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Experimental 

Chemistry 

General. All the performed reactions were monitored by silica gel thin-layer chromatography (precoated Macherey-Nagel, 

60FUV254). Macherey-Nagel, silica 60, 230-400 mesh silica gel was used to perform flash chromatography purification. 

Buchi-Tottoli instrument was used to determine compounds melting points and are uncorrected. 1H-NMR spectra were 

recorded with a Varian Gemini 200 and samples were dissolved in CDCl3 solutions. J values are given in Hz. Accurate mass 

spectra were recorded on a micrOTOF-Q-Bruker using methanol as solvent to dissolve compounds. 

Procedures for the obtainment of compound 15 were previously reported.1 
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 (1-14). 5-Chloro-derivative 15 (100 mg, 0.364 mmol) was dissolved in 5 mL of ethanol (methanol for the 

synthesis of compound 13) 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 sealed and heated at 110°C for 2 hours. The reaction was monitored 

through thin layer chromatography (EtOAc 9 : MeOH 1). The solvent was then removed under reduced pressure and the 

residue purified by column cromatography (EtOAc 9.5 : MeOH 0.5) affording the desired compounds (1-14). 

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 (1): 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). HRMS m/z: [M+Na]+ Calcd for C16H17N7O3  

378.1285, Found 378.1283 (Δ=0.0002). 

2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)-3-methylbutanoic acid ethyl ester 

(2): yield 28%; white solid; mp 152°C 1H-NMR (200 MHz, CDCl3) δ: 8.10 (1H, s), 7.64 (1H, s), 7.23 (1H, s), 6.72 (1H, d, J=9), 

6.60 (1H, m), 5.00 (1H, dd, J=7, J=9), 4.26 (2H, q, J=7), 4.11 (3H, s), 2.52-2.36 (1H, m), 1.31 (3H, t, J=7), 1.09 (6H, d, J=7). 

HRMS m/z: [M+Na]+ Calcd for C18H21N7O3 406.1598, Found 406.1599 (Δ=0.0001). 

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 

(3): yield 41%; pale orange solid; mp 145°C 1H-NMR (200 MHz, CDCl3) δ: 8.11 (1H, s), 7.64 (1H, d, J=2), 7.23 (1H, d, J=4), 6.60 

(1H, dd, J=2, J=4), 6.29 (1H, d, J=8.8), 5.07 (1H, t, J=7), 4.22 (2H, q, J=7), 4.11 (3H, s), 1.86 (3H, m), 1.29 (3H, t, J=7), 1.01 (6H, 

d, J=5). HRMS m/z: [M+Na]+ Calcd for C19H23N7O3 420.1755, Found 420.1754 (Δ=0.0001). 

2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)hexanoic acid ethyl ester (4): yield 

35%; orange solid; mp 75°C 1H-NMR (200 MHz, CDCl3) δ: 8.30 (1H, s), 7.66 (1H, s), 7.37 (1H, d, J=3.4), 6.75 (1H, d, J=8), 6.61 

(1H, m), 5.08-4.95 (1H, m), 4.25 (2H, q, J=7), 4.12 (3H, s), 2.20-1.80 (2H, m), 1.41-1.27 (7H, m), 0.90 (3H, t, J=7). HRMS m/z: 

[M+Na]+ Calcd for C19H23N7O3 420.1755, Found 420.1757 (Δ=0.0002). 

2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)-2-phenylacetic acid ethyl ester 

(5): yield 34%; white solid; mp 189°C 1H-NMR (200 MHz, CDCl3) δ: 8.08 (1H, s), 7.62-7.54 (3H, m), 7.39-7.36 (3H, m), 7.22-

7.14 (2H, m), 6.59 (1H, d, J=1.6), 5.99 (1H, d, J=7.4), 4.29-4.10 (5H, m), 1.25 (3H, t, J=7.2). HRMS m/z: [M+H]+ Calcd for 

C21H19N7O3 418.1622, Found 418.1620 (Δ=0.0002). 

(R)-2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)-3-(1H-indol-2-yl)propanoic 

acid ethyl ester (6): yield 42%; pale yellow solid; mp 128°C 1H-NMR (200 MHz, CDCl3) δ: 8.23 (1H, s), 8.10 (1H, s), 7.60 (2H, 

bs), 7.35-7.08 (6H, m), 6.79 (1H, d, J=12), 5.40-5.21 (1H, m), 4.17-4.10 (5H, m), 3.56 (2H, m), 1.20 (3H, t, J=7.1). HRMS m/z: 

[M+H]+ Calcd for C24H22N8O3 471.1888, Found 471.1889 (Δ=0.0001). 

2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)-3-hydroxypropanoic acid ethyl 

ester (7): yield 39%; white solid; mp 188°C 1H-NMR (200 MHz, CDCl3) δ: 7.69 (1H, s), 7.65 (1H, s), 7.23 (1H, d, J=3.8), 7.06 

(1H, d, J=8), 6.61 (1H, dd, J=1.6, J=4), 5.05-4.98 (1H, m), 4.48-4.19 (4H, m), 4.05 (3H, s), 1.35 (3H, t, J=7.2). HRMS m/z: 

[M+Na]+ Calcd for C16H17N7O4 394.1234, Found 394.1230 (Δ=0.0004). 

