3.03 0.47 -3.44 0.34 2785
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553a Ph-CH2-CH2-CH2 H 0.01 -3.10 0.80 -3.43 0.16 2666

554a Ph-CH2-CH2 4-OCH3-Ph-NH-CO -2.06 -0.59 -2.08 -0.17 120 1.47

555a Ph-CH2-CH2-CH2 4-OCH3-Ph-NH-CO -1.89 -0.91 -3.00 -1.30 1010 19.81

556a CH2-CH3 Ph2CH-CO -1.21 -0.53 -2.12 0.01 131 0.98

557a CH2-CH2-CH(CH3)2 2-thienyl-CH2-CO -1.30 -0.78 -0.31 -2.49 2.03 308

558a CH2-CH2-CH(CH3)2 3-thienyl-CH2-CO -1.62 -1.51 -0.59 -2.73 3.88 540

559a CH2-CH2-CH2-CH3 β-naphthyl-CH2-CO -1.47 -1.90 -0.90 -2.24 7.94 174

560a CH3 Ph-O-CH2-CO -1.88 -0.86 -1.18 -2.84 15.1 692

561a CH2-CH2-CH(CH3)2 4-OCH3-Ph-CH2-CO -1.49 -1.62 -0.29 -2.56 1.95 359

562a CH2-CH2-CH(CH3)2 4-Cl-Ph-O-CH2-CO -1.23 -2.37 -1.21 -3.36 16.1 2306

563a CH2-CH2-Ph 4-Cl-Ph-O-CH2-CO -1.24 -2.60 -1.50 -3.51 31.7 3251

564a CH2-CH2-CH2-Ph 4-OCH3-Ph-CH2-CO -1.38 -3.80 -0.95 -2.08 8.93 120

598 C2H5 4-CH3-Ph-NH-CO -1.87 0.86 -1.48 0.85 30 0.14

599 C2H5 4-Br-Ph-NH-CO -1.99 0.80 -1.60 0.43 40 0.37

600 C2H5 4-F-Ph-NH-CO -2.17 0.18 -1.78 0.07 60 0.86

601 C2H5 4CF3-Ph-NH-CO -2.10 0.33 -1.72 0.01 53 0.97

602 n-C3H7 4-CH3-Ph-NH-CO -1.70 0.61 -1.08 0.40 12 0.40

603 n-C3H7 4-Br-Ph-NH-CO -1.96 0.60 -1.70 0.35 50 0.45

604 n-C3H7 4-F-Ph-NH-CO -2.32 0.36 -1.62 0.54 42 0.29

605 n-C3H7 4CF3-Ph-NH-CO -2.14 0.01 -1.53 0.29 34 0.51

606 n-C4H9 4-CH3-Ph-NH-CO -1.81 0.35 -1.38 0.68 24 0.21

607 n-C4H9 4-Br-Ph-NH-CO -2.10 0.27 -1.82 0.04 66 0.91

608 n-C4H9 4-F-Ph-NH-CO -2.38 0.58 -1.70 0.10 50 0.80

609 n-C4H9 4CF3-Ph-NH-CO -2.26 -0.40 -1.49 0.14 31 0.72

610 n-C4H9 2-OCH3-Ph-NH-CO -1.49 0.38 -1.96 0.24 91 0.57

611 n-C4H9 3-OCH3-Ph-NH-CO -1.98 -0.09 -1.98 0.22 95 0.60

612 C2H5 Ph-NH-CO -1.95 0.42 -1.60 0.74 40 0.18

613 n-C3H7 Ph-NH-CO -1.71 0.28 -1.79 0.82 62 0.15

144 CH3 4-SO3-Ph-NH-CO -2.52 -1.50 -2.77 -1.40 594 25

614 C2H5 4-SO3-Ph-NH-CO -2.56 -1.14 -2.40 -1.60 249 40

615 n-C3H7 4-SO3-Ph-NH-CO -2.49 -1.56 -2.48 -1.48 305 30

616 n-C4H9 4-SO3-Ph-NH-CO -2.52 -1.30 -2.55 -1.67 352 47

617 n-C4H9 4-OCH3-Ph-NH-CO -2.17 -0.14 -1.90 0.49 80 0.32

618 n-C4H9 3-Cl-Ph-NH-CO -2.38 -0.35 -1.98 0.22 95 0.60
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619 4-OCH3-Ph-NH-CO -0.60 -1.59 -0.97 0.85 9.40 0.14

620 3-Cl-Ph-NH-CO -2.19 -1.09 -0.98 0.72 9.50 0.19

621 H H -1.08 -3.02 -1.30 -2.54 20 348

622 (CH3)2CH-CH2-CH2 4-OCH3-Ph-NH-CO -2.07 -0.07 -1.81 -1.48 65 30

623 (CH3)2CH-CH2-CH2 3-Cl-Ph-NH-CO -2.33 -0.28 -2.06 -1.60 115 40

624 (CH3)2C=CH2-CH2 3-Cl-Ph-NH-CO -2.26 -0.36 -2.04 -1.74 110 55

625 2,4,5-Br3-Ph-CH2-CH2 H -1.97 -3.52 -2.54 -3.65 348 4481

626 Ph-CH2-CH2 3-Cl-Ph-NH-CO -2.08 -0.39 -2.02 -1.12 105 13.28

627 Ph-CH2-CH2-CH2 3-Cl-Ph-NH-CO -1.85 -1.23 -2.30 -1.63 200 42.65

628 Ph-CH2-CH2 (CH3)3COCONH(CH2)3-
CO

-2.43 -3.76 -2.46 -3.17 288 1480

629 (CH3)2CH-CH2-CH2 (CH3)3COCONH(CH2)3-
CO

-2.45 -2.80 -2.47 -3.40 297 2488

a Molecules already introduced in the previous SVM classification model (see Table 11)

5.1.2.6 Molecular Electrostatic Potential (MEP) calculation

Autocorrelation  MEP  vectors  have  been  introduced  by  Gasteiger  and  collaborators  as 
molecular  descriptors  computed on  the molecular  surface.258 In  the present  work,  MEPs 
derive from a classical point charge model: the electrostatic potential for each molecule is  
obtained by  moving  a  unit  positive  point  charge  across  the  molecular  surface,  and  it  is 
calculated at various points j on this surface by the following equation:

where qi represents the partial charge of each atom i and rji is the distance between points j 
and atom i. Starting from the 3D model of a molecule and its partial atomic charges, the 
electrostatic  potential  is  calculated  for  points  on  the  molecular  surface.  Partial  atomic 
charges  were  calculated  by  the  PEOE  (Partial  Equalization  of  Orbital  Electronegativity) 
method and its extension to conjugated systems implemented in ADRIANACODE. Connolly’s 
solvent  accessible  surface  with  a  solvent  radius  of  2.0  Å  has  been  used  to  project  the 
corresponding MEP. Once the autocorrelation function has been applied, the autocorrelation 
vector is derived. Connolly’s solvent accessible surfaces and the corresponding MEPs have 
been calculated by ADRIANACODE.252,259,260 

5.1.2.7 Autocorrelation MEP (autoMEP) vectors

The idea of using autocorrelation for the transformation of the constitution of a molecule  
into  a  fixed  length  representation  was  introduced  by  Moreau  and  Broto.261,262 They 
considered that a certain property p of an atom i can be correlated with the same property p 
of atom j and the products of p values can be summed over all atom pairs having a certain 
topological  distance  d.  Each  component  of  the  autocorrelation  vector  is  consequently 
calculated as follows
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where A is the autocorrelation coefficient referring to atom pairs i,j  at  the i,j  topological 
distance d and pi is the atomic property. 261,262

Ligands and proteins interact through molecular surfaces and, therefore, representations of 
molecular  surfaces have to be sought in the endeavour to understand biological  activity. 
Again, we are under the restriction of having to represent molecular surfaces of different 
size, and consequently Gasteiger and collaborators employed the autocorrelation concept to 
achieve this  goal.260,263,264 Starting form the topological autocorrelation examples of Moreau 
and Broto,  firstly  they  generated  a  set  of  randomly  distributed  points  on  the molecular  
surface,  then,  all  distances  between  the  surface  points  were  calculated  and  sorted  into 
preset intervals dlower-dupper. The autocorrelation coefficients are then computed:

where the i,j  distance d belongs  to the dlower-dupper interval  and L  is  the total  number  of 
distances in the same interval. The application of this concept made possible to compare 
different molecular properties, since this 3D descriptor represents a compressed expression 
of the distribution of the property p on the molecular surface. For the calculation of the 
autocorrelation coefficient we have applied the default values for parameters computation, 
since no improving in statistical model capability was observed by changing them in a various 
way. Default parameters values are the following: d lower = 1 Å; dupper = 13 Å; L = 12; point 
density = 10 points/Å2; vdW radius reduction factor = 1.000. Consequently, we derived 12 
autocorrelation vectors per molecule, computed at the 12 (L value) distances in the interval 
from 1 to 13 Å with a step width of 1 Å. We considered that the step width of 1 Å, derived  
from the partition in 12 intervals of the global distance 1–13 Å, was sufficient to describe in  
an  accurate  way  the  distribution  of  the  MEP  property  in  the  molecular  surface.  The 
autocorrelation transformation produces a molecular descriptor which is a unique fingerprint 
of  each  molecule  under  consideration.  Autocorrelation  vector  have  been  calculated  by 
ADRIANACODE.252

5.1.2.8 Support Vector Machine (SVM)

Support Vector Machines (SVMs) are learning systems originated from Statistical Learning 
Theory, proposed by Vapnik.265,266 Here SVMs are applied to solve function approximation 
problems (approximation of unknown target functions), by using a training set represented 
as pairs of examples,                                                         ,where xi is an input sample and yi is the 
corresponding desired value, directly observed from the unknown function. Usually xi      , 
while if                 the learning problem is a binary classification problem, if             the learning 
problem is a regression problem. In both cases, the aim of the learning system is to select 
from a set of functions, that is, the hypothesis space, a hypothesis            that approximates 
the desired responses  yi  over the data set in an optimal fashion, for example, minimizing 
some risk functional R which weights the cost of the approximation, given by a loss or cost 
function that measures the distance between yi and f(x), with the probability to observe the 
input–output couple (xi, yi). In particular, we would like the function f(x) to be a reasonable 
estimate of the functional relation between input–output pairs (prediction or generalization 
property).  The linear SVM is based on: (i)  linear hypotheses corresponding to separating 
hyperplanes, that is                                                    , where .  is the dot product between 
vectors;  (ii)  the  solution  of  a  quadratic  optimization  problem that  represents  a  tradeoff 
between the minimization of the empirical error, that is, the error over the training set, and 
the maximization of the smoothness of f(x).266,267 Non-linear versions of SVM can be obtained 
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by the   introduction   of   a   kernel.  267   An   example   of   kernel   function  is  the  Gaussian 
kernel                         . Let  elaborate  about  these  issues,  both  for classification and  
regression problems, in the following.
Support Vector Classification: Binary classification is widely performed to discriminate a set 
of compounds in two classes. The standard formulation for SVM is derived by using the Hinge 
loss  function  and  slack variables :

subject to: 
where we recall  that , w and b are the parameters that control the function f(x), and 
the constraints are satisfied with zero error when it is possible to find a function which is able 
to ‘classify’ any positive example (yi = +1) by returning a positive value, that is, f(x)≥1, and any 
negative example (yi = -1) returning a negative value, that is, f(x)≤-1. If such function does not 
exist,  then  errors  need  to  be  compensated  by  choosing  non-zero  values  for  the 
corresponding  slack  variables . The tradeoff between the minimization of the norm of the 
weight vector and the empirical error is given by the constant C. It turns out that the above 
quadratic constrained minimization problem can be more easily solved by resorting to the 
corresponding dual problem

subject to: 

where αi are called the dual variables. The input vectors xi for which the corresponding dual 
variables  satisfy > 0 are referred to as support vectors, where is the optimal solution 
vector of the dual problem. Finally, the decision rule is given by sgn(f(x)).
Non-linearity  of  the  boundary  separating  positive  from negative  samples  is  achieved by 
projecting the input  vector  into a higher dimensional  feature space.  In  this  way the dot 
product is replaced by a kernel function k(        )representing the dot product in the 
transformed  space,  that  is, . The decision function takes the final form

Support Vector Regression (SVR):268 If the learning task is defined  as  a regression problem, 
then  the  mathematical  formulation  has  to  take  into  account  approximation  errors.  A 
‘reasonable’ approximation is defined by introducing the constraint that for each input xi we 
should  have ,where  ε is  a  small  positive  constant  representing  the 
tolerance we allow on approximation errors. This requirement can be represented by two 
linear   constraints  ,   that   is Errors 
above the tolerance are typically linearly penalized by resorting to the linear  ε-insensitive 
loss function, defined in the following way

On the basis of the above considerations, the standard SVR model is defined as: 
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where a set of slack variables ,  is  added  to  quantify  the  violation  of  the  imposed 
constrains: account  for  underestimation  of  the  target  values,  while account  for 
overestimation of the target values. Note that, the solution of a linear regression problem 
results to be a tube with radius e which approximates the data distribution.272-275 Even for SVR 
a kernel can be used to introduce non-linearity. In that case, the kernel expansion of the 
decision function f is

The solution of the regression problem is a weighted sum of the kernel function evaluated at 
the support vectors, defined as the training points located on the border of the regression 
tube.

5.1.2.9 Classification model validation and evaluation

An extensive n-fold validation procedure was applied to evaluate the prediction capability of 
the SVM classification model (auto-MEP/SVMclass). In particular leave-one-out, 10- and 5-
fold crossvalidation were performed for model validation. The average, standard deviation, 
minimum and maximum rates were collected for each n-fold cross-validation method. Then, 
the confusion matrix was extracted by comparing the experimental and predicted classes 
after  LOO cross-validation  and  the  test  set  prediction  to  confirm  the  robustness  of  our 
model. In the specific case, hA2AAR antagonists are positive samples, while hA3AR antagonists 
are the negatives. The percentage (%) of correct predictions, sensitivity and specificity were 
calculated from the confusion matrix in the following way:

where TP is the number of true positives, TN is the number of true negatives, FP are the false 
positives,  FN  are  the  false  negatives  and  n is  the  total  number  of  compounds.  High 
percentage (%) values of correct predictions, sensitivity and specificity correspond to good 
modeling performances.

5.1.3 Chemistry

The  desired  compounds  (116,630–679)  have  been  prepared  by  acylation  with  the 
appropriate arylacetyl chloride of the well-known unsubstituted derivatives  363,  540,  544, 
550-553; which were prepared as reported in scheme 11 with the same procedure reported 
in section 3.1 and 3.2 of this thesis. When not commercially available the acyl chlorides were 
prepared from the corresponding acid by treatment with thionyl chloride in the presence of 
a catalytic amount of dimethyl formamide.
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5.1.3.1 General procedures for the preparation of 5-[(aryl)carbonyl]amino-8-(ar)alkyl-2-(2-
furyl)-pyrazolo[4,3-e] 1,2,4-triazolo[1,5-c] pyrimidine (116,630–679)

Amino compound (363,  540,  544,  550-553, 10 mmol) was dissolved in freshly distilled THF 
(15 ml) and appropriate acid chloride (13 mmol) and triethylamine (13 mmol) were added. 
The  mixture  was  refluxed  under  argon  for  18  h.  Then  the  solvent  was  removed  under 
reduced pressure and the residue was dissolved in EtOAc (30 ml) and washed twice with 
water (15 ml).  The organic  phase was dried on Na2SO4 and concentrated under reduced 
pressure. The residue was purified by flash chromatography (EtOAc 4 : Light petroleum 6) to 
afford the desired compounds (116,630–679).

5-[(α-Naphthylmethyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)pyrazolo[4,3-e]-1,2,4-
triazolo[1,5-c]pyrimidine  (116): yield  82%,  pale-yellow  solid;  mp  109°C  (EtOAc-Light 
petroleum); IR (KBr): 3240-2980, 1676, 1610, 1585, 1510 cm-1. 1H NMR (CDCl3) δ: 2.15 (t, 2H, 
J = 7 Hz), 2.65-2.78 (m, 2H), 4.38 (t, 2H, J ) 7 Hz), 4.44 (s, 2H), 4.61 (t, 2H, J = 7 Hz), 6.67 (dd, 
1H, J ) 2 Hz, J = 4 Hz), 7.03-7.18 (m, 5H), 7.32-7.59 (m, 4H), 7.65-8.11 (m, 5H), 8.92 (s, 1H), 
11.10 (bs, 1H).

