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Supplemental Data, Synthesis of STS-E412 

The structure of STS-E412 is shown in Supplemental Figure 1.   

 

 

Supplemental Figure 1:  Structure of STS-E412 

 

Synthesis of 2-[2-(4-chlorophenoxy)ethoxy]-5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidine (STS-

E412) 

General.  All reagents were obtained commercially from Acros and Sigma-Aldrich and used as obtained.  

Thin layer chromatography was performed on EM Science silica gel 60 F254 plates, with visualization via 

UV fluorescence quenching and by exposure to iodine vapor.  Chromatographic purification of products 

was performed on a Teledyne ISCO CombiFlash Model Sg100c, fitted with a Teledyne ISCO RediSep Rf 

purified silica gel column.  Compound purity was characterized with an Agilent HP1100 analytical high-

performance liquid chromatography (HPLC) instrument equipped with a diode array detector (215/254 
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nm).  The HPLC was fitted with an analytical reversed-phase C18 column (Higgins Analytical, Targa 

C18, 50 x 2.1 mm, 3 µm); operating at 40°C,  the mobile phases 0.1% trifluoroacetic acid/water (A) and 

0.1% trifluoroacetic acid/acetonitrile (B) were used for a gradient elution of B (2 to 98%) over 10 minutes 

at a flow rate of 0.6 ml/min.  Proton NMR (
1
H-NMR) spectra were obtained with a JEOL ECX 400 

instrument operating at 400 MHz.  Liquid chromatography-tandem mass spectrometry (LC-MS/MS) 

analysis was performed on an Agilent Series 1100 MSD instrument operating in positive ion mode 

(electrospray) with a scan range of 100-1000 Da.  All compounds were of ≥ 95% purity. 

 

 

 Supplemental Figure 2.  Synthesis scheme of STS-E412 

 

5,7-Dimethyl-2-(methylsulfanyl)-[1,2,4]triazolo[1,5-a]pyrimidine 

 2,4-Pentanedione (11.54 g, 115 mmol), 3-amino-5-methylthio-1H-1,2,4-triazole (15.0 g, 115 

mmol) and glacial acetic acid (115 ml) were warmed in an oil bath at 135°C for 15 hours.  The mixture 

was cooled to room temperature and then slowly poured into stirring ice/water (750 ml) to precipitate the 

product.  Solids were isolated by filtration, rinsed with 250 ml of water, and dried under reduced pressure 

to afford the title compound as a powder (15.9 g, 71% yield).  The solid was used without further 

purification.  Thin layer chromatography (TLC) Rf = 0.58 (9:1:0.3 CHCl3/MeOH/AcOH);  HPLC Rt = 5.0 

minutes (2 to 98% gradient elution of MeCN/H2O + 0.1% TFA over 10 minutes, where Rt = 0.7 minutes 

for 3-amino-5-methylthio-1H-1,2,4-triazole). 
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2-Methanesulfonyl-5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidine 

 5,7-dimethyl-2-(methylsulfanyl)-[1,2,4]triazolo[1,5-a]pyrimidine (9.9 g, 51.0 mmol), sodium 

tungstate dihydrate (505 mg, 1.53 mmol), and glacial acetic acid (95 ml) were cooled to 10°C using an 

ice-water bath.  A solution of 35% H2O2 in water (13.1 ml, 153.1 mmol) was added dropwise, and the 

mixture was stirred at room temperature for 10 minutes and at 60°C for 60 minutes.  The reaction was 

cooled to room temperature, and a solution of sodium sulfite (3.0 g Na2SO3 in 20 ml of water) (~5 ml) 

was added and allowed to stir 30 minutes at room temperature.  The reaction was concentrated to ~20 ml, 

and water was added to precipitate the product.  The solid was collected by filtration, rinsed with cold 

water (~30 ml), and dried under vacuum to afford the title compound as a white powder (7.78 g, 67% 

yield).  TLC Rf = 0.60 (9:1:0.1 CHCl3/iPrOH/AcOH); HPLC Rt = 1.3 minutes (2 to 98% gradient elution 

of MeCN/H2O + 0.1% TFA over 10 minutes);   
1
H-NMR (DMSO-d6, 400 MHz)  ppm:  7.41 (d, 1H), 

3.46 (s, 3H), 2.76 (d, 3H), 2.64 (s, 3H).   

