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Additional in vitro data and procedures 

Table S1. The cAMP functional assay of A2AAR with 100 nM of full agonist CGS21680 

Compound % inhibition, A2AAR cAMP functional assay 

5a 53.47% 

5d 63.82% 

5g 12.31% 

 

Table S2. The result of in vitro CYP inhibition assay 

Compound 
% inhibition at 10 μM 

CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP3A4 

5d 14% 4% 6% 3% 0% 
 

Table S3. The result of in vitro hERG inhibition assay 

Compound 
% inhibition 

1 μM 3 μM 10 μM 

5d 13% 18% 31% 
 

Cyclic AMP Accumulation Assay with CGS-21680. Human adenosine receptor functional 

experiments were carried out in A2AAR-HEK293 cell line for hA2AAR. The cells are seeded on the 96 

well culture plate (NUNC 136101) with stimulation buffer (1X HBSS, Gibco 14025092; 7.5% BSA 

stabilizer; 250 mM IBMX, Sigma I5879; 1 M HEPES). 10 µM of test compound and 100 nM of CGS-

21680 (26) are added, then the cells are centrifuged at 500 rpm for 3 min, followed by incubated at 

30 °C for 30 min. After incubation, the amount of cAMP is determined using LANCE Ultra cAMP 

detection kit (Perkin Elmer TRF0262). 

 

In vitro CYP inhibition assay.  Human liver microsomes (0.25 mg/mL), 0.1 M phosphate buffer 

(pH 7.4), a cocktail of five coenzyme substrates (Phenacetin 50 µM, Diclofenac 10 µM, S-

mephenytoin 100 µM, Dextromethorphan 5 µM, Midazolam 2.5 µM), and test compound (10 µM 
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concentration) was pre-incubated for 5 min at 37 oC. NADPH generation system solution was added 

and incubated for 15 min at 37 oC. In order to terminate the reaction, acetonitrile solution containing 

an internal standard (Terfenadine) was added and centrifuged for 5 min (14,000× g rpm, 4 oC). The 

supernatant was injected into the LC-MS/MS system to analyze the metabolites of the substrates 

simultaneously. Metabolites of each substrate produced during the reaction were analyzed using the 

Shimadzu Nexera XR system and TSQ vantage (Thermo). Kinetex C18 column (2.1 × 100 mm, 2.6 

µm particle size; Phenomenex, USA) was used for HPLC. The mobile phase used contained 0.1% 

formic acid in distilled water (A) and 0.1% formic acid containing acetonitrile (B). The generated 

metabolites were quantified using MRM (Multiple Reaction Monitoring) and Xcalibur (version 1.6.1) 

was used for data analysis.1,2 

 

In vitro hERG assay. CHO cells stably expressing hERG potassium channels from Sophion 

Biosciences were used for this test. The cells were cultured in a humidified and air-controlled (5% CO2) 

incubator at 37 oC. The CHO cells which were at least two days after plating and more than 75% 

confluent would be used for experiments. Before testing, cells were harvested using TrypLE and 

resuspended in the physiological solution at the room temperature. The physiological solution and 

external solution were prepared at least one month. The intracellular solution was prepared in batches 

aliquoted, and stored at 4 °C until used. Test compounds were dissolved in 100% DMSO at 10 mM to 

obtain stock solutions for different test concentrations. Then the stock solutions were further diluted 

into external solution to achieve final concentrations for testing. Visual check for precipitation was 

conducted before testing. Final DMSO concentration in extracellular solution was not more than 0.30% 

for the test compounds. hERG SyncroPatch(384PE) assay was conducted at room temperature. The 

Setup, Prime Chip, Catch and Seal Cells, Amplifier Settings, Voltage and Application Protocols were 

established with Biomek Software (Nanion). One addition of 40 μL of the vehicle was applied, 

followed by 300s for a baseline period. Then the doses of the compounds were added with 40 μL. The 

exposure of test compound at each concentration was no less than 300s. The recording for the whole 

process had to pass the quality control or the well was abandoned and the compound was retested, all 

automatically set by PatchControl. Three concentrations (1.00 μM, 3.00 μM, and 10.00 μM) were 

tested for each compound. Minimum 2 replicates per concentration were obtained. 
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Single-Crystal X-ray crystallography data of compounds 11b, 22a and 22b. 

Compound 11b, 22a or 22b (~10 mg) was dissolved in ethyl acetate and dichloromethane (1.0 mL, 

1:4) in a glass vial. After staying at room temperature, the single crystals of 11b, 22a or 22b were 

obtained. X-ray diffraction data of 11b (CCDC No: 2164196), 22a (CCDC No: 2164194), and 22b 

22a (CCDC No: 2258518) were obtained on a SuperNova, Dual, Cu at zero, AtlasS2 diffractometer. 