5-[(Diphenylmethyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (630):  yield  85%,  white  solid;  mp  253°C  (EtOAc–Light  petroleum);  IR  (KBr): 
3240–2975, 1680, 1615, 1590, 1515 cm-1;  1H NMR (CDCl3)  δ: 4.01 (s,3H); 5.62 (s, 1 h); 6.71 
(dd, 1H, J = 2, J = 4); 7.04–7.43 (m, 11H); 7.98 (d, 1H, J = 2); 8.79 (s, 1H); 11.38 (br s, 1H). MW 
449.16. Anal. Calcd for C25H19N7O2: C, 66.81; H, 4.26; N, 21.81. Found: C, 66.25; H, 4.19; N, 
22.01.
5-[(4-Biphenylmethyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (631): yield 77%, pale yellow solid; mp 256°C (EtOAc–light petroleum); IR (KBr): 
3230–2980, 1675, 1620, 1585, 1510 cm-1;  1H NMR (CDCl3) δ: 4.01 (s, 2H); 4.19 (s, 3H); 6.70 
(dd, 1H, J = 2, J = 4); 7.21 (d, 1H, J = 4); 7.25–7.48 (m, 5H); 7.59–7.71 (m, 4H); 7.96 (d, 1H, J = 
2); 8.79 (s, 1H); 10.96 (br s, 1H). MW 449.16. Anal. Calcd for C25H19N7O2: C, 66.81; H, 4.26; N, 
21.81. Found: C, 66.43; H, 4.21; N, 21.77.
5-[(3-Chlorobenzyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (638):  yield  91%,  yellow solid;  mp 212°C  (EtOAc–Light  petroleum);  IR  (KBr): 
3235– 2975, 1678, 1617, 1588, 1510 cm-1; 1H NMR (CDCl3) δ: 4.00 (s, 2H); 4.17 (s, 3H); 6.73 
(dd, 1H, J  = 2, J = 4); 7.20 (d, 1H, J = 4); 7.23–7.38 (m, 3H); 7.43 (s, 1H); 7.99 (d, 1H, J = 2); 
8.80 (s, 1H); 11.15 (bs, 1H). MW 407.81. Anal. Calcd for C 19H14N7O2Cl: C, 55.96; H, 3.46; N, 
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24.04. Found: C, 55.78; H, 3.39; N, 24.01.
5-[(4-Chlorobenzyl)carbonyl]amino-8-methyl-2-(2-furyl)-  pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (641):  yield  95%,  brown solid;  mp 165°C (EtOAc–Light  petroleum);  IR  (KBr): 
3230– 2978, 1675, 1614, 1584, 1500 cm-1; 1H NMR (CDCl3) δ: 4.15 (s, 3H); 5.03 (s, 2H); 6.67 
(dd, 1H, J = 2, J = 4); 7.01 (d, 2H, J = 9); 7.20 (d, 1H, J = 4); 7.38 (d, 2H, J = 9); 7.97 (d, 1H, J = 
2); 8.79 (s, 1H); 11.04 (br s, 1H). MW 407.81. Anal. Calcd for C19H14N7O2Cl: C, 55.96; H, 3.46; 
N, 24.04. Found: C, 56.12; H, 3.29; N, 24.19.
5-[(4-Methoxybenzyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (643):  yield  83%,  yellow solid;  mp 212°C (EtOAc–Light  petroleum);  IR  (KBr): 
3227–2983, 1673, 1610, 1582, 1505 cm -1; 1H NMR (CDCl3) δ: 3.62 (s, 3H); 3.85 (s, 2H); 4.12 (s, 
3H); 6.64 (dd, 1H, J = 2, J = 4); 6.88 (d, 2H, J = 9); 7.19 (d, 1H, J = 4); 7.24 (d, 2H, J = 9); 7.99 (d, 
1H, J = 2);  8.80 (s, 1H); 10.96 (br s, 1H).MW 403.39. Anal. Calcd for C20H17N7O3:  C, 59.55; H, 
4.25; N, 24.31. Found: C, 59.47; H, 4.12; N, 24.16.
5-[(2-Thienylmethyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (652):  yield  68%,  brown solid;  mp°210  C (EtOAc–Light  petroleum);  IR  (KBr): 
3230–2985, 1670, 1615, 1587, 1515 cm-1;  1H NMR (CDCl3)  δ: 4.16 (s, 3H); 4.22 (s, 2H); 6.66 
(dd, 1H, J = 2, J = 4); 7.01 (dd, 1H, J = 2, J = 4); 7.07 (d, 1H, J = 2); 7.21 (d, 1H, J = 4); 7.44 (d, 
1H,  J  = 4); 7.97 (d, 1H,  J  = 2); 8.81 (s, 1H); 11.03 (br s, 1H). MW 379.40. Anal. Calcd for 
C17H13N7O2S: C, 53.82; H, 3.45; N, 25.84. Found: C, 54.03; H, 3.52; N, 25.88.
5-[(3-Thienylmethyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (653):  yield  71%,  brown solid;  mp°200  C (EtOAc–Light  petroleum);  IR  (KBr): 
3234–2990, 1668, 1613, 1578, 1512 cm-1;  1H NMR (CDCl3)  δ: 4.02 (s, 2H); 4.16 (s, 3H); 6.69 
(dd, 1H, J = 2, J = 4); 7.07 (d, 1H, J = 4); 7.23 (d, 1H, J = 4); 7.41 (s, 1H); 7.43 (d, 1H, J = 4); 7.98 
(d, 1H, J = 2); 8.80 (s, 1H); 10.99 (br s, 1H). MW 379.40. Anal. Calcd for C17H13N7O2S: C, 53.82; 
H, 3.45; N, 25.84. Found: C, 53.66; H, 3.38; N, 25.70.
5-[(b-Naphthylmethyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (654):  yield  87%,  yellow solid;  mp°209  C (EtOAc–Light  petroleum);  IR  (KBr): 
3250–2977, 1682, 1615, 1590, 1500 cm-1;  1H NMR (CDCl3)  δ: 4.15 (s, 3H); 4.19 (s, 2H); 6.62 
(dd, 1H, J = 2, J = 4); 7.20 (d, 1H, J = 4); 7.39–7.58 (m, 3H); 7.68–7.89 (m, 4H); 7.99 (d, 1H, J = 
4); 8.79 (s, 1H); 11.01 (br s, 1H). MW 423.43. Anal. Calcd for C23H17N7O2: C, 65.24; H, 4.05; N, 
23.16. Found: C, 64.98; H, 4.01; N, 22.99.
5-[(a-Naphthylmethyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (655): yield 87%, pale yellow solid;mp 205°C (EtOAc–Light petroleum); IR (KBr): 
3240–2985, 1675, 1613, 1584, 1511 cm-1;  1HNMR(CDCl3)  δ: 4.13 (s, 3H); 4.42 (s, 2H); 6.63 
(dd, 1H, J = 2, J = 4); 7.19 (d, 1H, J = 4); 7.40–7.61 (m, 4H); 7.75–7.85 (m, 3H); 7.98 (d, 1H, J = 
4); 8.78 (s, 1H); 11.08 (br s, 1H). MW 423.43. Anal. Calcd for C23H17N7O2: C, 65.24; H, 4.05; N, 
23.16. Found: C, 65.38; H, 4.04; N, 23.22.
5-[(4-Trifluorobenzyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (659): yield 97%, pale yellow solid; mp 212°C (EtOAc–Light petroleum); IR (KBr): 
3225–2980, 1670, 1613, 1580, 1505 cm-1;  1H NMR (CDCl3)  δ: 4.08 (s, 2H); 4.12 (s, 3H); 6.68 
(dd, 1H, J = 2, J = 4); 7.21 (d, 1H, J = 4); 7.61 (d, 2H, J = 9); 7.74 (d, 2H, J = 9); 7.97 (d, 1H, J = 
2); 8.80 (s, 1H); 11.19 (br s, 1H). MW 441.37. Anal. Calcd for C20H14N7O2F3: C, 54.43; H, 3.20; 
N, 22.21. Found: C, 54.71; H, 3.28; N, 22.38.
5-[(4-Chlorophenoxymethyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (662): yield 83%, brown solid; mp 145°C (EtOAc–Light petroleum); 
IR (KBr): 3230–2980, 1670, 1615, 1590, 1515 cm-1;  1H NMR (CDCl3)  δ: 4.28 (s, 3H); 5.03 (s, 
2H); 6.63 (dd, 1H, J = 2, J = 4); 7.01 (d, 2H, J = 9); 7.18 (d, 1H, J = 4); 7.31 (d, 2H, J = 9); 7.98 (d, 
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1H, J = 2); 8.78 (s, 1H); 11.03 (br s, 1H). MW 423.81. Anal. Calcd for C 19H14N7O3Cl: C, 53.85; H, 
3.33; N, 23.13. Found: C, 54.02; H, 3.37; N, 23.19.
5-[(4-Fluorobenzyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (668):  yield  86%,  brown solid;  mp  192°C  (EtOAc–light  petroleum);  IR  (KBr): 
3232– 2986, 1673, 1616, 1590, 1511 cm-1; 1H NMR (CDCl3) δ: 4.01 (s, 2H); 4.18 (s, 3H); 6.66 
(dd, 1H, J = 2, J = 4); 7.21 (d, 1H, J = 4); 7.23 (d, 2H, J = 9); 7.41 (d, 2H, J = 9); 7.98 (d, 1H, J = 
2); 8.81 (s, 1H); 11.00 (br s, 1H).MW391.36. Anal. Calcd for C19H14N7O2F: C, 58.31; H, 3.61; N, 
25.05. Found: C, 58.07; H, 3.62; N, 24.96.
5-[(2,6-Dichlorobenzyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (670):  yield  70%,  yellow solid;  mp 170°C  (EtOAc–Light  petroleum);  IR  (KBr): 
3228–2983, 1675, 1614, 1591, 1513 cm-1;  1H NMR (CDCl3) δ: 4.08 (s, 2H); 4.15 (s, 3H); 6.69 
(dd, 1H, J  = 2, J = 4); 7.20 (d, 1H, J = 4); 7.31–7.59 (m, 3H); 7.99 (d, 1H, J = 2); 8.84 (s, 1H); 
11.15 (br s, 1H). MW 442.26. Anal. Calcd for C19H13N7O2Cl2: C, 51.60; H, 2.96; N, 22.17. Found: 
C, 51.32; H, 3.00; N, 22.23.
5-[(4-Biphenylmethyl)carbonyl]amino-8-ethyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (642): yield 72%, pale yellow solid;mp 105°C (EtOAc–Light petroleum); IR (KBr): 
3226–2975, 1673, 1610, 1580, 1510 cm -1; 1H NMR (CDCl3) δ: 1. 44 (t, 3H, J = 6.7), 4.01 (s, 2H); 
4.40 (q, 2H, J = 6.7); 6.72 (dd, 1H, J = 2, J = 4); 7.19 (d, 1H, J = 4); 7.22–7.58 (m, 5H); 7.62–
7.81 (m, 4H); 7.97 (d, 1H,  J  = 2); 8.79 (s, 1H); 10.96 (br s, 1H). MW 463.49. Anal. Calcd for 
C26H21N7O2: C, 67.38; H, 4.57; N, 21.15. Found: C, 66.99; H, 4.49; N, 21.08.
5-[(2-Thienylmethyl)carbonyl]amino-8-ethyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (651):  yield  65%,  brown solid;  mp 113°C  (EtOAc–Light  petroleum);  IR  (KBr): 
3230–2985, 1670, 1618, 1589, 1512 cm-1; 1H NMR (CDCl3) δ: 1.43 (t, 3H, J = 6.7); 4.21 (s, 2H); 
4.43 (q, 2H, J = 6.7); 6.73 (dd, 1H, J = 2, J = 4); 7.00 (dd, 1H, J = 2, J = 4); 7.04 (d, 1H, J = 2); 
7.20 (d, 1H,  J  = 4); 7.41 (d, 1H,  J  = 4);7.99(d,1H,  J  = 2); 8.91 (s, 1H); 11.05 (br s, 1H). MW 
393.42. Anal. Calcd for C18H15N7O2S: C, 54.95; H, 3.84; N, 24.92. Found: C, 55.11; H, 3.91; N, 
24.79.
5-[(3-Thienylmethyl)carbonyl]amino-8-ethyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (650):  yield 68%, hygroscopic brown solid (EtOAc–Light petroleum);  IR (KBr): 
3244–2991, 1674, 1615, 1590, 1514 cm-1; 1H NMR (CDCl3) δ: 1.49 (t, 3H, J = 6.7); 4.40 (q, 2H, J 
= 6.7); 4.51 (s, 2H); 6.61 (dd, 1H, J = 2, J = 4); 7.00 (d, 1H, J = 4); 7.15 (d, 1H, J = 4); 7.35 (s, 
1H); 7.45 (d, 1H, J  = 4); 7.99 (d, 1H, J  = 2); 8.82 (s, 1H); 10.35 (br s, 1H). MW 393.42. Anal. 
Calcd for C18H15N7O2S: C, 54.95; H, 3.84; N, 24.92. Found: C, 54.68; H, 3.79; N, 24.77.
5-[(β-Naphthylmethyl)carbonyl]amino-8-ethyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (649): yield 91%, pale yellow solid; mp 97°C (EtOAc–Light petroleum); IR (KBr): 
3235–2987, 1676, 1620, 1587, 1505 cm-1; 1H NMR (CDCl3) δ: 1.47 (t, 3H, J = 6.7); 4.18 (s, 2H); 
4.41 (q, 2H, J = 6.7); 6.78 (dd, 1H, J = 2, J = 4); 7.21 (d, 1H, J = 4); 7.36–7.60 (m, 3H); 7.77–
7.99 (m, 4H); 8.01 (d, 1H,  J  = 4); 8.83 (s, 1H); 11.05 (br s, 1H). MW 437.45. Anal. Calcd for 
C24H19N7O2: C, 65.89; H, 4.38; N, 22.41. Found: C, 65.66; H, 4.37; N, 22.29.
5-[(a-Naphthylmethyl)carbonyl]amino-8-ethyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (648): yield 90%, pale yellow solid; mp 135°C (EtOAc–Light petroleum); IR (KBr): 
3238–2980, 1676, 1611, 1580, 1500 cm-1; 1H NMR (CDCl3) δ: 1.46 (t, 3H, J = 6.7); 4.41 (q, 2H, J 
= 6.7); 4.53 (s, 2H); 6.67 (dd, 1H, J = 2, J = 4); 7.20 (d, 1H, J = 4); 7.41–7.64 (m, 4H); 7.79–7.99 
(m,  3H);  8.01 (d,  1H,  J  =  4);  8.84 (s,  1H);  11.05 (br  s,  1H).  MW 437.45.  Anal.  Calcd  for 
C24H19N7O2: C, 65.89; H, 4.38; N, 22.41. Found: C, 66.02; H, 4.42; N, 22.53.
5-[(Diphenylmethyl)carbonyl]amino-8-n-propyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (639):  yield  85%,  white  solid;  mp  212°C  (EtOAc–Light  petroleum);  IR  (KBr): 
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3235–2980, 1673, 1610, 1592, 1510 cm-1;  1H NMR (CDCl3) δ: 0.91 (t, 3H, J  = 6.7), 1.81–1.99 
(m, 2H); 4.39 (t, 2H, J = 6.7); 5.61 (s, 1H); 6.67 (dd, 1H, J = 2, J = 4); 7.08–7.58 (m, 11H); 7.99 
(d, 1H, J = 2); 8.81 (s, 1H); 11.35 (br s, 1H). MW 477.52. Anal. Calcd for C27H23N7O2: C, 67.91; 
H, 4.85; N, 20.53. Found: C, 67.69; H, 4.77; N, 20.42.
5-[(4-Biphenylmethyl)carbonyl]amino-8-n-propyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (640): yield 79%, pale yellow solid; mp 218°C (EtOAc–Light petroleum); IR (KBr): 
3235–2985, 1676, 1620, 1587, 1500 cm-1;  1H NMR (CDCl3) δ: 0.93 (t, 3H, J  = 6.7), 1.83–1.94 
(m, 2H); 4.01 (s, 2H); 4.37 (t, 2H, J = 6.7); 6.76 (dd, 1H, J = 2, J = 4); 7.20 (d, 1H, J = 4); 7.25–
7.59 (m, 5H); 7.61–7.79 (m, 4H); 7.98 (d, 1H, J = 2); 8.81 (s, 1H); 11.03 (br s, 1H). MW 477.52. 
Anal. Calcd for C27H23N7O2: C, 67.91; H, 4.85; N, 20.53. Found: C, 68.01; H, 4.86; N, 20.57.
5-[(b-Naphthylmethyl)carbonyl]amino-8-n-propyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (657):  yield  82%,  pale  yellow  solid;  mp  80°C  (EtOAc–Light 
petroleum); IR (KBr): 3230–2980, 1680, 1615, 1584, 1515 cm-1; 1H NMR (CDCl3) δ: 0.85 (t, 3H, 
J = 6.7), 1.80–2.01 (m, 2H); 4.19 (s, 2H); 4.35 (t, 2H, J = 6.7); 6.75 (dd, 1H, J = 2, J = 4); 7.23 (d, 
1H, J = 4); 7.40–7.62 (m, 3H); 7.80–7.95 (m, 4H); 7.99 (d, 1H, J = 4); 8.81 (s, 1H); 11.07 (br s, 
1H). MW 451.48. Anal. Calcd for C25H21N7O2: C, 66.51; H, 4.69; N, 21.72. Found: C, 66.23; H, 
4.60; N, 21.80.
5-[(a-Naphthylmethyl)carbonyl]amino-8-n-propyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (656):  yield  75%,  pale  yellow  solid;  mp  170°C  (EtOAc–Light 
petroleum); IR (KBr): 3230–2985, 1675, 1615, 1583, 1506 cm-1; 1H NMR (CDCl3) δ: 0.85 (t, 3H, 
J = 6.7), 1.79–1.99 (m, 2H); 4.35 (t, 2H, J = 6.7); 4.53 (s, 2H); 6.77 (dd, 1H, J = 2, J = 4); 7.22 (d, 
1H, J = 4); 7.40–7.63 (m, 4H); 7.79–8.00 (m, 3H); 8.03 (d, 1H, J = 4); 8.83 (s, 1H); 11.18 (br s, 
1H). MW 451.48. Anal. Calcd for C25H21N7O2: C, 66.51; H, 4.69; N, 21.72. Found: C, 66.30; H, 
4.73; N, 21.67.
5-[(Diphenylmethyl)carbonyl]amino-8-n-butyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (636):  yield  75%,  white  solid;  mp  195°C  (EtOAc–Light  petroleum);  IR  (KBr): 
3230–2985, 1672, 1615, 1600, 1520 cm-1;  1H NMR (CDCl3) δ: 0.81 (t, 3H, J  = 6.7), 1.01–1.28 
(m, 2H); 1.78–1.99 (m, 2H); 4.38 (t, 2H, J = 6.7); 5.65 (s, 1H); 6.68 (dd, 1H, J = 2, J = 4); 7.04–
7.55 (m, 11H); 7.98 (d, 1H, J = 2); 8.82 (s, 1H); 11.37 (br s, 1H). MW 491.54. Anal. Calcd for  
C28H25N7O2: C, 68.42; H, 5.13; N, 19.95. Found: C, 68.17; H, 5.08; N, 20.02.
5-[(4-Biphenylmethyl)carbonyl]amino-8-n-butyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (637): yield 83%, pale yellow solid;mp 180°C (EtOAc–Light petroleum); IR (KBr): 
3235–2985, 1676, 1620, 1587, 1500 cm-1; 1HNMR(CDCl3) δ: 0.83 (t, 3H, J = 6.7), 1.05–1.25 (m, 
2H); 1.69–1.99 (m, 2H); 4.00 (s, 2H); 4.39 (t, 2H, J = 6.7); 6.63 (dd, 1H, J = 2, J = 4); 7.18 (d, 
1H, J = 4); 7.21–7.55 (m, 5H); 7.59–7.76 (m, 4H); 7.93 (d, 1H, J = 2); 8.81 (s, 1H); 11.00 (br s, 
1H).MW491.54. Anal. Calcd for C28H25N7O2: C, 68.42; H, 5.13; N, 19.95. Found: C, 68.63; H, 
5.13; N, 20.05.
5-[(2-Thienylmethyl)carbonyl]amino-8-n-butyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (660): yield 66%, hygroscopic brown solid; (EtOAc–Light petroleum); IR (KBr): 
3230–2975, 1675, 1610, 1580, 1515 cm-1;  1H NMR (CDCl3) δ: 0.81 (t, 3H, J  = 6.7), 1.08–1.35 
(m, 2H); 1.68–2.00 (m, 2H); 4.21 (s, 2H); 4.37 (t, 2H, J = 6.7); 6.66 (dd, 1H, J = 2, J = 4); 6.99 
(dd, 1H, J = 2, J = 4); 7.02 (d, 1H, J = 2); 7.22 (d, 1H, J = 4); 7.41 (d, 1H, J = 4); 7.98 (d, 1H, J = 
2); 8.83 (s, 1H); 11.03 (br s, 1H). MW 421.48. Anal. Calcd for C20H19N7O2S: C, 56.99; H, 4.54; N, 
23.26. Found: C, 57.19; H, 4.49; N, 23.31.
5-[(3-Thienylmethyl)carbonyl]amino-8-n-butyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (661):  yield  60%, hygroscopic  brown solid  (EtOAc–light  petroleum);  IR  (KBr): 
3230–2985, 1673, 1615, 1580, 1512 cm-1;  1H NMR (CDCl3) δ: 0.83 (t, 3H, J  = 6.7), 1.04–1.38 
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(m, 2H); 1.69–2.01 (m, 2H); 4.01 (s, 2H); 4.39 (t, 2H, J = 6.7); 6.75 (dd, 1H, J = 2, J = 4); 7.08 (d, 
1H, J = 4); 7.21 (d, 1H, J = 4); 7.41 (s, 1H); 7.58 (d, 1H, J = 4); 7.99 (d, 1H, J = 2); 8.82 (s, 1H); 
10.97 (br s, 1H). MW 421.48. Anal. Calcd for C20H19N7O2S: C, 56.99; H, 4.54; N, 23.26. Found: 
C, 56.69; H, 4.47; N, 23.19.
5-[(a-Naphthylmethyl)carbonyl]amino-8-n-butyl-2-(2-  furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (658): yield 75%, pale yellow solid; mp 95°C (EtOAc–light petroleum); IR (KBr): 
3227–2982, 1673, 1619, 1580, 1500 cm-1; 1HNMR(CDCl3) δ: 0.85 (t, 3H, J = 6.7), 1.14–1.29 (m, 
2H); 1.73–1.98 (m, 2H); 4.35 (t, 2H, J = 6.7); 4.49 (s, 2H); 6.73 (dd, 1H, J = 2, J = 4); 7.22 (d, 
1H, J = 4); 7.39–7.61 (m, 4H); 7.78–8.00 (m, 3H); 8.01 (d, 1H, J = 4); 8.82 (s, 1H); 11.04 (br s, 
1H). MW 465.51. Anal. Calcd for C26H23N7O2: C, 67.08; H, 4.98; N, 21.06. Found: C, 67.23; H, 
4.95; N, 21.01.
5-[(Diphenylmethyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (632):  yield  78%,  white  solid;  mp  180°C  (EtOAc–Light  petroleum);  IR  (KBr): 
3235–2980, 1677, 1618, 1585, 1505 cm-1; 1HNMR (CDCl3) δ: 0.83 (d, 6H, J = 7); 1.35–1.45 (m, 
1H); 1.71–1.81 (m, 2H); 4.38 (t, 2H. J = 6.7); 5.64 (s, 1H); 6.75 (dd, 1H, J = 2, J = 4); 7.14–7.45 
(m, 11H);  7.97 (d,  1H,  J  = 2);  8.83 (s,  1H);  11.35 (br  s,  1H).  MW 465.51.  Anal.  Calcd for 
C29H27N7O2: C, 68.89; H, 5.38; N, 19.39. Found: C, 68.57; H, 5.23; N, 19.48.
5-[(4-Biphenylmethyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (633):  yield  74%,  pale  yellow  solid;  mp  130°C  (EtOAc–Light 
petroleum); IR (KBr): 3225–2975, 1672, 1610, 1575, 1513 cm-1; 1H NMR (CDCl3) δ: 0.84 (d, 6H, 
J = 7); 1.38–1.57 (m, 1H); 1.70–1.82 (m, 2H); 4.01 (s, 2H); 4.40 (t, 2H. J = 6.7); 6.72 (dd, 1H, J = 
2, J = 4); 7.21 (d, 1H, J = 4); 7.26–7.51 (m, 5H); 7.57–7.69 (m, 4H); 7.97 (d, 1H, J = 2); 8.82 (s, 
1H); 11.03 (br s, 1H). MW 465.51. Anal. Calcd for C29H27N7O2: C, 68.89; H, 5.38; N, 19.39. 
Found: C, 68.63; H, 5.31; N, 19.43.
5-[(3-Chlorobenzyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (663).  Yield 89%, pale yellow solid; mp 95°C (EtOAc–light petroleum); IR (KBr): 
3235–2987, 1676, 1610, 1580, 1500 cm-1; 1H NMR (CDCl3) δ: 0.83 (d, 6H, J = 7); 1.35–1.55 (m, 
1H); 1.69–1.80 (m, 2H); 4.04 (s, 2H); 4.40 (t, 2H. J = 6.7); 6.69 (dd, 1H, J = 2, J = 4); 7.19 (d, 
1H, J  = 4); 7.22–7.34 (m, 3H); 7.44 (s, 1H); 8.00 (d, 1H, J = 2); 8.78 (s, 1H); 11.05 (br s, 1H). 
MW 463.92. Anal. Calcd for C23H22N7O2Cl: C, 59.55; H, 4.78; N, 21.13. Found: C, 59.27; H, 
4.59; N, 21.10.
5-[(4-Chlorobenzyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (664): yield 86%, white solid; mp 92°C (EtOAc–Light petroleum); IR (KBr): 3225–
2975, 1672, 1610, 1590, 1507 cm-1; 1H NMR (CDCl3) δ: 0.85 (d, 6H, J = 7); 1.36–1.55 (m, 1H); 
1.66–1.81 (m, 2H); 4.38 (t, 2H. J = 6.7); 5.01 (s, 2H); 6.68 (dd, 1H, J = 2, J = 4); 7.01 (d, 2H, J = 
9); 7.19 (d, 1H, J = 4); 7.37 (d, 2H, J = 9); 7.99 (d, 1H, J = 2); 8.90 (s, 1H); 11.15 (br s, 1H). MW 
463.92. Anal. Calcd for C23H22N7O2Cl: C, 59.55; H, 4.78; N, 21.13. Found: C, 59.83; H, 4.81; N, 
21.09.
5-[(b-Naphthylmethyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (644): yield 80%, yellow solid; mp 180°C (EtOAc–Light petroleum); 
IR (KBr): 3225–2970, 1676, 1610, 1584, 1505 cm -1; 1H NMR (CDCl3) δ: 0.84 (d, 6H, J = 7); 1.30–
1.57 (m, 1H); 1.69–1.81 (m, 2H); 4.21 (s, 2H); 4.41 (t, 2H. J = 6.7); 6.68 (dd, 1H, J = 2, J = 4); 
7.19 (d, 1H,  J  = 4); 7.36–7.55 (m, 3H); 7.67–7.89 (m, 4H); 7.98 (d, 1H,  J  = 4); 8.81 (s, 1H); 
11.08 (br s, 1H). MW 479.53. Anal. Calcd for C27H25N7O2: C, 67.63; H, 5.25; N, 20.45. Found: C, 
67.30; H, 5.18; N, 20.29.
5-[(4-Trifluorobenzyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (666):  yield  97%,  pale  yellow  solid;  mp  95°C  (EtOAc–Light 
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petroleum); IR (KBr): 3230–2984, 1684, 1620, 1575, 1512 cm-1; 1H NMR (CDCl3) δ: 0.86 (d, 6H, 
J = 7); 1.38–1.57 (m, 1H); 1.67–1.83 (m, 2H); 4.13 (s, 2H); 4.39 (t, 2H. J = 6.7); 6.66 (dd, 1H, J = 
2, J = 4); 7.20 (d, 1H, J = 4); 7.61 (d, 2H, J = 9); 7.72 (d, 2H, J = 9); 7.99 (d, 1H, J = 2); 8.82 (s, 
1H); 11.01 (br s, 1H). MW 497.47. Anal. Calcd for C24H22N7O2F3: C, 57.94; H, 4.46; N, 19.71. 
Found: C, 58.07; H, 4.45; N, 19.84.
5-[(4-Fluorobenzyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (667): yield 90%, pale yellow solid; mp 133°C (EtOAc–Light petroleum); IR (KBr): 
3235–2990, 1680, 1610, 1585, 1510 cm-1; 1H NMR (CDCl3) δ: 0.82 (d, 6H, J = 7); 1.31–1.54 (m, 
1H); 1.66–1.83 (m, 2H); 3.99 (s, 2H); 4.39 (t, 2H. J = 6.7); 6.68 (dd, 1H, J = 2, J = 4); 7.14 (d, 
1H, J = 4); 7.19 (d, 2H, J = 9); 7.37 (d, 2H, J = 9); 7.95 (d, 1H, J = 2); 8.86 (s, 1H); 11.02 (br s, 
1H).MW 447.46. Anal. Calcd for C23H22N7O2F: C, 61.74; H, 4.96; N, 21.91. Found: C, 61.96; H, 
4.79; N, 22.05.
5-[(2,6-Dichlorobenzyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (669): yield 70%, white solid; mp 130°C (EtOAc–Light petroleum); IR 
(KBr): 3225–2975, 1677, 1615, 1580, 1506 cm-1; 1H NMR (CDCl3) δ: 0.86 (d, 6H, J = 7); 1.33–
1.56 (m, 1H); 1.71–1.85 (m, 2H); 4.37 (s, 2H); 4.39 (t, 2H. J = 6.7); 6.67 (dd, 1H, J = 2, J = 4); 
7.19 (d, 1H, J = 4); 7.29–7.57 (m, 3H); 8.01 (d, 1H, J = 2); 8.80 (s, 1H); 11.03 (br s, 1H). MW 
447.46. Anal. Calcd for C23H21N7O2Cl2: C, 55.10; H, 4.82; N, 19.56. Found: C, 54.95; H, 4.77; N, 
19.63.
5-[(Diphenylmethyl)carbonyl]amino-8-(2-phenylethyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (634): yield 94%,white solid; mp 109°C (EtOAc–Light petroleum); IR 
(KBr): 3215–2970, 1680, 1615, 1580, 1510 cm-1; 1H NMR (CDCl3) δ: 3.46 (t, 2H, J = 7); 4.52 (t, 
2H, J = 7); 5.60 (s, 1H); 6.71 (dd, 1H, J = 2, J = 4); 7.05–7.48 (m, 16H); 7.98 (d, 1H, J = 2); 8.80 
(s, 1H); 11.28 (br s, 1H). MW 539.59. Anal. Calcd for C32H25N7O2: C, 71.23; H, 4.67; N, 18.17. 
Found: C, 70.95; H, 4.72; N, 18.21.
5-[(4-Biphenylmethyl)carbonyl]amino-8-(2-phenylethyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (635):  yield  80%,  pale  yellow  solid;mp  95°C  (EtOAc–Light 
petroleum); IR (KBr): 3225–2975, 1678, 1615, 1580, 1510 cm-1;  1H NMR (CDCl3)  δ: 3.46 (t, 
2H, J = 7); 4.01 (s, 2H); 4.52 (t, 2H, J = 7); 6.70 (dd, 1H, J = 2, J = 4); 7.06–7.69 (m, 15H); 7.96 
(d, 1H, J = 2); 8.79 (s, 1H); 11.01 (br s, 1H). MW 539.59. Anal. Calcd for C32H25N7O2: C, 71.23; 
H, 4.67; N, 18.17. Found: C, 71.13; H, 4.55; N, 18.08.
5-[(3-Chlorobenzyl)carbonyl]amino-8-(2-phenylethyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (665):  yield  89%,  pale  yellow  solid;  mp  83°C  (EtOAc–Light 
petroleum); IR (KBr): 3235–2990, 1679, 1613, 1577, 1505 cm-1; 1H NMR (CDCl3) δ: 3.48 (t, 2H, 
J = 7); 5.09 (s, 2H); 4.50 (t, 2H, J = 7); 6.78 (dd, 1H, J = 2, J = 4); 7.19 (d, 1H, J = 4); 7.21–7.40 
(m,  9H);  7.99  (d,  1H,  J  =  2);  8.68  (s,  1H);  10.99  (bs,  1H).  MW  497.94.  Anal.  Calcd  for  
C26H20N7O2Cl: C, 62.71; H, 4.05; N, 19.69. Found: C, 62.34; H, 3.98; N, 19.47.
3.1.1.39.  5-[(2-Thienylmethyl)carbonyl]amino-8-(2-phenylethyl)-2-(2-furyl)-pyrazolo[4,3-
e]1,2,4-triazolo[1,5-c]  pyrimidine (646):  yield  71%,  hygroscopic  brown  solid;  (EtOAc–light 
petroleum); IR (KBr): 3220–2980, 1678, 1610, 1585, 1510 cm-1; 1H NMR (CDCl3) δ: 3.43 (t, 2H, 
J = 7); 4.54 (t, 2H, J = 7); 4.71 (s, 2H); 6.69 (dd, 1H, J= 2, J = 4); 7.02–7.41 (m, 9H); 7.97 (d, 1H, 
J  = 2); 8.78 (s, 1H); 10.11 (br s, 1H). MW 469.52. Anal. Calcd for C24H19N7O2S: C, 61.39; H, 
4.08; N, 20.88. Found: C, 61.08; H, 4.13; N, 20.65.
5-[(3-Thienylmethyl)carbonyl]amino-8-(2-phenylethyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (647): yield 67%, hygroscopic brown solid; (EtOAc–Light petroleum); 
IR (KBr): 3220–2980, 1675, 1610, 1580, 1512 cm -1; 1H NMR (CDCl3) δ: 3.46 (t, 2H, J = 7); 4.45 
(s, 2H); 4.52 (t, 2H, J = 7); 6.66 (dd, 1H, J = 2, J = 4); 7.01 7.39 (m, 9H); 7.98 (d, 1H, J = 2); 8.79 
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(s, 1H); 10.87 (br s, 1H). MW 469.52. Anal. Calcd for C24H19N7O2S: C, 61.39; H, 4.08; N, 20.88. 
Found: C, 61.65; H, 4.01; N, 20.57.
5-[(b-Naphthylmethyl)carbonyl]amino-8-(2-phenylethyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-  
triazolo[1,5-c]pyrimidine (645): yield 77%, white solid; mp 113°C (EtOAc–Light petroleum); IR 
(KBr): 3220–2970, 1681, 1610, 1575, 1510 cm -1; 1H NMR (CDCl3) δ: 3.43 (t, 2H, J = 7); 4.40 (s, 
2H); 4.61 (t, 2H, J = 7 Hz); 6.66 (dd, 1H, J = 2 Hz, J = 4 Hz); 7.07–7.14 (m, 5H); 7.23–7.36 (m, 
4H); 7.83–7.99 (m, 4H); 8.02 (d, 1H, J = 4 Hz); 8.84 (s, 1H); 11.11 (br s, 1H). MW 513.55. Anal. 
Calcd for C30H23N7O2: C, 70.16; H, 4.51; N, 19.09. Found: C, 69.88; H, 4.43; N, 19.25.
5-[(Diphenylmethyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (672):  yield  80%,  pale  yellow  solid;  mp  193°C  (EtOAc–light 
petroleum); IR (KBr): 3225–2980, 1677, 1610, 1595, 1515 cm -1; 1H NMR (CDCl3) δ: 2.20 (t, 2H, 
J = 7); 2.55–2.65 (m, 2H); 4.41 (t, 2H, J = 7); 5.68 (s, 1H); 6.75 (dd, 1H, J = 2, J = 4); 7.01–7.57 
(m, 16H);  7.99 (d,  1H,  J  = 2);  8.87 (s,  1H);  11.39 (br  s,  1H).  MW 553.61.  Anal.  Calcd for 
C33H27N7O2: C, 71.59; H, 4.92; N, 17.71. Found: C, 71.63; H, 5.01; N, 17.93.
5-[(4-Biphenylmethyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (679): yield 76%, yellow solid; mp 150°C (EtOAc–Light petroleum); 
IR (KBr): 3225–2980, 1674, 1610, 1575, 1515 cm-1; 1H NMR (CDCl3) δ: 2.20 (t, 2H, J = 7); 2.55–
2.65 (m, 2H); 4.41 (t, 2H, J = 7); 4.59 (s, 2H); 6.61 (dd, 1H, J = 2, J = 4); 7.00–7.73 (m, 15H); 
8.17 (d, 1H, J  = 2); 9.13 (s, 1H); 11.33 (br s, 1H). MW 553.61. Anal. Calcd for C33H27N7O2: C, 
71.59; H, 4.92; N, 17.71. Found: C, 71.21; H, 4.86; N, 17.69.
5-[(3-Chlorobenzyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (675): yield 95%, white solid; mp 98°C (EtOAc–light petroleum); IR 
(KBr): 3230–2985, 1675, 1610, 1580, 1508 cm -1;  1H NMR (CDCl3) δ: 2.20 (t, 2H, J = 7); 2.55–
2.65 (m, 2H); 4.01 (s, 2H); 4.41 (t, 2H, J = 7); 6.73 (dd, 1H, J = 2, J = 4); 7.02–7.61 (m, 10H); 
7.96 (d, 1H, J  = 2); 8.86 (s, 1H); 11.09 (br s, 1H).MW511.96. Anal. Calcd for C27H22N7O2Cl: C, 
63.34; H, 4.33; N, 19.15. Found: C, 63.07; H, 4.22; N, 19.01.
5-[(4-Chlorobenzyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (676): yield 78%, yellow solid; mp 101°C (EtOAc–Light petroleum); 
IR (KBr): 3225–2980, 1674, 1610, 1580, 1508 cm-1; 1H NMR (CDCl3) δ: 2.22 (t, 2H, J = 7); 2.52–
2.64 (m, 2H); 4.40 (t, 2H, J = 7); 4.53 (s, 2H); 6.60 (dd, 1H, J = 2, J = 4); 7.04–7.58 (m, 10H); 
8.18 (d, 1H, J = 2); 9.10 (s, 1H); 11.05 (br s, 1H). MW 511.96. Anal. Calcd for C 27H22N7O2Cl: C, 
63.34; H, 4.33; N, 19.15. Found: C, 63.51; H, 4.34; N, 19.22.
5-[(β-Naphthylmethyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (673): yield 77%, white solid; mp 113°C (EtOAc–Light petroleum); IR 
(KBr): 3225–2980, 1679, 1610, 1580, 1510 cm -1; 1H NMR (CDCl3) δ: 2.21 (t, 2H, J = 7); 2.53–
2.65 (m, 2H); 4.16 (s, 2H); 4.40 (t, 2H, J = 7); 6.68 (dd, 1H, J = 2 Hz, J = 4 Hz); 7.02–7.14 (m, 
5H); 7.21–7.33 (m, 4H); 7.80–7.98 (m, 4H); 8.00 (d, 1H, J = 4 Hz); 8.86 (s, 1H); 11.07 (br s, 1H). 
MW 527.58. Anal. Calcd for C30H23N7O2: C, 70.57; H, 4.78; N, 18.58. Found: C, 70.30; H, 4.56; 
N, 18.74.
5-[(4-Fluorobenzyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (671): yield 75%, yellow solid; mp 90°C (EtOAc–Light petroleum); IR 
(KBr): 3230–2990, 1675, 1615, 1580, 1510 cm -1;  1H NMR (CDCl3) δ: 2.23 (t, 2H, J = 7); 2.51–
2.63 (m, 2H); 3.98 (s, 2H); 4.38 (t, 2H, J = 7); 6.72 (dd, 1H, J = 2, J = 4); 7.01–7.58 (m, 10H); 
7.96 (d, 1H, J = 2); 8.86 (s, 1H); 11.03 (br s, 1H). MW 495.51. Anal. Calcd for C27H22N7O2F: C, 
65.45; H, 4.48; N, 19.79. Found: C, 65.09; H, 4.36; N, 19.56.
5-[(4-Chlorophenoxymethyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-
e]1,2,4-triazolo[1,5-c] pyrimidine (677): yield 95%, pale yellow solid; mp 166°C (EtOAc–Light 
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petroleum); IR (KBr): 3225–2985, 1675, 1612, 1578, 1513 cm-1; 1H NMR (CDCl3) δ: 2.24 (t, 2H, 
J = 7); 2.48–2.59 (m, 2H); 4.38 (t, 2H, J = 7); 5.12 (s, 2H); 6.61 (dd, 1H, J = 2, J = 4); 6.97 (d, 2H, 
J = 9); 7.05–7.45 (m, 8H); 7.80 (d, 1H, J = 2); 8.47 (s, 1H); 10.32 (br s, 1H). MW 527.96. Anal.  
Calcd for C26H22N7O3Cl: C, 63.34; H, 4.33; N, 19.15. Found: C, 63.01; H, 4.30; N, 19.27.
5-[(2,6-Dichlorobenzyl)carbonyl]amino-8-(2-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (678):  yield  86%,  pale  yellow  solid;  mp  210°C  (EtOAc–Light 
petroleum); IR (KBr): 3225–2993, 1679, 1610, 1575, 1508 cm-1; 1H NMR (CDCl3) δ: 2.25 (t, 2H, 
J = 7); 2.46–2.58 (m, 2H); 4.40 (t, 2H, J = 7); 4.99 (s, 2H); 6.62 (dd, 1H, J = 2, J = 4); 7.08–7.40 
(m,  9H);  8.20 (d,  1H,  J  =  2);  9.22 (s,  1H);  11.53 (br  s,  1H).  MW 546.41.  Anal.  Calcd for 
C27H21N7O2Cl2: C, 59.35; H, 3.87; N, 17.94. Found: C, 59.61; H, 3.94; N, 17.78.