(S)-2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)-3-(4-

hydroxyphenyl)propanoic acid ethyl ester (8): yield 23%; brown sticky foam 1H-NMR (200 MHz, CDCl3) δ: 8.06 (1H, s), 7.60-

7.59 (1H, m), 7.18-7.16 (1H, m), 7.08 (2H, d, J=8.4), 6.84 (2H, d, J=8.4), 6.72 (1H, d, J=8.0), 6.55 (1H, dd, J=1.8, J=3.2), 5.24-

5.14 (1H, m), 4.19 (2H, q, J=7.2), 4.09 (s, 3H), 3.52 (1H, dd, J=8.0, J=16.0), 3.22 (1H, dd, J=8.0, J=16.0), 1.23 (3H, t, J=7.2). H 

of hydroxy group not detected. HRMS m/z: [M+H]+ Calcd for C22H21N7O4 448.1728, Found 448.1724 (Δ=0.0004). 
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(S)-2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)-3-phenylpropanoic acid ethyl 

ester (9): yield 36%; brown sticky foam 1H-NMR (200 MHz, CDCl3) δ: 8.15 (1H, s), 7.63 (1H, s), 7.30-7.24 (6H, m), 6.72 (1H, 

d, J=8.2), 6.59 (1H, bs), 5.32-5.24 (1H, m), 4.25-4.12 (5H, m), 3.41-3.33 (2H, m), 1.24 (3H, t, J=7.2). HRMS m/z: [M+H]+ Calcd 

for C22H21N7O3 432.1779, Found 432.1778 (Δ=0.0001). 

2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)-3-hydroxy-3-phenylpropanoic 

acid ethyl ester (10): yield 31%; white solid; mp 195°C 1H-NMR (200 MHz, CDCl3) δ: 8.04 (1H, s), 7.63 (1H, s), 7.50-7.47 (2H, 

m), 7.33-7.21 (4H, m), 7.01 (1H, d, J=9.2), 6.58 (1H, bs), 5.49 (1H, bs), 5.30 (1H, dd, J=3.4, J=9.2), 4.21 (2H, q, J=7.0), 4.07 

(3H, s), 3.04 (1H, bs), 1.22 (3H, t, J=7.0). HRMS m/z: [M+H]+ Calcd for C22H21N7O4 448.1728, Found 448.1726 (Δ=0.0002). 

(S)-2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)succinic acid diethyl ester (11): 

yield 44%; brown sticky foam 1H-NMR (200 MHz, CDCl3) δ: 8.09 (1H, s), 7.52 (1H, s), 7.21-7.14 (2H, m), 6.59 (1H, bs), 5.29-

5.25 (1H, m), 4.29-4.11 (7H, m), 3.19-3.17 (2H, m), 1.32-1.23 (6H, m). HRMS m/z: [M+H]+ Calcd for C19H21N7O5 428.1677, 

Found 428.1679 (Δ=0.0002); [M+Na]+ Calcd for C19H21N7O5 450.1496, Found 450.1498 (Δ=0.0002). 

(S)-2-((2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)amino)pentanedioic acid diethyl ester 

(12): yield 37%; brown sticky foam 1H-NMR (200 MHz, CDCl3) δ: 8.09 (1H, s), 7.62 (1H, s), 7.22 (1H, d, J=4.4), 6.78 (1H, d, 

J=8.0), 6.59-5.58 (1H, m), 5.10-5.02 (1H, m), 4.31-4.07 (7H, m), 2.53-2.17 (4H, m), 1.41-1.18 (6H, m). HRMS m/z: [M+H]+ 

Calcd for C20H23N7O5 442.1833, Found 442.1832 (Δ=0.0001). 

(S)-1-(2-(Furan-2-yl)-8-methyl-8H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-yl)pyrrolidine-2-carboxylic acid methyl 

ester (13): yield 43%; pale yellow solid; mp 104°C 1H-NMR (200 MHz, CDCl3) δ: 8.06 (1H, s), 7.60-7.59 (1H, m), 7.13-7.11 

(1H, m), 6.56-6.55 (1H, m), 5.48-5.36 (1H, m), 4.28-4.09 (5H, m), 3.74 (3H, s), 2.24-2.00 (4H, m). HRMS m/z: [M+H]+ Calcd 

for C17H17N7O3 368.1466, Found 368.1466 (Δ=0.0000). 

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 (14): 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). HRMS 

m/z: [M+Na]+ Calcd for C17H19N7O3 392.1442, Found 392.1443 (Δ=0.0001). 