2-(4-Chlorophenoxy)ethan-1-ol 

 4-chlorophenol (5.61 g, 43.65 mmol), 2-bromoethanol (6.0 g, 48.0 mmol), sodium hydroxide 

(2.62 g, 65.47 mmol), and water (18 ml) were warmed in an oil bath at 80°C for 19 hours.  The mixture 

was partitioned using ethyl acetate (100 ml) and water (50 ml).  The aqueous layer was extracted once 

more with ethyl acetate (40 ml).  The combined organic layer was washed with 1N NaOH (6 x 40 ml) and 

saturated aqueous NaCl (40 ml), dried (Na2SO4), filtered, and concentrated.  The crude mixture was 

purified by silica gel column chromatography using 30-100% ethyl acetate in hexanes to afford the title 

compound as a clear oil (5.67 g, 75% yield).  TLC Rf = 0.48 (1:1 Hexane/EtOAc).  HPLC Rt = 4.5 

minutes (2 to 98% gradient elution of MeCN/H2O + 0.1% TFA over 10 minutes). 
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2-[2-(4-Chlorophenoxy)ethoxy]-5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidine (STS-E412) 

 Sodium hydride (60% dispersion in mineral oil) (1.26 g, 31.62 mmol) was added portion-wise 

(4 x ~315 mg) over 10 minutes to a solution of 2-(4-chlorophenoxy)ethan-1-ol (4.0 g, 23.19 mmol) in 

tetrahydrofuran (40 ml).  The reaction was stirred for 10 minutes, and 2-methanesulfonyl-5,7-dimethyl-

[1,2,4]triazolo[1,5-a]pyrimidine (4.76 g, 21.08 mmol) was added portion-wise (5 x ~0.95 g).  An 

additional volume of tetrahydrofuran (10 ml) was added to aid stirring.  After 30 minutes, the reaction 

was concentrated and then partitioned between dichloromethane (100 ml) and water (50 ml).  The 

aqueous layer was extracted once more with dichloromethane (100 ml), and the combined organic layers 

were dried (Na2SO4), filtered, and concentrated.  The crude material was purified as follows.  The solid 

was dissolved in 1% methanol in dichloromethane (60 ml), stirred for 10 minutes at room temperature 

over silica gel (10 g), filtered, concentrated, and then crystallized from warm ethanol (125 ml) and water 

(13 ml).  The solid was dissolved again in 2% methanol in dichloromethane (30 ml) with silica gel (5 g), 

stirred for 20 minutes, filtered, and concentrated.  Recrystallization from warm ethanol (95 ml) afforded 

the title compound as an off-white solid (4.22 g, 62% yield).  TLC Rf = 0.38 (EtOAc);  HPLC Rt = 5.7 

minutes (2 to 98% gradient elution of MeCN/H2O + 0.1% TFA over 10 minutes);  
1
H NMR (DMSO-d6, 

400 MHz)  ppm: 7.34 (d, 2H), 7.09 (s, 1H), 7.02 (d, 2H), 4.67 (t, 2H), 4.36 (t, 2H), 2.63 (s, 3H), 2.52 (s, 

3H).  EM (calc.): 318.1; MS (ESI) m/e: 319.2 (M+H)
+
. 
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Supplemental Data, ELISA method development and validation 

Phospho-protein and total protein ELISA were established using commercially available reagents. 

pEPOR, pYpY-JAK2 and AKT ELISAs were performed according to manufacturer’s instructions (see 

Materials and Methods). Total CD131 and phospho-CD131 (pCD131) ELISAs were performed as 

described in Materials and Methods and below. Cell lysis buffer contained 20 mM Tris-HCl pH 7.5), 150 

mM NaCl, 1 mM Na2EDTA, 1 mM EGTA, 2.5 mM sodium pyrophosphate, 1 mM -glycerophosphate, 1 

mM Na3VO4 supplemented with 1% Triton X-100, 1g/ml leupeptin and 100 KIU/ml aprotinin. Capture 

antibodies were diluted in DPBS without Ca
2+

 and Mg
2+

 and captured on Costar high binding plates 

(Corning Incorporated #9018) overnight at 4ᵒC then blocked with DPBS supplemented with BSA (2%) 

for 4-6 hours. All other antibodies were diluted in a solution of composition 20 mM TRIS pH 7.4, 137 

mM NaCl supplemented with 0.05% v/v Tween-20 and 1% w/v BSA. Wash buffer was purchased from 

R&D Systems, Inc. (#WA126). 