5.1.4 Results and Discussion

5.1.4.1 General strategy

SVM has been originally developed for classification, then the introduction of a suitable  ε-
insensitive loss function together with the advantages of  the kernel representation,  have 
enabled  its  application  in  the  regression  analysis.  Both  topological  and  electrostatic 
complementaries are considered two key concepts in the molecular recognition processes. 
We consider this conception extremely crucial in describing the receptor subtypes selectivity. 
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Figure 41. Flowchart of the in series autoMEP/SVMclass and autoMEP/SVR approach for the selection of new 
selective and potent human A2A and A3 receptor antagonists
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Gasteiger and collaborators investigated the MEP on the molecular surface as a particularly 
useful  method  for  rationalizing  the  interactions  between  molecules  and  molecular 
recognition processes.258,263,264 The introduction of the autocorrelation vector allows then for 
overcoming the MEP information inconvenience to be reliant on the spatial  rotation and 
translation of the molecule. It was been already demonstrated that the autoMEP vectors can 
be used as interesting molecular descriptors in different 3D-QSAR applications.246–250 In this 
context, pyrazolotriazolo-pyrimidine represents a versatile scaffold to cover a large spectrum 
of the adenosine receptor selectivity. 
We present an integrated approach based on the presence of two distinct Support Vector 
Machine tools both using as input matrix the above mentioned autoMEP vectors. The first 
tool  is  a  SVM-driven selectivity  classificator  and the second one a  couple  of  SVR-driven 
receptor-affinity predictors. The workflow of the abovementioned procedure is summarized 
in Figure 41. The basic idea beyond our approach is to use the autocorrelated molecular 
descriptors encoding for the Molecular Electrostatic Potential (autoMEP) of each pyrazolo-
triazolo-pyrimidine antagonist to optimize the experimental A2AAR/A3AR subtypes selectivity 
profile  using  a  SVM  classificator  (autoMEP/SVMclass).  Once  a  statistically  acceptable 
autoMEP/SVMclass model  has  been derived,  the two different A2AAR and A3AR receptor-
affinity predictors can be generated using even in this case the autoMEP descriptors as input 
values. Following our previously experience in developing valuable tools for the prediction of 
receptor subtypes selectivity,  the use of the  autoMEP/SVMclass  model ahead of the two 
receptor-affinity predictors can reduce the number of misattributed compounds that usually 
derived from the simple ratio between the two predicted A2AAR and A3AR receptor-affinity 
values.  In  fact,  the receptor  binding predictions are typically  accompanied by a standard 
errors that compromise the accuracy of their ratio values. In principle, for any external new 
pyrazolo-triazolo-pyrimidine analogue, after calculating its autoMEPs, it could be possible to 
simultaneously access at both A2AAR/A3AR subtypes selectivity profile and A2A/A3AR receptor 
affinity values.