Using Olex23, the structure was solved with the ShelXT4 structure solution program using Intrinsic 

Phasing and refined with the ShelXL4 refinement package using Least Squares minimization. 

Single-Crystal X-ray crystallography of compound 11b 

 

Figure S1. ORTEP diagram of compound 11b showing thermal ellipsoid at 50% probability. 
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Table S4. Crystal data and structure refinement for 11b 

Empirical formula C19H19ClN4O3S  

Formula weight 418.89  

Temperature/K 293(1)  

Crystal system monoclinic  

Space group C2  

a/Å 25.4206(7)  

b/Å 7.3860(2)  

c/Å 10.6375(3)  

α/° 90  

β/° 96.378(2)  

γ/° 90  

Volume/Å3 1984.90(10)  

Z 4  

ρcalcg/cm3 1.402  

μ/mm-1 2.929  

F(000) 872.0  

Crystal size/mm3 0.563 × 0.19 × 0.087  

Radiation CuKα (λ = 1.54184)  

2Θ range for data collection/° 6.998 to 147.472  

Index ranges -31 ≤ h ≤ 26, -8 ≤ k ≤ 8, -13 ≤ l ≤ 12  

Reflections collected 3649  

Independent reflections 2927 [Rint = 0.0113, Rsigma = 0.0187]  

Data/restraints/parameters 2927/1/256  

Goodness-of-fit on F2 1.036  
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Final R indexes [I>=2σ (I)] R1 = 0.0469, wR2 = 0.1323  

Final R indexes [all data] R1 = 0.0483, wR2 = 0.1343  

Largest diff. peak/hole / e Å-3 0.36/-0.19  

 

Single-Crystal X-ray crystallography of compound 22a 

 

Figure S2. ORTEP diagram of compound 22a showing thermal ellipsoid at 50% probability. 

 

 

 

 

 

 

 

 

 



S8 

 

 

 

 

 

Table S5. Crystal data and structure refinement for 22a 

Empirical formula C19H19ClN4O3S  

Formula weight 418.89  

Temperature/K 293(2)  

Crystal system orthorhombic  

Space group P212121  

a/Å 7.1613(18)  

b/Å 10.7229(15)  

c/Å 25.009(4)  

α/° 90  

β/° 90  

γ/° 90  

Volume/Å3 1920.5(6)  

Z 4  

ρcalcg/cm3 1.449  

μ/mm-1 0.337  

F(000) 872.0  

Crystal size/mm3 0.262 × 0.114 × 0.075  

Radiation MoKα (λ = 0.71073)  

2Θ range for data collection/° 5.004 to 58.788  

Index ranges -8 ≤ h ≤ 8, -13 ≤ k ≤ 14, -25 ≤ l ≤ 34  

Reflections collected 11286  

Independent reflections 4489 [Rint = 0.0733, Rsigma = 0.1095]  
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Data/restraints/parameters 4489/0/256  

Goodness-of-fit on F2 1.073  

Final R indexes [I>=2σ (I)] R1 = 0.0743, wR2 = 0.1247  

Final R indexes [all data] R1 = 0.1233, wR2 = 0.1459  

Largest diff. peak/hole / e Å-3 0.42/-0.31  

 

Single-Crystal X-ray crystallography of compound 22b 

 

Figure S3. ORTEP diagram of compound 22b showing thermal ellipsoid at 50% probability. 
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Table S6. Crystal data and structure refinement for 22b 

Empirical formula C19H19ClN4O2S2  

Formula weight 434.97  

Temperature/K 111.0(8)  

Crystal system orthorhombic  

Space group P212121  

a/Å 7.0735(7)  

b/Å 24.677(4)  

c/Å 12.1455(13)  

α/° 90  

β/° 90  

γ/° 90  

Volume/Å3 2120.0(4)  

Z 4  

ρcalcg/cm3 1.3627  

μ/mm-1 0.399  

F(000) 905.9  

Crystal size/mm3 0.466 × 0.394 × 0.229  

Radiation Mo Kα (λ = 0.71073)  

2Θ range for data collection/° 4.7 to 59.38  

Index ranges -8 ≤ h ≤ 9, -34 ≤ k ≤ 29, -15 ≤ l ≤ 16  
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Reflections collected 23486  

Independent reflections 5357 [Rint = 0.0955, Rsigma = 0.0926]  

Data/restraints/parameters 5357/12/255  

Goodness-of-fit on F2 1.038  

Final R indexes [I>=2σ (I)] R1 = 0.0902, wR2 = 0.2143  

Final R indexes [all data] R1 = 0.1161, wR2 = 0.2353  

Largest diff. peak/hole / e Å-3 1.00/-0.90  
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HPLC data of the representative compounds 

HPLC data of the compound 5d 
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HPLC data of the compound 5g 
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HPLC data of the compound 5h 
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HPLC data of the compound 5i 
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HPLC data of the compound 5j 
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HPLC data of the compound 5k 
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