HEK293 cells do not express cell surface EPOR or CD131: Whole cell ELISA was used to detect 

cell-surface expression of EPOR and CD131. Briefly, HEK293 cells, HEK293 cells transfected with 

human EPOR alone (HEK293/EPOR) and HEK293 cells transfected with CD131 alone 

(HEK293/CD131) were harvested using DPBS without Ca
2+

 and Mg
2+

 and suspended in HEPES-buffered 

(pH 7.4) Hanks salts supplemented with 2% BSA (HHB buffer) at a density of 1x10
6
 cells per ml. 

Detection utilized ELISA capture monoclonal antibodies targeting extracellular epitopes on EPOR (R&D 

Systems, Inc. #842365, 2.7 g/ml final) or CD131 (BD Biosciences #554534, 1 g/ml final) diluted in 

HHB buffer. Cell suspensions were mixed with (1) no detection antibody, (2) EPOR detection antibody or 

(3) CD131 detection antibody and incubated at room temperature for 4 hours in 1.5 ml Eppendorf-style 

tubes. Following incubation, unbound antibody was removed by washing cells twice in 1 ml (ca. 100-fold 

volume excess) of HHB buffer (400xg for 10 minutes). Cell-surface bound antibody was detected using 

an HRP-conjugated goat anti-mouse antibody (Jackson Immuno-Research Laboratories, Inc. #115-035-

003) diluted 1:2,000 in HHB buffer and incubated for 1 hour at room temperature. Unbound secondary 
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antibody was removed by washing cells twice in 1 ml HHB buffer (400xg for 10 minutes). Following 

color development using TMB reagent (400 l per tube) the reaction was quenched by addition of 100 l 

1 M H2SO4 and clarified by centrifugation (13,000g, 10 minutes). 

 

 

Supplemental Figure 3: EPOR and CD131 capture antibodies detect only 

cognate cell-surface receptors in HEK293 cells. Results for HEK293, 

HEK293/EPOR and HEK293/CD131 cell lines are shown. In the figure, open 

bars represent whole-cell ELISA signals in absence of anti-EPOR antibody and 

anti-CD131 antibodies, black bars represent whole-cell ELISA signals in the 

presence of anti-EPOR antibody and grey bars represent whole-cell ELISA 

signals in the presence of anti-CD131 antibody. Bars represent mean + S.D. for 

triplicate measurements. 

 

Results for cell-surface ELISA (Supplemental Figure 3) show that HEK293 cells do not express 

significant levels of EPOR or CD131 and that the capture antibodies also used in pEPOR and pCD131 

signaling assays are selective for their cognate receptors. In the absence of anti-EPOR or anti-CD131 

antibodies, assay background increased from 0.037 ± 0.0007 (absorbance units, OD 450nm) (mean ± 

S.D., n=27, empty wells) to 0.068 ± 0.002 (n=3) for untransfected HEK293 cells, to 0.055 ± 0.00068 

(n=3) for HEK293/EPOR cells and to 0.053 ± 0.00032 (n=3) for HEK293/CD131 cells. Comparing 

ELISA signals in HEK293/EPOR vs. HEK293 cells, assay signals using anti-EPOR antibody increased 
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by 20-fold over background p=1.7x10
-10

) while assays signals were unchanged using anti-CD131 

antibody (p=0.659). In HEK293/CD131 vs. HEK293 cells, assay signals using anti-CD131 antibody 

increased by ca. 30-fold over background (p=1.6x10
-8

) while assays signals were unchanged using anti-

EPOR antibody (p=0.258). These results suggest that from 95% to 97% of ELISA signals arise from 

exogenously-expressed EPOR and CD131, that the anti-EPOR antibody does not cross-react with CD131 

and that the anti-CD131 does not cross-react with EPOR. 

