
 S1 

SUPPORTING INFORMATION 

 

Optimization of 3-Cyano-7-cyclopropylamino-pyrazolo[1,5-a]pyrimidines Toward 
the Development of an In Vivo Chemical Probe for CSNK2A 
 
Xuan Yang,a,b Han Wee Ong,a,b Rebekah J. Dickmander,b.c.d.e Jeffery L. Smith,a Jason W. 

Brown,f William Tao,f Edcon Chang,f Nathaniel J. Moorman,b,c,d Alison D. Axtman,a,b and Timothy 

M. Willsona,b,*  

 
a Structural Genomics Consortium, UNC Eshelman School of Pharmacy, University of North 

Carolina at Chapel Hill, Chapel Hill, NC 27599, United States 
b Rapidly Emerging Antiviral Drug Development Initiative (READDI), Chapel Hill, NC 27599, 

United States 
c Department of Microbiology & Immunology, University of North Carolina at Chapel Hill, Chapel 

Hill, NC 27599, United States 
d Lineberger Comprehensive Cancer Center, University of North Carolina at Chapel Hill, Chapel 

Hill, NC 27599, United States 
e Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC 27599, 

United States 
f Takeda Development Center Americas, Inc., San Diego, CA 92121, United States 

 
* E-mail: tim.willson@unc.edu 
 
 
Table of Contents 

S2 Figure S1. SMARTCyp analysis of SGC-CK2-1 (1a) 
S3 Figure S2. MS fragmentation analysis and structure assignment of 1i metabolites M1–12. 
S9 Figure S3. 1-ABT inhibits the metabolism of 2h in mouse hepatocytes  
S10 Table S1. Dose ranging study of EA tolerability in mice 
S11 NMR and HPLC Spectra for 1h–i, 2b–g, 2i–n 
  



 S2 

 
 
Figure S1. SMARTCyp analysis of SGC-CK2-1 (1a). Output from the SMARTCyp server at 

https://smartcyp.sund.ku.dk/mol_to_som. The predicted hotspots of cytochrome CYP3A4 

metabolism are ranked for each heavy atom in the molecule. The top ranked atoms are located 

on the cycloproylamine of the PZP and the 4’-methyl group of the aniline. 
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TR06692654-MH-4H-PRM-1 #2459 RT: 5.67 AV: 1 NL: 3.90E4
F: FTMS + p ESI Full ms2 370.1583@hcd20.00 [51.6667-775.0000]
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MS2 fragmentation of M1

RT: 5.68 min; 2H2+ Calculated m/z 370.15828

610.26752

435.17105

379.14557

323.12122

317.12335

290.11499
136.03970

Calculated m/z 610.26670
Calculated m/z 305.63699, z=2
-CH2, -NH3 Calculated m/z 579.22450

Calculated m/z 466.21320
-CH2, -NH3 Calculated m/z 435.17100

Calculated m/z 354.63718, z=2

Calculated m/z 130.04987

Calculated m/z 290.11589, z=2

-COOH, -NH3 Calculated m/z 338.64227, z=2

TR06692654-MH-4H-PRM-1 #2621 RT: 6.04 AV: 1 NL: 8.14E4
F: FTMS + p ESI Full ms2 370.1583@hcd20.00 [51.6667-775.0000]
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MS2 fragmentation of M2

Calculated m/z 610.26670
Calculated m/z 305.63699, z=2
-CH2, -NH3 Calculated m/z 579.22450

Calculated m/z 466.21320
-CH2, -NH3 Calculated m/z 435.17100

Calculated m/z 354.63718, z=2

Calculated m/z 130.04987

338.64282

323.12088
332.64258

317.12225

290.11600

579.22412

523.20691

RT: 6.03 min; 2H2+ Calculated m/z 370.15828
-COOH, -NH3 Calculated m/z 338.64227, z=2

Calculated m/z 290.11589, z=2



 S4 

M3 

 
 
M4 

 
 
  

TR06692654-MH-4H-PRM-1 #2982 RT: 6.87 AV: 1 NL: 3.30E5
F: FTMS + p ESI Full ms2 390.1737@hcd20.00 [54.3333-815.0000]
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MS2 fragmentation of M3

2H2+ Calculated m/z 390.17393

390.17361

343.13657310.13107
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Calculated m/z 325.65264, z=2
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Calculated m/z 506.24450
-CH2, -NH3 Calculated m/z 475.20230

Calculated m/z 692.27218

-COOH, -NH3 Calculated m/z 358.65792, z=2

RT: 6.89 min; 

TR06692654-MH-4H-PRM-1 #3090 RT: 7.12 AV: 1 NL: 3.73E5
F: FTMS + p ESI Full ms2 390.1737@hcd20.00 [54.3333-815.0000]
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MS2 fragmentation of M4

RT: 7.10 min; 2H2+ Calculated m/z 390.17393
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Calculated m/z 310.13154, z=2
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TR06692654-MH-4H-PRM-1 #3090 RT: 7.12 AV: 1 NL: 3.73E5
F: FTMS + p ESI Full ms2 390.1737@hcd20.00 [54.3333-815.0000]
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MS2 fragmentation of M4

RT: 7.10 min; 2H2+ Calculated m/z 390.17393

374.65253

358.65756
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352.65750
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Calculated m/z 650.29800
Calculated m/z 325.65264, z=2
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TR06692654-MH-4H-PRM-1 #3282 RT: 7.56 AV: 1 NL: 5.28E4
F: FTMS + p ESI Full ms2 230.6320@hcd20.00 [50.0000-490.0000]
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MS2 fragmentation of M6