5.1.4.2 SVM classification model (autoMEP/SVMclass)

To  construct  our  SVM-driven  selectivity  classificator,  we  have  selected  104  ‘selective’ 
pyrazolo-triazolo-pyrimidines derivatives (141,142,363,364,498-597),  and we have defined 
them as  our  training  set.  The selectivity  profile  (hA2AAR versus  hA3AR)  is  summarized  in 
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Figure 42. SVMclass finally selected model (104 molecules). (a) Data distribution indicating the percentage % of 
hA2AAR antagonists (red) and the percentage % of hA3ARantagonists (blue) in the training set (50 hA2AAR and 
54 hA3AR antagonists); (b) parameter selection in SVMclass model: percentage % of correct prediction in leave-
one-out validation procedure selecting different values of C (c = 0.01) and selecting different values of c (C =  
150).
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Figure 42a. 
The definition of ‘selectivity’ used for our classification approach is based on a simple binary 
criteria. In particular, the binary criteria acts as simple on–off switch: the selectivity index is 
set to ‘+1’ if it is referred to a selective hA2AAR antagonist, and is ‘-1’ for a selective hA3AR 
antagonists. Moreover, we have considered as selectivity threshold a difference of at least 
two orders of magnitude between the corresponding Ki values. Information encoded by the 
autoMEP vectors has been used as input matrix for our SVM classification protocol.

Using  a  Gaussian  radial  basis  function  kernel,  several  classification  models  have  been 
generated analysing all possible combination of the  C  parameter (from 10 to 150 with an 
interval of 10) and the  c  parameter (from 0.001 to 0.015 with an interval of 0.001). The 
optimized  model  has  been  obtained  setting  the  C  parameter  value  to  150  and  the  c 
parameter  value  to  0.01  as  shown in  Figure  42b.  This  model  has  been subjected  to  an 
extensive n-fold validation procedure and the results are collected in Figure 43a. The model 
sensitivity  and specificity,  computed from the confusion matrix  after  leaveone-out  cross-
validation  procedure,  are  summarized  in  Figure  43b.  The  percentages  obtained  after 
repeated 10-fold and fivefold validation processes confirm the statistical  reliability of this 
model.  Interestingly,  it  yielded around  90% correct  predictions  after  leaveone-out  cross-
validation.  The  statistical  robustness  is  also  confirmed  by  the  values  of  sensitivity  and 
specificity. We consider this percentage amount as an acceptable threshold to validate the 
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Figure 43. (a) AutoMEP/SVMclass model: the statistical parameters after the cross-validationprocedure on the 
selected classificator  are  collected;  (b)  AutoMEP/SVMclass  model:  the statistical  parameters  after  the LOO 
cross-validation procedure are reported

a

b

Figure 44. Data distribution representation indicating the percentage % of selective hA2AAR antagonists (red), 
the percentage % of selective hA3AR antagonists (blue) and the percentage % of non-selective compounds 
(green): (a) in thetraining set of SVR hA2AAR and SVR hA3AR models (17 hA2AAR and 54 hA3AR antagonists,33 
non-selective antagonists); (b) in the test set (10 hA2AAR and 5 hA3AR antagonists,36 non-selective antagonists, 
including 17 more active on hA2AAR antagonists and 19more active on hA3AR antagonists)
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robustness  of  this  model  to  appropriately  infer  about  hA2AAR  versus  hA3AR  selectivity 
spectrum for novel, but structurally related, antagonists. Therefore, we decided to select this 
model as SVM-driven selectivity  classificator  for the final validation step, described in the 
validation paragraph.

5.1.4.3 SVR regression model (autoMEP/SVR)

A  different  collection  of  104  selective  pyrazolo-triazolo-pyrimidines  analogs 
(141,142,363,364,498-564 and 144,598–629) has been selected as training set of known hA2A 

and hA3 adenosine receptor antagonists to derive our  autoMEP/SVR model. In this specific 
case, the selection of all training set candidates has not necessarily related to their selectivity  

164

Figure  45.  AutoMEP/SVR  hA2AAR  and  hA3AR  models  results.  (a)  Cross-validated  r  after  leave-one-out 
procedure: rcv = [SXY/(SXX)1/2(SYY)1/2], SXY=∑(X-Xmean)(Y-Ymean), SXX=∑(X-Xmean)2 and SYY=∑(Y-Ymean)2 

with X= Yexperimental and Y = Ypredicted; (b) RMSR: root mean square of residuals
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profiles due to the fact that the principal aim of our predictor is to accurately predict the  
receptor-binding  affinity  independently  to  their  spectrum  selectivity.  Indeed,  we  have 
utilized 17 hA2AAR selective antagonists, 54 hA3AR selective antagonists and 33 nonselective 
antagonists,  as  summarized  in  Figure  44.  Also  in  this  step,  information  encoded by  the 
autoMEP vectors of all training set antagonists has been used as input matrix for our SVR 
prediction protocol. For the generation of both regression models, also in this case we have 
utilized a Gaussian radial basis function kernel. In the case of A2A model several prediction 
models have been generated analysing all possible combination of the C parameter (from 50 
to 200 with an interval of 10), the e parameter (from 0.0005 to 0.001 with an interval of 
0.0001 and from 0.001 to 0.005 with an interval of 0.001) and the c parameter (from 0.0005 
to 0.001 with an interval  of  0.0001 and from 0.001 to 0.005 with an interval  of  0.001). 
Slightly different combinations of these parameters have been used for the generation of the 
optimized hA3AR SVR model (the C parameter has been changed from 50 to 200 with an 
interval of 10, the e parameter from 0.1 to 0.9 with an interval of 0.1 and the c parameter 
from 0.005 to 0.05 with an interval of 0.01). An acceptable hA2AAR SVR model (C = 200, e = 
0.0005, c = 0.0006, as showed in Fig. 45) has been obtained as indicated by the leaveone-out 
cross-validated  correlation  coefficient  (rcv)  of  0.78  and  a  root  mean square  of  residuals 
(RMSR) of 0.050. autoMEP/SVR statistical parameters are summarized in Figure 45 (up). On 
the other hand, the best hA3AR SVR predictor (C = 150, e = 0.3, c = 0.005, as reported in Fig. 
46)  has  been  obtained  as  described  by  the  leave-one-out  cross-validated  correlation 
coefficient (rcv) of 0.85 and a root mean square of residuals (RMSR) of 0.046. auto- MEP/SVR 
statistical parameters are summarized in Figure 45 (bottom).
The results of SVR analysis are noteworthy considering that the same training set has been 
used to generated two different robust models. Both predictors in the validation step are 
described in the following paragraph.

5.1.4.4 Validation of the tandem autoMEP/SVMclass and autoMEP/SVR models

As anticipated, the principal aim of 
the  present  work  has  been  to 
evaluate  the  robustness  of  the 
tandem  autoMEP/SVMclass  and 
autoMEP/SVR  in  the  prediction  of 
both  A2AAR/A3AR  subtypes 
selectivity  and  receptor  binding 
affinity  profiles  of  new  pyrazolo-
triazolopyrimidines derivatives.
To  achieve  to  this  objective,  51 
novel  pyrazolo-triazolo-pyrimidines 
analogs  (116,630–679)  have  been 
synthesized  and  pharmacologically 
characterized.  The  experimental 
spectrum  of  selectivity  is 
summarized  in  Figure  45.  We also 
performed  a  Principal  Component 
Analysis  (PCA)  to  explore  the 
similarity  between the compounds 
used  as  training  set  in  the 
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Figure 46. Graphical  representation of the scores resulting from 
the  Principal  Component  Analysis  (PCA)  by  using  12  autoMEP 
vectors for each molecule as variables. The compounds included in 
the training set of the autoMEP/SVMclass classificator (● - green), 
selective hA2AAR antagonists (● - red) and hA3AR antagonists (● - 
blue)  in  the  test  set  are  plotted.  The  projections  for  each 
compound  on  the  first  three  principal  components  have  been 
considered.
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autoMEP/SVMclass model and the novel selective hA2AAR (633, 644, 646, 647, 650, 661, 663, 
665–667 in Table 14) and hA3AR antagonists (630, 632, 636, 643, 672 in Table 14) in the test 
set.269 Chemical information encoded in both hA2AAR and hA3AR antagonists was compared 
by considering the autoMEP vectors as variables in the PCA. According to this analysis, the  
closer two molecules are in the score plot, the higher is their similarity with respect to the 
components concerned. Figure 46 shows the overlap between the training set and test set 
chemical spaces.270

Following  the  workflow  reported  in  Figure  41,  the  autoMEP  vectors  of  these  new  51 
antagonists have been used as input matrix for the previously generated autoMEP/SVMclass 
classificator. As previously shown in figure 43a, our classification model was able to correctly 
assign the 78% of the compounds in the collected test set to their class. In more detail, a 
sensitivity  of  92.0% and a specificity  of  65.4% were achieved by predicting the test  set.  
Surprisingly, almost all the selective compounds of our test set are correctly classified and 
only 11 of them (22%) have been erroneously recognized (Tables 16 and 17)

Analyzing  in  more  detail  these  11  derivatives,  we  can  consider  these  as  ‘tricky’  cases 
considering  both  the entity  of  the corresponding  experimental  errors,  and the similarity 
between their hA2AAR and hA3AR Ki values. Even if preliminary, we consider the performance 
of this selectivity classificator very encouraging. After passing the selectivity filtering process, 
each  of  the  hA2AAR and hA3AR  antagonist  has  been analyzed  by  the  corresponding  SVR 
binding affinity  predictor.  The comparison of  all  the  experimental  with the predicted pK i 

values by the above mentioned hA2AAR and hA3AR SVR models on the test set again support 
the quality of the predictors, as underlined by the good values of the correlation coefficient 
(q = 0.82 and q = 0.85, respectively) (Figs. 47a and 48a). In Figures 47b and 48b only the hA 2A 

classified  antagonists  predicted  by  the  hA2AAR  SVR  model  and  only  the  hA3 classified 
antagonists predicted by the hA3AR SVR model respectively have been reported.
The prediction accuracies,  as demonstrated by the differences between the experimental  
and the predicted pKi, are statistically satisfying for both hA2AAR and hA3AR SVR models, with 
few exceptions in particular regarding the hA3AR binding affinity prediction such as 659, 661, 
676 and 679 (see Table 15, Figs. 47b and 48b).
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Figure 47. a) Experimental pKi activity data plotted vs Predicted pKi values by the autoMEP/SVR hA2AAR model 
for the test  set;  b) experimental pKi  activity data (  -  black) of the classified selective hA■ 3AR antagonists 
included in the test set compared to pKi values predicted by autoMEP/SVR hA3AR model (● - red).
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5.1.4.5 Structure–activity relationship analysis

All  newly synthesized  pyrazolo-triazolo-pyrimidines  (116,630–679)  were tested against  all 
four human adenosine receptor subtypes. The data summarized in Table 14 show that all the 
tested (by Prof. Karl Norbert Klotz, University of Wurzburg) compounds 116,630–679 display 
a broad affinity spectrum against the four adenosine receptor subtypes with different levels 
of receptor subtypes  selectivity.  It  is  clearly  evident,  as  previously observed for the  
pyrazolotriazolo-pyrimidines  as human A3 adenosine receptor antagonists, that the presence 
of a methyl group at the N8 position seems to confer a better profile at the hA3 adenosine 
receptor with an affinity in the low nanomolar range independently from the substitution at 
the N5 position (e.g., 638, 641, 643, 652–655, 659) with good levels of selectivity vs the other 
receptor subtypes. The effect of the methyl substitution at the N8 position is well described 
by both autoMEP/SVMclass and autoMEP/SVR  models, as highlighted in Tables 14, 15 and 
16.

Interestingly, a quite different binding profile was observed when at the N8 position bulkier 
groups than a methyl  substituent  were introduced.  In  fact,when ethyl,  propyl  or  n-butyl 
groups are linked at theN8 pyrazole nitrogen in combination with several arylacetyl moieties 
at the N5 position, a major  change  in binding  affinities  were detected and  consequently 
ashift of selectivity spectrum was also observed. In particular, the presence of a 2-thienyl or 
3-thienyl groups at the N5 position significantly increase the affinity at the hA2AAR while a 
significant  reduction  of  affinity  at  the  hA3AR  was  observed,  with  a  resulting  increase  of 
selectivity vs this receptor subtype (e.g., 661, KihA1= 25.5 nM, KihA2A=3.13 nM, IC50hA2B=906 
nM, KihA3=189 nM). Also in this specific case, our predictions seem to be very closed to the 
experimental data. 
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Figure 48. a) Experimental pKi activity data plotted vs Predicted pKi values by the autoMEP/SVR hA3AR model 
for  the test  set;  b)  experimental  pKi  activity  data  (  -  black)  of  the classified  selective  hA■ 3AR antagonists 
included in the test set compared to pKi values predicted by autoMEP/SVR hA3AR model (● - blue).
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Comp
d.

R R1
hA1

(Ki nM)a
hA2A

(Ki nM)b
hA2B

IC50 nMc
hA3

(Ki nM)d

116 CH2-α-naphthyl CH2CH2CH2Ph
710

(425-1,180)
305 > 100,000 343

630 CHPh2 CH3
139

(82.7-235)
216

363
(318-414)

0.25

631 CH2-Ph-Ph CH3
1,460

(1,010-2.100)
193 > 10,000 11.2

632 CHPh2 CH2CH2CH(CH3)2
441

(281-692)
159 > 10,000 5.86

633 CH2-Ph-Ph CH2CH2CH(CH3)2
84.3

(80.7-88)
9.18

8,960
(5,880-12,700)

268

634 CHPh2 CH2CH2Ph
115

(90.7-147)
53.1

5,840
(2,920-11,600)

6.49

635 CH2-Ph-Ph CH2CH2Ph
84.3

(67.4-105)
46.9

11,100
(5,110-24,100)

125

636 CHPh2 CH2CH2CH2CH3
129

(92.6-180)
114

780
(650-936)

1.20

637 CH2-Ph-Ph CH2CH2CH2CH3
381

(276-527)
39.6

8,630
(4,810-15,500)

189

638 CH2-3-Cl-Ph CH3
410

(352-478)
30.5

8,960
(5,580-12,700)

1.94

639 CHPh2 CH2CH2CH3
80.2

(49.7-129)
46.5

491
(327-736)

0.93

640 CH2-Ph-Ph CH2CH2CH3
622

(424-912)
52.5 > 10,000 65.4

641 CH2-4-Cl-Ph CH3
1,850

(1,250-2,740)
156 > 50,000 12.7

642 CH2-Ph-Ph CH2CH3
557

(432-717)
70.9 > 50,000 14.2

643 CH2-4-OCH3-Ph CH3
133

(103-170)
62.5 > 10,000 0.95

644 CH2-β-naphthyl CH2CH2CH(CH3)2
140

(75.9-258)
15.7 > 10,000 409

645 CH2-β-naphthyl CH2CH2Ph
57.5

(38.7-85.5)
42.1 > 50,000 180

646 CH2-2-Thienyl CH2CH2Ph
18.5

(16.21.4)
8.8 > 10,000 330

647 CH2-3-Thienyl CH2CH2Ph
22.8

(16.9-30.6)
12.9 > 10,000 726

648 CH2-α-naphthyl CH2CH3
596

(428-829)
74.6 > 50,000 3.05
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Table 14. Biological profile at the hA1 and hA2B receptor subtypes of synthesized (116,630-679) compounds.

N N

N
N

N

N

HN R

O

R1

O
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649 CH2-β-naphthyl CH2CH3
185

(147-233)
18.4

10,370
(7,870-13,700)

36.3

650 CH2-3-Thienyl CH2CH3
154

(68.5-345)
23

9,370
(8,830-9,950)

765

651 CH2-2-Thienyl CH2CH3
148

(116-189)
15.9

15,000
(13,500-16,600)

196

652 CH2-2-Thienyl CH3
444

(390-505)
56 > 10,000 5.26

653 CH2-3-Thienyl CH3
461

(380-560)
31.3

13,700
(10,100-18,500)

1.25

654 CH2-β-naphthyl CH3
190

(155-232)
77.5 > 10,000 14.5

655 CH2-α-naphthyl CH3
872

(722-1,050)
80.5 > 10,000 3.47

656 CH2-α-naphthyl CH2CH2CH3
388

(256-587)
38.7

12,400
(8,680-17,800)

17.3

657 CH2-β-naphthyl CH2CH2CH3
160

(109-233)
7.99

5,370
(3,490-8,120)

95.9

658 CH2-α-naphthyl CH2CH2CH2CH3
170

(129-255)
11.7

7,370
(5,000-10,900)

100

659 CH2-4-CF3-Ph CH3
768

(594-994)
75.9 > 10,000 1.22

660 CH2-2-Thienyl CH2CH2CH2CH3
70.1

(60.6-81.1)
4.15

1,810
(1,170-2,800)

99.8

661 CH2-3-Thienyl CH2CH2CH2CH3
25.5

(8.33-78.2)
3.13

906
(804-1,020)

189

662 CH2-O-Ph-4-Cl CH3
963

(843-1,100)
39.3 > 10,000 223

663 CH2-3-Cl-Ph CH2CH2CH(CH3)2
13.7

(3.73-50.4)
1.86

1,390
(990-1,940)

273

664 CH2-4-Cl-Ph CH2CH2CH(CH3)2
22.6

(18.1-28.2)
2.75

1,220
(1,020-1,470)

56.5

665 CH2-3-Cl-Ph CH2CH2Ph
13.2

(11.5-15.2)
5.75

9,100
(6,600-12,600)

273

666 CH2-4-CF3-Ph CH2CH2CH(CH3)2
48.2

(31.4-74.2)
5.43

5,480
(4,570-7,470)

266

667 CH2-4-F-Ph CH2CH2CH(CH3)2
51.8

(30.5-88)
3.69

5,060
(3,440-7,450)

116

668 CH2-4-F-Ph CH3
741

(615-892)
54.1

13,000
(9,520-17,700)

0.97

669 CH2-2,6-Cl2-Ph CH2CH2CH(CH3)2
121

(86.1-169)
18.7

1,440
(618-3,350)

207

670 CH2-2,6-Cl2-Ph CH3
908

(874-944)
45.2

6,450
(3,930-10,600)

44.4
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671 CH2-4-F-Ph CH2CH2CH2Ph
726

(563-935)
211 > 50,000 58.5

672 CH-Ph2 CH2CH2CH2Ph
307

(276-340)
326 > 10,000 12.6

673 CH2-β-naphthyl CH2CH2CH2Ph
241

(218-267)
73.6 > 50,000 717

674 CH2Ph CH2CH2CH2Ph
128

(113-144)
43.9 > 3,000 5.49

675 CH2-3-Cl-Ph CH2CH2CH2Ph
605

(578-633)
182 50,000 110

676 CH2-4-Cl-Ph CH2CH2CH2Ph
256

(190-346)
89.9 > 10,000 30.5

677 CH2-O-Ph-4-Cl CH2CH2CH2Ph
71.1

(48.3-105)
27.2 > 10,000 400

678 CH2-2,6-Cl2-Ph CH2CH2CH2Ph
786

(607-1,000)
186 > 10,000 601

679 CH2-Ph-Ph CH2CH2CH2Ph
1,170

(1,040-1,300)
256 > 100,000 410

aDisplacement of  specific  [3H]-CCPA binding at  human A1  receptors  expressed in  CHO cells,  (n=3-6).  bDisplacement of 
specific [3H]-NECA binding at human A2A receptors expressed in CHO cells. cIC50 values of the inhibition of NECA-stimulated 
adenylyl cyclase activity in CHO cells expressing human A2B receptors. dDisplacement of specific [3H]-NECA binding at human 
A3 receptors expressed in CHO cells. Data are expressed as geometric means, with 95% confidence limits.

Another interesting convergent scenario between predicted and experimental results regards 
the  influence  on  the  affinity  of  the  naphthylacetyl  moiety  at  the  N5 position.  In  fact 
comparing the  α and  β isomers it is clearly evident that while the  α-isomer retains good 
potency and selectivity for the hA3 adenosine receptor (648, KihA1=596 nM, KihA2A=74.6 nM, 
IC50hA2B=50,000 nM, KihA3 = 3.05 nM), the β-isomer resulted to be more potent for the hA2A 

subtype (649, KihA1=185 nM, KihA2A=18.4 nM, IC50hA2B=10,370 nM, KihA3=36.3 nM).

Table 15. Predicted and Experimental hA2AR and hA3R both pKi and Ki for the test set. Differences between 
predicted and experimental  pKi values for both  SVR models  (hA2AR and hA3R) are reported.  In  the middle 
column hA2AR selective antagonists (  ■ - red) and hA3R selective antagonists (  ■ - blue) are highlighted.