Biology 

Radioligand binding to hA1, hA2A and hA3 ARs. All performed binding studies have been performed as previously reported.2 

CHO cells transfected with human AR subtypes have been used to obtain membranes for radioligand binding. Removal of 

cell fragments and nuclei have been performed by centrifugation at low-speed (1,000 x g), then centrifugation at 100,000 

x g led to the sedimentation of the crude membrane fraction. The membranes were resuspended in the appropriate buffer 

(50 mMTris/HCl buffer pH 7.4 for hA1 and hA2A AR; 50 mMTris/HCl,10 mM MgCl2, 1 mM EDTA, pH 8.25 for hA3 AR) and 

stored at -80 °C. 1 nM [3H]CCPA, 10 nM [3H]NECA and 1 nM [3H]HEMADO were used as radioligands for hA1, hA2A and hA3 

ARs, respectively. [3H]CCPA non specific binding was determined using theophylline (1 mM), while 100 µM R-PIA has been 

used for [3H]NECA and [3H]HEMADO.2,3,4 SCTFIT was the program used for Ki values calculations that was the mean of 3-6 

replicates.5 

Adenylyl cyclase activity. Functional studies for the hA2B AR were performed using adenylyl cyclase experiments. Minor 

modifications were carried out on the previously reported procedures.2,6 In this experimental procedure the homogenate 

of hA2B-CHO cells was subjected to high speed centrifugation and the sedimented membrane pellet was then resuspended 

in buffer (50 mMTris/HCl, pH 7.4) and directly used for the assay. Affinity of compounds was determined by inhibition of 

NECA-stimulated adenylyl cyclase activity (NECA, 5 μM). About 150,000 cpm of [α-32P]ATP was incubated with membranes 

and the incubation mixture for 20 min without EGTA and NaCl.6 Hill equation was used to calculate IC50 that was the mean 

of 3-6 replicates. Hill coefficients were near unity. 

Computational studies 

Molecular modeling operations were done with the MOE program7 on a 12 CPU (Intel® Xeon® CPU E5-1650 3.80 GHz) Linux 

workstation. MD simulations were carried out using the ACEMD engine8 and the CHARMM36/CHARMM36 general force 

field (CGenFF) on NVIDIA GTX 980Ti and NVIDIA GTX 980 drivers. The GOLD9 software and the goldscore scoring function 

were used for docking simulations. Ligand structures were built with the MOE-builder tool. Ionization states were assigned 

by the MOE-protonate 3D implementation. Tautomers and hybridization were checked. The MMFF94x was used for the 

geometry optimizations (root mean square (RMS) gradient < 0.05 kcal mol−1 A−1). The docking search space was assigned 

to a sphere of 20 Å radius, centered on the N6.55 peptidic nitrogen. 20 poses were obtained for any ligand docked at each 

receptor subtype. Partial charges were assigned to the ligands and protein as provided by the MMFF94 and AMBER14:EHT10 

force fields, respectively. The hA2 AR and the hA1 ARs’ atom positions were extracted from the Protein Data Bank11 crystal 

structures 3PWH12 and 5UEN13, respectively. A homology model of the hA3AR was adopted, constructed in our previous 

study (SI4).14 Both molecular docking and MD simulations on ARs included the presence of the sodium ion and its first 

solvation shell.15 In most cases, conserved residues were reported with the Ballesteros–Weinstein numbering.16 

Electrostatic, van der Waals and hydrophobic contributions reported in the IE fingerprints and in the per-residue histograms 

were calculated with MOE. Plots were drawn with Gnuplot 4.6.17 Figures showing three-dimensional molecules were 

created using UCSF Chimera,18 except Figure 8, for which the VMD-1.9.3 graphical interface was exploited.19 Ligand 

parameters to use in MD simulations were obtained from the Paramchem web service. The 1-palmitoyl-2oleyl-sn-glycerol-



3-phospho-choline (POPC) lipid bilayer was generated as a model of the cell membrane. For this purpose the  Orientations 

Proteins in Membrane (OPM) database coordinates20 and the VMD membrane builder plugin were used. Lipid molecules 

within 0.4 Å of the protein were deleted and TIP3P21 water molecules were included for solvation with Solvate1.0.22 Na+/Cl− 

neutralizing counterions were added reaching a concentration of 0.154 M. System was equilibrated in three steps: 1) 1500 

conjugate-gradient minimization steps to reduce lipid-protein steric clashes and a NPT ensemble MD simulation of 5 ns 

constraining the ligand, protein, and lipid phosphorus atom position at 1 kcal mol−1 Å−2 ; 2) NPT MD simulation of 10 ns 

constraining the protein, the ligand, the sodium ion and its first solvation shell; 3) the coordinates of ligand, protein alpha 

carbons and sodium complex were constrained for 5 ns. A time step of 2 fs was used in any simulation along with the 

Berendsen barostat (1 atm),23 the Langevin thermostat  (temperature, 310 K; low dumping, 1 ps−1),24 the M-SHAKE 

algorithm 25 and a cutoff of 10 Å for long-range interactions. Ligand-protein interaction energy was calculated by means of 

the NAMD energy Plugin 1.4.26 
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