RT: 7.59 min; 2H2+ Calculated m/z 230.63203

208.79034 361.03537314.65125

Calculated m/z 84.08078
Calculated m/z 377.18328 Calculated m/z 321.15707
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TR06692654-MH-4H #3413 RT: 7.70 AV: 1 NL: 1.53E5
F: FTMS + p ESI d Full ms2 472.2566@hcd30.00 [50.0000-500.0000]
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MS2 fragmentation of M7

RT: 7.70 min; H+ Calculated m/z 472.25678

Calculated m/z 385.18837
Calculated m/z 441.21458

-2H

TR06692654-MH-4H-PRM-2 #3361 RT: 7.76 AV: 1 NL: 3.64E5
F: FTMS + p ESI Full ms2 418.2460@hcd20.00 [50.0000-445.0000]
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MS2 fragmentation of M8

RT: 7.79 min; H+ Calculated m/z 418.24622

Calculated m/z 387.20402
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TR06692654-MH-4H-PRM-1 #3395 RT: 7.82 AV: 1 NL: 2.93E5
F: FTMS + p ESI Full ms2 417.1782@hcd40.00 [50.0000-445.0000]
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MS2 fragmentation of M9

RT: 7.80 min; H+ Calculated m/z 417.17820
-H2O Calculated m/z 399.16763

Calculated m/z 331.14142

-2H

Calculated m/z 87.04406

O

417.17819

TR06692654-MH-4H-PRM-2 #3425 RT: 7.91 AV: 1 NL: 4.58E5
F: FTMS + p ESI Full ms2 342.1212@hcd20.00 [50.0000-715.0000]
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MS2 fragmentation of M10

RT: 7.91 min; 2H2+ Calculated m/z 342.12137

408.12405333.60803342.12161
314.10849 554.19208
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519.15308

461.15045
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76.04002

-NH3 Calculated m/z 333.60809, z=2

Calculated m/z 554.19286
Calculated m/z 276.59224, z=2
-NH3 Calculated m/z 537.16631
-NH3, -H2O Calculated m/z 519.15575Calculated m/z 608.20343

Calculated m/z 304.60535, z=2

Calculated m/z 130.04987

Calculated m/z 408.12372

Calculated m/z 314.10826, z=2
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Figure S2. MS fragmentation analysis and structure assignment of 1i metabolites M1–M12. 
  

21

MS2 fragmentation of M11

TR06692654-MH-4H-PRM-1 #3686 RT: 8.49 AV: 1 NL: 1.73E6
F: FTMS + p ESI Full ms2 230.6320@hcd10.00 [50.0000-490.0000]
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TR06692654-MH-4H-PRM-1 #3860 RT: 8.89 AV: 1 NL: 2.15E5
F: FTMS + p ESI Full ms2 463.2198@hcd20.00 [50.0000-490.0000]
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MS2 fragmentation of M12

RT: 8.90 min; H+ Calculated m/z 463.22006
-H2O Calculated m/z 445.20950

O
Calculated m/z 407.19385
-H2O Calculated m/z 389.18328
-2H2O Calculated m/z 371.17272
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Figure S3. 1-ABT inhibits the metabolism of 2h in mouse hepatocytes. 2h (1 µM) was incubated 
with mouse hepatocytes in the presence or absence of 1-ABT (1 mM). The percentage of 2h 
remaining was measured by LC/MS/MS at 0.25, 0.5, 1.0, 1.5, and 2.0h. CLint of 2h was reduced 
from 330 to <32 mL/min/kg by 1-ABT. 
  

0

20

40

60

80

100

120

0 15 30 60 90 120

2h
R

em
ai

ni
ng

 (%
)

Incubation Time (min)

2h alone
2h + 1-ABT



 S10 

Table S1. Dose ranging study of EA tolerability in mice. 
 

Dose 
(mg/kg) Route Volume 

(mL/kg)a 
Formul-
ationb 

Adverse effects 
after 1st dosec 

Adverse effects 
after 2nd dosec 

300 i.p. 10 A 
Tachycardia, 
hypothermia,  
death @ 15 min 

– 

100 i.p. 10 A 
Decreased activity, 
hypothermia,  
death @ 40 min 

– 

30 i.p. 10 A Decreased activity Decreased activity, 
death @ 60 min 

10 i.p. 10 A Decreased activity 
Decreased activity, 
hypothermia, 
death @ 70 min 

3 i.p. 10 A Decreased activity Decreased activity, 
hypothermia 

10 i.p. 1 B None Decreased activity, 
hypothermiad 

10 p.o. 1 B None Decreased activity, 
hypothermiad 

 
Mice were dosed at 6h intervals with EA and observations made of clinical symptoms. A single 
mouse was used for each experiment. aInjection volume. bFormulation A: NMP, PEG400, Water 
(v/v/v, 10:60:30), Formulation B: DMSO, PEG300, Tween80, 20% HP-b-CD in water (v/v/v/v, 
10:40:5:45). cClinical observations with time of death after dosing noted. dSymptoms resolved 
after 30 min. –, no second dose. 
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NMR and HPLC spectra of 1h: 
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NMR and HPLC spectra of 1i: 
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NMR and HPLC spectra of 2a: 
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NMR and HPLC spectra of 2b: 
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NMR and HPLC spectra of 2c: 
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NMR and HPLC spectra of 2d: 
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NMR and HPLC spectra of 2e: 
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NMR and HPLC spectra of 2f: 
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NMR and HPLC spectra of 2g: 
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NMR and HPLC spectra of 2i: 
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NMR and HPLC spectra of 2j: 
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NMR and HPLC spectra of 2k: 
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NMR and HPLC spectra of 2l: 
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NMR and HPLC spectra of 2m: 
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NMR and HPLC spectra of 2n: 
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