Pred pKi

(nM)
hA2AR

Exp pKi

(nM)
hA2AR

∆pKi
*

Pred Ki

(nM)
hA2AR

Exp Ki

(nM)
hA2AR

#
Exp Ki

(nM)
hA3R

Pred Ki

(nM)
hA3R

∆pKi
*

Exp pKi

(nM)
hA3R

Pred pKi

(nM)
hA3R

-2.25 -2.48 0.23 177.83 305 116 343 107.15 0.51 -2.54 -2.03

-1.79 -2.33 0.54 61.66 216 630 0.25 0.47 -0.27 0.60 0.33

-2.04 -2.29 0.25 109.65 193 631 11.2 35.48 -0.50 -1.05 -1.55

-2.07 -2.20 0.13 117.49 159 632 5.86 2.88 0.31 -0.77 -0.46

-1.05 -0.96 -0.09 11.22 9.18 633 268 144.54 0.27 -2.43 -2.16

-1.47 -1.73 0.26 29.51 53.1 634 6.49 1.70 0.58 -0.81 -0.23

-1.18 -1.67 0.49 15.14 46.9 635 125 70.79 0.25 -2.10 -1.85

-1.85 -2.06 0.21 70.79 114 636 1.2 0.56 0.33 -0.08 0.25
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-1.21 -1.60 0.39 16.22 39.6 637 189 51.29 0.57 -2.28 -1.71

-1.59 -1.48 -0.11 38.90 30.5 638 1.94 2.24 -0.06 -0.29 -0.35

-1.87 -1.67 -0.20 74.13 46.5 639 0.93 0.60 0.19 0.03 0.22

-1.15 -1.72 0.57 14.13 52.5 640 65.4 44.67 0.17 -1.82 -1.65

-1.67 -2.19 0.52 46.77 156 641 12.7 6.92 0.26 -1.10 -0.84

-1.41 -1.85 0.44 25.70 70.9 642 14.2 72.44 -0.71 -1.15 -1.86

-1.78 -1.80 0.02 60.26 62.5 643 0.95 3.39 -0.55 0.02 -0.53

-1.32 -1.20 -0.12 20.89 15.7 644 409 85.11 0.68 -2.61 -1.93

-1.12 -1.62 0.50 13.18 42.1 645 180 46.77 0.59 -2.26 -1.67

-1.41 -0.94 -0.47 25.70 8.8 646 330 269.15 0.09 -2.52 -2.43

-1.58 -1.11 -0.47 38.02 12.9 647 726 707.95 0.01 -2.86 -2.85

-1.65 -1.87 0.22 44.67 74.6 648 3.05 11.48 -0.58 -0.48 -1.06

-1.52 -1.26 -0.26 33.11 18.4 649 36.3 23.99 0.18 -1.56 -1.38

-1.73 -1.36 -0.37 53.70 23 650 765 489.78 0.19 -2.88 -2.69

-1.52 -1.20 -0.32 33.11 15.9 651 196 186.21 0.02 -2.29 -2.27

-1.64 -1.75 0.11 43.65 56 652 5.26 1.12 0.67 -0.72 -0.05

-1.71 -1.50 -0.21 51.29 31.3 653 1.25 3.55 -0.45 -0.10 -0.55

-1.63 -1.89 0.26 42.66 77.5 654 14.5 3.55 0.61 -1.16 -0.55

-1.79 -1.91 0.12 61.66 80.5 655 3.47 2.51 0.14 -0.54 -0.40

-1.69 -1.59 -0.10 48.98 38.7 656 17.3 67.61 -0.59 -1.24 -1.83

-0.99 -0.90 -0.09 9.77 7.99 657 95.9 57.54 0.22 -1.98 -1.76

-1.48 -1.07 -0.41 30.20 11.7 658 100 61.66 0.21 -2.00 -1.79

-1.76 -1.88 0.12 57.54 75.9 659 1.22 18.20 -1.17 -0.09 -1.26

-1.41 -0.62 -0.79 25.70 4.15 660 99.8 173.78 -0.24 -2.00 -2.24

-0.76 -0.50 -0.26 5.75 3.13 661 189 22.39 0.93 -2.28 -1.35

-1.06 -1.59 0.53 11.48 39.3 662 223 52.48 0.63 -2.35 -1.72

-0.23 -0.27 0.04 1.70 1.86 663 273 97.72 0.45 -2.44 -1.99

0.11 -0.44 0.55 0.78 2.75 664 56.5 125.89 -0.35 -1.75 -2.10

-1.23 -0.76 -0.47 16.98 5.75 665 273 169.82 0.21 -2.44 -2.23
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-0.86 -0.73 -0.13 7.24 5.43 666 266 89.13 0.47 -2.42 -1.95

-0.14 -0.57 0.43 1.38 3.69 667 116 173.78 -0.18 -2.06 -2.24

-1.93 -1.73 -0.20 85.11 54.1 668 0.97 14.45 -1.17 0.01 -1.16

-0.85 -1.27 0.42 7.08 18.7 669 207 112.20 0.27 -2.32 -2.05

-1.32 -1.66 0.34 20.89 45.2 670 44.4 8.51 0.72 -1.65 -0.93

-1.96 -2.32 0.36 91.20 211 671 58.5 223.87 -0.58 -1.77 -2.35

-2.34 -2.51 0.17 218.78 326 672 12.6 2.82 0.65 -1.10 -0.45

-1.82 -1.87 0.05 66.07 73.6 673 717 524.81 0.14 -2.86 -2.72

-1.33 -1.64 0.31 21.38 43.9 674 5.49 14.79 -0.43 -0.74 -1.17

-2.07 -2.26 0.19 117.49 182 675 110 245.47 -0.35 -2.04 -2.39

-1.26 -1.95 0.69 18.20 89.9 676 30.5 213.80 -0.85 -1.48 -2.33

-1.29 -1.43 0.14 19.50 27.2 677 400 602.56 -0.18 -2.60 -2.78

-2.48 -2.27 -0.21 302.00 186 678 601 1258.93 -0.32 -2.78 -3.10

-2.18 -2.41 0.23 151.36 256 679 410 48.98 0.92 -2.61 -1.69

* Predicted pKi – Experimental pKi. 

Table 16. autoMEP/SVMclass model: both predicted and experimental hA2AR classification results  are reported 
for the classified hA2AR compounds in  the test set. In the first column the correctly classified hA2AR antagonists - 
true positive - (■ - green) are highlighted.

mol 
classified 

hA
2A

R

Pred higher 
affinity on 

hA
2A

R

Exp higher
affinity on hA

2A
R

mol 
classified 

hA
2A

R

Pred higher 
affinity on 

hA
2A

R

Exp higher affinity on 
hA

2A
R

116 Yes Yes 662 Yes Yes

631 Yes No (hA
3
R, non selective) 663 Yes Yes

633 Yes Yes 664 Yes Yes

635 Yes Yes 665 Yes Yes

637 Yes Yes 666 Yes Yes

640 Yes Yes 667 Yes Yes

642 Yes No (hA
3
R, non selective) 669 Yes Yes

644 Yes Yes 671 Yes No (hA
3
R, non selective)

645 Yes Yes 672 Yes No (hA
3
R, selective)

646 Yes Yes 673 Yes Yes

647 Yes Yes 674 Yes No (hA
3
R, non selective)

649 Yes Yes 675 Yes No (hA
3
R, non selective)

657 Yes Yes 676 Yes No (hA
3
R, non selective)

658 Yes Yes 677 Yes Yes

660 Yes Yes 678 Yes No (hA
3
R, non selective)

661 Yes Yes 679 Yes No (hA
3
R, non selective)
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Among this series, significant differences in terms of affinity could be observed when at the 
N8 position a branched chain, such as isopentyl, is present. In fact, all the derivatives bearing 
this substitution at the N8 position, independently from the substitutions at the N5 position 
showed  the  best  affinity  versus  the  hA2A adenosine  receptors  (666, KihA1=48.2  nM, 
KihA2A=5.43 nM, IC50hA2B= 5480 nM,  KihA3=266 nM) with the exception of compound  632 
(KihA1=441 nM, KihA2A=159 nM, IC50hA2B>10,000 nM, KihA3=5.86 nM), which still retains good 
affinity for the hA3 adenosine receptor. A quite similar behaviour could be detected when 
bulky substituents  (phenylethyl  or  phenylpropyl)  are  linked at  the N8 position.  In  fact  in 
general,  with the exception of some substituents at  the N5 position (e.g.,  diphenylacetyl: 
compounds  634 and  672), all the derivatives showed a binding profile favorable to the A2A 

adenosine receptors but the levels of selectivity are very low. In contrast with our previous 
studies, it seems that a combination of bulky substituents at the N5 and N8 positions (e.g., 
116 and 645) resulted to be detrimental in term of affinity at the four adenosine receptors 
subtypes and in particular, as theoretically demonstrated, at the A2B adenosine receptors. 
Also in this case, a good correspondence between predicted and experimental results has 
been found.

Table 17. autoMEP/SVMclass model: both predicted  and experimental hA3R classification results  are reported 
for the classified hA3R compounds in  the test set. In the first column the correctly classified hA3R antagonists –
true positive- (■ - green) are highlighted. 

mol 
classified 

hA
3
R 

Pred higher affinity 
on hA

3
R

Exp higher 
affinity on hA

3
R

630 Yes Yes

632 Yes Yes

634 Yes Yes

636 Yes Yes

638 Yes Yes

639 Yes Yes

641 Yes Yes

643 Yes Yes

648 Yes Yes

650 Yes No (hA
2A

R, selective)

651 Yes No (hA
2A

R, non selective)

652 Yes Yes

653 Yes Yes

654 Yes Yes

655 Yes Yes

656 Yes Yes

659 Yes Yes

668 Yes Yes

670 Yes Yes

5.1.5 Conclusions

In the present work, we have presented a combination of Support Vector Machine tools able 
to  predict  both  A2AAR  versus  A3AR  subtypes  selectivity  profile  and  the  corresponding 
receptor binding affinities of a large dataset of known pyrazolo-triazolo-pyrimidine analogs. 
The  preliminary  results  based  on  a  new  set  of  51  pyrazolotriazolo-pyrimidines  are  very 
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encouraging.  To  further  validate  our  integrated  SVM  approach,  we  are  extending  the 
applicability of this method to other class of A2AAR and A3AR antagonists.

5.2 EXPLORING POTENCY AND SELECTIVITY RECEPTOR ANTAGONIST PROFILES  
USING A MULTILABEL CLASSIFICATION APPROACH: The human adenosine  
receptors as a key study

5.2.1 Introduction

Aim of this work is to demonstrate how  a novel application of the multilabel classification 
approach by combining our well-performing autocorrelated molecular descriptors encoding 
for  the molecular  electrostatic  potential  (autoMEP) vectors  with  support  vector  machine 
(SVM) analysis can represent a very powerful  tool  to simultaneously describe the hA1AR, 
hA2AAR, hA2BAR, and hA3AR potency profiles and identify the possible subtype selectivity for 
hAR antagonists.246-250

In  the  studies  previously  reported  in  section  5.1,  was  applied  a  traditional  single-label  
classification (section 5.1) in which classes are considered mutually exclusive. In the present 
classification task, some samples belong to multiple classes, because the hAR antagonists 
may present a good potency profile for more subtypes. The multilabel classification analysis  
seems  to  be  appropriate,  whether  our  data  set  deals  with  nonmutually  exclusive  and 
overlapping classes. In this field, a novel multilabel classification technique, cross-training 
with support vector machines (ct-SVMs), has been recently reported.271-272

In the present study, the combination of autoMEP vectors with ct-SVM analysis (autoMEP/ct-
SVM) represents a novel strategy for the prediction of the complete hARs potency profiles 
and  infer  hAR  subtypes  selectivity  of  known  xanthine  and  pyrazolo-triazolo-pyrimidine 
analogues. Interestingly, our  autoMEP/ct-SVM approach has been extended to all four hAR 
subtypes. In more detail, a large collection of hAR antagonists has been utilized to carry out 
and validate three autoMEP/ct-SVM models. They have been applied in series as quantitative 
sieves, based on decreasing thresholds of potency (500, 250, and 100 nM), corresponding to 
different  binding  affinity  Ki values.  For  the  further  validation  of  our  strategy,  we  have 
synthesized  13  new  pyrazolo-triazolopyrimidine  derivatives  to  inspect  their  A1AR,  A2AAR, 
A2BAR,  and  A3AR  potency  profiles.  The  prediction  results  confirm  the  autoMEP/ct-SVM 
strategy as a valuable tool to select potent and selective hAR antagonists.

5.2.2 Experimental Sectioo

5.2.2.1 Data Set
The same collection of 514 compounds, comprising 
512 known and two newly synthesized human A1, 
A2A, A2B, and A3 adenosine receptor antagonists, has 
been  used  to  derive  and  validate  our  three 
autoMEP/ct-SVM  multilabel  classification 
models.154,163,218,242,256,262,273,265 This large data set was 
split  into training set,  validation set,  and  internal  
test set. The potency profiles distribution for each 
hAR subtype and the information on selectivity and 
potency are summarized in Figure 50 and Table 18, 
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Figure  49.  Distribution  representation  of  the 
known selective and potent (Ki ≤ 100 nM) hAR 
antagonists to the different subtypes (A1, A2A, A2B 

and A3). 
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respectively. A similar distribution of the corresponding potency profiles intervals is present 
for hA2AAR, hA2BAR, and hA3AR subtypes, with a noteworthy number of potent antagonists 
having a binding affinity  Ki value lower than or equal to 100 nM to the distinct subtypes 
(Figure 50).
Concerning the hA1AR subtype, our collection is short  of potent compounds, while many 
hA1AR antagonists have a binding affinity Ki value higher than 250 nM. Few hA1AR selective 
antagonists  are  also  reported  in  Table  18.  A  low  rate  “number  of  selective  and  potent 
antagonists/number of not selective but potent antagonists” can be observed for the hA1AR 
class in comparison to the other subtypes. In the final collection, 209 hAR antagonists (41%) 

are selective for one hAR subtype, with the corresponding Ki values lower than 100 nM. As 
anticipated in Figure 51, considering these 209 compounds, five are selective for hA1AR (2%), 
31  are  selective  for  hA2AAR  (15%),  79  are  hA2BAR  selective  antagonists  (38%),  and  the 
remaining 94 are hA3AR selective antagonists (45%).

Table  18.  Data  distribution  indicating  the  number  of  selective  and  potent,  not  selective  and  potent,  not  
selective and not potent hAR antagonists in the training, validation and test set, according to the Ki  value for 
each hAR subtype. 

Our data set is quite unbalanced; however, this distribution reflects the state of the art about 
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Training set Validation set Internal test set

Subtypes
Selective 

and 
potenta

Not 
selective 

but 
potentb,c

Not 
selective 
and not 
potentd

Selective 
and 

potenta

Not 
selective 

but 
potentb,c

Not 
selective 
and not 
potentd

Selective 
and 

potenta

Not 
selective 

but 
potentb,c

Not 
selective 
and not 
potentd

hA1R 3 86 1 15 1 42
hA2AR 22 94 3 23 6 48

hA2BR 48 72 9 16 22 22

hA3R 64 84 10 20 20 42

Total per 
column

137 148 33 23 36 6 49 67 15

Total 318 65 131
a hAR antagonists with a difference of at least 2 orders of magnitude between the corresponding Ki values and the minimum 
Ki value lower than 100 nM to the corresponding subtype;  b not selective antagonists belong to more than one class/subtype. 
Consequently,  the  sum of  not  selective  hAR  antagonists  for  all  classes  within  a  column  is  higher  than  the  total  hAR 
antagonists for the training set, the validation set and the test set;  c not selective hAR antagonists with a difference lower 
than 2 orders of magnitude between the corresponding Ki values and all  Ki values lower than 500 nM; d not selective hAR 
antagonists with a difference lower than 2 orders of magnitude between the corresponding Ki values and all Ki values higher 
than 500 nM.

Figure 50. Distribution representation of the experimental Ki binding affinity data of hAR antagonists in our  
dataset  (514  molecules),  including  training  set,  validation  set  and  internal  test  set.  The  number  of  hAR  
antagonists are reported in different ranges of binding affinity for each subtype: Ki ≤ 100 nM ( ■ – red), 100 nM 
< Ki ≤ 250 nM (■ – orange), 250 nM < Ki ≤ 500 nM (■ – dark yellow), Ki > 500 nM (■ – light yellow). The 
multiple classes hA1AR, hA2AAR, hA2BAR and hA3AR are completely overlapping.
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the investigations on hAR antagonists. In the following, the training set, validation set, and 
test sets are separately presented.
All the compounds used in the training, validation and internal set were reported in table 29,  
30 and 31 in the supporting informations, so all the number are referred to that table.

5.2.2.2 Training Set

A collection of 318 xanthine derivatives, N7- and N8-substituted pyrazolo-triazolo-pyrimidine 
analogues  (1-318),  has  been  selected  as  training  set  in  the  autoMEP/ct-SVM 
models.154,163,164,214,234,250,254,255,265,273-278 In particular, two N8-substituted new pyrazolo-triazolo-
pyrimidine derivatives (680, 681) have been synthesized. See the Supporting Information for 
details.

5.2.2.3 Validation Set

A  collection  of  65  other  xanthine  derivatives,  N7-  and  N8-substituted  pyrazolo-triazolo-
pyrimidine  derivatives  (319-383),  hA1AR,  hA2AAR,  hA2BAR,  and  hA3AR  selective  and 
nonselective antagonists with different potency profiles, has been used as validation set of 
the three  autoMEP/ct-SVM models. 154,163,164,214,234,254,257,273-277 See the Supporting Information 
for details.

5.2.2.4 Tests Set

An  internal  test  set  of  different  131  N7-  and  N8-substituted  pyrazolo-triazolo-pyrimidine 
analogs  and  xanthine  derivatives  (384-514)  has  been  selected  to  validate  our  three 
autoMEP/ct-SVM  models.154,163,164,214,234,248,254,255,257,273-277 See  the  Supporting  Information  for 
details.
Finally,  an  additional  (external)  test  set  of  13  newly  synthesized  compounds  having  the 
pyrazolo-triazolo-pyrimidine scaffold  decorated in  N8 and 5  positions  (682-694)  has  been 
selected for the further validation of our three autoMEP/ct-SVM models. The structures and 
pharmacological profiles of all new synthesized antagonists are reported in Table 19.

Compd R R1
hA1 

(Ki nM)a
hA2A

(Ki nM)b
hA2B

(Ki nM)c
hA3 

 (Ki nM)d

680 4-CH3O-Ph -
1,221

(1,710-2,400)
21.2

(13.4-33.4)
> 10,000

1,760
(904-3,420)

681 4-Cl-Ph-O - -
187

(133-262)
67.3

(62.4-72.7)
> 10,000

1,490
(991-2,240)

682 α-naphthyl - -
1,250

(1,080-1,450)
87.3

(78.2-97.6)
3,700

(2,283-6,000)
1,537

(1,210-1,960)
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Tabella 19. Biological profile at the human adenosine receptor subtypes of synthesized compounds (680-694)
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683 - - -
1,710

(1,500-1,970)
2,520

(2,030-3,120)
> 10,000

25.5
(13.0-49.8)

684 CH3 CH2-O-Ph
42

(374-523)
15.1

(11.5-19.8)
> 10,000

692
(612-782)

685 CH2CH3 CHPh2
156

(102-239)
131

(127-135)
248

(160-3383)
0.98

(0.54-1.75)

686 CH2CH2CH3 CH2-2-Thienyl
228

(205-254)
6.21

(3.97-9.72)
2,853

(2,073-3,935)
255

(233-280)

687 CH2CH2CH3 CH2-3-Thienyl
170

(145-199)
4.51

(3.25-6.27)
2,820

(2,190-3,800)
3.14

(2.35-4.19)

688 CH2CH2CH2CH3 CH2-β-naphthyl
113

(106-122)
7.94

(4.32-14.6)
1,200

(684-2,106)
174

(152-199)

689 CH2CH2CH(CH3)2 CH2-4-OCH3-Ph
22.6

(18.1-28.1)
1.95

(1.01-3.71)
460

(243-870)
359

(190-678)

690 CH2CH2CH(CH3)2 CH2-2-Thienyl
20.5

(14.6-28.8)
2.03

(1.57-2.63)
2,030

(1,715-2,410)
308

(214-444)

691 CH2CH2CH(CH3)2 CH2-3-Thienyl
31.5

(24.5-40.6)
3.88

(2.55-5.89)
2,487

(1,660-3,735)
540

(481-607)

692 CH2CH2CH(CH3)2 CH2-O-Ph-4-Cl
155

(103-233)
16.1

(13.9-18.7)
> 10,000

2,306
(2,000-2.660)

693 CH2CH2Ph CH2-O-Ph-4-Cl
199

(173-228)
31.7

(24.3-41.5)
> 30,000

3,251
(1,830-5,770)

694 CH2CH2CH2Ph CH2-4-OCH3-Ph
44.8

(40.3-49.9)
8.93

(5.86-13.6)
2,690

(2,225-3,243)
120

(108-133)
aDisplacement  of  specific  [3H]-CCPA  binding  at  human  A1 receptors  expressed  in  CHO  cells,  (n=3-6). 
bDisplacement of specific [3H]-NECA binding at human A2A receptors expressed in CHO cells.  cKi  values of the 
inhibition of NECA-stimulated adenylyl cyclase activity in CHO cells expressing hA2B receptors. dDisplacement of 
specific [3H]-NECA binding at human A3 receptors expressed in CHO cells. Data are expressed as geometric 
means, with 95% confidence limits.