Performance of pEPOR ELISA: The phospho-EPOR (pEPOR) ELISA used in these studies is 

produced by R&D Systems, Inc. (#DYC-5200). In manufacturer product information, analysis of rhEPO-

induced EPOR tyrosine phosphorylation correlates with immunoprecipitation-western blot analysis, while 

the ELISA is significantly more sensitive than western at the lowest limit of detection. We found that 

assay backgrounds were proportional to the amount of total protein in assay wells, therefore assays were 

performed within a range of total protein per well where background was linearly proportional to total 

protein and within a particular ELISA assay wells contained the same amount of total protein, typically 

50-100 g per well, in a final volume of 0.1 ml, adjusted by addition of cell lysis buffer.  Validation 

studies were performed in which purified standard was “spiked” into cell lysates derived from 

untransfected HEK293 cells to show that the amplitudes of ELISA assay signals were directly 

proportional to added standard. Typical standard curves for pEPOR ELISA ranged from 6.25 to 400 pg 

pEPOR per well and signals were significant at all concentrations (Supplemental Data, Table 1). pEPOR 

ELISAs performed using untransfected HEK293 cells produced basal (“apparent”) pEPOR between 0.1-

0.4 pg per g protein. Addition of rhEPO (10 IU/ml) did not significant increase the measured pEPOR in 

these assays (Figure 2-E; Supplemental Data Figure 4). Transfection of hEPOR into HEK293 cells 

produced an increase in basal pEPOR to 1-4 pg/g (Supplemental Data, Figure 4) which increased by an 

additional 2- to 4-fold over basal levels following treatment with rhEPO (Supplemental Data, Figure 4). 

Similar results were observed using pYpY-JAK2 ELISA standard (Supplemental Data, Table 1). 
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Supplemental Data, Table 1: Significance tests for pEPOR and pYpY-JAK2 standard curves. Table 

presents results for 9 (pEPOR) or 6 (pYpY-JAK2) independent experiments. “Fold-change over 

background” indicates the relative absorbance in ELISA in the presence of indicated added standard and 

is expressed as mean ± S.E.M. p-values were determined using a student ttest and pair-wise comparison 

vs. background (no added standard).  

Performance of total CD131 and pCD131 ELISAs: Total CD131 measured in HEK293 and TF-1 cells 

(positive control) is shown in Supplemental Data Figure 5. CD131 in cell lysates was captured using a 

monoclonal antibody targeting an extracellular epitope on CD131 (BD Biosciences #554534, 1 g/well) 

and detected with a rabbit polyclonal antibody (Santa Cruz Biotechnology, Inc., #SC-13945, 1:400 

dilution) followed by an HRP-conjugated goat x rabbit antibody (Jackson Immunoresearch Laboratories, 

Inc. #111-035-003, diluted 1:2,000). Results show that for both HEK293 and TF-1 cell lysates, ELISA 

signals increase in proportion to added cell lysate, confirms that untransfected HEK293 cells do not 

express significant amounts of CD131 while the ELISA detects measurable CD131 in positive control 

TF-1 cell lysates. Treatment of TF-1 cells starved of IL-3 for 24 hours with 10 ng/ml rhIL-3 (PeproTech # 

200-03) shows significant increases in pCD131. Supplemental Data Figure 6 shows the time-course for 

increases in pCD131 in TF-1 cells. Increases in pCD131 reached a maximum approximately 10 minutes 

after addition of rhIL-3. pCD131 ELISA signals were linear with total protein per ELISA well between 

50 and 375 g per well (Supplemental Data Figure 7), therefore pCD131 ELISAs were performed within 

this range of total protein and all ELISA wells within a particular ELISA contained the same amount of 

total protein. 