5.2.2.4 Computational Methodologies

All  modeling  studies  were  carried  out  on  a  linux  cluster  running  under  open-Mosix 
architecture.251 Molecular structure building and autocorrelation MEP descriptors have been 
carried  out  using  ADRIANA.Code  software  (version  2.2).252 Crosstraining  SVM  (ct-SVM) 
multilabel classification models were generated with the R software (package e1071).278,279

Molecular  structure  building,  molecular  electrostatic  potential  (MEP)  calculation  and 
autocorrelation MEP (autoMEP) vectors were performed as previously reported in section 
5.1.2.

Cross-Training with Support Vector Machines (ct-SVMs)  Analysis  

The concept of cross-training was introduced by Boutell  and collaborators.271 They turned 
from the previously less performing attempted strategies for multilabel data to present a 
new classification method suitable for multiple and overlapping classes tasks, with samples 
simultaneously associated with more than one class. In the “cross-training” approach, the 
multilabel data are used more than once when training the classification model. Moreover, 
each sample is assigned a positive label for each actual class to which it belongs.271 ct-SVM 
represents a novel application of SVMs analysis, when classes overlap in the feature space. In 
ct-SVM technique, the output real-valued scores of the trained binary classifiers for each 
class are transformed into the final labels according to different testing criteria, as recently 
reported.271,272

In the present study, three ct-SVM multilabel classification models have been developed to 
be applied in series. For each model, we have considered n binary classifiers, n corresponding 
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to the number of the adenosine receptor A1, A2A, A2B, A3 subtypes (n ) 4), and a radial basis 
function (RBF) kernel has been utilized. The parameters for each classifier (C  and  γ) were 
automatically optimized on the training set during the learning process by using a 10-fold 
cross validation and predicting a small validation set.272 After the cross-training approach was 
applied, the real-valued scores were obtained. Recently, three different testing criteria (P, T, 
and C) have been proposed.271 The P-criterion assigns to the samples all labels corresponding 
to  a  positive  SVM  score.  If  none  of  the  scores  is  positive,  the  sample  is  classified  as 
“unknown”. The T-criterion uses the closed world assumption (CWA), according to which all  
samples  belong  to  at  least  one  class.  In  our  classification  problem,  the  classes  are 

overlapping and all SVM scores might be negative, if the samples are correctly assigned to 
none of the classes. As previously demonstrated, the C-criterion provides the best trade-off  
between the performance of the classifier on singlelabel data and multilabel data.271 In fact, 
the C-criterion considers SVM scores without any sign,  and the decision depends on the 
closeness between the top SVM scores. In this work, a validation set has been used to select 
the closeness between two scores. Once each binary classifier was optimized by predicting 
the validation set, the training and the validation sets were merged, and the new model was 
computed by using the previously optimized parameters, as illustrated in Figure 51.
Our three final multilabel classification models have been developed for the prediction of an 
internal test set to evaluate their statistical robustness (Figure 52). Moreover, an external test 
set has been predicted to further validate our approach.
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Figure  51. Workflow  for  the  generation  of  autoMEP/ct-SVM  multi-label  classification  models  and  the 
prediction of the hAR antagonists potency profiles
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Modeling Results E  v  aluation  

The  evaluation  of  a  multilabel  classification  model  performance  is  more  complicated  in 
comparison with the statistical quality of a single-label classification model.271 In the present 
study, the confusion matrix was extracted from the predictions of the validation set and the 
internal  test set to assess the robustness of our  autoMEP/SVM models. In particular,  the 
accuracy is referred to the overall performance on the testing data set, while the number of 
true positives (TP), false positives (FP), true negatives (TN), false negatives (FN), the recall,  
and  precision  are  base-class  measures,  calculated  for  each  class  after  the  comparison 
between actual and predicted labels by our autoMEP/ct-SVM models.271,272 In the analysis of 
the  external  test  set prediction,  we have computed the accuracy for  each compound as 
percentage (%) of correctly predicted labels by MODELs 1, 2, and 3 to the total number of 
actual  labels  (12,  one  for  each  hAR  classifier).  In  ct-SVM  analysis,  the  ranking  process  
provides a function to order the labels for each sample and to assign scores to the samples. 
Several ranking-based performance measures have been mathematically defined.  271,272 One-
error represents the ratio of the  number of not top-ranked labels to the total number of 
actual labels. It can take on values between zero and one, and values close to zero indicate a 
good performance. Coverage measures how far one needs, on average, to go down the list of 
labels to cover all actual labels. The coverage interval is between one and the number of the 
classes; then, the best performance corresponds to a value of one. Average precision, which 
refers to the whole system, reflects the effectiveness of the label ranking and indicates the 
frequency of the top-ranking for the actual labels. The extreme values are zero and one, and 
perfect performance is achieved when the average precision is equal to one.

5.2.3 Chemistry

The desired compounds (683-694) have been prepared by acylation with the appropriate 
arylacetyl  chloride  (1.3  equiv)  of  the  well-known  and  previously  reported  unsubstituted 
derivatives 695-701163 in dry THF at reflux (18 h) in the presence of triethylamine (1.3 equiv). 
When not commercially available, the acyl chlorides were prepared from the corresponding 
acid by treatment with thionyl chloride in the presence of a catalytic amount of dimethyl 
formamide.280 Instead, derivatives  680-682, were prepared by condensation in dry DMF in 
the presence of EDC of the amino derivatives 702255 with commercially available acids.257
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G  eneral  procedures  for  the  preparation  of  5-[(Aryl)carbonyl]amino-8-(ar)alkyl-2-(2-furyl)-  
pyrazolo[4,3-e] 1,2,4-triazolo[1,5-c]pyrimidine (  683-694  )  

Amino compound (695-701,  10  mmol)  was dissolved in freshly  distilled THF (15 ml)  and 
appropriate acid chloride (13 mmol) and triethylamine (13 mmol) were added. The mixture 
was  refluxed  under  argon  for  18  hours.  Then  the  solvent  was  removed  under  reduced 
pressure and the residue was dissolved in EtOAc (30 ml) and washed twice with water (15 
ml). The organic phase was dried on Na2SO4 and concentrated under reduced pressure. The 
residue  was  purified  by  flash  chromatography  (EtOAc-light  petroleum  4:6)  to  afford  the 
desired compounds (683-694). (Scheme 12)

5-[[4(4-Chlorobenzyloxy)]phenyl-acetyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (683): yield 78%, yellow solid; mp 140 °C (EtOAc-light petroleum); 
IR (KBr): 3250-2990, 1685, 1610, 1560, 1500 cm -1; 1H NMR (CDCl3) δ: 4.18 (s, 3H); 3.27 (s, 3H); 
4.44 (s, 2H); 4.98 (s, 2H); 6.59 (dd, 1H, J = 2, J = 4); 6.93 (d, 2H, J = 9); 7.17 (d, 1H, J= 4); 7.29  
(d, 2H, J =9); 7.33 (s, 4H); 7.82 (d, 1H, J = 2); 8.19 (s, 1H); 9.11 (bs, 1H). Anal. (C26H20N7O3Cl) C, 
H, N.
5-[(Phenoxymethyl)carbonyl]amino-8-methyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (684):  yield  74%,  brown solid;  mp 140 °C (EtOAc-light  petroleum);  IR  (KBr): 
3235-2975, 1674, 1618, 1592, 1510 cm-1;  1H NMR (CDCl3)  δ: 4.18 (s, 3H); 5.01 (s, 2H); 6.65 
(dd, 1H, J = 2, J = 4); 6.85-7.08 (m, 3H); 7.15-7.40 (m, 3H); 7.99 (d, 1H, J = 2); 8.80 (s, 1H);  
10.77 (bs, 1H). Anal. (C19H15N7O3) C, H, N.
5-[(Diphenylmethyl)carbonyl]amino-8-ethyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (685): yield 92%, white solid; mp 205 °C (EtOAc-light petroleum); IR (KBr): 3234-
2977, 1676, 1612, 1588, 1515 cm-1;  1H NMR (CDCl3)  δ: 1.42 (t, 3H, J = 6.7), 4.21 (q, 2H, J = 
6.7); 5.64 (s, 1h); 6.68 (dd, 1H, J = 2, J = 4); 7.04-7.43 (m, 11H); 8.00 (d, 1H, J = 2); 8.82 (s, 1H);  
11.40 (bs, 1H). Anal. (C26H21N7O2) C, H, N.
5-[(2-Thienylmethyl)carbonyl]amino-8-n-propyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (686):  yield 75%, hygroscopic  brown solid;  (EtOAc-light petroleum);  IR (KBr): 
3237-2980, 1672, 1614, 1565, 1505 cm-1; 1H NMR (CDCl3) δ: 0.91 (t, 3H, J = 6.7), 1.81-2.01 (m, 
2H); 4.21 (s, 2H); 4.38 (t, 2H, J = 6.7); 6.68 (dd, 1H, J = 2, J = 4); 7.01 (dd, 1H, J = 2, J = 4); 7.03  
(d, 1H, J = 2); 7.21 (d, 1H, J = 4); 7.39 (d, 1H, J = 4); 7.97 (d, 1H, J = 2); 8.85 (s, 1H); 11.07 (bs,  
1H). Anal. (C19H17N7O2S) C, H, N.
5-[(3-Thienylmethyl)carbonyl]amino-8-n-propyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (687):  yield  63%,  hygroscopic  brown solid  (EtOAc-light  petroleum);  IR  (KBr): 
3230-2975, 1670, 1618, 1587, 1508 cm-1; 1H NMR (CDCl3) δ: 0.87 (t, 3H, J = 6.7), 1.78-1.98 (m, 
2H); 4.01 (s, 2H); 4.37 (t, 2H, J = 6.7); 6.71 (dd, 1H, J = 2, J = 4); 7.05 (d, 1H, J = 4); 7.13 (d, 1H,  
J = 4); 7.39 (s, 1H); 7.49 (d, 1H, J = 4); 7.98 (d, 1H, J = 2); 8.83 (s, 1H); 10.98 (bs, 1H). Anal.  
(C19H17N7O2S) C, H, N.
5-[(-Naphthylmethyl)carbonyl]amino-8-n-butyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (688): yield 88%, pale yellow solid; mp 170 °C (EtOAc-light petroleum); IR (KBr): 
3225-2985, 1673, 1611, 1580, 1510 cm-1; 1H NMR (CDCl3) δ: 0.86 (t, 3H, J = 6.7), 1.14-1.31 (m, 
2H); 1.79-2.01 (m, 2H); 4.17 (s, 2H); 4.36 (t, 2H, J = 6.7); 6.77 (dd, 1H, J = 2, J = 4); 7.20 (d, 1H,  
J = 4); 7.40-7.59 (m, 3H); 7.81-7.99 (m, 4H); 8.01 (d, 1H, J = 4); 8.84 (s, 1H); 11.09 (bs, 1H).  
Anal. (C26H23N7O2) C, H, N.
5-[(4-Methoxybenzyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (689): yield 80%, yellow solid; mp 75 °C (EtOAc-light petroleum); IR 
(KBr): 3225-2978, 1676, 1620, 1589, 1512 cm -1;  1H NMR (CDCl3)  δ: 0.84 (d, 6H, J = 7); 1.37-
1.53 (m, 1H); 1.62-1.80 (m, 2H); 3.65 (s, 3H); 3.89 (s, 2H); 4.35 (t, 2H. J = 6.7); 6.69 (dd, 1H, J 
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= 2, J = 4); 6.85 (d, 2H, J = 9); 7.22 (d, 1H, J = 4); 7.26 (d, 2H, J = 9); 7.97 (d, 1H, J = 2); 8.85 (s,  
1H); 11.03 (bs, 1H). Anal. (C24H25N7O3) C, H, N.
5-[(2-Thienylmethyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (690):  yield 71%, hygroscopic brown solid;  (EtOAc-light petroleum);  IR (KBr): 
3225-2975, 1675, 1613, 1590, 1520 cm-1; 1H NMR (CDCl3) δ: 0.82 (d, 6H, J = 7); 1.33-1.52 (m, 
1H); 1.67-1.83 (m, 2H); 4.25 (s, 2H); 4.39 (t, 2H. J = 6.7); 6.67 (dd, 1H, J = 2, J = 4); 7.02 (dd,  
1H, J = 2, J = 4); 7.07 (d, 1H, J = 2); 7.19 (d, 1H, J = 4); 7.43 (d, 1H, J = 4); 7.99 (d, 1H, J = 2);  
8.82 (s, 1H); 11.13 (bs, 1H). Anal. (C21H21N7O2S) C, H, N.
5-[(3-Thienylmethyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-
c]pyrimidine (691):  yield 65%, hygroscopic brown solid; (EtOAc-light petroleum);  IR (KBr): 
3230-2980, 1673, 1615, 1585, 1510 cm-1; 1H NMR (CDCl3) δ: 0.85 (d, 6H, J = 7); 1.33-1.54 (m, 
1H); 1.65-1.83 (m, 2H); 4.05 (s, 2H); 4.37 (t, 2H. J = 6.7); 6.68 (dd, 1H, J = 2, J = 4); 7.05 (d, 1H,  
J = 4); 7.21 (d, 1H, J = 4); 7.39 (s, 1H); 7.42 (d, 1H, J = 4); 7.99 (d, 1H, J = 2); 8.81 (s, 1H); 11.12  
(bs, 1H). Anal. (C21H21N7O2S) C, H, N.
5-[(4-Chlorophenoxymethyl)carbonyl]amino-8-isopentyl-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine  (692):  yield  88%,  pale  yellow  solid;  mp  220  °C  (EtOAc-light 
petroleum); IR (KBr): 3225-2977, 1682, 1618, 1578, 1510 cm-1; 1H NMR (CDCl3) δ: 0.82 (d, 6H, 
J = 7); 1.31-1.53 (m, 1H); 1.67-1.80 (m, 2H); 4.38 (t, 2H. J = 6.7); 5.11 (s, 2H); 6.67 (dd, 1H, J =  
2, J = 4); 7.02 (d, 2H, J = 9); 7.21 (d, 1H, J = 4); 7.33 (d, 2H, J = 9); 7.99 (d, 1H, J = 2); 8.81 (s,  
1H); 11.11 (bs, 1H). Anal. (C23H22N7O3Cl) C, H, N.
5-[(4-Chlorophenoxymethyl)carbonyl]amino-8-(2-phenylethyl)-2-(2-furyl)-pyrazolo[4,3-
e]1,2,4-triazolo[1,5-c]pyrimidine (693): yield 88%, pale yellow solid; mp 232 °C (EtOAc-light 
petroleum); IR (KBr): 3220-2977, 1676, 1610, 1575, 1510 cm-1; 1H NMR (CDCl3) δ: 3.43 (t, 2H, 
J = 7); 4.02 (s, 2H); 4.63 (t, 2H, J = 7 Hz); 6.64 (dd, 1H, J = 2, J = 4); 7.02-7.49 (m, 10H); 7.94 (d,  
1H, J = 2); 8.67 (s, 1H); 11.04 (bs, 1H). Anal. (C26H20N7O3Cl) C, H, N.
5-[(4-Methoxybenzyl)carbonyl]amino-8-(3-phenylpropyl)-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine  (694):  yield  80%,  pale  yellow  solid;  mp  78  °C  (EtOAc-light 
petroleum); IR (KBr): 3230-2995, 1683, 1615, 1580, 1510 cm-1; 1H NMR (CDCl3) δ: 2.23 (t, 2H, 
J = 7); 2.52-2.65 (m, 2H); 3.27 (s, 3H); 3.90 (s, 2H); 4.40 (t, 2H, J = 7); 6.71 (dd, 1H, J = 2, J = 4); 
6.87 (d, 2H, J = 9); 7.05-7.21 (m, 8H); 7.94 (d, 1H, J = 2); 8.85 (s, 1H); 10.96 (bs, 1H). Anal.  
(C28H25N7O3) C, H, N.

General procedures for the preparation of 5-amino-8-[[2-(4-Aryl)acetylamino-phenyl]ethyl]-
2-(2-furyl)-pyrazolo[4,3-e]1,2,4-triazolo[1,5-c]pyrimidines (  680-682  )  

A solution of the amino derivative (702) (227 mg, 0.58 mmol), the appropriate arylacetic acid 
(3.47 mmol), EDC (677 mg, 3.47 mmol), DMAP (32.5 mg, 0.26 mmol), and triethylamine (0.87 
mL, 6.3 mmol) in 18 mL of dry DMF was stirred at room temperature for 24 h. The solution 
was then concentrated at reduced pressure, and water (10 mL) was added. The solution was 
extracted  with  EtOAc  (15  mL  x  3)  and  the  recombined  organic  layers  were  dried  and 
concentrated. The residue was then purified by flash chromatography (EtOAc-light petroleum 
1:1) to afford the desired product (680-682) as a solid.

5-amino-8-[[2-(4-methoxyphenyl)acetylamino-phenyl]ethyl]-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (680): yield 85%, white solid; mp 170 °C (EtOAc-light petroleum); IR 
(KBr): 3260-2995, 1680, 1615, 1550, 1505 cm-1; 1H NMR (CDCl3) δ: 3.20 (t, 2H, J =7); 3.64 (s, 
2H); 3.78 (s, 3H); 4.44 (t, 2H, J=7); 4.98 (s, 2H); 6.12 (bs, 2H); 6.58 (dd, 1H, J = 2, J = 4); 6.87  
(d, 2H, J = 9); 6.92 (d, 2H, J = 9); 7.09 (d, 1H, J= 4); 7.17 (d, 2H, J =9); 7.26 (d, 2H, J=9); 7.30  
(bs, 1H); 7.60 (d, 1H, J = 2); 7.76 (s, 1H). Anal. (C27H24N8O3) C, H, N.
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5-amino-8-[[2-(4-chlorophenoxy)acetylamino-phenyl]ethyl]-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (681): yield 83%, white solid; mp 185 °C (EtOAc-light petroleum); IR 
(KBr): 3255-2990, 1678, 1610, 1555, 1515 cm-1; 1H NMR (CDCl3) δ: 3.26 (t, 2H, J =7); 4.49 (t, 
2H, J=7); 4.54 (s, 2H); 5.94 (bs, 2H); 6.57 (dd, 1H, J = 2, J = 4); 6.89 (d, 2H, J = 9); 7.01 (d, 2H, J  
= 9); 7.17 (d, 1H, J= 4); 7.26 (d, 2H, J =9); 7.43 (d, 2H, J=9); 7.60 (d, 1H, J = 2); 7.78 (s, 1H);  
8.13 (bs, 1H). Anal. (C26H21N8O3Cl) C, H, N.
5-amino-8-[[2-(4-α-naphthyl)acetylamino-phenyl]ethyl]-2-(2-furyl)-pyrazolo[4,3-e]1,2,4-
triazolo[1,5-c]pyrimidine (682): yield 86%, white solid; mp 189 °C (EtOAc-light petroleum); IR 
(KBr): 3250-2993, 1681, 1613, 1552, 1511 cm-1; 1H NMR (CDCl3) δ: 3.17 (t, 2H, J =7); 4.14 (s, 
2H); 4.41 (t, 2H, J=7); 6.00 (bs, 2H); 6.58 (dd, 1H, J = 2, J = 4); 6.88 (d, 2H, J = 9); 6.99 (d, 1H, J  
=4); 7.13-7.52 (m, 7H); 7.60 (d, 1H, J = 2); 7.74 (s, 1H); 7.80-8.00 (m, 3H). Anal. (C 30H24N8O2) C, 
H, N.

5.2.4 Result and Discussion

5.2.4.1 General strategy

Pyrazolo-triazolo-pyrimidine  derivatives  bearing  specific  substitutions  at  the  N5 and  N8 

positions have been described as highly potent and selective human A3R antagonists, while 
the position N7  shifts the selectivity profile to the human A2AR subtype.164,234 On the other 
hand,  the xanthine scaffold has been investigated to develop highly potent and selective 
hA1R or A2BR antagonists.273,274 However, the observation of the scaffold and its substitutions 
is not an unfailing strategy to correctly assign the potency profile covering all hAR subtypes 
of new human pyrazolo-triazolo-pyrimidine and xanthine AR antagonists. 
In this study, we have developed a “sieve system” formed by three  in series ct-SVM multi-
label classification models using as input matrix our  autoMEP vectors. The workflow of the 
procedure we have applied in this study is shown in Figure 52.
Our autoMEP/ct-SVM models have been derived after the selection of different thresholds of  
binding affinity, corresponding to three diverse  Ki values: 500 nM for MODEL 1, 250 nM in 
MODEL 2 and 100 nM for MODEL 3, as summarized in Figure 52. In this way, the selected 
thresholds act as meshes of our “sieve system”, able to filter hAR antagonists with increasing 
potency. The principal aim is to introduce the autocorrelated molecular descriptors encoding 
for the Molecular Electrostatic Potential (autoMEP) of each pyrazolo-triazolo-pyrimidine and 
xanthine antagonist to best approximate the experimental A1R, A2AR, hA2BR and A3R subtypes 
potency profile using three independent ct-SVM classification models (autoMEP/ct-SVM). 
In particular, once the statistical robust MODELs 1, 2 and 3 have been generated, they can be 
utilized  in series to assign the complete potency profile of hAR antagonists and infer their 
potential subtype selectivity. Interestingly, following our previous valuable experience in the 
prediction  of  receptor  subtype  selectivity,  our  models  can  provide  at  the  same  time  a 
quantitative  information  about  the  binding  affinity  Ki values  to  all  hAR  subtypes. 
Consequently, starting from the calculation of the corresponding  autoMEP vectors of new 
pyrazolo-triazolo-pyrimidine and xanthine analogs, our MODELS 1, 2 and 3 are able to select 
both potent and selective hAR antagonists. 

5.2.4.2 autoMEP/ct-SVM multi-label classification models

Information encoded by the autoMEP vectors has been used as input matrix for three ct-SVM 
multi-label classification models. Four binary classifiers, corresponding to the hAR subtypes 
(hA1R, hA2AR,hA2BR and hA3R), have been independently generated by using a gaussian radial 
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basis  function  (RBF)  kernel  for  the  autoMEP/ct-SVM  MODELs 1,  2  and  3.  To  derive  our 
autoMEP/ct-SVM models, we have selected a collection of 318 pyrazolo-triazolo-pyrimidine 
and  xanthine  derivatives  (1-318),  and  we  have  defined  them  as  our  training  set. 
Furthermore, we have considered 65 additional  pyrazolo-triazolo-pyrimidine and xanthine 
analogues (319-383) as validation set for each model to find the optimal parameters of the 
four binary classifiers (see supporting informations). 

The actual labels for the samples in our autoMEP/ct-SVM models are assigned by selecting a 
different binding affinity Ki value as threshold. In more detail, this binary criteria assign “1”, if  
the hAR subtype binding affinity Ki value is lower than the selected threshold (500 nM, 250 
nM or 100 nM according to the MODELs 1, 2 or 3, respectively). Conversely, “0” is assigned if  
the hAR antagonists are less potent than the threshold, i.e. the corresponding hAR subtype 
binding affinity  Ki value is higher than 500 nM, 250 nM or 100 nM in the corresponding 
MODELs 1, 2 and 3. We have considered as selectivity criterion a difference of at least 2 
orders of  magnitude between the corresponding hAR subtypes  Ki values,  with the lower 
receptor subtype  Ki value ≤ 100 nM. In our classification problem, hAR antagonists might 
have a negative potency profile (all zero values) for all subtypes, if all corresponding binding 
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Figure 53. Flowchart of the autoMEP/ct-SVM filtering approach for the selection of new potent and selective  
human A1R, A2AR, A2BR or A3R antagonists



5. Validation of computational approaches to predict AR subtype selectivity

affinity Ki values are lower than the selected threshold. We have applied the best performing 
C-criterion to transform the real-valued scores  assigned by  the classifiers  into  labels.  By 
considering the classification results in the validation step, we have decided not to select a 
threshold to judge the closeness of two SVM scores. Thus, in this modified C-criterion, all  
SVM scores are converted into labels, regardless of their difference, and the value of α has 
been set to 1. 
To  derive  the  final  autoMEP/ct-SVM  multi-label  classification  models  the  corresponding 
training set and the validation set were merged to train the new classifiers with the ct-SVM  
optimized parameters. Finally, an internal test set has been selected to validate our MODELs 
1, 2 and 3, as described in the following paragraph. 

MODEL 1 (threshold=500 nM)

The  binding  affinity  Ki value  500  nM  has  been  selected  as  threshold  to  label  the  hAR 
antagonists. The hAR subtypes distribution for the training, the validation and the  internal 
test data is reported in Table 20.

Table 20. Data distribution in the autoMEP/ct-SVM MODEL 1 (threshold=500 nM).e

A preliminary model has been generated and validated by predicting the validation set. In  
the validation procedure the best parameters have been selected (hA1R classifier: C=4, γ=2; 
hA2AR classifier:  C=4, γ=0.5; hA2BR classifier:  C=16, γ=0.5; hA3R classifier:  C=16, γ=0.5). After 
merging the training set and the validation set in a collection of 383 compounds, a new 
MODEL 1 has been carried out with the optimized parameters, and it has been applied to 
predict the internal test set. The statistical performances of MODEL 1, after the validation set 
and the internal test set prediction procedures, are summarized in Table 21. 

Table 20. autoMEP/ct-SVM MODEL 1: performance measures after the prediction on the validation set and the 
internal test set are summarized

The value of accuracy (0.86) on the test set and the measures of the ranking performance  
confirm that the MODEL 1 is statistically reliable. We have selected this model as valuable 
filter of antagonists with hAR subtypes potency profile lower than 500 nM. MODEL 1 has 
been used in the final validation step, concerning the prediction of the external test set. 
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Training set Validation set Internal test set
AR Subtype Single-

label
Multi-
label

No-
label

Single-
label

Multi-
label

No-
label

Single-
label

Multi-
label

No-
label

hA1R 4 122 1 20 1 53
hA2AR 28 126 6 25 12 55
hA2BR 56 104 15 17 23 29
hA3R 23 129 5 26 11 53

Total (514) 111 175 32 27 32 6 47 68 16
e Single-label antagonists occur only once in each class; multi-label antagonists belong to more than one class.  
Consequently, the sum of multi-label antagonists for all classes within a column is higher than the number of  
multi-label antagonists for the training set,  the validation set  or the internal test  set.  No-label antagonists 
belong to none of the  classes. 

 

Model prediction AccuracyML(α=1) One-errorf Coveragef Average precisionf

Validation set 0.75 0.10 2.22 0.92
Test set 0.86 0.06 2.19 0.96
f Parameters have been calculated after discarding compounds that do not belong to any class in the validation and test set.
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MODEL 2 (threshold=250 nM)

Even in this case, we have selected a binding affinity Ki value (250 nM) as threshold to assign 
the  hAR  antagonists  to  the  corresponding  subtypes/classes.  The  relative  hAR  subtypes 
distribution for the training set, the validation and the test set is reported in Table 22.The 
first model has been built  by using the training set. In the validation procedure the best  
parameters have been selected (hA1R classifier: C=4, γ=2; hA2AR classifier: C=8, γ=0.5; hA2BR 
classifier: C=4, γ=0.5; hA3R classifier: C=16, γ=1). The same collection of 383 antagonists was 
utilized to generate the  definitive  MODEL  2  with  the  optimized  parameters.  Then,  it  has

Table 22. Data distribution in the autoMEP/ct-SVM MODEL 2 (threshold=250 nM).e

been applied  for  the  prediction  of  the  internal test  set.  The  statistical  performances  of 
MODEL 2 in the prediction of the validation set and the internal test set are reported in Table 
23. 

Table 23. autoMEP/ct-SVM MODEL 2: performance measures after the prediction on the validation set and the 
internal test set are summarized

The  best  value of  accuracy  (0.70)  resulted in  the validation  step.  The  accuracy  is  highly  
affected by the low number of hA1R positive samples in both training set and validation set. 
The  prediction  performances  on  the  internal test  set  and  the  measures  of  the  ranking 
process highlight the statistical robustness of MODEL 2. Thus, it might correctly select hAR 
antagonists with positive subtypes potency profile under 250 nM. Finally, MODEL 2 has been 
used to predict the external test set.

MODEL 3 (threshold=100 nM)

In the MODEL 3 the Ki value 100 nM has been used as threshold to evaluate the experimental 
binding affinity data and assign the corresponding labels to hAR antagonists, as summarized 
in data distribution reported in Table 24.
In comparison with the previous data distributions, an higher number of single-label hAR 
antagonists is present in the training set and validation set (see Table 20, Table 22 and Table 
24). A preliminary model has been derived and validated by predicting the validation set to 
select the best parameters (hA1R classifier:  C=4,  γ=0.5; hA2AR classifier:  C=4, γ=0.5;  hA2BR 
classifier:  C=4,  γ=0.5;  hA3R classifier:  C=4,  γ=0.5).  After  merging the training set and the 
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Training set Validation set Internal test set
AR Subtype Single

-label
Multi-
label

No-
label

Single-
label

Multi-
label

No-
label

Single-
label

Multi-
label

No-
label

hA1R 5 72 1 11 1 31
hA2AR 30 93 7 23 12 46
hA2BR 65 82 17 13 26 24
hA3R 37 95 6 20 16 39

Total (514) 137 131 50 31 27 7 55 53 23
a  Single-label  antagonists  occur  only once in  each class;  multi-label  antagonists  belong to more  than one class.  
Consequently, the sum of multi-label antagonists for all classes within a column is higher than the number of multi-
label antagonists for the training set, the validation set or the internal test set. No-label antagonists belong to none of 

Model prediction AccuracyML(α=1) One-errorf Coveragef Average precisionf

Validation set 0.70 0.15 2.02 0.91
Test set 0.81 0.05 1.99 0.96
f Parameters have been calculated after discarding compounds that do not belong to any class in the validation and test set.
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validation set, the final  MODEL  3  has been   generated  with  the  optimized  parameters 
topredict  the  internal test  set.  The  modeling  performances,  after  the  prediction  of  the 
validation set and the internal test set, are summarized in Table 25.

 Table 24. Data distribution in the autoMEP/ct-SVM MODEL 3 (threshold=100 nM).e

Table 25. autoMEP/ct-SVM MODEL 3: performance measures after the prediction on the validation set and the 
internal test set are summarized.

A value  of  accuracy  of  0.78  on  the test  set  and the  measures  of  ranking  performances 
confirms  the  statistical  reliability  of  MODEL  3.  Again,  the  limited  information  on  hA1R 
antagonists  is  responsible  for  the  low  accuracy  in  the  prediction  of  the  validation  set. 
However, the values for one-error, coverage and average precision are similar in comparison 
with the previously reported MODELs 1 and 2. This model can be utilized to classify potential 
hAR antagonists with Ki value lower or higher than 100 nM. We have applied MODEL 3 for 
the prediction of the external test set.

5.2.4.3 Internal Validation of the autoMEP/ct-SVM MODELs 1, 2 and 3

As  anticipated,  our  autoMEP/ct-SVM  multi-label  classification  models  have  been  further 
validated by predicting an internal test set to evaluate their  in series applicability as “sieve 
system”  for  new  xanthine  and  pyrazolo-triazolo-pyrimidine  derivatives.  In  this  validation 
process, each of the hA1R, hA2AR, hA2BR and hA3R antagonists has been analyzed by MODELS 
1, 2 and 3. 
In Figure 53 the potency profiles of five structurally different and correctly predicted hAR 
antagonists have been considered as examples for the predictions interpretation.
In  this  potency  profile  representation  differently  colored  columns  are  used  for  each 
antagonist to show the predicted subtypes/labels by MODELs 1, 2 and 3. The predicted value  
“1” by the corresponding hAR binary classifier is represented with a color for each model to  
indicate the relative percentage (%) of potency profile. Thus, the prediction “1”/”0” refers to 
the corresponding hAR subtype  Ki value, resulting to be lower/higher than the thresholds 
500 nM, 250 nM or 100 nM for the MODELS 1, 2 or 3, respectively. A predicted relative  
percentage (%) of potency profile lower than 100% for at least one class means that the  
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Model prediction AccuracyML(α=1) One-errorf Coveragef Average precisionf

Validation set 0.68 0.17 1.77 0.89
Test set 0.78 0.04 1.60 0.96
f Parameters have been calculated after discarding compounds that do not belong to any class in the validation and 
test set.

Training set Validation set Internal test set
AR Subtype Single

-label
Multi-
label

No-
label

Single-
label

Multi-
label

No-
label

Single-
label

Multi-
label

No-
label

hA1R 6 38 1 5 2 16
hA2AR 36 54 8 13 12 26
hA2BR 61 46 14 5 26 11
hA3R 56 50 10 10 26 23

Total (514) 159 82 77 33 15 17 66 32 33
e  Single-label  antagonists  occur  only  once  in  each  class;  multi-label  antagonists  belong  to  more  than  one  class.  
Consequently, the sum of multi-label antagonists for all classes within a column is higher than the number of multi-label  
antagonists for the training set,  the validation set or the  internal test set. No-label antagonists belong to none of the 
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compound is more potent than the selected threshold Ki for multiple hAR subtypes.
Moreover, the selectivity can be inferred by one-color columns in all three models. In our 
first example, a N7-substituted pyrazolo-triazolo-pyrimidine analog (compound 388) resulted 
to have 100% hA2AAR potency profile for all three models, with totally red columns (Figure 
53). This corresponds to a Ki  value lower than 100 nM only for the hA2AAR subtype and a Ki 

value higher than 500 nM for the remaining hAR subtypes. Consequently, the compound 388 
is hA2AAR selective. In a similar case, the compound 400, a xanthine derivative, is predicted to 
have  a  complete  hA2BAR potency  profile  by  the MODELs  1,  2  and 3.  The  corresponding 
experimental  Ki  values  confirm  hA2BAR  subtype  selectivity.  By  observing  the  resulting 
columns,  both  compounds  429 and  480 show  a  mixed  potency  profile.  They  are  N8-
substituted pyrazolo-triazolo-pyrimidine analogs and each autoMEP/ct-SVM model is able to

 inform about the experimental Ki values for all hAR subtypes. However, the compound 429 is 
correctly predicted as potent hA2AAR and hA3AR antagonist, without any inference on hA3R 
selectivity. Finally, we have predicted a negative potency profile for all hAR subtypes in the 
last  example  (compound  491),  having  a  different  chemical  structure.  In  fact,  no  colored 
columns are present in the autoMEP/ct-SVM models prediction. 
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Figure 53. Flowchart of the correctly predicted profiles of five hAR antagonists by applying our autoMEP/ct-SVM 
multi-label classification models on the internal test set: the colored columns represent the relative percentage 
(%) of potency profiles corresponding to hA1AR (■ – green), hA2AAR (■ - red), hA2BAR (■ - yellow) and hA3AR (■ 
– blue) subtypes.



5. Validation of computational approaches to predict AR subtype selectivity

 collected  internal  test  set  (86%,  81%  and  78%,  respectively).  The  satisfying  prediction 
accuracies can be also inferred by the graphical comparison of the experimental (Figure 54a, 
Figure  55a  and  Figure  56a)  with  the  predicted  (Figure  54b,  Figure  55b and  Figure  56b) 
potency profiles for each model. In particular, the comparison of the experimental with the 
corresponding predicted graphical  representations  has  shown high  similarity  in  the color 
distribution.  Moreover, the prediction results are very encouraging,  as highlighted by the 
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Figure 55. Graphical representation of the (a) experimental and (b) predicted by MODEL 2  (threshold = 250  
nM) potency profiles for the internal test set. The colored columns show whether the Ki values to the 
relative human adenosine receptor (hAR) subtype are lower than 250 nM. The relative percentages (%) 
indicate positive potency profile for hA1AR (■ – green), hA2AAR (■ - red), hA2BAR (■ - yellow) and hA3AR (■ 
– blue) subtypes. If colored columns are missing, the Ki values are higher than 250 nM for all hAR subtypes.

Figure 54. Graphical representation of the (a) experimental and (b) predicted by MODEL 1 (threshold = 500  
nM) potency profiles for the internal test set. The colored columns show whether the Ki values to the relative  
human adenosine receptor  (hAR)  subtype are  lower  than 500 nM. The relative  percentages (%)  indicate  
positive potency profile for hA1AR (■ – green), hA2AAR (■ - red), hA2BAR (■ - yellow) and hA3AR (■ – blue) 
subtypes. If colored columns are missing, the Ki values are higher than 500 nM for all hAR subtypes
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good values of the statistical base-class parameters recall, precision, the number of TP and 
TN for hA2AR,hA2BR and hA3R subtypes (Table 26, Table 27 and Table 28).In our analysis the 
internal test set has been sifted out by three quantitative filters and we have compared the 
experimental and predicted relative percentages (%) of potency profile by MODELS 1, 2 and 3 
for all hAR antagonists, as illustrated in Figure 54, 55 and 56, respectively.
As  previously  shown in  Table  21,  Table  23  and Table  25,  good  values  of  accuracy  were 
obtained  for our autoMEP/ct-SVM multi-label classification models in the prediction of the

Figure 56. Graphical representation of the (a) experimental and (b) predicted by MODEL 3 (threshold = 100 nM) 
potency profiles for the internal test set. The colored columns show whether the Ki values to the relative human 
adenosine  receptor  (hAR)  subtype  are  lower  than  100  nM.  The  relative  percentages  (%)  indicate  positive 
potency profile for hA1R (■ – green), hA2AR (■ - red), hA2BR (■ - yellow) and hA3R (■ – blue) subtypes. If colored 
columns are missing, the Ki values are higher than 100 nM for all hAR subtypes

Table 26.  autoMEP/ct-SVM MODEL 1: the statistical  parameters for each class after the prediction on the  
internal test set are reported

Table  27.  autoMEP/ct-SVM MODEL 2:  the statistical  parameters  for  each class  after  the prediction on the 
internal test set are reported

Table  28.  autoMEP/ct-SVM MODEL 3:  the statistical  parameters  for  each class  after  the prediction on the 
internal test set are reported
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Classes TP FP TN FN Recall Precision

hA1R 11 6 93 21 0.34 0.65
hA2AR 55 12 61 3 0.95 0.82
hA2BR 48 6 75 2 0.96 0.89
hA3R 44 4 72 11 0.80 0.92

Classes TP FP TN FN Recall Precision

hA1R 33 9 68 21 0.61 0.79
hA2AR 62 12 52 5 0.92 0.84
hA2BR 50 8 71 2 0.96 0.86
hA3R 60 2 65 4 0.94 0.97

Classes TP FP TN FN Recall Precision

hA1R 7 3 110 11 0.39 0.70
hA2AR 30 10 83 8 0.79 0.75
hA2BR 29 3 91 8 0.78 0.91
hA3R 45 1 81 4 0.92 0.98

 



5. Validation of computational approaches to predict AR subtype selectivity

The analysis of the experimental and predicted hAR potency profiles of the internal test set 
by the above mentioned models, with the exception of the hA1R subtype, again support the 
quality of our filtering strategy. In the  internal test set 49 selective hAR antagonists have 
been  considered.  This  subset  comprises  1  hA1AR  selective  antagonist  (molecule  463),  6 
hA2AAR  selective  antagonists  (molecules  384-386,  388-389,  487),  22  hA2BAR  selective 
antagonists  (molecules  390,  392, 394-396,  398,  400,  403-408,  454-459,  466-468)  and 20 
hA3AR selective antagonists (molecules 412, 424-427, 431-432, 434, 440-441, 450, 452, 461, 
471-474,  507,  509,  513). After considering in series our autoMEP/ct-SVM models, 26 out of 
49 selective hAR antagonists are perfectly predicted (molecules 385, 388, 390, 392, 395-396, 
400, 404-406, 408, 425, 431, 450, 454-459, 466, 468, 471, 474, 487, 507) and we are able to 
infer hAR subtype selectivity of 10 compounds by analyzing their partially correct predictions 
(molecules  384,  386,  389,  394,  398,  403,  407,  452,  461  and  513). However, MODEL 3 has 
correctly  assigned  the  potency  profile  of  other  10  out  of  49  selective  hAR  antagonists 
(molecules 412, 424, 427, 432, 434, 440-441, 463, 472-473), as reported in Figure 54, 55 and 
56. Our approach is thus able to detect at least potent antagonists for the different hAR 
subtypes. Concerning the prediction of potent (Ki ≤100 nM) hAR antagonists, MODEL 3 has 
detected 7 out of 18 (39%) potent hA1AR antagonists, 30 out of 38  (79%) potent hA2AAR 
antagonists, 29 out of 37 (78%) potent hA2BAR antagonists and 45 out of 49 (96%) potent 
hA3AR antagonists  (see Table 28).  Therefore,  the independent application of  each of  our 
models can select with high accuracy hAR antagonists having binding affinity Ki value lower 
than 500 nM, 250 nM or 100 nM, according to the aim of the filtering process. 