pEPOR fold-change p-value pYpY-JAK2 fold-change p-value

(pg) over background (U/ml) over background

6.25 1.1 ± 0.1 0.0068 1.5625 1.5 ± 0.1 0.005

12.5 1.5 ± 0.1 0.0004 3.125 2.0 ± 0.2 0.001

25 2.0 ± 0.2 5.9E-05 6.25 3.1 ± 0.3 0.001

50 3.1 ± 0.4 4.9E-05 12.5 5.3 ± 0.6 0.001

100 5.3 ± 0.9 5.6E-05 25 9.3 ± 1.1 2.6E-04

200 9.8 ± 1.8 3.4E-05 50 16.0 ± 1.9 2.2E-05

400 17.7 ± 3.4 2.0E-05 100 20.4 ± 2.0 5.6E-09
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Supplemental Data, Figure 4: pEPOR ELISA does not detect increases in pEPOR in 

the absence of transfected hEPOR. Open bars represent pEPOR in HEK293 cells and 

HEK293/EPOR cell lines (designated A1-D4) in the absence of rhEPO. Solid bars 

represent pEPOR in HEK293 cells and HEK293/EPOR cell lines following addition of 

10 IU/ml rhEPO. Assays were performed as described in Materials and Methods and 

are presented as mean + S.D. for triplicate measurements.  

 

Supplemental Data, Figure 5: Detection of total CD131 in HEK293 and TF-1 cells. 

Data represent mean + S.D. for triplicate measurements. ELISA was performed as 

described in text. 
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Supplemental Data, Figure 6: Time-course for increase in pCD131 in TF-1 cells. 

TF-1 cells were starved of rhIL-3 for 24 hours prior to the assay. The signaling 

assay was initiated by addition of 10 ng/ml rhIL-3. Two minutes prior to indicated 

time-points, cells were collected by centrifugation (800g, 30 seconds), washed in 

DPBS without Ca
2+

 and Mg
2+

 and collected by centrifugation (800g, 30 seconds) 

and the reaction quenched by addition of ice-cold cell lysis buffer. pCD131 ELISA 

was performed using 125 g total protein per ELISA well as described in Materials 

and Methods. Data represent mean + S.D. for triplicate measurements. 

 

                          

Supplemental Data, Figure 7: Linearity of detection of pCD131 in TF-1 cells. Cell 

lysates derived from TF-1 cells, starved of IL-3 for 24 hours (but not subsequently 

treated with rhIL-3), were captured on pCD131 ELISA plates and processed as 

described in the text. Data represent mean ± S.D. for triplicate measurements. 
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Supplemental Data, Table 2, Characterization of STS-E412 interactions against 68 molecular 

targets using Ricerca Lead Profiling® assay panel.   

 

The concentration of STS-E412 was 10 M in all assays. Values in the column labeled “% inhibition” 

represent the average of duplicate measurements. 

  

Protein Serine/Threonine Kinase human 9 Histamine H2 human -5

   GSK3B Histamine H3 human -2

Adenosine A1 human 3 Imidazoline I2, Central rat 1

Adenosine A2A human 5 Interleukin IL-1 mouse 5

AdenosineA3 human 6 Leukotriene, Cysteinyl CYSLT1 human 5

Adrenergic Α1a rat 10 Melatonin MT1 human 15

Adrenergic α1B rat 16 Muscarinic M1 human -1

Adrenergic α1D human 16 Muscarinic M2 human -12

Adrenergic α2A human 5 Muscarinic M3 human 2

Adrenergic β1 human 0 NeuropeptideY, Y1 human -3

Adrenergic β2 human -3 Neuropeptide, Y2 human 4

Androgen (Testoserone) AR rat 8 Nicotinic Acetylcholine human 10

Bradykinin B1 human 12 Nicotinic Acetylcholine α1, human 1

Bradykinin B2 human -4    Bungarotoxin

Calcium Channel, L-type, rat Opiate δ1(OP1, DOP) human -1

   Benzothiazepine 28 Opiate  κ (OP2, KOP) human 14

Calcium Channel, L-type, rat Opiate μ (OP3, MOP) human -9

   Dihydropryidine 2 Phorbol Ester mouse -7

Calcium Channel, N-type rat 1 Platelet Activating Factor (PAF) human 27

Cannabinoid CB1 human -7 Potassium Channel, KATP hamster 7

Dopamine D1 human 1 Potassium Channel, HERG human 17

Dopamine D2S human 8 Prostanoid EP4 human -2

Dopamine D3 human -10 Purinergic P2X rabbit 3

Dopamine D4.2 human -9 Purinergic P2Y rat 15

Endothelin ETA human -6 Rolipram rat -4

Endothelin ETB human -5 Serotonin (5-Hydroxytryptamine), 5-HT1A human -4

Epidermal Growtrh Factor (EGF) human 2 Serotonin (5-Hydroxytryptamine), 5-HT1B human 15