5.2.4.4 External Validation of the autoMEP/ct-SVM MODELs 1, 2 and 3

In the optimization step of drug discovery, the principal application of the autoMEP/ct-SVM 
models described in the present work is the prediction of the complete hAR binding affinity  
profile and hAR subtypes selectivity of new potential antagonists. To evaluate the prediction 
capability of our approach,  we have considered an additional  test  set (external test  set), 
consisting of 13 novel N8-substituted pyrazolo-triazolo-pyrimidine analogs (682-694), which 
have been synthetized and pharmacologically characterized. The experimental human A1AR, 
A2AAR, A2BAR and A3AR binding affinities are collected in Table 18. As illustrated in Figure 51, 
the autoMEP vectors of these new 13 hAR antagonists have been used as input matrix for 
the previously generated  autoMEP/ct-SVM multi-label classification MODELs 1, 2 and 3. In 
most cases our three models are able to assign the potency profile with at least the 75% of 
accuracy for each compound in the collected external test set (Figure 57). 
The best prediction performance is achieved by MODEL 1, that represents the first sieve (see 
Figure 57a). By analyzing the statistical  class-base parameters,  good values of recall  have 
been obtained for hA2AAR and hA3AR classifiers in the MODEL 1 (1.00 and 1.00, respectively), 
MODEL  2  (1.00  and  1.00,  respectively)  and  MODEL   3  (0.82  and  1.00,  respectively).  
Moreover, hA2AAR antagonists have been predicted also with high precision (0.92, 0.92 and 
1.00 for  MODELs 1,  2  and 3,  respectively)  (see Supplementary Material  for  details).  It  is  
noteworthy how most of the selective compounds in the test set are correctly classified. In 
more  detail,  the  compounds  515 and  518, hA2AAR  and  hA3AR  selective  antagonists, 
respectively, are perfectly predicted, while the compound 516 is erroneously recognized also 
as hA2AAR antagonist by MODELs 1 and 2 (Table 19 and Figure 57). 
These 13 derivatives are the result of various substitutions and homologations in two differ-
ent positions to improve selectivity of the pyrazolo-triazolo-pyrimidine scaffold to hA2AAR or 
hA3AR subtypes. Considering their similar structure, our autoMEP/ct-SVM models are able at 
least to select almost all potent hA2AAR antagonists (molecules 519-527), without missing out 
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any potent hA3AR antagonist (molecule 520) in the filtering procedure (see Figure 57c). Some 
exceptions, regarding the quality of potency profile predictions, are represented by hA1AR 
predicted labels for compounds 517, 522-524 and 527. Surprisingly, MODEL 3 has not misat-
tributed any compound to hA2BAR class. However, any additional information on hA1AR se-
lective antagonists in the training set might improve the predictivity for hA1AR subtype (see 
Figure 587). Concluding, the comparison of all experimental with the predicted hAR subtypes 
potency profiles by MODELs 1, 2 and 3 on the external test set has demonstrated the appre-
ciable prediction performance of our autoMEP/ct-SVM “sieve system”.

5.2.5 Conclusions

A novel multi-label classification approach combining  autoMEP molecular descriptors with 
Support Vector Machine (autoMEP/ct-SVM) has been presented as powerful tool for the pre-
diction of hA1AR, hA2AAR, hA2BAR and hA3AR subtypes potency profile and infer the potential 
selectivity of known xanthine and pyrazolo-triazolo-pyrimidine derivatives. Three statistically 
meaningful models have been generated from the same training set by using different bind-
ing affinity Ki values as thresholds for hAR classifiers and,  surprisingly, very positive results 
were achieved in the validation procedure. The application of our models in series has been 
able to filter and to assign with appreciable accuracy hAR potency profile of 13 new  pyrazo-
lo-triazolo-pyrimidine analogs.  In the search for selective hAR antagonists, we are continu-
ously developing and analysing new compounds.  To further improve the predictivity of our 
dynamic autoMEP/ct-SVM strategy, we aim at integrating new information on hAR antagon-
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Figure 57. AutoMEP/ct-SVM multi-label classification models: a) external test set prediction by MODEL 1 - 500  
nM; b) external test set prediction by MODEL 2 - 250 nM; c) external test set prediction by MODEL 3 - 100 nM. 
Graphical  representation indicating the percentage (%)  of  accuracy for  each compound and the predicted 
relative percentages (%) of the potency profiles for hA1AR (■ – green), hA2AAR (■ - red), hA2BAR (■ - yellow) 
and hA3AR (■ – blue) subtypes
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ists in our dataset, especially regarding the hA1R subtype.

192
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6. CONCLUSIONS
We have been synthesised several series of derivatives  presenting a highly heterogeneous 
nature that make impossible to give a general conclusion about this work of thesis. Thus, we 
could discuss the singles studies and then try to make some general considerations in terms 
of future perspectives.

Investigations on the   pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine scaffold  

Introduction of amino moieties at the position 5 of pyrazolo-triazolo-pyrimidines (PTP) give 
derivatives  that  retain  affinity  towards  the A3AR in  the low nanomolar  range,  even if  in 
comparison with the 5-amido and ureido derivatives,  a  detrimental  effect was observed. 
Instead,  isosteric  replacement  of  the  2-furan  ring  with  a  (substituted)phenyl  ring  gave 
derivatives which display comparable affinity value at the A3AR but, most important, a highly 
improvement in selectivity  towards  the other receptor  subtypes.  Finally,  development of 
adenosine receptor fluorescent probes was in an early stage. We have prepared little series 
of derivatives hoping that biological data could soon allow us to make some SAR (structure-
activity relationship) considerations.

Molecular simplified scaffolds

The synthesised 1,2,4-triazolo[1,5-a]-1,3,5-triazines structurally related to ZM241385 (68) are 
an example of conjugation between molecular modeling and medicinal chemistry that lead 
to several compounds which show high affinity at the hA2AAR and a water solubility up than 
10 mM.
About 1,2,4-triazolo[1,5-c]pyrimidine, at the present, are unexplored as potent antagonists 
towards  the  hA3AR,  but  with  this  work  we  demonstrated  that  with  the  appropriate 
substituents, such as a little moiety at the 5 position with an ethyl or a benzyl ester at the 8 
position, good affinities could be obtained against hA3AR.
Instead, the highly simplified diarylvinyl derivatives were poorly active at the AR. But data 
encouraging us to further investigate these compounds if we consider that series are formed 
by few compounds and all structurally related each other.

Validation of computational approaches to predict subtype selectivity

We have synthesised two series of PTP to validate computational approaches of affinity and 
selectivity prediction at the AR. Experimental binding data of derivatives well-fit with the 
predicted affinity and selectivity. A further model implementation with different antagonists 
structures could allow, in the future, to run a molecule in the model before its synthesis in 
order to predict its affinity and selectivity profile saving time and money.

In  conclusion,  future  perspectives  consist  in  development  of  new  series  of  adenosine 
receptor antagonists keeping in consideration the results obtained in this work, such as the 
possibility to replace the furan ring:  so we would to synthesise new triazolo-triazine and 
triazolo-pyrimidine derivatives introducing aryl or alkyl moieties instead of 2-furan ring in 
order to evaluate if a shift of selectivity through AR occurs.
In  addition,  studies  on  fluorescent  probes  and  highly  simplified  derivatives  (diarylvinyl 
compounds)  were performed only  preliminarly,  so further  investigations  were needed in 
order to obtain some significant results.
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7. SUPPORTING INFORMATIONS

7.1 EXPERIMENTAL SECTION

7.1.1 Chemistry General

Reactions  were  routinely  monitored  by  thin-layer  chromatography  (TLC)  on  silica  gel 
(precoated  F254  Merck  plates).  Infrared  spectra  (IR)  were  measured  on  a  Jasco  FT-IT 
instrument.  1HNMRwere  determined  in  CDCl3,  DMSO-d6 or  D2O  solutions  with  a  Varian 
Gemini 200 spectrometer or a Varian 500 spectrometer (both of University of Trieste) or a  
Bruker DPX 300 MHz spectrometer (Section 4.2 performed at the University of Singapore), 
peaks positions are given in parts per million (δ) downfield from tetramethylsilane as internal 
standard, and J values are given in Hz. The following abbreviations were used: s, singlet; bs,  
broad  singlet;  d,  doublet;  dd,  double  doublet;  t,  triplet;  q,  quartet,  m,  multiplet.   Light 
petroleum ether refers to the fractions boiling at 40-60 C. Melting points were determined 
on a Buchi-Tottoli  instrument and are uncorrected. Flash chromatography was performed 
using Merck 60-230 mesh silica gel. Purity of compounds was detected by elemental analyses 
performed at the laboratory of microanalysis of the Department of Chemistry, University of 
Ferrara  (Italy),  and  all  the  compounds  were  confirmed  to  achieve  95%  purity.  MS-APCI 
analysis  of  section 3.2  were performed at  the University  of  Singapore:  compounds were 
dissolved  in  HPLC  (high  performance  liquid  chromatography)-grade  methanol  for 
determination of mass to charge ratio (m/z) via the LCQ Finnigan MAT mass spectrometer 
(source  of  ionization:  atmospheric  pressure  chemical  ionization  (APCI)  probe).  MS-ESI 
analysis were performed via the ESI Bruker 4000 Esquire spectrometer (University of Trieste). 
Fluorescence  measurements  were  recorded  on  Varian  Cary  Eclipse  fluorescence 
spectrophotometer, with excitation filter 361 nm, emission filter 390-600 nm. Absorption 
experiments  were  performed  on  a  Varian  Cary  5000  spectrophotometer  (University  of 
Trieste).

7.1.2 Biology

All  this  studies  were performed by Prof.  Karl-Norbert  Klotz,  University  of  Wurzburg. CHO 
Membrane  Preparation.  All  the  pharmacological  methods  involving  in  membrane 
preparation  for  radioligand  binding  experiments  followed  the  procedures  as  described 
earlier.281

Membranes for  radioligand binding were prepared from cells  stably transfected with the 
human adenosine receptor subtypes (A1, A2A, and A3 expressed on CHO cells) in a two-step 
procedure. In the first low-speed step (1000g for 4 min), the cell fragments and nuclei were 
removed. After that, the crude membrane fraction was sedimented from the supernatant at 
100000g for 30 min. The membrane pellet was then resuspended in the specific buffer used 
for the respective binding experiments, frozen in liquid nitrogen, and stored at -80 °C. For the 
measurement of the adenylyl cyclase activity in A2B receptor expressed on CHO cells, only 
one step of centrifugation was used in which the homogenate was sedimented for 30 min at 
54000g. The resulting crude membrane pellet was resuspended in 50 mM Tris/HCl, pH 7.4 
and immediately used for the adenylyl cyclase assay.
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7.1.2.1 Human Cloned A1, A2A, A3 Adenosine Receptor BindingAssay

Binding of [3H]-CCPA to CHO cells transfected with the human recombinant A1 adenosine 
receptor  was  performed  as  previously  described.281,282 Displacement  experiments  were 
performed for 3h at 25°C in 200 μL of buffer containing 1 nM [3H]CCPA, 0.2 U/mL adenosine 
deaminase, 20 μg of membrane protein in 50 mM Tris/HCl, pH 7.4 and tested compound in  
different  concentrations.  Nonspecific  binding  was  determined  in  the  presence  of  1  mM 
theophylline.283

Binding of [3H]-NECA to CHO cells transfected with the human recombinant A2A adenosine 
receptors  was  performed following  the  conditions  as  that  described for  the  A1 receptor 
binding. 281,282 In the displacement experiments, samples containing a protein concentration 
of 50 μg, 30 nM [3H]-NECA and tested compound in different concentrations were incubated 
for 3h at 25°C. Nonspecific binding was determined in the presence of 100 μM R-PIA (R-N6-
phenylisopropyladenosine).283

Binding of [3H]-NECA to CHO cells transfected with the human recombinant A3 adenosine 
receptors was carried out as previously described. 281,282 The displacement experiments were 
performed for 3h at 25 C in buffer solution containing 10 nM [3H]-NECA, 20 μg membrane 
protein in 50mMTris-HCl, 1mM EDTA (ethylenediaminotetraacetate), 10 mM MgCl2, pH 8.25 
and tested compound in different concentrations. Nonspecific binding was determined in the 
presence of 100 μM R-PIA.283

Bound and free radioactivity was separated by filtering the assay mixture through Whatman 
GF/B glass-fiber filters using a Micro-Mate 196-cell harvester (Packard Instrument Company).
The filter bound radioactivity was counted on Top Count (efficiency of 57%) with Micro-Scint 
20.  The protein  concentration was determined according  to the Bio-Rad method36 with 
bovine albumin as a reference standard.

7.1.2.2 Adenylyl Cyclase Activity

Because of the lack of a suitable radioligand for hA2B receptor in binding assay, the potency of 
antagonists  at  A2B receptor (expressed on CHO cells)  was determined in adenylyl  cyclase 
experiments  instead.  The  procedure  was  carried out  as  described previously  with minor 
modifications. 281,282 Membranes were incubated with about 150000 cpm of [α-32P]ATP for 20 
min in the incubation mixture as described 281,282 without EGTA and NaCl. For agonists, the 
EC50 values for the stimulation of adenylyl cyclase were calculated with the Hill equation. Hill  
coefficients  in  all  experiments  were  near  unity.  IC50 values  for  concentration-dependent 
inhibition  of  NECA-stimulated  adenylyl  cyclase  caused  by  antagonists  were  calculated 
accordingly. Dissociation constants (Ki) for antagonist were then calculated from the Cheng 
and Prusoff equation.284

7.1.3 Molecular Modeling

General 

These  studies  were  performed  by  the  research  group  of  Prof.  Stefano  Moro,  Molecular  
Modeling Section, Department of Pharmaceutical Sciences in the University of Padua.
All modeling studies were carried out on a 20 CPU (Intel Core2 Quad CPU 2.40 GHz) Linux 
cluster.  Homology modeling, energy calculation, and analyses of docking poses were performed 
using the Molecular  Operating Environment  (MOE, version 2008.10) suite  285. The  software 
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package  MOPAC  (version  7),  286 implemented  in  MOE  suite,  was  utilized  for  all  quantum 
mechanical calculations. Docking simulation were performed using GOLD suite.287

The recently published crystallographic structure of hA2AAR, in complex with the high affinity 
antagonist  ZM241385  (PDB  code:  3EML),288 was  used to  perform the  molecular  docking 
studies at this receptor subtype.

Homology Models of hA3 AR 

Based on the assumption  that  GPCRs share  similar  TM boundaries  and overall  topology, a 
homology model of the hA3 adenosine receptor was constructed, as previously reported,187,219 based 
on a template of the recently published crystal structure of hA2A receptor (PDB code: 3EML) 218. 

The  numbering  of  the  amino  acids  follows  the  arbitrary  scheme  by  Ballesteros  and 
Weinstein. According to this scheme, each amino acid identifier starts with the helix number, 
followed by the position relative to a reference residue among the most conserved amino 
acid in that helix. The number 50 is arbitrarily assigned to the reference residue.288

Firstly, the amino acid sequences of TM helices of the hA3 receptor were aligned with those of the 
template, guided by the highly conserved amino acid residues, including the DRY motif (Asp3.49, 
Arg3.50, and Tyr3.51) and three proline residues (Pro4.60, Pro6.50, and Pro7.50) in the TM 
segments of GPCRs. The same boundaries were applied for the TM helices of hA3 receptor as 
they were identified from the 3D structure for the corresponding sequences of the template, 
the coordinates of which were used to construct the seven TM helices for hA3 receptor. Then, 
the loop domains were constructed by the loop search method implemented in MOE on the 
basis of the structure of compatible fragments found in the Protein Data Bank. In particular, 
loops were modeled first in random order. For each loop, a contact energy function analyzed 
the list of candidates collected in the segment searching stage, taking into account all atoms 
already modeled and any atoms specified by the user as belonging to the model environment. 
These energies were then used to make a Boltzmann-weighted choice from the candidates, the 
coordinates  of  which were then copied to the model.  Subsequently,  the side chains  were 
modeled using a library of rotamers generated by systematic clustering of the Protein Data Bank 
data, using the same procedure. Side chains belonging to residues whose backbone coordinates 
were copied  from a template were modeled first, followed by side chains of  modeled loops. 
Outgaps and their side chains were modeled last. Special caution has to be given to EL2 because 
amino acids of this loop could be involved in direct interactions with the ligands. A driving force to 
the peculiar fold of the EL2 loop might be the presence of a disulfide bridge between cysteines in 
TM3 and EL2. Since this covalent link is conserved in both hA2A and hA3 receptors, the EL2 
loop was modeled using a constrained geometry around the EL2-TM3 disulfide bridge. The 
constraints were applied before the construction of the homology model, in particular during 
the sequences alignment, selecting the cysteine residues involved in the disulfide bridge in 
hA2A to be constrained with the corresponding cysteine residues in hA3 sequence. In particular, 
Cys166 (EL2) and Cys77 (3.25) of the hA2A receptor were constrained, respectively, with Cys166 
(EL2) and Cys83 (3.25) of the hA3 receptor. During the alignment, MOE-Align attempted to 
minimize the number of constraint violations. Then, after running the homology modeling, the 
presence of the conserved disulfide bridge in the model was manually checked. After the 
heavy  atoms  were  modeled,  all  hydrogen  atoms  were  added  using  the  Protonate  3D 
methodology, 289 part of the MOE suite. This application assigned a protonation state for each 
chemical  groups that  minimized the total  free energy of  the system (taking titration into 
account).289
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Protein stereochemistry evaluation was then performed by several tools (Ramachandran plot; 
backbone  bond  lengths,  angles  and  dihedral  plots;  clash  contacts  report;  rotamers  strain 
energy report) implemented in MOE suite.285

Molecular Docking of hA3 AR antagonists

Ligand structures  were  built  using  MOE-builder  tool,  part of the  MOE suite,285 and  were 
subjected to MMFF94x energy minimization until the rms of conjugate gradient was <0.05 kcal 
mol-1 Å-1.  Partial  charges  for  the ligands  were calculated using  PM3/ESP  methodology.   Four 
different programs have been used to calibrate our docking protocols: MOE-Dock,285 GOLD,287 

Glide,290 and PLANTS291. In particular,  ZM-241385 was re-docked into the crystal structure of 
the hA2A adenosine receptor (PDB code: 3EML) with different docking algorithms and scoring 
functions,  as  already  described.187,219 Then,  RMSD  values  between  predicted  and 
crystallographic positions of ZM-241385 were calculated for each of the docking algorithms. 
The results showed that docking simulations performed with Gold gave the lowest RMSD 
value, the lowest mean RMSD value and the highest number of poses with RMSD value < 2.5 
Å. On the basis of the best docking performance, all antagonist structures were docked into 
the hypothetical TM binding site of the hA3 AR model and that of the hA2A AR crystal structure, 
by using the docking tool of the GOLD suite287. Searching was conducted within a user-specified 
docking sphere, using the Genetic Algorithm protocol and the GoldScore scoring function. GOLD 
performs a user-specified number of independent docking runs (25 in our specific case) and writes 
the resulting  conformations  and their  energies  in  a  molecular  database file.  The resulting 
docked complexes were subjected to MMFF94x energy minimization until the rms of conjugate 
gradient was <0.1 kcal  mol-1 Å-1. Charges for the ligands were imported from the MOPAC output 
files using PM3/ESP methodology. Prediction of antagonist-receptor complex stability (in terms 
of  corresponding  pKi value)  and  the  quantitative  analysis  for  non-bonded  intermolecular 
interactions  (H-bonds,  transition  metal,  water  bridges,  hydrophobic,  electrostatic)  were 
calculated  and  visualized  using  several  tools  implemented  in  MOE  suite.285 Electrostatic 
contributions to  the binding energy  of  individual  amino  acids  have  been  calculated  as 
implemented in MOE suite.285 In order to estimate the electrostatic contributions, atomic charges 
for the ligands were calculated using PM3/ESP methodology. Partial charges for protein amino 
acids were calculated on the basis of the AMBER99 force field.
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7.2 SUPPORTING INFORMATION OF CHAPTER 5.2

7.2.1 TABLES 29-32

Table 29. Models 1, 2, 3 Training set
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Table 30. Models 1, 2, 3 Validation set
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Table 31. Models 1, 2, 3 Internal set
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Table 32. Elemental analyses of synthesized compounds (680-694)
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