Estrogen Erα human 0 Serotonin (5-Hydroxytryptamine), 5-HT3 human -1

GABAA, Flunitrazepam, Central rat 45 Sigma σ1 human -6

GABAA, Muscimol, Central rat 2 Tachykinin NK1 human 1

GABAB1A human -9 Thyroid Hormone rat 1

Glucocorticoid human 7 Transporter, Dopamine (DAT) human 20

Glutamate, Kainate rat 14 Transporter, GABA rat 8

Glutamate, NMDA, Agonism rat 2 Transporter, Norepinephrine (NET) human 35

Glutamate, NMDA, glycine rat 1 Serotonin (SERT) Transporter, human -5

Glutamate, NMDA, Phencyclidine rat -1    (5-Hydroxytryptamine)

Histamine H1 human 4

% InhibitionAssay Species % Inhibition Assay Species
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Supplemental Data, Determination of STS-E412 in plasma and brain in Sprague-Dawley rats 

following intraperitoneal administration 

STS-E412 levels were determined in plasma and brain of male Sprague-Dawley rats 30 minutes after 

intraperitoneal (IP) administration. All procedures were approved by the Institutional Animal Care and 

Use Committee (IACUC, Ricerca Biosciences LLC, Concord OH) and complied with Guide for the Care 

and Use of Laboratory Animals (National Academy Press, Washington DC, 2011). STS-E412 was 

dissolved as a clear solution at 1 mg/mL in 10% N,N-dimethylacetamide /10% Cremophor EL / 80 % 

D5W (5% dextrose in water) and administered as a single IP dose of 10 mg kg
-1

 to each of three rats. 

Animals were observed for changes in appearance and behavior during 30 minutes following dosing and 

no changes were observed. After 30 minutes, rats were euthanized by exsanguination while under deep 

anesthesia induced with CO2/O2.  Blood was collected into K2EDTA tubes and processed to plasma 

within 30 minutes of collection (centrifugation at 2,000g for 10 minutes at 5°C). The plasma was stored 

frozen at -79.0 to -65.8 °C pending analysis. After blood collection, the brains of each animal were 

removed, rinsed with saline, blotted dry, weighed, and frozen on dry ice.  

STS-E412 was extracted from plasma and brain tissue samples and clarified by centrifugation prior to 

analysis. Briefly, brain homogenates were prepared by homogenizing a combination of 1 part brain tissue 

(in grams) with 2 parts PBS buffer (in mL). Compound was extracted from brain homogenate or plasma 

(50 μL) by precipitation with 500 μL of 0.1% formic acid in acetonitrile containing an internal standard 

and the samples vortexed for 1 minute followed by centrifugation at 14,000 rpm at room temperature for 

10 minutes. Following centrifugation the supernatant was transferred to plastic auto-sampler vials 

containing 200 μL of 0.1% formic acid in 20/80 methanol/water, mixed and analyzed by LC-MS/MS for 

concentrations of the STS-E412. 

LC-MS/MS analysis was performed using an AB Sciex API 4000 with Turbo IonSpray®. Positive ions 

were monitored in MRM mode with Precursor  Product ion pairs m/z 318.09  165.10. HPLC 
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separation was performed using a reverse-phase Phenomenex Synergi Polar RP column (4 μm particle 

size, 50 x 2.0 mm). Mobile phases were 0.1 % formic acid in water (A) and 0.1 % formic acid in 

methanol (B). Separations were produced by step-wise gradient elution from 60% to 95% B over 3.5 

minutes at a flow rate of 300 L/min. 

Plasma concentration of STS-E412 30 minutes after IP dosing was 4073 ± 121 ng/mL. Brain 

concentration of STS-E412 30 minutes after IP dosing was 1589 ± 25 ng/mL. The calculated brain/plasma 

concentration ratio following a single IP dose of STS-E412 (10 mg kg
-1

) was 0.39.  

 


